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This report was prepared for the Motor Vehlcle‘ﬁanufacturers
Association of tha Unlted States undér Agreement Numbar WYL T770/H=
cz2.,1 entitled ‘Community Noise Countermeasures Cost Effectivenass
Computer Program (NBIZBF) and Documentation’s, affective September

20, 1976,

The orjginal version of NBIZEP was written by Charles
Coughlin in 1974, and impliemented on an JBM 370 opesratad by
Tymshare, Ine, The version of NOIZBP described in this manual
represents a significant Improvement over the eriginal varsion and
was developed by the auther of this manual in 1976 on a Univac
13108 operated by University Computing Company, For reference
purposes, the version o7 NBIZ8P deSctribed Kerein will be referred
to as version 2.1, The source language (FSRTRAN 1V)  used
conforms to ANS] standards to facil{tate possible ransfer of
NB1Z26P to other computers,

This document consists of threes volumes, Volume | is the
User’s Guifde, Volume 1l contains Appendix As the listing of the
seurce programs, Volume II! contains Appendices B and C. Appondix
B discusses the thoory behind program generation as waell as the
genera| command and data flow, Appendix C g@ives an explanation of
the program varjables containad in CO8MMON blocks (storage areas

jointly used by sovera! subroutines), ’

The concepts according to which 'NSIZOFP operates were
developed in a study for the Motor Vahicle Manufacturers
Assggigtien of the Unjted - States documented ™ in Wyle Rewsearch
Report WCR 75=2, by Racki,» R.» Sutherland, L.s 5wings J.» entitled
COMMUNITY NOISE COUNTERMEASURES CHAST-EFFECTIVENESS ANALYSISs and
dated July 1975, That study was performed on the clty of _Spokane,
wagshington, nas o typical community, using the original P
version, Since then, many significant improvements to concepts as
woél! as to NSIZSP have been mada, At the time of this writing, it
was contemplated to resxamine the Spokans study in the |ight of

these Improvements,

Chaptar_1_of this volume provjdes a general. overview and
i tions briefly examining the program’s purposa.s

capabilities, and timitations, This should provide a potential
user enpugh information to decide whethar NB1ZBP can suit his

applijcation,
All subseguent chapters are intonded for the actual usaers

supplying all Information necessary to ytjlize NOSIZEBP to the
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fullest ot its capabillties, Chapter 3 is a reference for
dabugging jnput data errors, The examples of Chapter 5 present
actual appltjcations to clarify the text of the previous chapters,
The user may find it hefpful to refer to these examples as ha s

reading through the text,
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CHAPTER 1

INTRGDUCTIGN AND BASIC CONCEPTS

1.7 BagkarLound

Historically, the need for this computer program (NOIZSP}
arose when a study was begun that had as jts wultimate goal the
development of a tool fer ratjonal and objective detision making
in policy and regulatory activity concerning environmental
acoustic noise from all sources, Simply stateds the problem was to
distribute a givan hypothetical sum of money in suech & way as to
obta TR the greatsst poss goanett—imrterns of reduction of the
pymbe[_gi,gggg%gﬂgﬁversaly affected by environméntal foise, This
isTaproblem of operatTons Tesearchryand—it was qUitkly recoanized
that an involved computer program would ba redujred to bproperly
handte the task, The inherent non-=!inearijty of the mathamatics

describing the problam prevented the use Il deve|oped-melhods
of  linear algebra, A step-by-step gradient mathod was deveioped
and implemented for finding the mos cost-effoctive way of
distributing the given sum of money, -

For purposes of a mathematical formulation of the problem, a
aquantity was defined that rates the gquality of the environmental

noise climate of a commupity., This quantity |5 called the Noise
1mpact Index, abbreviated to NIIl: .

—

NUMBER BF PEBPLE ADVERSELY AFFECTED BY NBISE

NII - D L L P P L L A DL L L P LT Y Y ) ’.‘—u'l

TOTAL NUMBER Of PEGPLE P
° -'A.(SV
~

Clear|ys, the NII may vary between zere oand one, The noise
ellmate guality improves with declining NI!I, In operations
research language, the NII is the objective functien (i.e.sr It is
the sijngle function to be minimized by the Jjudjcious distributijon
of the given sum of money),

In order to evaluats changes jn.tha NI, the concept of the

‘e termeasure’ was ctrdated, Countearmeasures relate expenditures
o%__ggnay to specific effocts of removing pepple from the Jist of

those advarsely aTfected by nojss, Examples of countermeasures
b .

WCR 76=15 11 )
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INTRBOUCTIBN

are:
o+ Reducing the noise leve| amjtted by truckss
#4¢ Changjng tha flight path of commercjal jet aircraft,

#% Moving people to quieter areas,

The communjty is specified to NSIZGP as a collection of cells
grouped into zones, A call usually comprises sevecal gity LIOCKS

ahd has a poporation which s exposed to the noise from all
SOUr CRS T —rrm—— ——
e ——

The basiec task performed hy NBIZBP is» for a_ specified
distribution of expendltures, to apply the countermeasures at each
e8I Ts noting the number of people no longer agversel|y. affected by
noises and computing—E WeW (Feduced . is task is performed a
large number of times during any one exacution of NBIZBP as |t
searches for the distribution of expenditures which gives the
groatest NI! reduction for a given budget,

. poyict/ir
1,2 Basle Gonceots and Brogeam himlfakiops® pat™ Wice ?

The concept of the ‘countermeasure’ was intoduced abeve., The
concept of the ‘eeil’ was creatad in order to organjze the
ecommunity under’ analysis inte manageable portions, Cells are
grouped into 2zones, A ceil |s assumed to ,gg__?gggggtically
homoogoneouwss i.B.» it i% reasonablo to [ump all of jts porutation
ifte a central pojnt of the calls It is at <that point that the
noise levels from alTl Soures: (traffic, ajreraft, eotc,) nre
avaluated (for more do%tails and Justification of the concepts
rafer to the Spokane study mentjoned in the preface), As far as
the computer program iS5 coencernads a coll exjsts simply by having
boaen given an itdentification number, 1%t Is important to note that
the program dods not Know o cell’s geographical location, nor jts
location relative to other cells, This means that the program does
noet parform caiculations which depend on geographical loecatjons, or
on the separation of the recefver from a nolse source, Such
calculations (e.9,» pLoBagation .losses) must be carried out
beferahand during the stage of input data preparation for NOIZSP
Wwhlch then provides a Sophisticated bookkeaping system for noise
countermeasuros, and cost-effectiveness aptimization algorithms,
Ner is the program consarned with the ghysical nature of the Noise
souWrces, The existonce of a Roise souUdrce Is made knowh to the
program by giving it a name and a soQuance numbers, and by

WCR Té=15" ' 1=2
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— INTRODUCTIGN

L

r specifying as input data the noise leve| the source generates at
C edch cell, The program is therefore not concerned with such things

ns traffiec density and speeds aireraft altitudes thlekness of &
building waltl, etc.,, B8f courses the person opreparing the input
data will deeply concern himsalf with these {tems, and possibly
use other computor models (such as traffiec noise models) for
calculating noise levels, transmission josSess .and cost datas etc,

Up to two cells may be specifled at one cell *locatjon’: CEEE>
cells are drTterent from gﬁightf cells in that they contdvn
different populationss ars e o diffarent noise levels, and
exhibit different sensitivity of people to noise, If two cells are
gpecified at ona cell| locations two celis must be ¢ounted when
adding up the total number of calls,

=

Lo

f._._7 )

N8IZBP Version 2,1 is designed to accept up to a total of_200 ll
cells, This may not be sufficient if a good Size community is to
2; be fully analyzed, Howevers a method of judiciousiy {(net random|y)
0” " gselecting a representative ce|| sample has been developed and is
4;#31 decumentad alsewhera (&), Use of <hijs deterministic sampling
mothod will rarely necessitate the use of mote than 100 cells for
y? ”;Ef ons community, The program can bs modifjed to accept more colls,
i el Depending on the computer configutration, this may necessjtate the
yse of ‘large ¢ore’ options, or of peripheral devices for
intarmediate data storage, such as is avallable with ‘virtuel

.
. Ay ' .
LJ qunq;uﬁ core’ systems, | :

J-dyﬂ
NOIZOP can also be used for ovaluating the relative merits of
strategies in noise regulation for fufucs time perjods, A data
. factoring facility (s availebia which allows making selective and
ovaorall adjustments to the imput data in order to mods}] a <ime
period differant from that for which the input data was genaratad,

’_,4-""'_7 \
ation prlnclnle throughout for

. NBlZsP uses\ & anergy __summ
adding and subtrasting noise levalss two Ieva1s: L1 and L2, aroe

added accoerding to:

E:—:z

2 ¥ e

L = 10eL8G(10ee(L1/10) + 102e(L2/10))

whoereo the ‘e’ signifies multiplication and <the ‘e#’ gignifies
exponentiation, In <the cell-by-call input data, all noise levels

1 L L T B X 1 F ¥ J
{#) As yet unpubl|]Sshed Hork by Wyle Rosonrch.-ﬂ' /”"27’ (e /f%f’

/ﬂ, pre, =g/
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INTREDUCT I8N

should bs specifisd |n terms of energy equivatlent laveis (Lagl.
saparately for day and night, ’

When the number of people adverse|y affected by noise at a
enf] is calculated, the above nojse Jeval summation s carried out
for all noise sources, The resulting nmoise level |s used to enter
a 'transfer function’ which relates the _noise isvel to the
fraction of “people expected to suffer an adverss affect due to

nol5a, Y A A S

——

NE8IZ8P will issue an error message and not executs when one
of the following conditions exist (this is not an exhaustive
{fat):

ea More than 200 cells»

## More tham 20 stationary sourcess

#& More than 20 types of noise scurces (ether than stationaryd.

49 More than 20 countormeasures,

o® Mora than 100 sound barrie;s.
Mest of the above restrictions are due to memory Ilimitations

imposed by sgtorage asslignment values, Moderate expansjon of the

above restrictions may involve some minor modifications to Dbasic
program funetijions, .

