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_ 0.0 PRELIMINARIES

0.i Scope of These Manuals

The present set of manuals, volumes 1-3, is meant to

describe the Railyard Noise Expcsure Model (RYNEM) in some

detail. In the following, a brief description of each

volume and its intended audience is presented.

Volume l: 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 model. It presupposes some familiarity with the EPA

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

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

Background document [2] for other terminology used without

explanation.

Volume 2: User Manual

This volume presents a cookbook approach to the exec_-

tlon of the model. Its intended audience is those who will

exercise the model. It assumes fam iliarlty with volume I,

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

the quantities printed out. For obvious reasons, the

explanations incorporated in volume 1 are not repeated.

While it does not presume expertise with the EPA IBM computer

i_ 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. If an error occurs, the source most likely is

in the input data or the job card.) Though the manual

presents a short description of relevant commands in the

appendix, the user is reminded that EPA changes its computer

systems every so often, so that the instructions presented

may be obsolete. The user is strongly advised to obtain a

copy of the latest computer user guide and learn the necessary

commands to make runs.

Volume 3: Programmer Manual

This volume describes all the nuts and bolts in the

___ program code. It is not meant to teach the reader how to
; run the program. That is the job of volume 2. It assumes

• the reader has digested the contents of volume i. No

attempt has been provided to educate the reader as to

what Ldn or LWP is. The intended audience is the programmer

who needs to maintain the program and make changes in the

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

guage is assumed.

The correct sequence of reading for a rank novice with

no }_Icwledge whatsoever of the EPA noise model methodology

is as follows:

i. EPA Levels document - in which the terminology is

I introduced.

2. Railroad Background document - which describes
I what a railyard is, the noise sources inside,

etc.

-2-
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_-% 3. Volume i - 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 perso n who

only wants to understand what RYNEM is about. Volume 2 is

not necessary for the person who only wants tO exercise the

model. For the programmer who maintains the code and to

: whom job failures will be reported, an intimate knowledge of

all three volumes is necessary.

References

[i] Information on Levels of Environmental Noise Requisite
to Protect Public Health and Welfare with an Adequate
Margin of Safety, 550/9-74-004, U.S. EPA, Washington, D.C.,
March 1974.

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

The Railyard Noise Exposure Model (RYNEM) is a computer

program designed to quantify the health/welfare impact due

to railyard-generated noise on the general population. In

this 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 (St) and inbound (IB) and outbound

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

level which can be measured at the railyard boundary (property

line). Together, they combine to produce a higher noise

level than each can produce on its own. Taking into account

the hours of the day during which the noise sources are

used, an averaged noise level, Ldn (for day-night weighting)

iI"_ can be computed at the railyard property line using the

standard EPA methodology. Based on this Ldn value the

general adverse response level weighted population (LWP), or

equivalent number impacted (ENI) can be computed.

So far, this is standard practice of the EPA noise

models. _ereas formerly, the EPA noise models would

use some kind of "average" parameters to'construct a model

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

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

national impact, RYNEM does the scaling in a slightly

= different way. RYNEM considers that the LWP for the national

population of railyards form a distribution with mean _ and
;!

variance ,2. When random samples are taken from this

i_I 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 , is a good approximation of the true

-5-
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_'% mean p. If we scale up the sample mean LWP by the total

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

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

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

"statistical" modal.

An estimate of the error involved in _ can be obtained

as follows:

The true variance of the population, a2, can be

approximated by the sample variance:

n (xl- _)2
S2 = Z

i=l n-i

where xi are the individual LWP'S

n is the sample size.

I _ lid
"r/ Let xi _ f(,,o2) i = I, • . ., n

Then for

Xit . . . tXn
Z =

n

E(Z)=

var(xi) a2
vat(Z} ....

n n

t
t a S

!! Thus,_hestandarderror of Z is_-_-or appro_imately-2_-._ .
b
[

_ SN

I .Therefo:e, the error of the total LWP is approximately _

O where N is the total number of railyards in the population.
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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 to

noise from railyards, 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 models 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 source code, load

module and data base are stored in the NCC WYLBUR system.

For more information about how to run the model, see volume

2, "RYNEM User Manual."

r-_ 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.

• Flow charts, descriptions and listings of the code -
Each of the subprograms are explained in greater
detail than in the previous sectfom.

• 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, amd rum time and storage requirement, the reader is

referred to volume 2.
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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

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

i numbers, we can reasonably expect that for a sufficiently

large N

N_ is close ton

where _ 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

railyarda is selected at random. Each yard in the sample is

examined individually. From data furnished by the Environ-

mental Photographic Interpretation Center (EPIC), a model of

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

-3-



total population: and the total impact is just the sample

mean multiplled by the number of yards in the total popula-

i tion.

The geometry of a sample yard as seen by the model is

shown in Figure i.

A number of approximations have been made in order tor

r 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 spproximateion 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).

f
In a real yard situation, several fixed sources may

I impact one receiving property area and De at differing
distances from the property llne. In the model, these fixed

i sources are placed at an equivalent distance from the
property line. For ease of computation, the fixed sources

i 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 technique 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).

_J
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Fixed sources impacting one receiving area may not

impact an adjacent area. They cae impact an area on the

other side of the tracks, however. Moving sources, whose

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 construched 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

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 resultieg noise contours are very

complicated. From some preliminary calculations, it was

/'_ decided that the Level Weighted Population (LWP) from the

composite noise sources can be approximated by the sum of

the LWP of the moving sources 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 source is computed at the property

i i line. Finally, the composite noise level is computed.

!_ Because of the prohibitively large number of calculations
!

i that would be required, it was decided to compute the

: ba_rlsr attenuatien at the property line only, and it is

assumed that the barrier attenuation beyoed the property

--5 --



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.

So, the procedure of the model is reduced to.

i, Pick a random yard

2. Divide the residential region into separate
rectangular areas

3. Pick a receiving property area

4. Find out which sources impact that area

5. Determine the equivalent distances for the moving
and fixed sources

6. Compute Population Exposed (PE) LWP

7. Build a wall that meets the regulated level

8. Compute PE, LWP, _LWP and the cost of the wall

"_, 9. Repeat steps 7 and 8 until the regulation levels
being examined are exhausted

i0. Repeat steps 3 to 9 until all areas are exhausted

Ii. Repeat steps 1 to i0 until all the yards in the i
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 code. The order of the notes

is roughly the same as the order of the flow of control in

the main program. They are designed to supplement the

descriptions given in the next section. In general, only

non-trivlal, 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 Noise

The background noise is computed according to the 100

z-h sites equation

LBG = i0 lOgl0 (p) + 22

where p is the population density in people/sq mile.

If LBG > 54 dB, LBG is set to 54 dB in Ldn computations.

3.2 NYDC (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 is impacted by

the noise, so the yard is in compliance with ell regulation

levels.

-ii-



_.% 3.3 Ldn Levels

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

ALFS is the composite Ldn of all the fixed sources at
property llne

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

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

3.4 Impact

Noise impact is computed separately for moving sources

and fixed sources. For the baseline case, LEVI00 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-
" blned with the ambient to give a composite line source and

impact is computed by determining the distances to each of the

l-dB 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 i

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.

IMPACT computes PE and LWP in the following l-dB bands:

L0 tO LO' i

LO' to LO'-I

Lot-i tO LO'-2

_w 50'-n to Lw

-12-



where L0 is the Ldn at property line

L 0' is the largest integer smaller than L 0

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

m is the largest integer such that L0'-n > Lw

For the LWP computation in the l-dB band, the noise

level in the l-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 l-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 before.

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

level IL without building a wall, i.e., the number of areas

in the yard that are already in compliance with regulation
l

level IL. Note that IC ! NA.

-13-



(_ 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

regulation noise levels are too close together, a wall which

complies 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 1-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: if 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-



/_ 4.0 FLOW CHARTS, DESCRIPTIONS AND LISTINGS OF THE CODE

The program consists of the following subprograms:

MAIN PROGRAM

FUNCTION SUM

FUNCTION DIFP

FUNCTION HEIGHT

FUNCTION WATT

SUBROUTINE LEVELS

SUBROUTINE LEVI00

SUBROUTINE LEVBD

, SHBROHTINENEWTON

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.

©
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,,_ 4.1 Main Program

ARGUMENTS: None

PURPOSE: Perform Inputoutput 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

(wails) at the railyard boundary. These constants are

listed in Tables i and 2. The main program flow chart is

shown in Figure 5, and the computer code is presented in
Table 3.

IT NUM
DATA :

1 44

2 51

3 29

4 476

5 346

6 130

7 838

8 1779

IT • Railyard Type and Traffic Rate Category

NUM ffi Number of railyards of each type
(Estimated active yards in the United States)

Table I. Table of values of NUM (IT), the total number of

yards of each type in the United States.

@
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IWALL WCOST IWALL WCOST I IWALL WCOST

(FT) ($/FT) (FT) ($/FT) I (FT) $/FT)

5 27 14 80.8 23 134.6

6 32 15 88 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

ll 59.2 20 116 29 171

12 66.4 21 122.2 30 177

13 73.6 22 128.4

b

Table 2. Values of WCOST (IWALL). The cost
(S/linear ft) of building a wall of height
IWALL.

©
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_able 3. KY!:5_:_IN Program

C PROGRAM: RMSON3
C
C DATE: 10121/80
C
C FUNCTION: H/W COMPUTATION IN 1 DB BANDS, OUTPUT IN 3 DB BANDS,
C BARRIER ATTENTION AND COST, PROJECTION TO TOTAL POPULATION.
C
C

C
C COMMON STATEMENTS
C

COMHON/BI/DB,DNHOV,BNFIX,ATTINDpALENS_WIDTH,IWALL

COMMON/B2/ATTM(IO),ATTF(IO)_SMON(7,10),SMEO(7,10),SHHAX(7,10),
2 SFDN(7,10),SFE_(7,10),SFMAX(7,10),NMOV,NFIX
COMMON/BB/SLDN,SEO,SHAX,ED,EN,HI_H2,H3,UI,UO,U3
COHHON/B4/PE_ENI,BLALL,ALMS,ALFS,ALBGpPOPU
COMHON/BS/LREG(7),ISM(IO),ISF(IO)_ALEV(7),F'SA(7)_ENIA(7),

2 DENIA(7),COSTA(7),IW(7)
COMMON/DO/PEDD(IO)_ENIDB(IO),DSD(IO)

C
C DIMENSION STATEMENTS
C

BIMENSIONPEYD(7),ENIYD(7)_DENIYD(7),COSTYB(7)

i_._ DIMENSIONF'EYT(7,O),ENIYT(7_8),DENIYT(7,8I,COSTYT(7,8)DIMENSIONYBTYPE(4,B),NAMEYD(IO),IHMMIN(IO),IHFMIN(IO)_NYD(8)
DIMENSIONWCDST(30),NUM(S)pNAMEA(2),NA(7),IC(7),NYBC(7_8)
DINENSIONHPE(7),HENI(7)_HDENI(7)_HCOST(7),NYDCH(7)
DIMENSIONPEYDB(IO),ENIYOB(IO),PETDD(IO,B),ENITDB(IO,B),

2 RDBB(2_IO)

: C DATA STATEMENTS
C

DATAPETDB,ENITDB/160ZO./
DATANPE_NENI/'PE','ENI'/ i
DATANUM/44,51_29,47_,34_,130,838,1779/
DATAPEYT,ENIYT,DENIYT,COSTYT/224_O./ _
BATANYD,NYDC/64_O/
DATAWCOST/4_O._27.,32,,37.,42._47o,52*,59.2_66.4,73._, !