The noext section jn this chapter defines several terms and
comcepts more rigorousty, The ltast section of this chapter
prosents a simpljified flow diagram of NE8IZAP, :

WCR T6=15 1=l
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1.3 RQatinltions

Throughout this manuals, there are rafersnces to terms and

concepts which may be better understood with the estabiishment of
the following dafinitions,

A cpupntarmepsurs i5 an actien or & series of coordinated

a®
actions teading to & raduction of the degrees of noise
exposure of people,

'Y An gxpenditure Is the commitment of funds required <to
implement a countsrmeasure,

o  Lost  fupnckions define ths effactiveness of each
countarmeasure jn uwtilizing expenditures for reducing the
dagree of noise exposure of people,

#a Baselinas refors to the condition when no tountermeasures have

, been applied,

o"

' e# Presepnt xsar refers <to a polnt in time for which the raw
lnput date applioes, Iargel yvear refers to a later point in
time and & condition ‘ef the input data as modified by the
data factoring facility in NB9I28P ' (see Section 2,8). The
final analysis f(axpendjture allocation aptimization) is
carried out for the target year,

«e An lpdicazer is an auxlliary data ltem used in conjunction
with countermeasures, It may have various functions dapending
on the gountermeasure type, Many indicators must he
calculated by ths user and.specified in the [nput data,

~
WCR Tb6=15 L ) _ 1=5
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1.4 NAIZSE Elew Riagran

Figure 1=1 shows a simplified flow dlagram of NO!Z6P, The
control module accopts commands from the input stream and reacts
in basically three ways:

40 Read more jnput data,
a6 Perform caltculations on the side,

£ 2 Evaluate the NIl and modify expenditures unti! the budget is
exhausted: at which time (due to the process desseribed 1In
Sectlon 2,11) the minimum NII for the gjven budget and the
assotcjatad most cost=-effoctive eaxponditure distribution over
the dafined countermeasures has been found, —_

WCR 76=15 1=5
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INFUT DATA:

CODEWCQRDS
(Commands}

Stationary

Exposure Levels and Demographic Data
Countermeasure Descriptions and Costs
Saund Borrier Definitions
Building Seoundproofing Levels and Costs

Source Definitions

People Response Transfer Functions

——

o

CONTROL
'MODULE

CALCULATIONS OW THE SIDE:

¢ Baseline NI}
s Source Panking
¢ Daig Foctoring

Input Initial Expenditures
on fach Countermeosure,
and Total Available Budget

T

——

TT ST MY SV AndL

R v

Deatermine New Determine D
No Set of Expenditures e ermins Degree
Exhoutied? ol Using ! of Countermeasure
Grodient i Application
3
-~ /
Parallel Anol
Gradient tme—b  Count PRIy
Compuiatian unfermeasures
) I
Sub=Optimizotion
on Stationary Source
Compute Naw NII and Path-Recoiver
and Gradient Values Countermensures

MAIN OPTIMIZATION LOOP

Figure =1, ‘NOIZOP General Flow Disgram
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-

CHAPTER 2
INPUT DECK STRUCTURE

Program oparation |{s controlled by codewords which initiate
program functions, The input deck consists of a number of sections
vwhich a&re identified by the codeword on the first card of sach
segtion, Each section causes execution of a certain program
function moduls,

Each codoword consists of a pre-defined string of two, threes
or four alphabetic characters descriptive of the functijon, Table
2=t is a ljsting of these pre~defined codewords (in alphabetical
order) recognized by the program,

These codewords occupy the first four columns of the codaword
card and must ba |eft Justified in the field, A codeword initiated
program function may have up to two assoclated option parameters,
These two option parameters are jnput as integers and must be
right=justified in oach of two fialds on the c¢odeward cards
columns 5 and &5, and ¢tolumns 7 and B, A blank field initiatas the
default handling of that option, A Specific description of These
aption paramsters wifl be included {n amch section describing the

associated codeword,

Fellowing the option parameters, starting in column 9 of .the

codeword cards, the user may insert any title pertinent to the
. Ju8oer’s application for that codeword, This titie may be up to 40

characters long and will appear on the printed ouput,

The user may nota the prolific use of titla cards in this
program, [t is suggested that the user make fuli{ use of titlaess
roasons for certajn actions and references for data identjfjcation
tond to be items of information that become very valuable when

later roferring to your work,

The foillowing sections |n this manual will describe in detall
the sub=~structure of eaech of <the proagram modules in tha
approximate ordor in which they would appear in the input deck,

HCR Té=15 ' ' 21
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DATA INPUT

-Table 2=-1 _
Codewords Recognized by NBIZEP

| | |

| CBDEWBRD | BASIC FUNCTISN |

1 L !

| - _ |

{ BAR | Input of Barriar Definitlons,™ |

| |

! BASE | Compute Noise Impact Index for |

| ] Basal|ine Case, . 1

| | |

: cM } PDefinition of Countermeasureas, |

| ‘ i

| casT | Definition of Cost Functlions, |

| | ‘ |

: CRIT | Transfer Function Modificati{ons, I

I t

: DTA : Input of Cell Data Set, {

1

; END l Termination of Job, {

i |

= FAC } Data Factoring, |

| . !

: BPT : Initiate 8ptimization Process, |

. 4

: PARE i Input of Soundproofing Data, |

} ' ]

| RANK i Compute 2 Ranking of the Nojlse |

: | Sources by Adverse Effect, i
| } !

i STAS l Input of Stationary Sources Data, |

L

.

Immodiately preceding <the collection of codeword sections

(see Flaoure 2=1) In the input deck there must appear threo cards,

Card 1 contains the necessary information regarding an optional

auxiliary or secondary print file tc be sent te =a <tele=-

typewriter <typa terminal. This file wili! contain a shorte

form of the program output which will giva +the usef» who

doss not have Iimmediate access to a Jine printers the

essential resufts of the progrem as wall as any error
_ HECR 76=15 222
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DATA INPUT

| SYSTEM END CARD
DATA CARDS
Codeword Card s~

DATA CARDS
Codeword Card
DATA CARDS
Codeword Coard
I Title For Job Descrintion
l ' Title Far Data Set
_I Designation of Auxiliary Print File

SYSTEM CONTROL CARDS

" Figure 2-1. Input Dack Structure (see Section 4.1 for a detailed description of the
control cards needed to execute the program on the University Computing
Company UNIVAC 1103). ,

HCR 76=15 2=3
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.
~ DATA INPUT
C
r: messages that may have resulted from Improper input data,
- An sxample of th{s short-form output |s pPresented |n
' saction 2,11.,3,
L .
This auxillary file will be greated if the user places
a T’ in column 1 of +the first card, An *F’ or a biank in
[E column 1 will suppress the creation of ths auxiliary print
file, If the auxillary file is desired, the user must also
input tha Fortran logijcal unit number of the device to
; which this secendary print file will be output in column 4
o of this card, Note that this unit number must also abpear
in an ‘FCL’ command before NOIZBP s axecuted (see SYSTEM
r} CONTRBL CARDS, section 4.1J,
o

gcapd 2 is a title card deseribing the cell data set for the
currant job, A|ll BO columns may be Uused,

—_

O

cargd 2 is another <title card which is used as a description for
the job, This description can ba useful when referring to a
particutar run, Al| 80 columns may be used, This title will
afsp appear in the optional short=form output, howavers in
the shoriened form the first 40 columns will ba printod on
one line apd the second 40 columns on & second |inoe, Hences
8 word may appear broken jh the short form output,

£
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DATA INPUT

At each cel!l locations the user may specify levels from up to
two statijonary sources. The user might specify source titles such
as 'STATIBNARY SSURCE N6, 1* and *STATIONARY SBURCE NS, 2/, Thess
are sourcoe titlas which are used to describe data fislds in the
master data 3set and are not related to the numbers (up to 20)
assigned to the individual stationary Sources” in the community.
The program 1Is informed as to which actual statjonary sources
affact a particular cei! by the use of countermeasure manipuiation
indicators {(sae Section 2,2, countermeasure definitions, CM), .

Following the source title cardss the user must place the
array of elements (ones or zerovas) for Source contribution for
basellne c¢case index evaluation. This array consists of 20
integers, one for s8sach sources Format 2012, A 2zero in the i=th
field indicates that the i=th Source {5 not te be considered 1In
the computation of the baselijne |ndex, The user will normally
dafine a source that should not be considared when a type 1
coyntermaasure 5 dafined for that source (see section 2.2
coeuntermeasure definitions CM), A Source not to be considered wil)
usually refer to alternate ievels from ancther defined source, AN
example of such & source may be rercuted alrcraft, In the baseline
condition no aircraft are rerouted ands therefores therse should be
no contribution from the rerouted source,

The romainder of the data cards following contain the
noecessary data specific to each defined cell, Up to five cards per
ce|! may bs nooded to enter al! the data, ' :

Flotdt 1 2 b 3 & 5 & 7 8
. l - ! - I - I- I - - - I - - l - - - - l - l - - - - I
cotumn: 1 & 11 1 2 3
01 8 5 2 9

gard 1 (soe above djagram} ‘b’ indicates a blank field) contains
various parameters necessary for cel! definitjon,

Field 1 = the zone number for tho cells I format,

Field 2 = the number of the ecsll within the 2one, I format,
A cell number greater than 100 implies the call
is defined durjng the njghttime meriod, As such,
there is a maximum of 95 €8] locations per zone,
A day is generally acknowledged to bo defined
from 7T a,m, to 10 p,m,» 2and & night from 12 np.m,
te 7 a,m, and 10 p.m, to 12 p,m, Therefores the
program assumes that the day is 15 hours iongs

WYLE LABBRATSRIES
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Field 3

Field 4

Field 5

Field 6

t

Fiald 7

Fie|d 8 =
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NGIZ6P USER’S GUIDE

DATA INPUT

and the night I3 9 hours long, To define a cell
over 24 hourss two celis must be dafineds one for
the day, and one for the night, The night call
number will be the day cell number plus 100,

must sontajn a ‘1’ signifylns card type 1,

the population of the cell during the spacifijed
time periods F format, !f a person iIs present in
the celi during both day and nighttime, then hea
should be counted twices once in the population
of the day cells and once in the poputation of
the night cell, The procram wil| waight the input

"population flgures for the time over which the

cell |s defined,

contalns the <cost to refocate aill people In the
call in thousands of dollarss, F format,
{Relocation costs usually consist of property
values plus moeving expenses), Specifying a cost
greater tham 999 miliion dollars is equivalent to
inhibiting consideration of people ralocation in
this cel| (see sections 2,2 and 2,5, Path=
Rees|vear Countermeasurses),

the tota| floor area within the cell in thousSands
¢f square feets F format, This valus js used |n
the computation of soundpreefing sosts for this
ca|l (see sectiens 2,2 and 2,5, Path=-Recejver
Countermeasuras), .

spoac|{fijes the Jower criterjon Jevel for this
celly, elther "1 or F format |{s acceaptable, The

-value spacifisd must be an integer, that is» |t

must net have a fractional part. The lowsr
criterion level iIs the dec¢ciba! leve] at which
zZero percoent of the pecple wilil be adversaly
affected by noise, These Jlevels are usually a
funetion of the lend use type. Table 2~2 contains
suyggested values for lower c¢riterijon lavels, That
saction also provides a Tacility for entering the
lower criterion levels on the basis of land use,
If that faecilijty is wuseds field 7 can be left

b[ﬁnl(n

contalns the jand use code for the cells, ejthar |
ot F format |{s acceptable, The Jland use code js
an jnteger value ranging from | to a2 maximum of
15, Tabije 2-2 contains suggestsd uses of land use

codes,

" WYLE LABSRATSRIES
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. DATA INPUT . R
- Table 2-2 '
r Suggested Usage of Land Use Codes
u
- | | i |
e | land Use | Suggested i Suggested Lowar I
} Code | Usage | Criterton Levels |
- | i | (0 per=cent adverse |
ti i i | response, dB) [
) l. | | |
| | i | |
E | i | DAY |  NIGHT |
! | i L | l
| i , | | |
[ ! 1 | Single and Two=tamily | 54| 46 !
{ ! | Residential | I : [
| i } | |
M | 2 | 8pen for Additional ! .54 | ]
Ui | { Residential Use | | i
| | i | ]
} 3 | Singla, Two, and | 54 | 46 |
D I | Muitifamily Residential | | [
i | | i i |
] | Multifami{ly Residential : 59 : I[
| | - ‘
D J 5 | Business and § 59 | 59 |
f | I Commercial | | : 1
i ﬂ A | : i ' i |
S | 3 |] Wholesale and | 59 | 59 |
C | | HWarehousing | ! , |
: : | | | | : |
o0 I 7 | Centra| Business 1 59 I 59 !
Coe | { District : I !
: | | , | - |
: G : 8 | Industrial { 70 : 70 |
oo | ' - i
: } 9 | Publle and | I ) |
! B ] | Semiwepublic Arecs : | . :
i 10 I ~ Parks 1 55 | © m— i
' | | i | i
i ﬁ | 11 | Schools | 55 | - l
o | 12 | Hospitals and I 50 | 50 |
B | | Nursing Homes | | |
S | | l | |
| 13 { BSpen i ! l
LM | | l | !
COE | 1% | Bpen 1 | f
! AT l i f
i pan
o 1 L [ I 1
é : WCR Tb6=18 2af T T
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DATA [NPUT

Field: 1 2 3 u 5 & 7 3
[amm]mmm|=an]a]meenmma|evmanie]|mmnemn | eenane | ——]
Coljumn: | b 11 1 2 3 3
a1 8 5 2 9
9 10 1 12 13
(cont,) |=mmcmmm]ommmome [wmmem e | memmme | mmaecee |
4 s & & 7 :

ard 2 (see diagram mbave which {s also appiicable {0 cards 35 U,
and 5) contains the decibel levels for moisa sources 1=10,

Fields 1=2 « are the same as for card type 1
Fiald 3 - contajns a ‘2’ for card type 2.

Fields 4«13 = ara the source |avels for nojse sources, 1=10
respactivelys F format,

CEEE;:;:Lontafns the decjbe) levels for nojse sources 11=-20,

Fields 1-2 = are the sams as for card type 1,

Fiold 3 « gcontajns a '3’ for card type 3,
sQurces (;;z

Figlds 4=~13 = gpra~fhe source levals for nojise
0, respectivelys, F format,

card 4 eontains countermeasure manipulation indjcators 1<10,
Fiolds 1=2 = are the same as for card type 1,
Field 3 « gontains a ‘4’ for ecard type 4,

Fields 4~13 = are ccuntermeasure indicators 1«10,
~ raespactiveiys F format, Although tha input is
in F format, indicators are always intager
values, The wuser can J{gnore the format by
righteagjusting the number jn the field, The
user should alse note that any indicators
which are aguivalent for both the day ana the
night cell must be 2ntered |{n the appropriate
field for both cells, Note that |f indicator
vajues are the sams over all cel!s, they may
be input using the ‘*IND’ feature .described
bojow, In this ¢asge, the appreopriate fleld
may be [(aft biank,

HECR T&=15 2e9 .
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DATA INPUT

Cprd S contaijns countermeasure manipulation {ndicators 11~20,.
Fiolds 1~2 = are the same as for card type 1,
‘Field 3 e cpntains a '5° for card type S,

Fields 4=-13 - ara countermeasure indicators 11=-20.,
respectivelys F format,

"™ A blank card must follow the last c¢ell data card. The progranm
has room for up to 200 c¢alls, counting day cells and night ¢ellis
as separats cells,

There is an Important restriction placed on the order in
which the call data cards must be placed, The calls must be input
in order of ascending zone numbers, In addition, within a 2one the
calls muyst be PpTaced in order of ascending cel! number, Bne Zone
can contain from 1 to 99 cel! locations, There is no restriction
to the total number of 2zones as long as the maximum number of
ce)ls doaes not exceed 200, The usefulnass of grouping cells into
zonas becomes apparent when studying the sesction on data fagtoring
of this manual., When a large community is analyzeds, colls will ba
maturally ogroupsd into =z2omes by thair geographijcal proximity,
Those cells designated as nighttime cellss numbers greater than
100, should not be treated as having large ¢al| numbers for the
purpose of numerically arrengjng catls within a zone, In facts the
*91* In the 1xx is stripped away and usecd separately. As suchs for
cell ardering within a zone, the night version of a cel]l must be
placed immediately following the associanted day version,

-

Card type |1 must pracede cards typea 2=5% within a céll:
howavers, thers I5 no restriction oh the order of cards type 2=5

"following card 1, Thare is no necessity to Include cards type

2+3,4» and 5 if they aroe not all needed, For exampiss ii ithere are
only 8 defined sources and 3 [ndicators, then cards typa 3 and 5
would be omitted, The program will not allow the users however, to
emlt card type 1,

Following the bilank card which <erminates <the cel! data
cards, the user may place a8 card with the latters "IND’ |[n columns
1=3, Follewing this card the usar may input countarmeasurs
indicators whicth are constant (have the same numerical value) for
all cells, This feature relieves the user of the tedious chore of
entering the same number [m the approprjate field for every cell,
Sinca ‘IND’ is an optlon apart from the majn program, the user
must indicate baforehand that the option wl!l be employed, This is

WCR T76=15 2=10
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DATA INPUT

done by placing a non-zero integer in the option parameter field
indicated by *J’ on the DTA codeword card, Folliowing the ’IND’
card, if that option has been |mplementeds, the user places cards
containing the constant indlcator wvaljlues, As many cards as
necessary ¢an bae inputs one card per indicator, A blank card
signals an end to the constant indlicater cards and returns control
back to +the main program, The constant indicator cards have the

foliowing format:

Fieltd: ) 2

I—---l- ' - - l

Coelumnt: 1 ]

?ield 1 =« indicator numbers, 1 format,

Field 2 = actual jndlcator valuer | format,

Figure 2~2 {llustrates =a sample output resulting from cell
data input, This output was the result of <card input lines 4
through 218 in Figure 5~3, Figure 2=3 indic¢cates the format of the
*echo input’ feature (Initiated with a non=zero integer {n the ‘'’
option parameter field), This output reflects the constant
indicators whiech are jnput in lines 219 through 2256 of Figure 5=3,
Thae first lina of each data sat at the right hand side of the page
is the levels from noise scurces 1 through 10, Jine number 2 is
for noise sources 11 through 20, Line number 3 is for indicators 1
through 10, line number % is for indicators 11 through 20, This
feature {5 also an option of the data factoring facility (see
seetion 2,8, data factorings, FAC), Also note that indicator

- numbers 19 and 20 may be reserved for special use (see saction on

barrier definition, BAR),

WCR 76=15 2=11 .
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a\-'l AndAAAkRR
A ota 11 MASTER DATA FOR 84 IJ, LOW RELOC. CD3T3
Ut hAAAAARAM
’ '
SUYHCES INDICAIORS
1 AUTOMUBILES LUK SPCED LINE 'SRC 1 NEW AUTOS LO SPOLUC.THAFF.SRC.HEDHCH =y’
2 AUTOMOBILES HIGH SPEED LINE dHC 2 EXIST.AUTOS LU SP+LOC . TRAFF . SC.RED,CM =3
1 AUTOMOHILES LDCAL THAFF1C SOQUHCE 3 TRHUCx3 LO SP NEW VEH SUURCE RED,, CM =&,
4 TRUCKS LOW SPEED LINE BRC, 4 TRUCKS LO SP ENFDRC. tRETROF,SC.RED.CM =5
5 THUCKS WIGH SPEED LINE SRC, 5 TRUCK TIRES SOURCE RED., CH = &
b MOTURCYCLES LOWw SPEED LINE SRC. & AIRCRAFT SAM TREATMENT, €M = 9
7 MOTORCYCLES LUCAL TRAFFIC SUURCE 7 HAILROAD LODCO SOURCE RED. (M 2 12
8 BUSES LDw SPEED LINE SRC.
, 9 HAILROAD LOCUMOFIVES, LINE S,
: 10 RAILKO&D CARS, LINE SUUHCE
) 1t ALIRCGHAFT ) COMMERCSAL, FLIGHT
. ‘ .
"o SOURCE CUNTRIBUTION ELEMENTS FOR BASELINE INDEX
$ 11t 11111 {=0e0=0=0=0=0=0=0+0 "t
OATA ENTERED FOR 78 CELLS
' 1
. : ‘Figure 2-2.  Qulput Resulting From Cell Data Input.
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Figure 2-3. Example of Cell Data Echo Print
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DATA INPUT

2.2 Countarmaeasurs Datipnitlen

cH ANY APPRBPRIATE TITLE

Jommm[omfom]ammemmm e oo oo e e eea e |

1 5 7 9

Tq pxamine possible noise abatement strategies, the user may
i o_20 coun ures is section wil!l desgcribe in
detail the various types of countermeasuras the user may define
and how to implement them, The CM codeword has no associated
option parameters, In the following, *indicators’ are referred to
which are used in countermeasure manipulation and have differant
maanings for different countermeasure types, Indicator values are
contalned jn the master data set and are specified individually
fer each cell, They are wutilized by the countermeasures as
dascribed below, A ‘countermeasure varjabje’ indicates the
quantity wvariled by a countermeasure when monsy |Is spent on that
countermeasura,

The exac¢t input format is given aftar the description of all
countermeasure types, The format wiil iltustrate the mechanics of
countermeasure definition and specifjeation, .