2 80.8,88._9_._,99.2,104.8,110,4,11_,,122.2,128.4,134.6,140,8_
147,_153.,159.,165.,171_,177./

C
C READ NECESSARY DATA
C

RSAB(S,1)((TDTYPE(I,IT),I=I_4),IT=I,8)
1 FORMAT(4A4)

READ(5_3?)(DBB(I)_I=I,IO)
3_ FORMAT(IOFB.0)

READ(S,40)((RDDB(J,I),J=I,2),I=I_IO)
40 FORMAT(2A4)

READ(5_I)LREO(1),LRES(7)
_w. READ(5,30)(LREG(LEV),LEV=2,_)
30 FORMAT(SI3)

WRITE(_,33)(LRES(LEV),LEV=2,_)
33 FORMAT('IREOULATED LEVELS ARE',515)
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READ(5,30)IP

LOOP FOR EACH YARD

1000 CONTINUE
C
C ZERO SUM ARRAYS FOR YARD
C

DOIOOILEU=ls7
PEYD(LEV)=O.
ENIYD(LEV)=Oo
DENIYD(LEV)=O,
COSTYD(LEV)=O.
NA(LEV)=O
.IC(LEV)=O

1001 CONTINUE
DO4OOII=lplO
PEYDB(I):O,
ENIYbD(1)=Oo

4001 CONTINUE
READ(Sp2_END=9???)(NAMEYD(I)_I=I,IO),ITtPOF'_PU_NAREAS

2 FORMAT(IOA4,IS,2FIOoOtI5)
POPU=POP/PU
ALBG=lO,_ALOOlO(POP)+22'.
IF(IP.GT.I)WRITE(6_3)(NAMEYD(I),I=I,IO),(YDTYPE(I,IT)pI=I_4)

3 FORMAT('I',IOA4,1X,4A4)
IF(IP.OT.I)WRZTE(6,4)POP,PU,POPU,ALBG,NAREAS

l"_"1 FORMAT('O',TO,'F'OP DEN',T15,'USAGE',T26,1EFF POP',T35,'BKOD',T43,.... 2 "_ AREAS'//FI2oI,FT°2,3X,FIO.I,FO.1,3X,16)
IF(NAREAS.HE.O)GOT02111
DO2112LEV=2,6
NYDC(LEV,IT)=NY_C(LEV_IT)+I

2112 CONTINUE
DOT02000

2111 CONTINUE
C
C SET BACKGROUND NOISE LEVEL
C

IF(ALBO.GT.54.)ALBO=54.
C

C LOOP FOR EACH AREA
C

DOIOIOIAREA=lpNAREAS
C
C ZERO SUM ARRAYS FOR AREA
C

DO1011LEV=l,7
PEA(LEV)=O.
ENIA(LEV)=Oo
DENIA(LEV)=O,
COSTA(LEV)=O°
IW(LEV)=O

i011 CONTINUE
ALMS=O.

t_'_ ALFS=Oo_J
READ(5,5)(NAMEA(1)rI=I_2),ALENO,WIDTH,DD,ATTIH_,ATTRES,DNMOV,

2 DNFIX,NMOV_NFIX
5 FORMAT(AIrA4_3FIO*Ot2FS°OtZFIO.OrZIS)
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IF(IP.EO_3)WRITE(6_7)(NAMEA(_)rI=lrS),ALENG,WIDTH,DBrATTIND,

2 ATTRES,IINMOV,IINFIX,NMOV_NFIX
FORMATC'O'pTS,'AREAI,T11_'LENOTH',T_?,'WIDTH',T27,'DD'p

2 T33t'_I',T37p'DR',T41,'DNM',T47,'ONF',TS4,'NMS_,TS?,'NFS'/
3 'O',T5,AI,A4,3F7.0,2F4.0,2F6.0,215)
IF(NMOV.EO,O)GOT01020

C
C LOOP FOR MOVING SOURCES
C

O010211MOV=IpNMOV

READ(5,6)ISM(IMOV),E_EN
6 FORMAT(ISrSF7oO)
O
C COMPUTE NOISE LEVEL AT IOOFT _ AT PROPERTY LINE FOR EACH MOVING SOURCE
C

"CALLLEVIOO(ISM(IMOV),IT)
CALLLEVBD(ISM(IMOV))
SMDN(IPIHOV)=SLDN
SMEOCI,IMOV)=SEQ
SMMAX(IpIMOV)=SMAX
ALNS=SUM(ALMS,SLDN)
IHNMIN(IMOV)=HEIGHT(ISM(IMOV))+.5
ATTM(IMOV)=Oo

1021 CONTINUE
1020 CONTINUE

IF(NFIX.EOoO)GOTO1022
C

LOOP FOR FIXED SOURCES

DOIOOSIFIX=I,NFIX
READ(5,a)ISF(IFI×)pED,EN_HI_H2pHS,VlpU2,U3

O
C COMPUTE NOISE LEVEL AT IOOFT _ AT PROPERTY LINE FOR EACH FIXED SOURCE
C

CALLLEVIOOCISF(IFIX),IT)
CALLLEVBD(ISF(IFIX))
SFDN(I,IFIX)=SLDN
SFEG(lpIFIX)=SEQ
SFMAX(1,1FIX)=SMAX
ALFS=SUM(ALFS,SL_N) _'
IHFMIN(IFIX)=HEICHT(ISF(IFIX))+o5
ATTF(IFIX)=O.

_023 CONTINUE
102_ CONTINUE
O
C SUM ALL NOISE LEVELS
C

ALALL=SUM(ALMS,ALFS)
BLALL=SUM(ALALL,ALBO)
ALEV(1)=BLALL

C
C PUT IN EXCESS RESIDENTIAL ATTENUATION
C IF THERE IS AN INTERVENING INDUSTRIAL AREA, RESIIIENTIAL

ATTENUATION IS HALVEIa
IF(ATTINDoOT,Oo)ATTRES=ATTRES/2°
ALMS=ALMS-ATTRES
ALFS=ALFS-ATTRES
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C

COMPUTE NOISE H/W IMPACT

CALLIMPACT
PEA(1)=PE
ENIA(1)=ENI
DD4002I=1,10
PEYBB(1)=PEYDB(1)÷PEDB(I)
ENIYDB(1)=ENIYDB(1)÷ENIDB(1)
PETDB(I,IT)=PETBB(I_IT)+PEDB(I)
ENITDB(IPIT)=ENITDB(I,IT)÷ENIIIB(I)

4002 CONTINUE
IF(IPoNE,3)GOT04003
WRITE(Or41)

41 30RNAT('O DB BANDS FOR BASELINE')
WRITE(6,42)((RDBB(JpI),J=I,2)rI=I,IO)

42 FORMAT('O'PT11,lO(2A4,2X)/)
WRITE(6e43)NF'E,(F'EDB(1)tZ=I,IO)

43 FORMAT(IX,A4,1X,IO(IPEIO,2))
WRITE(6,43)NENI,(ENIDB(I)PI=1,10)
CALLOUTF'UT(1)

4003 CONTINUE
NA(1)=NA(1)+I
IF(BLALLoOT.55o)OOT02020
DO2021IL=2p6
NA(IL)=NA(IL)÷Z
IC(IL)=IC(IL)+I

f-_021 CONTINUE, 60T01030 '
....2020 CONTINUE
¢
O LOOP FOR THE FIVE REGULATION LEVELS
C

DO1031LEV=2,6
IF(BLALL,GT.FLOAT(LREG(LEU)))GOTO1032
NA(LEU)=NA(LEV)÷I
IC(LEV)=IO(LEV)+I

1031 CONTINUE
IWALL=O
OOT01050

1032 CONTINUE
IF(LEVoEO.2)OOTOlO33
LEVI=LEV-1
DO1034I=2,LEV1
PEA(I)=PEA(1)
ENIA(I)=ENIA(1)

1034 CONTINUE
1033 CONTINUE
O
C BUILD WALL FRON 5FT TO 3OFT
O

DOIO4OIWALL=5_30
ALMS=Oo
ALFS=O°

i_ IWSH=O
IWSF=O
IF(NMOVoEO.O)GOTO1041

C
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C COMPUTE BARRIER ATTENUATION FOR EACH MOVING SOURCE INDIVIDUALLY

DOIOA21MOV=I,NMOV
ATTM(IHOV)=O_
IF(INHMIN(IMOV)oLE,IWALL)ATTM(IMOV)=WATT(ISH(IMOV))
IF(IHMMIN(IMOV)oLEoIWALL)IWSH=I
SLDN=SHDN(IpIMDV)-ATTM(IMOV)
ALMS=SUM(ALHS,SLDN)

1042 CONTINUE
1041 CONTINUE

IF(NFIX,EDoO)GOT01043
C
C COMPUTE BARRIER ATTENUATION FOR EACH FIXED SOURCE INDIVIDUALLY
C

_01044IFIX=l_NFIX
ATTF(IFIX)=O.
IF(IHFMIN(IFIX)oLEoIWALLIATTF(IFIX)=WATT(ISF(IFIX))
IF(IHFMIN(IFIX)oLE°IWALL)IWSF=I
5LDN=SFBN(I_IFIX)-ATTF(IFIX)

ALF_S=OUM(ALFS,SLDN)
1044 CONTINUE
1043 CONTINUE

ALALL=GUM(ALMS_ALFS)
BLALL=SUM(ALALL,ALBG)

C
C IF THE WALL BLOCKS LINE OF SIGHT, USE ONLY HALF THE EXCESS
C RESIDENTIAL ATTENUATION

t--_ ALMS=ALMS-ATTRES/2o
ALFS=ALFS'ATTRES/2°
IF(IWSM.EG°O)ALMS=ALMS-ATTRES/2o
IF(IWSF°EQoO)ALFS=ALFS-ATTRE5/2.
IF(BLALL_OT,FLOAT(LREG(LEV)))GOTOI040
CALLIMPACT
ALEV(LEV)=BLALL
PEA(LEV)=PE
ENIA(LEV)=ENI
OENIR(LEV)=ENIA(1)-ENI
COSTA(LEV)=ALENG*WCOST(IWALL}
IW(LEV)=IWALL
CALLLEVELS(LEV)
NA(LEV)=NA(LEV)+I
IF(IP°EO°3_CALLOUTPUT(LEV)
LEVmLEV+I
IF(LEV°OT°6)BOT01050

1040 CONTINUE
1050 CONTINUE
C
C MAXIMUM WALL LEVEL
C

CALLIMPACT
ALEV{7)=BLALL
P_A(7)=PE

ENIA(7)=ENI .
,. , BENIA(7)=ENIA(1).ENI

IWALL=MINO(IWALLt30}
NA(7)=NA(7)÷I
COSTA(7)=Oo

-23-



IW(7)=IWALL

/._ IF(IWALL,NE,O)COSTA(7)=ALENG_WCOST(IWALL)
CALLLEVELS(7)
IFCIP°EQ_3)CALLOUTPUT(7)
IF(LEV°GT°6)SOT02011
[I02010IL=LEV,6
BLALL=FLOAT(LREG(IL))
ALNS_DIFF(BLALLtALBS)-3.01-ATTRES/2o
ALFS=ALMS
CALLIMPACT
PEA(IL)=PE
ENIA(IL)=ENI
DENIA(IL)=ENIA(1)-ENI
GOSTA(IL)=COSTA<7)