Tupe 1. A type 1 countermoasure is wsed for offecting
cumulative nolse reduction asjther through reducing the frequency
8F noise source generatjon or by rerouting the path of a méving
noise source, Thare s - no associatad |ndicatar, If the
coyntermeasurs is used to describe a reduction in the frequency of
operations of a noise sourcer the countermeasurse varijable betomes
the fraction of operations that are curtajled, This variable c¢an
have extreme Iimits of §, (no oparations curtajjed) to 1.0 (all
oparations curtailed), The reduction is the same for both day and
nlghttime periods: {,e,» the Same for all cells. In generals
countermeasures may be def{ned to apply to twe sources, Howaver, a8
fregquency -reduction countermeasure can apply to one source onlys
henceasr a second source must not be defined, The wusar mays of
course, - define mere than one freauency reduction countermeasures
oach applying to o djifferont source,

it & second source is defined for o type 1 countermeasuras
then this countermeasure |5 treated as implying source relocation
o rercuting, The first source number rafers to flald elements in
the input cel| data set that contain exposzure from the source- in
its original posjtion, The second Source number refers tec exposure

 that would be measured if the entire source were refocated of

WCR 76=~15 ' ’ o 2=14
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rerouted, The countermeasure variable becomes the fraction of the
source popylation moved, This variable must fal! in the range O,
to 1.0,

Ivpe 3. This <type of countermeasure refars to fraquency
reductions in night_ operations only. It may apply to ome or two
sources, There {5 mno associated indicator, The countermeasurs
variable is the fraction of night operations aeliminated,

—

Iypg S. _Curfews are type 5 countermeasures, To the program a
curfew 5 defined as an operation that transfers nighttime

activity into the daytime period, A reducticon in pnight operations
will!l be accompaniad by a corrasponding {ncreass in daytime
oparations, The curfow may apply to one of +two sourcas, An
indicator is reguired for each source defined to be affected by
this eountermeasurs, This indicator contains the portion
{expressed in hundredths of a percent) of total acoustic energy
that |s raceived from that source during the nighttime period at

each cell location, A cell locatijon refers to the actual space
otcupied by both the dey and the night versiens of a cell, Each
cell location may have a different eoxposure value, Thae

countermeasure variable {s the fraction of the night oparations
shjfted to day, If the varjable i3 negatives, it refers to the
fractjon af day osperations shifted to the nighttime period, Thus
the variable may range from =1,0 %to +1,0, Howaver, under normal
application (night operatjons to day) the feasible range will be
specified as 0,0 to 1,0. ’

The user should note that the program does not verify the
existence of the day or night ce!l into which the noise energy
Will be transferred, !f the user neglects +to define <the night
version of a ¢ell location the application of this countermeasure
will be erroneous bacause the energy Increasa during the day
version will net be compensated for by a decrease in tha night
version, Note zlso that the nocturnal energy indicator must bo
input with both the day and night version of the cell| location in
the data set,

Tyna 1R, A type 10 countermeasure is usad to describe the
application of a_deviga which produces a _fixed noise reduction,
This device is applied to a fraction of the source population,
This fraction is the countermeasurs varjable and may range from 0.
to 1.0, The device may be applied to two sources, An oexample of
how two sources may ba ut|lized follows:

WYLE LABEBRATBRIES
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If the countermeasure consisted of applying new mufflers
to |ocomotijves, but frejght and passenger trains were
separate noise sources in the input data, beth sSources
would bs used in the countermeasure definition., 1f.»
howavers the mufflers wera to be applied preferentially
to the locamotives pulling frejght trainss twe separate
type 10 countermeasures would be regquired; one for sach
Sourcs,

A type 10 countermeasure utjilizes one |ndicator to be
caleulated by the user: Given dBY and dBZ2 as the source leavel
reductions at the cell location frem seurces 1 and 2 respective|ys
and both reductions are expressed to the nearest 0,5 dBs then the
indicator |s defined at that cel| as:

] s (dB1 x 2 + 200) x 1000 + (dB2 x 2 + 200)

Noete that sither dB1 or dB2, or both, may be 2zerol in the
jatter case the resulting {ndicator would be equa| to 200200, The

program will racognize an indicatar value of zero (or & blank data
field) as being equivalent to 200200, Sinca indjcaters of this
type will tend to be constant for every cell, the user may find

the /IND’ feature of cef) data input to be  convenjent (see DTA
codeword description)., The alternative would be to place the same
number in the appropriate indicator field for every ceal!l in the
data sot,

Ixpa 12. This type of c¢ountermesasyre dafines stralght Lﬁq

- roduetions _in .source i{eveis, The ecountermensure variabjle 5 e

deéibel reduction in the source Jevel, 8ne or two sources may be
considered and there are no asseciated Indjcators, If the
countermeasure applies to two Sources the reduction s 1the same
for each of them, The source Leq reduction is the same for all
cells in the community, :

~

JIvpe 15. This type of countermeasure is very similar to a
type 10 countermeasura, The difference !ies in the fact that if
two different devices are applied te the same source populations
the sescond device is applied exclusively to that portion of the
source population laft untreated by the first davijce, Whareas with
type 10 countermeasures, the socond daviee would be applied
proportionately to <roated and untreated segments of the source
popuiation alike, Hences type 15 countermesasures are useful only
when more than one s defined to affect the same source, The
countermeasure variable for each type 15 countermeasure s the

WCR 76+=15" 2«16
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fraction of the gzourge noise apsiay producad by the fraction of
the source population to be treated with the device, The  user
should take care that the total fractional application of all type
15 countermeasures applying to any singla source does not exceed
unity., This can be assured by careful salection of the foasible
range of aach of these countermeasures which “is input with the
cost functions. An earror message will be printed ifs during the
optimization process, Jt js found that the fractionat application
e any one source axceeds unjty, An example of the use of type 15
coyntermeasures follows: :

Two=dimansional cost functlions ¢can be synthesized
by the use of two type 15 countermeasures. Two=
dimensional c¢ost functions determine a single nojse
reduction parameter by the application of two
countermeasures, Assume that two Sources are also
affected by the countermeasures: 1,) Vehicle noise
produced by -automobiles on arterials, and 2,) Vehicle
noise produced by traffjc on codlector type streets,

During tha pretiminary stage of input data
preparation these ¢two - sources required different
mathematical models to predict the levels, 8ne axis of
the two=dimensjonal countermeasuré cest function
describes ratrofit of a muffler davice on vehicles in
non=-compliance with munjcipal statutas, The othear axis
of the function-specifies alternatlives for nhew vehijcle
neise regufatjons, The user wishes to obtain the optimum
combination of vretrofit regulations and new vehicle
reguiations, Two type 15 countermaasures are defjneds
gach with arterjal traffijc as the first noejse source and
collector traffic as the secend source, The user has
determined that 110 pereant of the noise eneray freom
vehicles is due to new vehijcles and 90 parcent from
older vohijcios, Note that thess fractions are pertions
of energy rather than the compesition of the vehicle
fleat, Tho user has also calculated that the maximum
decibel reduction possible -from retrofit of older
vehicles is 8 dB and a maximum benef|t from new vehicles
of &6 dB, Thesa dacibel wvalues apply <to both noise
sources dofined, The user dafines the feasible range of
the countermeasure varijable for new vehicles as 0, to
0,1 and the range for older vehicies of O, to 0.9, This
would physically be entered with the cost functions,
Finallys, the decibel values (placed i{n the correct
format, see type 10) would be antered with tha coll data
a3 the actual indicator vajues, which would ba constant
over all ceils and identital for both sources, In facts

HCR 76=15 217 .
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the jndicator could be entered onces and the field
number in which the indicator was placed could be
referred to for both sources, Refer to Section 4,2 for
further details on the use of type 15 countermeasures,

) Jyno 18, - Ail statjonary source countermeasures are grouped
into & single countermeasure definition, The actual countermeasure
options. within the stationary source countermeasure are |isted in

Table 2=3,

Table 2=3 :
Stationary Source Countermeasure Bptions

1, Minimum Reduction

2, Maximum Roduection

3, Elimination of Night Sperations
%, Elimination of the Source

5, Elimination of Night Sparations and ‘Minimum Reduction

o e — e ———

6, Elimination of N|Jght SBperations and Maximum Reduction

Up to 20 stationary sourgces may be defined In the community {see

STAS codeword descriptions Section 2,6), The program will decide
which optjons .are to be taken with sach source, A tisting of the
results wlll| be contained in the cutput following the optimization

results (see OPT codaword description).,

The master data sot contains nojse exposure Javals for up to
two statiomary sourcas at each coll, The numbers of these
stationary sourgces aroe given by two indicators also contalned 1In
the master data set for each call| (see DTA codeword dascription),

Jvpa 20. Type 20 refers to path-recejver countormoasures, As

WCR 76«15 . 2-18 '
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with statjonary sourcess 2ll path~recelver measures are combined
of all possible

into one countermeasure definition, A [|isting
pathe~receiver measures is shown [n Table 2-u._ Therg are no
associated sources or jndjcaters to consider in the definition,

Table 2«4
Path-Receiver Countermoasure Bptions

1« Minimum Soundproofing

2. Medium Soundproofing

3, Maximum Socundproofing

4, Low Barrjars

5, High Barriers

&, Retocation

Minimum Soundproofing and Low Bartijers
8, Medium Soundproofing and Low Barriers
9, Maximum Soundproofing and Low Barrijers
10, Minimum Soundproofing and High Barrjers

11, Medium Soundproofing and Hjgh Barriers

= — e — — —
— —tn e m——— S . S p— S maa w————

12, Maximum Soundproofing and High Barriers

frm i e e e e e e
-

The following paragraphs describée the actupl! countermedsure
definitions, Twp._caeds are required for._each _sountermeasure, A
bTeank card follows the last set of definjtions cards %o slignal
return of contrel to the main program for |nput of another
codeword, Howoavers if the maximum number, 20, of countormeasures
is defineds the blank card would not be necessary, Numbering of
the countermeasuyres ia done automatically as they are input, The

HCR 7T6=15 2=19
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user should note that the cost functlons must appeaar in the same
order as the countermeasures to whlch they correspond (See CBST
codeword description), The  oprogram will @allow input of the
countarmeasure dofinitions before or after the cost functioens have

bean Input,

The countermeasures may be defined in any sequence the user
wishes . with one restriction: countermeasure types 18 and/Zor 20
(stationary source and path=receiver) must be the |ast to appear
in the definition c¢ards, The reason for this restriction is
explained jn tha section on cost function Input (CAST), Tables 2-5
and 2=~6 contain a summary of the countermeasures, theijr indjcators
and variables, Figure 2=4 }s a sample oprintout resulting from
countermeasure definitian, This output is the result of cards
number 227 through 254 in Figure 5=3, The countermeasure
definition card format follows:

gard ) contains titling information for this countermeasure, The
first 72 characters of the card may be used,

gard 2 consists of five data fieltds», Format 518,

Flojd: 1 2 3 4 5

[ememn]mmman|—aaan | mmce | iama

Columni 1 2] 1 1

1 6 L L S

- - y

-,

'spnclfias the countermeasure typo codoe {see Table

Fiefd 1 =
2'5)0 )

Fiejd 2 = tha noise source number affected by this

X countermonsure, _
.Fleid 3 = the noise sourcea number;of a second sSources if
any, affected by this countermeasure,

Freld 4 = contains thaoa numbor of the indicatoers {f any.s
utilized in the computation for this
countarmeasure, The ‘number of the indicator!
actually refers to the . position that the
indicator wvalua occuples on card types # and &
{soo master danta inmput)! beginning with indicator
number one In field 4 of card Y4, card type U
contnins indicaters 1 through {0, and type
contatns 11 through 20, ’ ‘
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Table 2=5
Countermeasure Type Codes

Code Number

Countermaasure Definition

I--..q_.-_——_..—.-_.._—-.___.—..__—_-.___._.—..-h._.-...

A raduction in the frequency of operation

b e e —— e —— e

|
H
i
{
1- |
] of the neise source, The fractional reduce
i tion j5 the same during the day and at night,
|
3 { A readuction in tha freguency of nighttime
| copoeration of the noise source,
. l |
5 | A shifting of nighttime activity into
! the daytime parjods Or vice varsa,
{
10 | Appiication of a deviece that produces a
| fixed Leq roduction to a portion of the
! source population,
i
12 ! An overalil Leg reduction,
| :
18 | Like 10, except that no furthor modijf=-
} ieations are allowed to the treated portion of
i the source populatien,
' B
18 | Statlonary source countoermeasures,
I .
20 | Path or recefver modlfjcatjons,
]
<
Field 5 - contalns the number of a second countermeasure
Indjcator, it required, Note that only
countermeasure types 5 and 18 can have more than
one iIndicator,
~ WCR 76«15 2=21
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Countermeasure-
Code Number

e AP 8 T e S e g e il LD S S

10

12

15

t8

20

o T i e . — — . — — — ——— " — o — T — 7 ity — .

b — e i

-

5

. }
Indlcator ! Countermeasurao Varlable
;T - T
j Units } Extreme Range
_ === i - —_—
NA : Fractjon | 0, to 1,
|
NA = Fraction | 0, to 1,
|
Fractlon of onargy , { Feactjon | =1, to 1,
amitted during nighttime | I
period (hundredths of | |
a per=cont), : |
_ |
Docibel roduotion Fraotion 0, to 1,
{spoolal format,
ses text), ‘=
NA ' I Decibel | 0O, to {no'orooram
: ) imposed lim}t)
Decibel roduction Fractjon o, to i,
{spoucial format, | I
sea text), i }
Statlonary source NA | HNA
numbar : =
I
NA : NA i HNA
i
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COUNIEAMEASURE | TrPE IS

ammeseaas AUTOMIILES LUn
COUNTEHPEASURE 2 TYPE 12

LT T T g ‘[I‘Tﬂﬂuu ILES LUA
CUUNTEMSEASLRE & TYPE 15

meceemane THUCKS LOa
COUNTEMMEASURE 4 TYPE 45

msaassnme= fRUCHS LOnN
COUNIEAMEASULE % TYPE |5

wmsngusae JHUCHS
FOUNIERHEASUHE & TYPE 10

mnmessrmn= DUSES . Lin
COUNILHMEASUKE T TrPE |12

moaasawas HOJOHCTYCLES LUN
COUNTENMEASURE 8 TtPe 12

samnassmen LLHENAFT

COUNTERMEASUNE @ TYPE 10 'PART TRI' AMPLIES TO) AldCRAFT
FLIGHT PATH REROUIING {EFFECTIVELY A FLIGH! FAEQUENCY WED,)

vessseawas ATHCHAFT
COUNMTEHME ABUKE 318 TrPE |

wmessavan AJRCAAFT
COUNIEHMEASUKE 11 TYPE

wosssnnan RAILRUAD

HIGH SPEED TIWE NOISE WEOUCT]ON

RLOUC T{GN OF HEGHT UPEIRATIONY
3 *HITE HEO? APPLILS 105 AINGHAFT

LACUMDI IVE MUFFLENS, SUUHCE HEDUCTIONM
COUNIERMEASUKE 12 TYRE 10 "FART ITHTY APPLIES Tu: HATLHUAD

s IO e B o

34 |} COUNTEAMEASURE DEFINITIOND

SPEED WEw VEHICLED SOUHCE HEODUCTIUN
YExCL PHIT APPLIES TOUP AUTOMURILES LOM  SPEED LIKF ARC
AUTOMDGELES LOCAL THAFFIC SUUNCE

PEEL 003 ENFUHCEMENT .
'0f  HED * APPLLIES TU! AUTOMOMILES LOs  SPEED LINnE 3RC
i AUTNUDALLES LOCAL THAFFIC SUUKCE

LPEED EN)STING WEAICLES METWUFET SJUNCE REDUETIOW
YExCL IRTY APPLIES TO1 AUTOHUSILES Lua  SPELD LINE SHC
AUTOHUBILEY LOCAL VHAFFIC SUURCE

BPEED NEw VERICLES SOUKCE REOUCTIUN
SERCL FHI® APFLILI 101 TRUCKS, Lt

SPEED 005 ENFURCEMENT ARD RETHOFLT B0URCE HEDUCTIN
fENCL PATY APPLIES 103 THUCKD LOA  APEED LInE JHC.

Atk LIME SkE.

VFART 1ATY APPLLIES TOR TAUCKS HEGH SPEED LINE SHC.
APEED SOUUNCE REDUCTIONS NEA AND EX|STING VEWHICLES
'UBA  MED ! APPLIES TUl HUSES LOA SPEED LIME SHE.

SPELD 003 ENFURLEMENT
‘o0 RED ' APPLEIES TUF MUTORCYCLES Lus  8PELD LINE SRE.
MOTORCYCLES LULAL TRAFFIC SOURCE

SOUAD AHSOHPTIUN MATERTAL WACELLE TREATWE.) SOunCE HEDUCTION

COMMERCRAL, FLILMT

YHED FHEG' APPLLIES 101 AIACHAFT COMMENC M., FLIGHT

COWMERCEALy FLIGHT

. LDCOMOTEYESs LINE 8.

wassinans PAIHSHECEIVEN CORINULY JHBULATION, UAKRLENS, LAWD ALY, AND PEUPLE RLLOC,
COUNTEHMEASUNE 13 TYPE 20 'pegt MOD * APPLIES TUS ALL A0URCES

Figure 2.4, Sample Frintout Due to CM Codeword
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INDICATOR NO.

INDICATOR MO,
INGICATOR NHO,
INDICATOR NO,
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INDICATON NO,

IhDICATOR N

INDICATOR ND.
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thpiCAtOA WD,
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2,3 Cost fungilop lnpput

cesT ANY APPREPRIATE TITLE

B Lo Lot o PO T i e LRy

1 5 T 9

For aach definggf_ggynjermaasure; except types 18 and Z0.
there must be an_associated cost function, These cost funétions
must be input iIn the same order as the countermeasure definjtions,
There are noc option parameters recognized for this codeword, '

The program will allow ajther the cost functions or the
countermeasure definitions to be input first, This facility can
allow the user to conduct several optimizations, esach based on a
different sot of cost functions, The user simply initiates another
CBST codeword after the B8PT codeword, The ptrogram will then have
the new set of cost functions stored in memory'and will compute—an
optimjzed expendi{ture scenarioco based on the new cost functions
following the implementation of ancther BPT codaword,

1t is important to note that costs for the statijonary socurce

and patherecejver countarmeasures (types 18 and 20) are nmot input
in this- saction, Since the cost functions must be Input {n the
samé ordar ns the dafined countermeasures, the user should verify
that the stationary Source and path=recejver countermeasures (if
dosired) are the Jast two that are defined, That is» the’
countermeasure definition cards {(see soction 2,2» countermsasure
definition, CM) for these +two countormeasures must follow the
~definition cards for all other sountermeasure tyoes, The user must
input cest functionsg for all the othar countermeasure types in the
sequenga in which they are defined in the countermeasure

definition seetion,

Four ‘dat cards ara required to defjme a cost function, A
blank gard must bo placed fol 6w Rg Lhe last definaod cost function
to signal a return to the main program for jnput of another
codeword, Howavers, if the maximum number of cost functions, 204
wkS inputs, - the bilank card would not be necessary, Note that in
+this case there would be nejther a statjonary Scurce nor a path
roceiver countermeasure doflined, '

gacd 1 contajns titling information for the cost function defined
on the subsequent three cards, The first 72 columns of the
card may be used,