2010 _ONTINUE
2011 C0NTINUE
O
C SUM OVER AREAS
C

DOlO51LEV=1,7
PEYD(LEU)=PEYD(LEV)+F'EA(LEV)
ENIYD(LEV)=ENIY_(LEV)+ENIA(LEV)
DENIYD(LEV)=DENIYD(LEV)+DENIA(LEV)
COSTYD(LEV)=COSTYD(LEV)÷COSTA(LEV)

1051 CONTINUE
1030 CONTINUE
I010 CONTINUE

' SUM OVER YARDS FOR EACH YARD TYPE

DOlO52LEV=1,7
PEYT(LEVPIT)=PEYT(LEV,IT)÷PEYD(LEV)
ENIYT(LEV_IT)=ENIYT(LEVplT)÷ENIYD(LEV)
DENIYT(LEV,IT)=DENIYT(LEV,IT)÷DENIYD(LEV)
COSTYT(LEVpIT)=COSTYT(LEV,IT)÷COSTYD(LEV)

1052 CONTINUE
DOIOSILEV=2,6
J=IC(LEV)/NAREAS
NYDC(LEV,IT)=NYDC(LEV,IT)÷J

1081 CONTINUE
IF(IP.EO.1)OOTO2000

C
C PRINT TOTALS FOR YARD
C

WRITE(6,34)
34 FORMAT('OTOTALS FOR YARD')

WRITE(6,41)
WRITE(6p42)((RDBB(J_I)pJ=IPS),I=%_10)
WRITE(6p43)NPE,(PEYDD(I),I=I,IO)
WRITE(6,43)NENI_(ENIYDB(I),I=IrlO)
WRITE(6,11)

11 FORNAT('O'J'LEVEL't4X,'F'E'tSXI'ENI',SX,'DENI',SX,'COST'p
2 6Xr'NA',SXt'IC'/)

WRITE(6,12)LREG(1)pPEYD(1)_ENIYD(1),DENIYD(1)fCOSTYD(1),
:_'_ 2 NA(I)
'_'12 FORMAT(IXtA4,4(1PEIO._),I6)

DOIO?SLEV=2,6
J=IS(LEV)/NAREAS
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WRITE(6_I3)LREO(LEV),F'EYD(LEV)rENIYD(LEV),DENIYZI(LEV),COSTYD(LEV)e

_3 2 NA(LEVI,J• FO_MAT(1X,14,4(IF'EIO,2),2(I&_4X))
1092 CONTINUE

WRITE(&p12)LRES(7)tPEYD(7)_ENIYD(7),DENIYD(7),COSTYD(7)_NA(7)
2000 CONTINUE

NYD(IT)=NYD(IT)+I
O
C O0 TO NEXT YAR_

C
GOT01000

?999 CONTINUE
C
C GRAND TOTALS AND PROJECTIONS
C

WRITE(6p20)
20 FORMAT(_IGRAND TOTAL FOR ALL YAROS'/'O'_T28r'SAMPLE'_TTOt

2 'PROJECTED'/'O',IOX,2('f YD',4X,'PE',BX_'ENI'p6X,'DENI'_6X,
3 'COST',3X),3X,'_ IC')

DO1091IT=l,B
WRITE(6,21)(YDTYPE(I,IT),I=1_4)

21 FORMAT('O'_4A4/)
FACTOR=O.
IF(NYII(IT).NEoO)FACTOR=FLUAT(NUM(IT))/NYD(IT)
DOIOS2LEV=I_7
APE=FACTOR_PEYT(LEV,IT)
AENI=FAOTOR_ENIYT(LEV,IT)
A_ENI=FACTOR_DENIYT(LEV,IT)

f-'_ ACOST=FACTOR_COSTYT(LEV,IT)
IF(LEV,EO.l°OR*LEV.EQ*7)WRITE(6p22)LREO(LEV)pNYD(IT),PEYT(LEV,IT),

2 ENIYTCLEUPIT),DENIYT(LEVeZT),COOTYT(LEV,IT)_NUM(ZT)rAPEt
3 AENITA_ENZPAOOST

22 FORNAT(4XeA4_I6,4(iPEIO°2)_I6_4(IF'EIO°2))
IF(LEU.NEol.AND.LEV.NE.7)WRITE(6,23)LREG(LEU)_NYD(IT),

2 PEYT(LEV,ZT)_ENIYT(LEV,IT),DENIYT(LEV,IT),COSTYT(LEV,IT),
3 NUM(IT),APEpAENI,ADENI,ACOST,NYDC(LEV,IT)

23 FORMAT(6XJI2,16_4(1PEIO,2)IZ6,4(IPEIOo2)pI6)
1082 CONTINUE
1071 CONTINUE

NYH=O
NUMH=O

' DO3OOOLEU=IP7
NYDCH(LEV)=O

I HPE(LEU)=O'
HENZ(LEV)=O.
HDENI(LEV)=O.
HCOOT(LEV)=O,

3000 CONTINUE
DO3OOIIT=I_3
NYH=NYH+NYD(IT)
NUNH=NUHH÷NUM(IT)
DO3OO1LEV=lp?
NYDCH(LEV)=NYDCH(LEU)÷NYDC(LEV,IT)
HPE(LEV)=HPE(LEV)+PEYT(LEV,IT)

I'_ HENI(LEV)=HENI(LEV)+ENIYT(LEVtIT)
"_ HDENI(LEV)=HDENI(LEV)+DENIYT(LEV,IT)

HCOST(LEV)=HCOST(LEV)÷COSTYT(LEV,IT)
3001 CONTINUE
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WRITE(6,50)

_0 FORMAT('OHUMP YARDS--ALL VOLUMES'/)
FACTOR=O°
IF(NYH°NE.O)FACTOR=FLOAT(NUMH)/NYH
DO3OO2LEV=I,7
APE=FACTOR_HPE(LEV)
AENI=FACTOR*HENI(LEV)
A[IENI=FACTOR_HDENI(LEV)
ACOST=FACTOR*HCOST(LEV)
IF(LEVoEOoloOR.LEV.EOo7)WRITEC6,22)LREGCLEV),NYH,HPE(LEV),

2 HENI(LEV_,HDENI(LEV),HCOST(LEV),NUMH,APE,
3 AENI_ADENI,ACOST
IF(LEVoNE°loAND.LEV°NE°7)WRITE(6,23)LREG(LEV),NYH,

2 HPE(LEV),HENI(LEV),HDENI(LEV),HCOST(LEV),
NUMH,APE,AENI_ADENI,ACOST,NYDCH(LEV)

3002 CONTINUE
NYF=O
NUMF=O
DO_IOOLEV=I_7
NYDCH(LEV)=O
HPE(LEV)=O.
HENI(LEV)=O.
H_ENI(LEV)=O.
HCOST(LEV)=O.

3100 CONTINUE
DO3101IT=4p6
NYF=NTF+NYD(IT)
NUNF=NUNF+NUM(IT)
DO3101LEV=1P7
NYDCH(LEV)=NYDCH(LEV)+NTDC(LEV,IT)
HPE(LEV)=HPE(LEV)+PEYT(LEVpIT)
HENI(LEV)=HENI(LEV)÷ENIYT(LEV,IT)
HDENI(LEV)=HDENI(LEV)+DENIYT(LEV,IT)
HCOST(LEV)=HCOST(LEV)+COSTYT(LEV,IT)

3101 CONTINUE
WRITE(6,51)

51 FORMAT(_OFLAT YARDS--ALL VOLUMES'/)
FACTOR=O.
IF(NYF.NE°O)FACTOR=FLOAT(NUMF)/NYF
DO3102LEV=l,7
APE=FACTOR_HPE(LEV)
AENI=FACTORCHENI(LEV)
ADENI=FACTOR_HDENI(LEV)
ACOST=FAOTOR_HCOST(LEV)
IFCLEV.EOoloOR°LEV.EO.7)WRITE(6,22)LREO(LEV),NYFIHPE(LEV),

2 HENI(LEV),HDENI(LEV)PHCOST(LEV),NUMF_APEt
3 AENIpADENIPACOST
IF(LEV.NE°1.AND.LEV.NE.7)WRITE(6,23)LREG(LEV),NYF,

2 HPE(LEV),HENI(LEV),HDENI(LEV)_HCOST(LEU),
3 NUMFtAPE,AENIpADENIrACOST_NYIICH(LEV)

3102 CONTINUE
WRITE(6,41)
WRITE(&,42)((RDBB(JPI),J=1,2)pI=l,lO)
DO40041T=l,8

""_ WRITE(6,21)(YDTYF'E(I,IT)pI=l_4)
WRITE(6p44)

44 FORMAT(' SAHPLE')
WRITE(_p43)NPE,CPETDB(I_IT)pI=lp10)
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WRZTE(6_43)NENIp(ENZTDB(I,IT)tI_I,10)

FACTOR=Oo
IF(NYD(IT).NE.O)FAOTOR=FLOAT(NUH(IT))/NYD(_T)
DO4605I=It10
PEDB(1)=PETDD(I,IT)_FACTOR
ENIDB(I)=ENITDB(I,IT)_FACTOR

4005 CONTINUE
WRITE(6,45}

45 FORMAT(' PROJECTED')
WRITE(6w43)NPEp(F'EDB(I)pI=I,IO)
WRITE(6,43)NENI,(ENID@(I),I=I,10)

4004 CONTINUE
D040061=I,I0
F'EDD(1)=O.
_NIDB(I)=O.

4006 CONTINUE
DO4007IT=l,3

: O04007I=1_10
PEDB(1)=PEDB(1)÷PETDB(I,_T)
ENIDD(1)=ENIDB(1)+ENITDB(I,IT)

' 4007 CONTINUE
: WRITE(6,50)

WRITE(6_44) i
WRITE(6,43)NPE_(PEDB(Z),I=lplO)
WRITE(6e43)NENZ,(ENID_(Z)tI=I,IO) i
FACTOR=O.
IF(NYH.NE.O)FACTOR=FLOAT(NUMH)/NYH
[aO400OI=1tlO

,r-_ PEDB(I)=PEDD(I)_FACTOR
ENIDD(I)=ENIDB(I)_PACTOR

4008 CONTINUE
WRITE(6,45)
WRITE(6,43)NPEt(F'EDD(1),I=I_10)
WRITE(6,43)NENI,(ENIDB(I),I=1tlO)
D040091=1_I0
PEDB(Z)=Oo
ENIDB(I)=O.

4009 CONTINUE
DO4OIOIT=4p6
O040101=Ie10
PEDB(I)_PEDB(I)+PETDB(IpIT)
ENIDB(1)=ENIDB(I)+ENITDB(I_IT)

4010 CONTINUE
WRITE(6e51)
WRITE(6e44)
WRITE(6t43)NPE_(PEDB(Z)pI=lplO)
WRITE(6P43)NENI,(ENIDB(I)pZ=lplO)
FACTOR=O,
IF(NYF,NE,O)FACTOR=FLOAT(NUMF)/NYF
0040111=I,I0
PEDB(Z}=PEDB(I)_FACTOR
ENIDB(I)=ENIDB(Z)_FAOTOR

4011 CONTINUE
WRZTE(6e45)

I'_ NRITE(6,43)NPE,(PEDB(I),I=lp10)
WRI_E(6t43)NENIr(ENIDD(I_I=IplO)
_TOP
EN9
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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 6,

and the computer code is given in Table 4.

©
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ADD 2 NOISE LEVELS LOGARITHMIICALLY

FUNC:T IONEUM (AL I, A [.")
SUM=IO, _Wc(ALI/IO, )+IO.:I(AL_/IO, )
SUM=iO. X(ALOGIO (SUM)
RETURN
END

j

_h Table 4. Function SUM Computer Code
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4.3 Function DIFF (ALl, AL2)

ARGUMENTS: ALl noise level 1

AL2 noise level 2

PHRPOSE: To compute the noise level, which when combined

with AL2, 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.

I
I
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- SUBTRACT 2ND NOZSE LEVEL FROM JST HO;SE LEVEL

FUNCTIONDIFF(ALI,AL2)
D_FF=IO._*(ALI/IO.)-IO,X_(AL2/IO,)
D_FF=]O,_ALOG10(DZFF)
R_TIJRN
EHD

!'

'[

4,e

Table 5. Function DIFF Computer Code
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._ 4.4 Function HEIGHT (IS)

ARGUMENTS: IS 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 ft, it is set to 50 ft.

DESCRIPTION: With the notation in Figure ll, using similar

triangles, we obtain the relation

HEIGHT - 5 HS - 5

DE 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 8,

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

Is HS(IS) IS HS(IS) IS (ES(IS)

1 i0 6 i0 ii 8

2 i0 7 i0 12 8

3 10 8 3 13 i0

4 i0 9 1 14 8

5 i0 i0 1 15 15

_) Table 6. Values of HS(IS) for Each Source (IS)
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CONPLITE HEIGHT OF WALL TO BLOCK LINE OF SIGHT FOR EACH SOURCE

FUNCTIONHEIGHT(I8)
COMMON/BI/[IB,_INMOV,DNFIX,ATTIND,ALENG,WIrITH,IWALL
DIMENSIGNHS(15)
DATAHS/7_IO,P3ot2_I,_B. plO,_B.,15o/
DBU=DB
IF(IS.LE.7)_NU=D_MOV
IF(IS.GT.7)DNU=DNFIX

IF IIISTANCE OF WALL TO PROPERTY LINE < 5OFT, SET TO 5OFT

IF(_B.LT.50*)hNU=DNU-_B÷SO.
IF(DB,LT,50,)_BU=50°
HEIGHT'IIBUIDNUZ(HS(IS)-5.)+5,
RETURN
F..ND

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

ARGUMENTS: IS noise source

PURPOSE: To compute the excess noise attenuation

for noise source IS from the wall.

DESCRIPTION: 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, D8 is set to 50

ft.

6 = A+B-C, the path length difference.

The wall attenuation is give, by

/2_N

WATT - 5+10 lOgl0- tanh /2_N

where 26

N"
l

z wave length of noise source

c 1117

f f

where e - speed of sound in air

f - frequency of noise sourc8 = FREQ(IS)

DATA: The input data consist of the predominant sound
frequency for each type of noise source, as listed in
Table 8.

©
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The geometrical relationships are shown in Figure i0.

The calculation flow chart is given in Figure ii, and the

corresponding computer code is listed in Table 9.

IS FREQ(IS) IS FREQ(IS) IS FREQ(IS)

1 550 6 550 ii 550

2 550 7 550 12 550

3 550 8 1250 13 125

4 550 9 2500 14 1250

5 550 i0 2500 15 550

Table 8. Values of FREQ(IS) for Each Source Type
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COMPUTE BARRIER ATTENUATION FOR EACH 'SDURCE

FUNCTIONWATT(_E)
COMMDN/BI/DB_DNMOVpIINFIXpATTIND,ALENG,WIDTHJIWALL
DIMENSIONHS(1S),FREO(15)
DATAHS/7*IOo,3o,2*Iop2*S.,_O*PS.p15./
DATAFREQ/7*550.P1250..2*2500°,2*550.,125.,1250.,550./
DBU=D_
IF(IS,LEo?)DNU=[aNMOV
IF(ISoST,7)DNU=DNFIX

IF DISTANCE OF WALL TO PROPERTY LINE < 5OFT, SET TO 5OFT

IF(DB_LT_50_)DNU=_NU-_B+50o
IF(DD.LT.50.)DDU=50.
A=SORT((IWALL-HS(IS))Z_2÷(DNU-[IBU)**2)
B?SgRT((IWALL-5.)_=2÷_DIJZ*2)
C=SQRT((HS(IS)-5o)=$2÷DNU_=2)
DELTA=A_B-C
IF(DELTA.LE.O.)WAIT=5.
IF(DELTA.LE°D°)RETURN
FREN-2._DELTA_FREDCIS)/1117.
Q=SORT(2.Z3,141592654_FREN)
WATT-5*÷IOo*ALOG10(Q/TANH(Q))
RETIJRN
EN_

©
Table 9. Function WATT Computer Code

-43-



/_ 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 Ldn , Leq, 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 i0.

©
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I IM°v'l I
¢

,?
L dn(I MOV) = Lan(I MOV) - ,'_11MOV) I

Leq(I MOV) ,, Leq([ MOV) - ?,(I MOV) ILmax(I MOV) Lmax(I MOV) - A(I MOV)

4.
I IMOV-iMov*lI

,L

Yes

NFIX-O? Ye, _

I L'dn(I FIX) '= Ldn 11FIX) -/_ 11FIX} 1

Leq(I FIX) ", Leq (I FIX) -z! {I FIX)

, Lmax (f FIX) = Lmax(I FiX) -/'(I FIX}

j.
I ,_,×.,,,x+_ I

• Yes

©

Figure 12. Subroutine LEVELS Plow Chart
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: COMPUTE LI=NI LEOP LHAX AT PROPERTY LINE WITH WALL ATTENI|AT_ON

SUBROUTINELEVELS(LEU)
COMHON/B2/ATTM(IO)tATTF(]O),SMIIN(7plO)_EMEQ(7,10)_SMMAX(7plO)_

2 SFDN(7,10),SFEO(7,10>_SFNAX(7,10),NMOV,NFIX
IF(NMOVoEO,O)GOTO_O01
DOIOO2IMOV=t,NMOV
SMDN(LEV*IMOV)=SMI*H(I,IMOV)-ATTM(IMOV)
SNEQ(LEVpIMOV)=SMEO(I,IMOV)-ATTM(IMOV)
SMMAX(LEV_IMOV)=EMMAX(I,IMOV)-ATTM(IMOV)

002 CONTINUE
_001 CONTINUE

IF(NFIX*EQ*O)RETURN
DOIOO3IFIX=I,NFIX
SFDN(LEVpIFIX)=SF[IN(I,IFIX)-ATTF(IFIX)
SFEg(LEVpIFIX)=_FEO(I,IFIX)-ATTF(IFIX)
SFMAX(LEV,IFIX)=SFMAX(ltIFIX)-ATTF(IFIX)

.003 CONTINUE
RETURN
END

.L,.

Table i0. Subroutine LEVELS Computer Code

©

-46-



4.7 Subroutine LEVI00 (IS,IT)

ARGUMENTS: IS noise source

IT yard type

PURPOSE: To compute Ldn, Leq, Lma X of noise source at
I00 ft.

DESCRIPTION: Using the general noise source equation for
noise sources 1-12, at 100 ft

(Nd + 10 Nn) NpNsPeN 1

Ldn = SEL - 49.4 + 10 lOgl0 Nv

Max (Nd,N n) NpNsPeN 1

Leq = SEL - 47.3 + i0 lOgl0 - Nv

Lma x = Lm + i0 lOgl0 (NI)

where SEL --single event noise level
Lm = maximum level
Nd = number of daytime events
Nn = number Of nighttime events

•_ Np - number of passbys
Ns = number of events per source
Pe = event probability
N1 = number of sources in group
Nv = number of virtual sources

For noise sources 13-15 at 100 ft

Ldn = SEL - 13.8 + i0 lOgl0 [HIU 1 + H2U2 + H3U 3]

Leq = SEL + i0 logl0 [max (UI,U2,U3)]

Lma x = Lm + 10 lOgl0 [max (UI,U2,U3)]

where EI,H2,H 3 _ number of hours source operating first,
second, third shifts respectively

UI,U2,U 3 _ number of sources operating first,
second, third shifts respectively [

,._J
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For flat classification yards, there are four locations for
car impacts (IS = 8), 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 (IS =
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: The required input data is listed in Table ll.

IS SEL Lm Np Ns Fe N1 Nv

1 95 90 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 i 1

5 95 90 1 1 1 3 1

6 95 90 i i i 3 i

7 95 90 1 i i i i

8 95 99 1 1 0.5 1 2

9 108 iii 1 2 0.5 i 1

i0 90 93 1 1 0.85 1 1
.... ii 106.5 82 1 4 1 1 1

12 94.5 83 1 2 1 i 1
i"

13 66 66 1 1 1 i 1

14 67 73 1 1 1 1 1

15 75 78 1 1 1 1 1

Table ii. Values for SSL, Lm, NsA Fes NI, Nv.
for Each Source Type Np'

The flow chart for this subroutine is shown in Figure 13.
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= COHF'UTE BASELINE LDN, LEO, LHAX FOR EACH SOURCE AT IOOFT
C

SUBROIJTINELEVIOO(IS,IT)
_" COMMONIB31SLBNpSE_,SMAX,EB,EN,HI,I_2,H3,Ut_U2,U3

BIMENSIONS100(15),SM(15),NP(15),NES(15),EP(15),NL(15),
2 NV(tS)
DATASIOO/9_o_3*94o,3*?5.,94oplOO°,90°,IOO°Sp94o5,O&o,

2 67°,75°/
BATASH/7_?Oo_99.,Ill._?3o,SS.,82°,O&o_

2 73.,78./
BATANP/4@2PII@I/
DATANES/B*I,2,1,4,2,3_I/
DATAEP/7*Iop2*.5,.85,5*Io/
BATANL/4*I,2_3,?_I/
_ATANV/7*I,2_7*I/
SLBN=O°
SEQ=O.
SMAX=Oo
IF(IS.GT°I_)GOT01001
IF(EB°LE.Oo.AND.ENoLE.O.)RETURN
SLDN=S100(IS)-49.4+lO°_ALOO10((ED+IO.*EN>_NP(IS)*NES(IS)*

2 EP(IS)*NL(IS)/NV(IS))
SEQ=SIOO(IS)-47.3+IOo_ALOG10(ANAX1(ED,EN)*NP(IS)_NES(IS)_

2 EP(IS)_NL(I$)/NV(IS))
SMAX=SM(IS)÷IO°*ALOGIO(FLOAT(NL(IS)))
IF(IToOT.6.0R.IT.LEJS.0R.IS.NE.O>OOT01002
SLBN=SLBN-3.01
SEO=SEO-3o01
SMAX=SMAX-3°01

_-_ RETURN
,_.O02 CONTINUE

IF(IS,NE,5.0R,IToLE°6)RETURN
SLDN=SLBN-4.771
SEO=BEO-4.771
SMAX=SMAX-4.771
RETURN

i001 CONTINUE
IF((HI.LE,O°*ORoU1,LE°O.>,ANBo(H2°LE,O°oOR,U2°LE,O,).ANB,

2 (H3,LE.O.,OR.U2.LE.O,))RETURN
SLBN=SlOO(IS)-I3,8+lO°=ALOOlO(Hl*Ul+H2*U2+H3IU3=lO,)
UX=AMAXI(UI_U2tU3)
SEO=EIOO(IS)÷IO.*ALOGIO(UX>
SMAX=SM(IS)+IO._ALOGIO(UX)
RETURN
END

Table 12. Subroutine LEVIOO Computer Code
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_, 4.8 Subroutine LEVBD (IS)

ARGUMENTS: IS noise source

PURPOSE: To compute Ldn, Leg, Lma x at property
line, taking into effect point or line source
attenuation, excess air and ground attenuation,
and excess attenuation due to intervening
industrial structures.