WER 76=15 2-24 '
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Card 2 contains the feasible range of the countermeasure variable,
The countarmeasure variable is gjther a decibel reduction
or a fractional application of a device which produces a
fixed decibel reduction (see section 2,2 on countermeasure
definitions CM, for a complete description of
countermeasure variablas), The feaslble range defjnes the
limits of aliowsd countermeasurs variable application., The
Format is 2F10.0 with the first field defining the minimum
allowed value and the second the maximum altowed value,

Card 3 contajns the values of the countermeasure__variable for
which c¢orresponding ¢osts wili be input on card 4, Up to
gight values are alioweds Format BF10,0, Extreme values at
the feasible range defined on card 2 need not be definad,
The program will perform a linear interpoiation between the
data points to c¢reate a pisce~wise linear curve of up to
seven segments, The faeasible ranges wvalues on card two
dofine the bounds of the cost function regardless of the
range of data points specified on this card, If necessary,
linear eaxtrapolation s performed to extend the fupction,
If only one data point is specifieads that countermeasure

wWill remailn fixed at that value of countermeasure
application, The countermeasure variables should otherwijse
be listed In order of inereasing countermeasure

cffectivenass,

fard 4 contains cerresponding costs for each of the countermeasure
varjable data points specified on card 2, Costs must be
input in thousands of dollars, Format 8F10,0,

It is conceptually |[mportant that the_ c¢ost functions be
strictly inerdasing —®nd contain no discontinuitias, The cost
functions should not c¢ontain any d|scontifuous Jjumps in the
countermeasure variable or have regions of ¢onstant countermeasyre
varjable appljecatjon for varijable cost, In additions, negatijve
numbars are not allowed and will result |n an error message, The
reason for these |imitations on the form of the cost funetions
tles in the tsehnique used by the program for optimization. The
program cajculates a countarmeasurea cost-effectiveness gradient
based on & user-suppliod expenditure increment, The components of
the gradiant vector determine which countarmeasutes are the most
gcost-affactive at the current expenditure leveil, Discontinuous
jumps are nonsensical because the function would not bs single
valued at that point, Discentinuous Jjumps  at the origin to
simulate an automatic neisa reduction with no cost may not achieve
the intanded purpose bscause the program will not rocognize that
there 15 no cost associated with the beneflit ands hance, may never
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implemant that countermneasure, Ragions of constant benefit for
varjable ¢ost will ccause the program to stall on that
coyntermeasure because the gradient of the function at that point
is zero, Refer to the section on data factorings FAC for
gimulation of certain desirabie discontinuities,

Figure 2=5 illustrates a sample output which is the result of
card images as seen in lines 255 through 304 of Figure S=3,
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messev=ean COSF FUNCTIUN FUR AUTUMOBILES LW SPEED NEnm VEHICLﬁﬂ JUURCE HED.s CASE 3

FEASEILE HANLE OF CH vaAn}AbLED JOUU ol

NI St ALL PRRAMETEMI +00 .lu -24 i3 =00 + =,00 =, 00
CONHESPUNDENG COSTSS 00 la.31 at. r2 1&2.25 240.12 =00 L1 ] =, 00
ssemss=se COST FUNCIION FOR AUTUMUOBILES LUn SPEED QUS EMFORCEYENT

FEASLIOLE HANGE OF CHM vAHM]ARLE) Jouu Iy 4.200

WOPSE oED DAHAME FEHT 00 4.50 5,450 5.80 6,20 -, 00 =00 .00
CONWESPUNDING COS515) .00 24 W Io 1.12 12,44 . -, 00 -, 00 . - 00
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2.4 Barriar Definliions

BAR 1 ANY APPRBPRIATE TITLE

B D el D Y

1 5 7T 9

This section is used to |nput data defining barrijers for the
path~receiver countaermeasure, This codeword s optional and is
usad only (f the user has definad a path=receiver countsrmeasure,
There |s onlty one option parameter, jdentified by ‘I’ above and
described Jatser,

The first data card centains titling information, The first
72 columps of the card can be used,

The second and third cards contein the barrier effectjveness
tratios, Card 2 contains effectiveness ratios for the 20 possible
gsources and a low barrier height, Card 3 contains the same
information for a high barrier height,

The effectivaness ratio for a particular source is the d8
reaguction achieved by the barrier on that socurce divided by the dB
roduction achleved by the barrier on a standard sourcea of the
uder’s choosing, Effsctiveness ratios are used to allow for tha
fact that barrier effoctiveness generajly varies with the type of
source, .

For exampla, a barrjer 15 foet high s found to attenuﬁte
sutomobile traffic |eveis by 10 dB, This same barrier has an

‘gffectiveness of oniy 8 dB on |ocomotive generated noise, It s

decidaed that the height ¢f the traffig noise source will be the
standard height, The effectiveness ratio for the traffiec noise
source is 1,0 and the effectiveness ratio for the locomotive noise
source is 0,8, Note that the offectiveness ratios for ajreraft
noise sources should be zete Since barriers have no effect on
airborne noise sources, Since the program allows the definition of
two barrior heights at sach |oecation, effoactiveness ratios must be
supplied for a {ow barrier heioht and a high barrier height,

The array of effectiveness ratios for the hjgh barrier haight
1a {ndependent of the array for the low barrjer hejght, A standard
gource |5 selocted to have an effactiveness ratfo of 1,0 for thes
high barrjer height and then the ratjo js calculated for each of
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the other sources at the high barrier height, This process is
repsated for the low barrier height, A different standard sourcse
may be selected to have a ratia of t,0 and the ratjos are
rocalculated for the low barrier heijght, Note alse that these
ratios will be appllicable to all deflned barriers. The
effectivenass ratio for any unused spurce number must be Zore,
Each of the two ratio cards has Format 20F4,0,

The remajnder of the data cards contain the actua}l barrjer
definitions» one card per barrier, A blank card must appear after
ths last barrier definition card 'to return control to the main
program for input of another codeword, The card contents are

descr ibed below,

Flald: 1 2 3 4 5 6 7
|mmme | mmencans |cavcrave | nee [ee | vance ] caan |
Column: 1 -] 1 2 2 2 )
3 . 1 4 & 1
: 8 g 10 11 12 13 14 15 16 17 18 19
(cont,) |wee|me|eccen|scaac |cca s |sorvan |vnccr jece | ew |ecace [emnax |
3 3 % H 5 5 5 & 6 & 7 7
6 9 1 5 ] 4 4 1 & 9 1 &

Field 1 - Format 1%, contajns the barrier number, Up to 100
barrjers are allowed, The barrijer numbers de not neeod to
pbe consecutive or Ssequentials, no individual barrier
number greater tham 100 is allowed, Barrier numbers are
actually barrier location numbers since both the low
barrier .and hjgh barrier are referred to with the same
number, Even thovgh there {3 a Iimit of 100 barrier
{ocations, there can astually be 200 defined barriersys
100 low» and 100 high., The computer program wi{|l decide
which barrier height (if any) is the most cost-aeffective
to build at the defined location,

Y

Field 2 - Format F8,0, {3 the cost of building a iow barrior at
this location in thousands of dollars, Presumablys the
user caleculated this e¢ost from +the knowlodge of the
barrier length and the cost per linear foot of building

Jow barriars,

Flold 3 - Format F8,0, is the cost of bduijlding 2 high barrjer at
this locations in thousands of dollars, Note that the
anctual height of the barrier is not an |[nput data item,

WCR 76~15- - - 2-30 -
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8nly barrier effectiveness s specified in fieslds 6=7,
10«11, 14=15%, 18=-19 (they may not all be used), The user
decides on the actuval barrier heights, jow amd highs
which, In turn, determine the effectiveness of each
barrier,

Format 13, contains the zome number of the pfrimary
(adjacent) cel|l affected by this barrier (see saction
2.1 for zone and cell specification),

Field 4

Format [2, contains the cel|ll| number of the primary cell
affected by this barrier, 8nly the day «cell number is
necessary, the program will|l .automatjcally assign the
barrier to the night cell (iIf any) as wall,

Fleld 5

Farmat F5,0» [s the base attenuation at the population
controid of the orimary cell for the low barrisr, The
base attenuation s the effectiveness of the barrisr in
dacibals on the selected standard source, The standard
source Is one which has an effectiveness ratio of 1,0
for the low barrier height, The .attenuation valuo may
chly be entared %o a maximum .agcuracy of a tenth of a
dB,

Field &

Format FS5.,0, 15 the base attenuation at the population
cantroid of the primary col} for the high barrjer, This
valuo §s Input in similar fashion to the low bafrier
attenuation, Maximum attenuation of a barrier is limited
by the program at 24 dB, This value is considered to be
& practical engineering limitatleon,

Fleld 7

The previous four field definitions {(4=7) are then repeated
for up to three additional ¢ells alse affacted by this barrier.
These additional cells are not immediately adjacent to the barrier
and are referred to as secondary ¢ells for this barrier, A 8l
may b8 a secondary cell ¢o more than one barrijer,

Barrier data Is stored in the program as indicators 19 and 20
(ssa section on countermeasure input, CMs for a definition of
indicators), This assignment oceurs automatically and reguires neo
physital action on tha part of the user, The usar shouid also be
awaroe that any countermeasura indicators numbered 19 or 20 will be
lost f barriers are definod, That Js» barriar input overwrites
any information stored as |ndicators 19 and 20, Use of Indjcators

WYLE LABORATERIES
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19 and 20 [s allowabiss, howevars, if the BAR codaword i3 not
implemented,

If a =zone=cell c¢ombination s specifled in the barrijer
definition cards which was not defined inm the main cel| data set,
g maessage to that eoffect will be printed (sea Chapter 3» Error
Messages) and program execution will termimate, Howevers the

option parameter can be used to sSuppress these messages and
override program termination, This is accomp!lished by nplacing a
non=zare value |n the positjon occuplad by the 1’ in the option
parameter fiald on the codeword card {liustrated at the beginning

of this section,

This option would normalty be eamployed by the user in the
event that a large set of harrisr definition cards had been
doveloped for a Jarge communijty., The user would be able to select
separate sectlons of the community for analysis and leave the
large set of barrier definition cards intact,