DESCRIPTION: DN

= _I + ag (DN-100) + 10 N log10 i0---O

where _ = total attenuation

aI = attenuation due to intervening indus-
trial area

Sg = excess air and ground attenuation

_ DN = distance from source to property line

N = noise attenuation coefficient

= i for moving sources
2 for fixed sources

, In the case of master retarders, if Lma x > 83 dB at property
llne, Lma x is set to 83 dB at property line. Ldn and

Leq are adjusted to reflect that fact.

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

IS ALPHAG(IS) IS ALPHAG(IS) IS ALPHAG(IS]

1 0.001 6 0.002 ii 0.002

2 0.001 7 0.002 _ 12 0.002

3 0.001 8 0.005 13 0.0025

4 0.001 9 0.01 14 0.0035

5 0.002 i0 0.01 15 0.002

Table 13. Values of ALPHAG(IS) for Each Source Type

The flowchart for LEVBD is shown in Figure 14, and the

oomputer code is listed in Table 14.
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-- COMPUTE BASELINE LUNI LEO, I.MAX AT PROPERTY LINE FOR EACH SOLIRCE

SUBROtlTINELEVB_(]S)
_, COHM_N/BI/IIBplIRMOV_NFIXPATTINDpALENGtWI_THt]WALL

COMMON/B3/SLDNr_EOPSMAX_ED_ENPHIPH2PH3,Ut_U2,U3
DIMENSIONALF'HAG(_5)
DATAALPHAG/4=.OOIr3_oOO2_,OOSp2_,OIp2_,OO2roOO25p

2 ,0035,,002/
IF(SLDR,LE,O,)RETURN
IF(IS.LE.7)_N=DNMOV
IF(1S,L.E,7)NATT=I
IF(IS.OT.7)_N=_NFIX
IF(IS,ST,7)NATT=2
ATT=ATTIND+ALF'HAG(IS)I(DR-_OO,)÷_O,_NATT_ALOGIO(DN/IO0.)
SLDN=SLDN-ATT
SEQ=SEO-ATT
SMAX=SMAX-ATT
IF(IS.NE.?)RETURN
IF(SMAX,LE,BS.)RETURN

IF MR > 83_B AT PROPERTY LINEp SET TO 83DB

I ATT=SMAX-83'
I SLDN=SLDN-ATT

SEO=SEQ-ATT
SMAX=83.
RETLIRN i
END i

i

I
t

Table 14. Subroutine LEVBD Computer Code
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4.9 Subroutine NEWTON (D,NATT)

ARGUMENTS: D On input: initial distance to
start iteration

On output: distance from source
to the a noise contour

NATT Noise alternative coefficient

Ii for moving sources
for fixed sources

PURPOSE To compute the distance from noise source to
the noise contours _(d) by using Newton's
method of finding roots to algebraic equations ..
by iteration.

DESCRIPTION: To find the root of F(d) = 0 using Newton's
method, approximate d by

F(d0)

d = do -_

and iterate. Stop when d-d 0 < I.

The flow chart for NEWTON is shown in Figure 15, and

' the computer code is listed in Table 15.

1
I

]

1;
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Figure 15. Subroutine NEWTON Flow Chart

©
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q

FIND ROOT OF ALGEBRAIC EQUATION USING NEWTON'S METHO_I

SUBROUTINENE_TON(rlpNATT)
,_ DOmD
..aOl CONTINUE

DI=ILO-FFF'CDO_HATT)
X=ABS(DI-OO)
IF(XoGTol.)OO=D1
ZF(X°GT*I.)OOT01O01
D=D1
RETURN
END

Table 15. Subroutine NEWTON Computer Code
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_-_ 4.10 Function FFP(D,NATT)

ARGUMENTS: D Distance from source to noise L
contour

NATT Noise attenuation coefficient

ll for  oving sources
12 for fixed sources

PURPOSE: FFP(d) - F(d)

is used in subroutine NEWTON.

DESCRIPTION: Given attenuation A, we want to find d such
that F(d) = 0. FFP computes the ratio

F(d)
F'(d)

to be used in NEWTON to compute d(_).

d
F(d) = 10n lOgl0 (_) + Q (d-DN] -

10n

f-_ F'(d)= (log_ + a

where n = noise attenuation coefficient
NATT

a = excess air and ground attenuation
DN = distance from noise source to property

llne

= total noise attenuation
d - distance from noise source to noise

contour

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

I ,°
moving sources 0.002

fixed sources 0.005

Table 16. Values for _ for Source Groups

The flow chart is shown in Figure 16, and the computer

code is listed in Table 17.
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I ]FFP- F(d,A)
F'{d}

',...

Pigure 16. Function FFP Flow Chart
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= NOISE ATTENUATION FUNCTIO_ (OF [_ISTANCE) FOR N_$TDN

FUNCTIONFFP(D,NATT)
COMMON/B&/DN,AF_ATT
F=IO**NATTSALOO_O(D/_N)+AF_(D-_N)-ATT
FP=IO.*NATT/AI.OO(IO*)/D+AF
FFP=F/FP
RETURN
£ND

Table 17. Function FFP Computec Code
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4.11 Function AREA (NATT)

ARGUMENTS: NATT noise attenuation coefficient

Ii for moving sources
12 for fixed sources

PURPOSE: To compute the area between two noise
contours.

DESCRIPTION: For moving sources, the area of impact is

rectangular. See Figure 24. For fixed
sources, the area is a section of an annulus.

See Figure 25

area BS'CC = (sector ABC - aABC)

! - (sectorAB'C' - AAB'C')

= d22cos-I (DN) - DN V_22 - DN 2d 2

{
Diagrams of the impact areas are shown in Figures 17 !

and 18. The calculation flow chart is shown in Figure 19, i

L

and the computer code is listed in Table 18. i

I ,
I

f _
! ,
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3 AREA JNSIIIE DB BAND
E

FUNCTIONAREA_NATT)

[_ COMMON/R1/DB_DNMOU,DNFIXpATTJND_ALENG_IIDTH,IWALL
COHHON/B7/GI,D2

EEG(D)=D_2_ACGS(DNFIX/D)-DNFIX_SORT(D_2-DNFIX_2) !
OOTO(IOOI,IOO2),NATT

_001 CONTINUE

FOR HGVING SOURCES, AREA IS A RECTANGLE

AREA=([12-D1)_ALENG
RETURN

002 CONTINUE
'C
,E FOR FIXEII SOURCESP AREA ].S PART OF AN ANNULUS

AREA=SEG(D2)-SEG(TI1)
RETURN "'
END

Table 18. Function AREA Computer Code

©

-64-



4.12 Subroutine IMPACT

ARGUMENTS: None.

PURPOSE: TO compute the noise impact (PE, LWP) in l-dB
bands and 3-dB bands from all the noise
sources.

DESCRIPTION: Compute the impact from moving and fixed
sources separately, using 1-dB bends. Sum
these into 3 dB bands for the 3-dB band

output.

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

i Total PE = Max [PE (moving sources),
PE (flxed sources)].

ALGORITHM:

Given noise level at property line (L0) ,

i check for noise level at the end of residential
region (Lw). Lw is set to be the maximum of

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

_ area.)

' Take the largest integer smaller than L 0 (L).
E Compute d (L0-L) using Newton's method

PE - Population living inside the noise contours
L0,L

(Lo+LLWP = ) - 55 IPS)
20

Let L 0 = L
L • L-I

Continue until L < L w (if L < Lw, set L = Lw)_

The flow chart is shown in Figure 20, and the computer

code is listed in Table 19.

_J
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C

COMF'UTE H/W N[_ISE IHF'ACT

SUBROUTINEIMF'ACT
COMMON/B]/DB,DHMOV,DNFIX,ATTIND,ALENG,HIDTH,IWALL
COMMON/B2/ATTM(IO)pATTF(IO),SMDN(7,10),SMEO(7,10),SMHAX(7,10)_

_'_ 2 SFDN(7,10),SFEQ(7,iO)_SFMAX(7,10),NMOV_NFIX
OOMMON/B4/PE,ENI_BLALLpALMSpALFS,ALBGJF'OPU
GOHHOH/_6/DN,AF,ATT
COMMON/B7/OI,D2
GOMMON/BO/PE_B(]O)pENIDB(IO),OBB(IO)
DIMENSIONPEOBM(IO),F'EDBF(IO)
DATAACM,AOF/.O02,.O05/
RE=O,
ENI=O,
PEM=O.
ENIM=G.
PEF=O,
ENIF=O,
li01020Z=ip10
PEBBM(1)=O*
PEDBF(1)=O.
PEDB(1)=O*
ENIDB(1)=O, =

1020 OONTINUE
IF(_L.ALL*LE.S5*)RETURN
IF(NMUV,EO,O)OOTOIO01

C
= COMPUTE IMPACT DUE lO MOVING SOURCES
C

AF=A_M
DN=DNHOV
ALO=_|UM(ALMS,ALBG)
IF(ALO*I.E,55,)GOTOIOOI
ALE=ALMS-IO._ALGGIO((DN'$WIIITH)/_N)-AF_WIDTH
ALL=SUM(ALEpALBO)
ALL=AMAXI(55,pALL)
Dt=gN
D2=Pl
ALI=ALO
LI=ALI
AL2mFLOAT(L1)
IF(AL2.EO*AL1)GOT0100_

1003 CONTINUE _.
AL=(ALI+AL2)/_*
_01021I=1|10
J=11-I
IF(AL,ST.PBB(J})60T01022

1021 CONTINUE
1022 CONTINUE

ATT:ALHS'BZFF(AL2,ALBO)
CALLNEI_TON(D2wI)
ZmAREA(1)=F'OPU/52BO._2
PEDBM(J)=PED_M(J)+Z
PEM'PEM+Z
Z=Zt(AL'55,)/20*
ENI_B(J)=ENIOB(J)+Z
ENIM=ENIM+Z

E_02 CONTINUE Table 19. Sub=outine IMPACT Computer Code
_'-/ ALI=AL2

IF(AL1,E6.ALL)GOT01001

AL2=ALI't" -67-_1=))2
IF(AL2.LT.ALL)AL2=ALL
OOTOlO03



IF(NFIX,E_,O)GOT01010

i : COMPUTE IMPACT DUE TO FIXED SOURCES
C

DN=DNFIX
AF=AOF
ALO=SUM(ALFSpALBG)
IF(ALO.LE.55.)GOTOIOIO
ALE=ALFS-2G.=ALOGIO((DN+WIDTH)/LIN)-AF_WInIH
ALL=SUM(ALE,ALSO)
ALL_AMAXI(55*,ALL)
DI=DN
D2=D1
ALI=ALO
LI=AL1
AL2=FLOAT(LI)
IF(AL2.EO.ALI)GOTOIO04

1005 CONTINUE
AL=(ALI÷AL2)/2,
ti010231=1,10
J=11-I
IF(ALoGT,DBR(J))GOTO1024

t023 CONTINUE
1024 CONTINUE

ATT=ALFS-DIFF(AL2rALBO)
CALLNEWTGN(D2p2)
Z=AREA(2)=POPU/5280o_2
PEDBF(.J)=PEDBF(.J)÷Z
PEF=PEF÷Z
Z=Z_{AL-55,)/20,
ENIL_S(J)=ENIDBCJ)+Z
ENIF=ENIF÷Z

f'_)04 CONTINUE
" ALI=AL2

IF(ALI.EG.ALL)GOT01010
AL_=ALI*.I,
_I=D2
IF(AL2.LT*ALL)AL2=ALL
60T01005

1010 CONTINUE
C

LWP IS SUM OF LWP OF FIXED AND MDVING SOURCES
PE IS MAXIMUM OF PE OF FIXED AND MOVING SOURCES

C
PE=AMAXliPEMpPEF)
EN_=ENIM÷ENIF
D01025I'1,10
PEDB(1)=AMAXI(PEDBM(1)fPEIIBF(1))

1025 CONTINUE
RETURN
END

L
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4.13 Subroutine OUTPUT (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 noise levels (i.e.,

Ldn, Leq, Lma x of each noise source at
the property line, and PE, LWP, _LWP, cost of
wall, and wall height for level LEV

I
DATA: The input data required is listed in Table 20.