A samplae printout resulting from barrfer Input is shown in
Figure 2«6, See Figure 5«3, |inas 305 through 318 for the card
images which caused this output,
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Flgure 2-4. Sample Printolt Due to BAR Codeword

e r R W A




£y

Y EY 00 M

P

I I

i

- vmsw IEFNY FLSWW LD

NB1Z8P USER’S GUIDE
DATA INPUT

2.5 Soundproofing Qaia and Baih Raggiver foiians Salegtlion

PARE ANY APPRBPRIATE TITLE

T D T S|

1 5 7 &

This section 5 used to input soundproofing data asscciated
with the path~recsiver countermeasure, If the user has not defined
a path-receiver countermeasures this codeword would not be
implemantad, If there s a pathereceiver countermeasure this
codeword must be jmplemented, There are np asscciated option

parametsrs recognized by the program,

The codeword card must be followed by the following six data

cards,

Card L is an additional title card which may be used for any
purpose, The first 72 columns of the card may be used, The
titio will appear on the output.

cargd 2 contains the path-receijver countermeasure option overrjde
array, 9ne of the many NOIZBP program funetions Is to
perform a cost/benefit analysis and to apply in an optimal
manner the varijous .path=racoiver countarmeasure
ajternatives, Thero are twelve such alternatives which are

listad in Tabie 2<%, The user mays, at his discretion,
dacide to eliminate any of these options from
- consideration, For exampla, the user may dlsallow barriars
and soundproofing to be implemented in combination, This is
accompl|ished through the use of the patherecoiver
countermeasure override array, The array consists of twelve
tntegers, Format 1215, input on one gard, A 2e6ro |n the j=
th field instructs the program te eliminate that option
from considaration, A positive integer Instructs the
program to Include that optioen, In our example Jjust
mentioneds, the user would place a 2ero |n fields 7 through

12+ corresponding to options 7 = 12, :

The relocatjon pathereceiver option has additional features,
As mentioned in the section on cell data i{nput (DTAY» an
individual cell may be eliminated from  consijderation fer
relocation by specifylng a refocation c¢ost greater thamn 999
miltlton dollars, In addition, possiblo relocation of any celis can
be ovorrdden by placing a 2zero in the sixth fleld of the overrjde

WCR 76~157 7 2~34
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array, The method the program uses to evaluate the potential
banefits of relocation can also be centrolied through the use of
the ovarride array, A positive integer in the sixth field will

~eofrrect the benafit of rejocation by ¢considering the noise Jlavel
of the area inte which people are being moved, The program does
not actually decide where tc move people but assumes a noise lavel
whlieh will preduce an adverse eaffect agquai *to one=-half of a
standard deviation beloew the mean residential adverse effact in
tha community., The residentiai cells are scanned and the mean and
standard deviation are cajculated, Tha current noise levels (1,e,.s
after all non patherecajver countermeasures have bean applied) are
used in the c¢alculation of thase statistics, If there are no
residential cells in the data set then the effect would ba
equivalent to removing the entire peopulation as next desecribad, A
negative jnteger in the sixth field will|l instruct the program to
treat relocation as a simple removal of people from the areas no
attempt is made to malntajn a closed system with a fixed number of
people as {5 done with the alternate (statistical) option, The
¢hoice tha wuser makes may affect the manner |(n which the user
caiculates the relocation costs,

Gard X contains three decibel| levels, Format 315, corresponding to
the basic noise reduction for minimums medium and mazximum
soundproofing, respectively, in residential dwellings,
Residential cells are identified by 'a land use code of 1,
2, 3y or 4, Zoroes in any of the fielids are normally not
allowed angd will resu!t in an aerror message, If <the ussar
has cost data for only ona or two levels of socundprocfings
he may input a zero in am unwanted field and by-pass the
orrorechocking facjility just mentioned by placing a zero in
tha opreper option field of <the opath-receiver eption

‘override array (card 2V,

Foer example, only two lovels of soundproofing are
known, The user leaves the maximum soundproofing field
biank and placas a zaro in the third field of the override
array, Note, in this example, that any maximum
soundproofing f|evels defined for non-residentjal c¢ells
(card 5) will also be by~-passoad,

card 4 contains costs per sguare foot in delitars for cach of the
three Jevels of resjdential soundproofing defined on Card
3. The same trules for zeroes as on Card 3 also apply, The

format |3 3Fi0,0,

gard & contains three socunaproecfing leveis for non=rasidential

WCR T76=15 2-35 "
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[

E- cefls in the same format as on Card 3,

[ €ard & contains corresponding costs for the three non=residentisl

— Soundproofing levels in the same format as op Card 4,

[} Figure 2«7 illustrates a sample printout resulting from the
PARE codeword, See [inas 319 through 325 of Flgure 5«3 far the

[ cards which caused this output,
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2.6 Stalisnary Sourge Daia

STAS ANY APPRBPRIATE TITLE

B T e L L L R TR PR

1 5 7T 9

This section s wused to Input deta describing stationary
sources, No option parameters are roecognjzed., If there are no
stationary sources or no stationary source tountermeasuresr this

section i¢ not used,

The first data card s a tit|le card contajning any
appropriate information, The first 72 columns are read and the
title appears on the output,

The second data card contains the stationary source
countermeasure option override array, Format 615,

8ne of the many NBIPZBFP program functions is to decides based
o a cost/benefit analysiss which stationary sourco countermeasure
options should be applied to which stationary source, constrained
by the allowable expendlture on the stationary sourco
countermeasure, These six options are |listed |n Table 2=3, The
user may instruet the program to overlook the i=-th option by
pltacing a zero in the t=th field on the eard, There are six
pessible stationary source countermeasure alternat{ves, Any or all
of these may be eliminatad frem consideration, The following

~diegram Jliustrates n sample statienary Ssourca override array

card,

11 1 0 1 1

| o= = || oa|an =]
Columnt 1t 3 5 T 9 4
1

Follonwing the override array are the actual] stationary source
date cards, one for sach of up to twonty stationary sources, A
blank card foilowing the last stationmary source data card returns
contro}l to the main program for jnput of another codeword,

The stationary source data card must contajn sevan |tems of

fnformation,

WYLE LARBRATERIES

e e —— B B T




SPFFIF sandWnr bl

C Yy o3y m

-~

£y L7 3

N

B I Y005 B ey

f

LI R A

N8128P USER'S GUIDE
DATA INPUT

Field: § blank 2 3 4 5

| - | mwccsre | arrccan = l P e L | - - - l

celumn: 1 1 2 3 13
1 i 17 1

& 7

(cont,) | mmemmmeces | ccanmmnana |

5 6
1 1

Field 1 - Stationary source number» I format, These must be
sequential beginning with number 1,

Field 2 = & minimum source Jeve| reduction for this statiomary
sources, in decibels, F format,

Field 3 - A maximum source ievel! reduction in decibels, F format,

Flotd!u - Cost for the minimum leval reductions, F format,

Fiteld 5 = Cost for the maximum level reductions, ¥ format,

Field 6 = Cost for eliminatjon of nighttimé oporations,

Fleld 7 ~ Cost for elimination of the source altogather, F format,

All costs are imput in thousands of dollars,

Note that zeroes In any of the filelds are normally not

nllowed, However, the stationary source overrlide array may be used

te altow input of 2zerves in the fields If certaln countarmeasure
altarnatives have not been costed by the user or are simply not
feasible options, For exampler a zero in the fourth field of the
overrige array card (seo examplis diagram above) would allow an
input cost of zaero for the cost of source olimination, Note that
any positive cost value in the cost field will be jgnored {f the
approprlate overrlde array field is zero., The roasen for not
allowing 2erces in the cost flelds is to eliminate tha ‘something

- for nothing’ cases which the program cannot handle directly, Alsc

note that a zero ontry in the override array appljes to all
stationary sources,

Figure 2=8 1I{justrates a sample output resulting from
stationary sourco data (nput, This output is the result ef input
from cards as Seen in lines 75 through 80 In Filgure 5=1,
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2 6. 8, 20.00 310,00 40.00 100,00
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o
m
r
x>
o
@O
-7}
3= f
-4 .
[r-] i
0
—
m
w,
“
-—;_ e - e A o i B it e At b e T T TR bt e st s 2T Rl W Y L ey et e

— e VPTIVY YRV Jaded WS

30109 $,¥3SN JIEIGN




-y HIEAT FUNWAS IO

1

L

.

71 1

3 3 M e

2 £ 63

3

WCR Té«15 2-41

Nelz28P USER’'S GUIDE

DATA INPUT

2.7 Icansfer Euncllon 8pflgns

CRIT I1 J ANY APPRBPRIATE TITLE

D P T |

1 5 T 9

The <transfer functlion, ., is used teo relate the fraction of
people adversely affected to the overal] noise level,

The |(ndependent variables needed for function evaiuvation ara
the equivalent A-woeighted Jevel (Leq) plus upper and I|ower bound
criterien levels, Leuy and Leols raspactively, For levels greater
than Leu, & equals 1 (ses excaption below) and for levels |ass
than Lecis» & equals 0, Howeverr the shape of the function in
between these Jimits (s not wusually known with. any graat
precision, Consesquentliy, the user is given & chaice of transfer
function shapes for the intermediate region, The shape options are
plotted in Figures 2~9 to 2«12,

The CRIT option is used to specijfy the shape and/or criterion
limits of the transfar function t¢ ba used,

11+ and *J’ are the option parameters that control! the
transfer function changes to be made, Table 2=-7 describes the
default conditions in effoct before the implementation of the CRIT
option, These would be in.effect if the CRIT codeword were not

used,

As can be dotermined from Table 2=7 the transfar tunction
takes on differant |imits depending on the land use type of the
coll in question or whether the cell is defined over a day or 2
nighttime perjod, .