IS ABBREVIATION DESCRIPTION

1 HS Hump switcher

2 MS Makeup switcher

3 IS Industrial switcher

4 CS Classification switcher

. _-_ 5 IB Inbound train

6 OBI Outbound train
(road haul)

7 OE2 Outbound train (local)

8 CI Car impact

9 MR Master retarder

i0 IR Inert retarder

ii CT _rane truck

12 GT Goat truck

13 IL Idling locomotive

14 RC Refrigerator ear

15 LT Load test

Table 20. Noise source code

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

code is listed in Table 21.
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Write Title

NQ

Yel

Wri'_eLdn, Le , Lmax
For EachSource

No

Yes

r_ Write Ldn, Lel
' fo_ EachSource

Write Level, PE, LWP
Z$LWP,Cost.Wail Height

Figure 21. Subroutine OUTPUT Plow Chart
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OUTPUT SUBROUTINE FOR EACH NDISE LEVEL

SUBROUTINEOUTPUT(LEV)
COHMON/B2/ATTM(IO),ATTP(_O),SMDN(7,JO),SMEQ(7_IO},SMMAX(7,IO),

2 SFDN(7_IO)pSPEO(TpIO),SFMAX(7PIO)rNMOVpNFIX
COMMON/BS/LREO(7)PISH(IO)_ISF(JO),ALEV(7),PEA(7)_ENIA(7)_

2 IIENIA(7)_COSTA(7)_IW(7)
DIMENSIONSOURCE(15)
DATASOURCE/'HS'_'MS'_'IS'F'CS'p'IB't'OBI','OR2'_'CI','MR't'IR',

2 'CT't'OT'P'IL't'RC'P'LT'/
IF(LEU,EQ,I.OR,LEV°EQ,7)WRITE(6tS)LREG(LEV)
FORMAT('O'wA4)
IF(I.EU.OT.J.AND.LEV.LT.7)WRITE(&,6)LREG(LEV)
FORMAT('O'PI4)
WRITE(611)
FORMAT('O',TBp'SOURCE't2Xp'LDN'p3X,'LEU'_3X_'L.MAX'/)
IF(NMOV.EO.O)GOTOIO01
DOIOO21MOV=IPNMOV
WRITE(6p2)SOURCE(ISM(IMOV))tSMDN(LEV,IMOV)tBMEQ(LEV,INOV)t

2 SMMAX(LEV_IMOV)
FORMAT(TIOtA4,3P6.1)

_002 CONTINUE
001 CONTINUE

IF(NFIX.EO.O)OOTOIO03
DOIOO4IFIX=I_NFIX
WRITE(6t2)SOLIRCE(ISF(IFIX)),SFDN(LEVpIF/X)ISFEQ(LEV_IFIX),

2 SFMAX(LEV_IFIX)
1004 CONTINUE
2603 CONTINUE

WRITE(6,3)
.... FORMAT('O'tTBp'LEVEL't4Xt'F'E',BX,'ENI',6X,'_ENI't&X,'COST'p

2 6X_'WALL'/)
WRITE(6t4_ALEU(LEU)_F'EA(LEV)_ENIA(LEU)_DENIA(LEV)_COSTA(LEV)_

IW(LEV)
PORMAT(TB_PS.I_4(1PEIO.2)_I_)
RETURN
END

Table 21. Subroutine OUTPUT Computer Co_e
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5.0 INTERPRETATION OF SAMPLE OUTPUT

The control terms and constants which direct the

calculation procedures for the sample railyards 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.

So the effective population density is 10,152/0.43 = 23,609.

The background noise level is, according to the 100 sites

equation,

I

I i0 i0gi0(i0,152) + 22 _ 62.1 dB

Notice that 62.1 > 54, so LBG is set to 54. The yard has

five areas: RI, C1/R, C2/R, R2, R3. For RI, we have:

length of track = 1,300 ft

width of area _ 8,000 ft

DB = i00 ft

excess industrial attenuation = 0

excess residential attenuation = 8 dB

DNM = 250 ft

NMS - 3

NMF = 0
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1. LOW VGL HUMP
2. MEDIUM UOL HUMP

_-"_o HIGH VOL HUMP
_o LOW VOL FLAT
5o MEDIUM VOL FLAT
6. HIGH VOL FLAT
7. INDUSTRIAL
B. SMALL INDUSTRIAL
9, 55,58.61°64o67.70o73°76,79o82,
I0° 55-5B
11° 5B-61
l_. 61-64
13o 64-67
14. 67-70
15. 70-73
16, 73-76
17. 76-79
1B° 79-B2
19° >82
20, DL MW
21. 7_ 70 65 60 55
22. 3

Table 22. Control Terms and Constants
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Table 24. Output Data for Sample Railyard

e_I[+l l#+lip HIL,IJAtlI_F.£+ WJ l()kl VI)I+ IILIHP

_'[II' _,CN UPe_41E £I', _ pC)lTM PKtII' I AIIEAS

I<)I :_:+,(_ O,d_l 23'60+/,3 ,_,++,I 5

AI_I_e_ l.i NI) I_I laJl_lll I,II I_! DII ,NH IPlt__ #+HI] NFFI

I_! l_O_, II000. |(+0, O+ FJ+ _'_0° O. ,3 0

II_ l'flllli_ l'llPt I_AfiI_I,IPIE

5_ -:_11 $17" f+! _! -f+4 64-67 L+?- ?(J 70-73 73-76 7t+-79 79-I]2 >112

PI_ I, 4,U_ I 0+_ 2+6CI£I02 0+0 0+0 0+0 O,O 0+0 0,0 0+0 0,0
l++II! ?,I181_I01 _$+_OEIO! 0+0 0.0 0.0 0+0 0.0 0.0 I)+0 0.0

I_L

SLJIII_(_I.+ LI_N I.£II I.PIAX

IIS I+4+0 _?,4 I],5,9
_l_ e+O*7 .+J_+4 ?3,+5

I.I_V£L I'E £N! I*I_1+I Cn_T _ALI.

,_v', I ]+21£103 h32E102 (I,() I)+0 0

_ IIIIC¢I:I_ L_IH I+I_I_ LIIAX I+

II_ ,59,_ .54+4 00,9
lJl _+? .50+4 011..5

IEVEL I+'I_ EH_ IIl_P ! _IIS! WAI.L

6_+._ h 4_I_I03 9+ 9SEt (II 3 +2_I_! l()l 5+_5EI04 ?

_0

fl¢llll_l_IC I.I_N L[_(I I.I_AX

liT] _,? _I,I _'7. t_
_I_ _:!,.5 42+I' _I_,_
I7111 52.*_ 47+| I_!_+ :!

5?,9 ? +6I)l_iO_ _I+331_I0_ 9 +ll_li I (11 1.401_I0_ I_

fll+

+ _ _+_ _..: +.+.__ ...... _+_'_`_'_+_+_+'_'_++_r_+_;'+_A_'_+_`'_+_+_`_:_i_ '



BIlIII'{I:E I. llll I.Ell I.rlAX

I1_; ._ | * I] 47*. _ 771,2

|11 dlh& 4_h.? Ill .;I
(I}tl 4 fl. Ip 4.3,_ 111+3

I EUI'I. I'l_ I_HI IIl_ll I ClID f Id,gl h

/_/?I_A LEHQTll Wlllfll lieu Ill IIR IIHII I,HF HII_ NFIJ

C|/II I()O0. |lO00 + O+ O, I1. I00+ _SO+ 2 1

IIII llANII5 FIII_ PAfJI!LINE

,_._- _ [I UO-I,! 61-64 _4-67 67"70 70-7.1 7._-76 76-79 79 "ll'_ )/J'_

PI_ 6*._IE fO_ l+ -_:$1_'10_ 3,471_.-0_ 0,0 0+0 0,0 0.0 0,0 0,0 0_0

I,L

_()UI_C_ LPH LI_[I LttAX

1l_ 65+0 _9.6 97+11
IT[It 65,0 59,6 97+0
HR 6,_HI 60.9 [13.0

LI_UI_I. I"_ Elll ' lIEN1 CUI_T EI/IL L

70.2 7.;/6E 102 7+39Ef01 O,f) 0+0 0

70 l

_()IIRCE LIIH Lf_ I) I.MAX

lli 6.%0 59+6 97,0

HIt I,(I _6 _.'_,7 77,1l

613,9 7.76l_ f02 6,9_Et01 4+76_400 2_70E'104 !I

1_(IIJ/_CF. LIIN LI:@ /HAX

lllll 60,11 ,_4+& 92.1l
II/1 _lll+ f; 53+6 75+?

[,I_ITI. PI_ I_NI Ill!HI CIIL_ l _61.I,

+



/+4.7 6.46E10_ 4.941?i0 I 2,451_101 3.70£104 7

6O

_HIII_CE LDH I En LH6X

|D .54+7 49.3 n7,4
tll'S ,54,7 49+3 117,4
H}_ ._1,9 42,O 69,0

I.l_Ul!l. P_ IN| DEN| C{)_] MALL

60*0 I *11'_1!t 0.']. 6 ,llllt: H)O 6.20f_t()| I *05EIO_ ZO

StlURCF LDH L_O LHAX

TD ,';t , 6 46.2 II+l* 4
Drel 5h6 46.2 D4.4
fir 49.2 44.3 66.4

LEV+-+'L PE CN! PENT CtIBT I++_LI.

_II,O 6,06E101 9.69E-0! 7 ,._YE I0| | *771_10_ 30

/_EA LENOTII M|IITI{ lilt DI IIR lint+ DNF HHB HFS

_/I_ I(}00. |IO00. 0. O. fl* I00* _0. 2 I II

lID [l_/lll_ FI}R IIAgl_l. lNF.+

,';_;- ._fl +50-6 J 61-64 6,1-67 67-70 70-73 73-76 76-79 79-1_2 )D2

PE 6+_1EI02 1,25E102 3,47_-0_ 0,0 0,0 0,0 0,0 0+0 0,0 0*0
EN! 4*33EI0] _.76E10| bOdE'02 0.0 0.0 0.0 0*0 0*0 0.0 0.0

DI. t_

BULII¢C£ LDN I.fll LH_X

Ill 6._.0 59.6 97.,q
01'! 6._+0 _9+6 97,O
CI 6:_.| 60,2 +10.3

LEVEl. l'E £tlI ItEll! CO/iT WALL

,'*9,9 7,76E10_ 7+09E10| 0+0 0,0 0

f;llltR_l! LI*H l.Efl LftAX

60.0 _14.A 92,0ID

i



fl[=l 60,0 54,6 92,U
C[ 59*0 54.1 B4,2

I [_UEL I'E EN] I*(_N] C[]!] I Ut_L[.

64,11 /,, 46E10_ S*O_l_lOI 2,061_0! 3,70E104 7

i,O

Ill 54,_1 4fl,9 07,1
IIlll 54,3 40_9 /]7,!
I_| $2_4 47,_ 77./=

59,19 I JTOEP02 S, ;'gE _00 6,SIEIO! I,IOEI05 19

n(1urcl;l: L._he LErP L/It, X

Ill 5t.6 46_2 04,4
OP! 51,6 46t2 fl4,4
C! SO,O 4_,]t 75,2

J
I.EUEL PE EN! lIEN! C.OI]T W/_I.L

_l]_l 6,06F. _0! 9,69E-01 6,99E_0! 1,77E105 30

R2 tO00* I]000, O, O* OJ 100, 250. _ 2

I_l* I_t_itJ FOR t_/_SI_LIHE

55-_1_ ._0- 6 | 6! -_4 64-67 67-70 70-73 73 - 7/_ 7_.-79 79-112 >112

PE 6,51E102 1.2Lil_i02 3_47Eo02 0,0 0_0 0,0 0,0 0.0 0,0 OlO
_t/l[ 4,64E_01 ;_,95ff101 1.04_'02 OlO 0,0 0,0 0_0 OlO 0,0 OlO

SO_I_CE 1.1_// LEO Ltlf=X

11_ 65,tl 59,_ 97,11

C| 65,1 60,2 90,3

I _VEL PE F._! I_t_t_! COL_T U_LL

;_0,3 7,7_I_t_. _ ;=._9_!10! 0,0 0,0 0

__m._,,,=._= _..__:_._,_..._,,_.._:,.._. :_._=_.j.L;_:_ii _



r'_ _" r''_ ......

7O

Sllllft (:E L(*H I.En Lfl£1X

]_l 6._.0 _9J6 97*0¸

IR 54,& 49_ 7_).3

6?.o 70761_1(1_ 7_11_oI 4,77Ell)0 2,711EIO4

6_

111 _9,0 54_4 9_o._
I11_ _i9.0 _4,4 ?2°,'i
C! 5;1_ S_ [13,4
IR 51.4 46,4 75,1

t.EUEL /'E EN! [_EN! C()_I 14_I.L

64.7 6,_IE10_ 4_75EIO! 2.(14_OI 4_20_O4 O

60
I

_;III_RCE LDtl L[_n t.lJ_X

I
Ill _4_o 411,6 D6.?

C! _,1 47,3 77.3
(R 45,3 40,:_ 69,o

._9o_l [_54EIO. _ 4_93l_IOO 7,_)9EIO! h 16E_05 _o

_(]tJItC_ Libel LEt] L_X

rlt_l 5L,6 46,_ 114,4
' I;! ._0,0 4S_1 75.2

_1_ 43_. _ 3_1,2 66,9

LEVEL I_E £1_1 ll_! CII_T 14_LL

i

............................. _



/_r C/_ LCIIITTll W|IIIII IIII lIT IIR IINM DIll: tlHil HI't]

J_3 _000, 0000. O. O, I)+ 10(I. O, 4 0

5_ +L;I1 ._n -_1 61-64 64-67 /.7-20 70-73 73-76 76-79 79-D2 >112

I'_ hS_l_lO.I ;J, :!_1_I0_ 5,_71!101 _,0 0,0 0.0 0+<) 0.0 0.0 0+0
L/41 n+24Cl()j _+n61_lOI hl12ElOl 0+0 0.0 0,0 0.0 0,0 0+0 0.0

pI.

SIHIF_CF. LI_II LEO LHAX

fl!] _3.4 51),7 90+0
In 64,7 /_0+1 90,0
Ill 65.0 _i9.6 97.0
I]1,2 54._ 4thll 90.0

69,_ I. 9;11_03 h 69F..t02 0.0 0.0 0

_nlJRCE LI, H LFD IH_X

LIt_ ._fl. 4 _:1,7 I1_.0
I x_ _9+7 _S.J OB,O

(_ II1 60,0 _4._ 92,11
I"_ 111,2 47._ 43+[I I_.0

i

LEVel. I+'£ EHI IIEHI CI}ST W_I.I.

64,7 1+63E103 h31El02 3,1]5[t0_ 7,40Et04 7

tHJIII_CE LItPI LEO LHAX

I_ "5_,7 40,0 79,3
]fl 54,0 49.4 79,3
IP 54,3 4Q,_ I]7,|

.I)1,2 43*_ 311d 7Y,3

LEVI:L P£ Eft! I_I_H! COGT W/+LI.

_9*9 4.90[I/)2 2,07EI0| h49E102 2.21E105 19

II1,1

BIIIJrC_ LlIH LEII L/fAX +',,,.

¢



h.q 5f),O 45,3 7b+li
15 51+3 46iP ?i_,6
!It '_!. , 6 4612 11414 I
0il2 4f),B _5t4 76,il

L£ klEL I'E Ell! • IIl_lJI CIIBT ll_ I+L

511,1 :!, ! _IE_f)_ 5,,_lll:lOf) I,b4E)l_2 3_5ilE#05 ,'if)

IIl_¢lLfl F¢1I¢ Y_l/_f)

!ltl (li*_Nf)5 FIIR Iti"lf_EI.Hl_

._;.'i- ill1 5fl-,_ i l_l -_14 64_67 &;' -_lO ?0-73 73.,711 ;'A+39 79-1l. _ >tl2

I_l_ 4,94F. 103 9.66Et02 5o5f)_10! O,Q 0,0 0*0 0_0 O,O O,f) 0.0
EHI 2_96E102 2+07E10_ 1,_2CI5! 0,0 O+O 0+0 010 0+0 O,f) 0.0

LEVEL I'£ EHt !,ENI _1_51 tl{I !_

ill. 5,97E153 ti* ;!2E I f)_ f),f) 5,0 5
75 _,I:*2E)I);:, U,;t_lt)2 0+0 ll,O 5 !
_'0 ._',P;'._J03 B+_2E!O_ 9,55EI00 5,40Elf)4 5 f)
_5 ._+00EIO_l _tlT;l_ 10_ Ji44EJf)_ 2s 4_E')05 _! II

05 0,0 f),O .._, 22E I O_ J.JSE)06 0 0

I Itti 6, |5({02 1,2tEIOl 5,!0E102 !, I,_E 106 5
Gl
t_i

I

ttf)l%llf)_l:i+ Rlihlllll_EI %1_ IIfOfl ¢#iiL IIUilP

POP It,ll llSA1)_ EFF POP Ilhiili I f)tlEfi5

4520*0 ll,6_ 7409.1) 511,6 1[

#lllE/I Li_/ll_lll liil_])l i_l_ ll| bR i !lllR BfIE Hll_l tlF5

f)l JODO, :30P0 • 300* _. 4, i f)f)f)_ ;"_ f) • t 2

llll IIlltlll_ I_OR iIRBELiliE

5_-_0 _5-_ll _I-64 7_4,+41_ 67-;'0 ;'0-73 7.'l-)Ii ;'/_- ;'9 _9-f)2 >B3

PIT 6,7_102 _, ._;_/_.i _2 4, f)O£iO! O,f) f) • ,'1 f)_5 0,0 0,0 O,f) 0_0
_Hl 7, I f)_iOi 5,01_101 i,74glOl 0,0 (1.0 (I,0 0,0 0,_ g,f) 0,0

I,L

Df)ll_l_ Lilll I.Ell I.IIAX

till 64,3 59,_, 79.!

it. 64_4 5f),4 511.4 i,
I.I /,3,9 62,9 65,*; I

J,KI)J3/ Pr., I_lll i,£tIJ £f)_iT IJAIL

i



Table 25, Total Data for Sample Yards and Projected Totals
for All Yards

IUl_lli T01_L FIIF_ ALL YARIIS

S_HF'L£ f'Rf)JEI:I El_

! YIt I'E I:N] OI_N! Cflli! ! yll P£ EIt[ IHE_H C[IST # 2C

1.0M U(IL IHIHP

l¢[. 5.?_i()_ S._EIO_ 0,0 0,0 44 2,6_EI05 2,_|0_J04 0.0 0,0
/:; _,97C10_ S,2_EI02 0.0 O,O 44 _,&3Et05 _,30F104 0,0 0,0 t

65 5.00E103 3.77E10_ h44Ei02 2.46(105 4d _._OI[}OS |.66£I04 _._[_[0_ |.Ofl£1O_ 0

G5 0,0 0,0 _,_El02 hlSl:lO& 44 0,0 O,I) 2,30£104 5,06£107 0
H_ 6,_()(_10_ |*211_J()t 5.10KI()2 h15£106 44 2,_?_104 _,_3C_0_ 2,24EJOd S.O6E|07

HEll_llM UHI. IIUIIP

Ill. _ h46Et04 _,_6_10_ 0.0 0.(] SI' 2,49E#0S 3.0S£10d O.0 0.0

7() 3 1,26Ei04 I._6Ei03 6,021!i0_ 5,14£_0S _1 2.151!105 _*il2El04 1.02E_04 5*73EtO& 0
65 3 h02Ei54 J.OdEt03 h22EI53 1_40_106 51 1,73E105 hY7E_54 _.0_Ei04 2.3DE107 0

_5 3 5,0 5,5 2_6E103 _O?EIO6 51 0,0 5.0 :_QS[_ID4 1.00E}Sg O
II_ 3 3.41£103 5_61E10_ 2.04E_03 5.09E106 51 5.811!_W4 3.115£103 3.4_EID4 hOOE}Ol]

i(10ilU0i, HOHP

I I,L h3,E104 _,t61[103 0,0 0,0 29 3,99K_05 6,_5EI04 0,0 0,0
O0 75 1,3,E104 2,16E_03 O,O 0,0 27 3,991!105 6,25E104 0.0 0,0 l
'_ 70 9,57£10_ |,33E103 O,_�EIO_ 4,_9E10_ 29 2,f16E105 _*05E104 5,40E{04 1,33E107 0
I 65 7.74E_03 U.37EI02 h32E103 _.30E105 29 2.24E105 2.43E_04 3.f12E104 2.41E_07 0

60 3.21E_03 1.51EtO_ |.97£103 2. L3EI06 2Y 9.30E104 S,20Et03 5.73EIOd 6.10Et07 0
55 0.0 0.0 2.16E103 2.,3E106 09 0.0 0.0 6.25E104 O.2JEIO7 0

I.HII _llt rl. 6|

l¢L 0 0.0 0,0 O,O 0.0 476 0,0 0.0 0,0 O,O
75 0 0.0 0.0 0.0 0.0 476 O.O 0.0 0.0 O.O 0
70 0 0,0 0,0 0,0 0,0 476 0,0 0,0 0.0 0.5 O
65 0 0,0 O,O 0,0 0,0 476 0,0 0,0 0,0 0,0 0
_0 0 0,0 0,0 O,O 0,0 476 0.0 0,0 0,0 O.O 0
_5 O 0,0 0,0 0,0 0,0 476 0,0 0,0 0,0 0,0 0
Hg 0 0,0 0,0 0,0 0,0 476 0,0 0,0 O.O 0,0

_111_ U_I. FLAT

0I. 0 0,0 0,0 0,0 0,0 346 0,0 O,O 0,0 0,0
75 0 0,0 0,0 0.0 0,0 346 0.11 O,O 0,0 _O,O 0
70 0 0,0 0,0 O.O 0.0 346 0,0 0,0 0,0 0,0 0
65 5 0,0 0.0 (),0 O,O 346 0.0 0,0 0,0 0,0 0
60 0 O,O 0,0 0,0 0,0 346 0,0 0,0 O*O 0,0 0 ;!_
55 5 0,0 0,0 0,0 0,0 346 0,0 0,0 O,O 0,0 0
H_ 0 0,0 0,0 0,0 O*O 346 0,0 0*0 0.0 O*O



.I..v,..rL_r
bl. 0 O*O O.O 0.0 0.0 1_0 0,0 0,0 0*0 0*0

_ 0 0.0 0.0 0.0 0,0 I_0 0.0 0,0 0.0 0.0 0
70 0 0.0 0.0 0°0 0.0 130 0,0 0.0 0.0 0.0 0

_ 0 0,0 0,0 0.0 0,0 130 0.0 0,0 0.0 0.0 0
_0 0 0.0 0,0 0.0 0.0 130 0,0 0,0 0.0 0.0 0
_ 0 0,0 0.0 0.0 0.0 130 0.0 0.0 0.0 0.0 0

IIW I) 0.0 0.0 0.0 0,0 I_O 0.0 Q*O I),O 0.0

INIIIINIR|AL

IlL 0 0.0 0.0 0.0 0.0 II_(J 0.0 0.0 0,0 0.0
?5 0 0.0 0.0 0.0 0.0 D3fl 0.0 0.0 0_0 0.0 0
70 0 0.0 0.0 0.0 0.0 030 0,0 0,0 0.0 0.0 0
_5 0 0.0 0.0 0*0 0.0 I);_fl 0_0 0.0 0,0 0,0 0
_0 0 0.0 0.0 0.0 0.0 Q3f) 0.0 0,0 0.0 0.0 0
_ 0 0,0 0,0 0.0 O*O H_n 0,0 0,0 0,0 0,0 0

_W 0 0,0 0,0 0,0 0,0 fl3f) 0,0 0,0 0,0 0,0

SH_[.L |HIIIIBf_IAL

bL 0 0.0 0,0 0,0 0,0 1779 0,0 0,0 0,0 0,0
25 0 0.0 0,0 0.0 0.0 1779 0,0 0,0 0,0 0,0 0

_0 0 0,0 0,0 O*O 0,0 1779 0.0 0.0 0,0 0.0 0
65 0 O.C 0.0 0.0 0,0 1779 0.0 0.0 0,0 0,0 0

I 60 0 O,O 0,0 0,0 010 1779 0.0 0,0 0,0 0,0 0
,¢* I;5 0 0.0 0,0 0.0 0,0 1779 0,0 0,0 0.0 0,0 0
J _W 0 0.0 O*O 0.0 0,0 177Y 0,0 0.0 0.0 0,0

IJIJMP YAII_O--ALL UOLUHEfi

bL _ 3.44CI04 4,94El03 0.0 0,0 124 O*_2EIO_ 1,23EI0_ 0,0 0,0
_ 5 3.42EI04 4,07EI03 7.03EI0| 9,60_f04 I_4 O*4QEIO_ t*2l_lO_ 1,74_I0_ 2,39EI0_ 4
_0 _ _*_Ei04 _*_0_0_ [,44EI0_ |*0_06 [24 2*O_EIO_ O*_flElO4 3._7E104 _,_5_I02 0
6_ _ 2,27E_04 _._El03 2.67_10_ _*4flE_O& _4 5._f]_105 _,59_104 6.66_104 6,_4E107 0

60 _ 9,49EI03 4.0_I02 4,46_0;I 6,_EiO6 l_4 _*;|_EIO_ 1.20_I04 |,_|EI05 |.63_I00 0
_ _ 0.0 0*0 4,9ql:t03 9._7EI06 1_4 0,0 0,0 1,23EI05 2*45EIOB 0

_M _ &.431_103 3,6()E10_ 4*SHEf03 ?*07_106 1_4 1._9_10_1 U,94_103 1_14E_05 _.q_E_OB

FI._T Y_RIIU--_LL UULIJHE_

hi. 0 0.0 0,0 0.0 0,0 952 0,0 0,0 0,0 0,0
7_ . 0 O,O 0,0 0,0 0,0 9_2 0.0 0,0 0,0 0,0 0
70 0 O*O 0,0 0.0 0,0 952 0,0 O*O 0,0 0,0 0
6_ 0 0,0 0,0 0,0 0,0 ?_2 0,0 0.0 0,0 0,0 0
60 0 0.0 0,0 0.0 0,0 952 0,0 . 0,0 0_0 0.0 0
_5 0 0.0 O*Q 0.0 0,0 75_ 0,0 0,0 0,0 0,0 0

_M 0 0.0 0.0 0.0 0,0 91_2 0.0 O*O 0,0 0,0

,!,



lip D_tH.5 f'fin IIAgEI. IHE

_5 - .";A _;Iq--61 61-64 64-67 67-70 70-73 73-?6 76-7q 79-D2 + :,02

1.4]W UIH, II[IHI'

!;A?IPLI_
F'E 4.94£.)03 9.661[10_ _.._flE PO] 0.0 0.0 0.0 0.0 O*O O.O 0,0
(Idl _+ V&l_iO_ 2*O?EIO, _, I *fl_l!lOl 0*0 0.0 0.(] O.t) 0.0 O*D OtO
f'RI)JEC I I_ll
|'_ ._* II]I:I 0._ 4. _*GI_I04 2,46E103 0,0 0,0 0,0 0.0 O.O 0.0 0.0
lltll h30CI04 9. I*_I03 11*0_I_ I02 0,0 0,0 0.0 0,0 _ 0.0 0,0 0,0

H('II|IIM Uf]L III)HP

5e'iHI'I.E
PE 9,_1EI03 .,YgE_03 / +411ii03 5.591_)0_ _.O_EI02 2+46E10! Y*l_Ol_lO0 0.0 0.0 0+0
EIJI &*I6EI02 6.62E102 5.29_102 2.]]9EI02 I ,33E102 _*OIEiO! 9,;14Ei00 0,0 0,0 0.0
PRII*IEC] ED
I'[? I ,621_10P$ 5. OIJ/_104 _,39E104 9,50E103 3.441[103 4*II]EI O_ h67E102 0.0 0,0 0+0
['li! t *O_IZ104 I . 13F. 104 9+00EI03 4+92EI03 2.*_617103 ;_.41E_0_ I *_V[_l O_ 0.0 0.0 0.0

112Oil VOL IIIIHP

SAIII'L£
l.r. I],91EI03 2.97E to.l 1,39EI03 _.36EI02 4.26EI01 0,0 0.0 0+0 0.0 O.O
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These numbers agree with the output within roundoff. The

composite Ldn of all moving sources at property line is

68.9. The composite Ldn 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 58-61 dB band, the

level is, naturally enough, 58 dB. So we have a noise

source (without BG) attenuating from 58.9 to 55.8, i.e.,

= 3.1. So the distance is roughly doubled, i.e., i

R(58) m 500 ft. So

PE - [(250)(1,500)/(5280)2](23,609) _ 300

This agrees with the more exact calculation in the output.

,I'i 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 + 58)/2 . 59. So

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

Again, this agrees with the more precise l-dB band calcula-

tion in the program.

Next, we proceed to the 55-58 dB band. 55 with BG is

equivalent to 51.1 without, so

A , 58.9 - 51.i = 7.8

Therefore R(85) . (250) 107"8/10 . 1,500 ft
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PE = [(i,000)(1,500)/(5,280)2](23,609) , 1,200

LWP = [(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

l-dB bands in the program we should expect the result to be

somewhat larger.

We conclude that the Ldn and baseline computation

procedures are doing the right thing.

Proceeding to barrier calculations, notice that the

source height is 10 ft in each case, so the minimum height

wall to block line of sight, h, is

h - [(10-5)/(250)] (100) + 5

or h - 7

With a 7-ft wall in place, the attenuation due to the wall

! is 5 dB. So the Ldn of each source is reduced by 5 dB,

and the composite level is (66.9-5} + BG, which gives us

62.5 dB, as presented in the output. The cost of the wall

is (I,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(1) = 55.8

Ldn(5) - 52.5

Ldn(6) - 52.5

<D
-88-



_ The sources are IS = i HS with parameters 19,7

5 IB 5.2,2.4

6 OBl 5.2,2.4

Thus, at 100 ft, from the noise source equation given in

LEVI00, the noise levels are as shown in Table 26.

IIS Ldn Leg Lmax

1 68.1 63.5 90.0

5 65.0 59.6 97.8

6 65.0 59.6 97.5

Table 26. Source Noise Levels at 100 Feet
E

i At property line, from the equation given in LEVBD,
attentuation for IS _ 1 is 4.1

i 5 4.36 4.3

! At property line, the noise levels are as listed in Table 27.

IS Ldn Leq Lma x

1 64.0 59.4 85.9

5 60.7 55.3 93.5

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 (i,500)(93.6) = 1.404 x

105 . All the results agree with those of the output. So

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.

F

-90-



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 I-NAREAS area number

IFIX I-NFIX fixed source number (area specific)

IL, LEV 1-7 regulation level number

IMOV 1-NMOV moving source number (area specific)

IS 1-15 source number (constant)

IT i-8 yard type number

IWALL 5-30 wall height

Table 28. List of Indices

In general, I and J are dummy indices and have no fixed

meaning.

In general the suffix

YT indicates yard type

YD yard total

A area total

M moving source

F fixed source

DB dB band

-91-



/_ and the prefix

PE indicates population exposed

ENI LWP

DENI ALWP

COST cost of wall

I is usually an index

N is usually the upper limit of a range
of indices

In Table 29, we present only the F version (fixed

source) of the variables pertaining to noise sources

NAME , D_SCRIPTION

ALALL composite noise level of all fixed and
moving sources

.._ ALBG background Ldn

ALENG length of area

ALEV(LEV) BLALL at level LEV

ALFS composite noise level of fixed sources

ATTF(IFIX) barrier attenuation of source IFIX

ATTIND excess industrial attenuation

ATTRES excess residential attenuation

BLALL composite level of all sourses and
background

DB distance from property llne to barrier

DBB(1) lower limit of the 3-dB bands

DNFIX distance from fixed source to property lines

ED number of daytime events

EN number of nighttime events

IC(LEV) number of areas that meet level LEV without

barrier

.___ Table 29. Definiton of Terms
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/_" NAME DESCRIPTION

IHFMIN(IFIX) height of minimum wall to black line of sight

IP output switch

ISF(IFIX) source number of source IFIX

IW(LEV) smallest IWALL which meets level LEV

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

LREG(LEV) regulation level

NA(LEV) number of areas that meet level LEV with
barrier

NAMEYD(I) name Of yard

NAREAS number of areas in yard

NFIX number of fixed sources

NYD(IT) number of yards of type IT in dataset

NYDO(LEV,IT) number of yards of type IT in compliance with
level LEV without barrier

POP population density of yard vicinity

POPU effective population density

PH residential usage of yard vicinity

RDBB(J,I) description of the 3-dB bands --

SEQ Leg of source at property line

SFDN(LEV,IFIX) Ldn of source IFIX at level LEV

SFEQ(LEV,IFIX) Leg of source IPIX at level LEV

SFMAX(LEV,IFIX) Lma x of source IFIX at level LEV

SLDN Ldn of source at property line

SM(IS) maximum passby level _f source IS at i00 ft

SMAX Lma x of source at property line

WCOST(IWALL) cost of wall per linear foot at height IWALL

WIDTH width of area

YDTYPE(I,IT) yard type description
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