~

Ramembear that the Ilower criterion leve! (zero percent
advorsely affectead) is input with the cel] data set separately for
each <cal] and as such can be different for each cells it is not
confined to uniformity within the land use typa, However, use of
the CRIT option to chanpe the lower criterion |levels will chanage

those Jevel!s to the same specifled value at all cells within the

lang wuse type |ndicated, That is» no cell=-selective changes are
pessible,
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DATA INPUT

Tabte 2=7
Dafault Transfer Function Conditions

L T e T e T e T S

| [ |
| Lamd Use | Upper Criterion Lavel ]
| Code ] €100 Percent Adverse Rasponse), |
| | dB |
| | ] -
- | | i | -
| ! Day | Night I
1 L ] J
| | ] J
! 1 | 85 | T |
| 2 | 85 | T7 1
| 3 | B85 i T7 ]
| i ! 90 I T7 {
| 5 | 90 ] 85 |
| 5 -1 90 i 85 }
| T | 20 | 85 |
| B | 90 | 85 |
| 4 | 35 | 85 |
| 10 § 85 I 85 |
| kR { 85 | a5 |
| 12 | 85 | 85 I
| 13 | 85 l 85 |
| 14 | 85 | 85 |
| 15 | -85 | 85 |
Ll L 1 ]
Netes Default transfer function shape s J|inear (Type 1), default

bulge factor s O0,, and default maximum vaiue is 1, {,@.2 not
more than 100 porcent people adversely affected, See Table 2Z-2
for suggestod usage of those land use codes, The above |levels were
the product of o preiiminary criterion analysis. It is recommended that the user specify
upper criterion levels that are 20 dB greater than the lower eriterion levels in Table 2-2,
The 20 dB windaw is consistent with EPA recommended levels,

- Table 2=8 summarizes the wuse of the *Il’ and *J' option
parameters,

Note that if the transfer function for more than one but not
a!! land use types are to recelve modifiecations the CRIT option
must be invoked as many times as s necessary, .

There are a variable number of data cards depending on the

S AU A i T i T iny N ) B o S v ¥“,J Lﬁ-;' )
p

WCR 76=15- - - ' 2=42
WYLE LABSBRATOBRIES




AT TTIY YW vnldhl

) T

N81ZOP USER'S GUIDE
DATA INPUT,
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Table 2~B
Uss of Bption Parameters with CRIT 8ption

1

| | |
f'- | "1y | NE |
_— .L- i L
} . | |-
(‘ | Land Use Types 1=15 | 0 = Upper and l!ower criterion levels | !
- | 8 =3 All Types | 1 = Lower criterion levels only | |
- ] { 2 = Upper criterion tevels only | 1
[" | ] 3 = Transfer Function shape :
- | |
i ] | (0,122 = any ona or all i
— ! | fand use types i
L: | i 3 = 2always all land use typsas) |
: L 1 L
L
=2
X
option indicated by the option parameters, If a single land use
,7. type |5 specified, then one ecard |Is requijred to change the upper
M eriterion level and one card is required "to change <the lower
criterion jevel, If *J’ equals 1 or 2, only one card is necessary;
T it *J* equals 0» two cards are '‘necessarys the first card
et containing the new day/night lower Jevels and the second card
.containing the new upper levels for the land use type indjcated by
» ‘11', The levels card has Format 215, '
ot

Flald 1 =« gontains the new criterion level {(upper or Ilower) for
oach day cel| of the spocified land use type,

. . '
Fleld 2 = contains the new <critarion level (upper or lowar) for
each night cell of the specified land use type,

1f *11* equals Os 30 followling data cards are required, The
first 15 contaoin the new |ower criterion |evels for sach of the 15
possible land use typess, respectively, and the second 15 contain
uppor sriterion leveaels for each of the 15 possible land use types,
8lank cards or dummy values must be Included for any unused land

RO N

uso types,
b WER 76=15 2-43
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N8{ZB8P USER'S GUIDE
DATA INPUT.

I+ *J' squals 3 then the '11' parametar has no offect, Thereo
is only ona data c¢ard, This card contains the new transfer
function type number (1-5) and the naew bulge factors r, The format

is.-15» F5,0.

A Type 1 (linear) transfer functjon can bes made %*o extsnd
beyond the 100 per~cent adverse effact level (&= 1), Normally the
actual bulge factor value has no affect om a Type | transfer
function, however, the function can be made to extend beyond the
$= 1 point by specifying any positive value for the bulge factor,
Figures 2~9 to 2-12 also show the shape optlion number and the
aquatjon used for each optjon where:

X = (L -~ Leld)/(leu = Lel)

ands
Leu > L » Lel

L & Equiva{ant A=wojghtad Level ({(Leqg}

Flgures 2«13 and 2~14% show sample printouts from each of the
two genera| types of usage of the CRIT option, Figure 2=13 was the
rasult of cards from lines 326 through 327 of Figure 5-3» Figure
2=14 resulted from cards [n lines 328 through 358 also from Flgure
5-3' L —

WCR Té6=15 2=44
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" Figure 2-9. Linear Transfer Funetion, Type 1 {dashed line}, und

NG81ZBP USER’S GUIDE
DATA INPUT

Type 1 Transfer Function P

with non~zero bulge P
parameter \//

g T T T U B T T S —

Power Low Transfer Function, Type 4 {solid lines).

(Linear Transfer Function, Type 1, occurs for r = 1 on o Type 4 transfer function.
"Howsver, the bulge parameter has no effect on o Type 1 Transfer Function other
than to indiccte the maximum function value: 1.0 or greeter than 1.0,)

HCR 76=15 2«45
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DATA INPUT

o

1.0 l 7

£

[+ = ‘%— [l - cns]/r T'rx] |

3

0.8

(where the sign of cosTx
is preserved regardless of
the reot or exponent)

ot I

0.6

£33
B

-0,4

0.2

0 0.2 0.4 . 0.6 0.8 1.0
.

3 £3 3 £ 2

" “Figure 2-10. Cesine Transfer Function, Type 2
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DATA [NPUT

1,0 ]
11 - o
0.8 |- ‘D=§-+;f-sln [(2:&-1)] _
{where the sign of 2x -~ 1 is
preserved regardless of the
root or exponent)
1.0

x

TFigure 2-11. Inverse Sine Transfer function, Type 3
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1.0 ]

$=1-(1-x

r

0.2

‘ _ Figure 2-12, Inverse Power Law Transfer Function, Ty
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CAIT -0 3 ALLOW MORE THAN 00 PERC, ADV, EFFECT
AAAARNNAA

THRANSFER FUNCTION TYPE 1 IN EFFECT WITH BULGE FACTOR OF 1.0v

LINEAR FUNCIION ALLOWING MORE THAN 100 PERCENT ADVERSE EFFECT

" Figure 2-13, Sample Printout Due to CRIT Codeword,
; Changing Transfer Function Shape
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ARBANbAAA .
CRIT ¢ 0 . TRANSF FCI, FOR SFU STUDY, 20 DB RANGE

[Z XNV NE XN ]

LOWER CRITERIUN LEVELS OF &0 CELLS TYPE "1 CHANGED T S7 DHBA(D) AND 49 DBA(N)
LORER CRITERIUN LEVELS OF & CelL3 TYreE 4 CHANGED T &7 DBA(D) AND 49 DBai(N)
LOAER CRITERION LEVELS OF @ CELLS TYPE S CHANGED TO 62 NUACD) AND &2 DBA(N)
LOAER CRITERION LEVELS OF 0 CELLS IYPE o CHANGED T 70 DBACUD) AND 70 DBA(N)
LORER CRITERIUN LEVELS OF A CELLS TYPE 11 CHANGED TO S7 LBAIND) AN =0 DBAINY
LO#ER CHITER]ION LEVELS OF 2 CELLS TYPE 12 CHANGEDRD TU &0 DUA(D) AwD  S7 UBACN}
. .
&
UPPER CRITERIUM LEVELS OF ALL CELLS TYPE | CHANGED TUO T/ QHA(D) AND &% ULBA(N) —
UPPE# CRITERJUN LEVELS OF ALL CELLS TYPE 2 CHANGED YO 0 QBALD) AND G DBA(NY :g
UPPER CRITERION LEVELS OF ALL CELLS TYPE 3 CHANGED TQ ¢ DBA(D) AND ¢ odalN) [ B
UPPER CHITERIUN LEVELS OF ALL CELLS TYPE 4 CHANGED TUO 8p DBA{D) AKD &9 DBA(H) *»
<UPPER CRITERION LEVELS UF ALL CELLS TYPE S CHANGED TO 82 DBA(D) ANU B2 DBA(N) . ;: ﬁ
UPPER CRITERION LEVELS OF ALL CELLS TYPE & CHANGED Ti) & DUALD) AND 0 BHBa(N) m
UPPEH CRITERION LEVELS OF ALL CELLS TYPE T CHANGED Tu 0 DBA(D) Awv 0 DBAIN) :'.Z. 31
UPPER CRITERIUN LEVELS OF ALL CELLS TYPE 8 CHANGED TI} QU OBA(D) AND 90 DBA(N) o v
UPPER CRJTERI(ON LEVELS OF ALL CELLS TYPE 9 CHANGED Tu 0 PBA(D) AND 0 DBRALN) Ei o
UPPER CRITERIUN LEVELS OF ALL CELLS TYPE t0 CHANGED TU 0 PHA{D) AND 0 DBA{N) ' c
UPPEW CRITERIUN LEVELS OF ALL CELLS TYPE |1 CHANGED 10 77 DBA(D) AnD 0 DBA(N) o
UPPER CRITERIUN LEVELS OF ALL CELLS TYPE 12 CHANGED TO 80 DBA{D) ANU 77 DBA(N) ﬁ?
" UPPER CHITERIJW LEVELS UF ALL CELLS TYPE 13 CHANGED 10 0 BBA(D)Y AND @ DHA(N)
! UPPEW CRITERJUN LEVELS OF-ALL CELLS TYFE 14 CHANGED TO O DBA(L) AND 0 OBA(N)
15 CHANGED TU 0 0BA(D) AND 0 DBA(N)

UPPEAR CRITERION LEVELS OF ALL CELLS TYPE

Figure 2-14. Sample Printout Dua to CRIT Codeword. . .
Changing Criterion Levels o
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2,8 Daia Eagtoring

FAC 1 ANY APPRSFRIATE TITLE

|w=we|en|=e]areceacecance—aecrocamcamomaecaaamcenna. |

1 5 7 9

The FAC codeword s wused to factor nolse exposure valuess

populations and relfocation cost, The purpose of the factoring is
to the 3 rom the year for which the data was

calcufated to a target year in which the countermeasures are to be
imp iemented, e

For example», operationai data may be available for the nojse
sources jn the currant year 1976, but the countermeasures are to
be impiemented over a five year period and as such .the cost
functions reflect the costs to the year 19821, The countermeasure
optimization is, tharefores to be basad on the nojse environment
in the target vears 1981, The data factor|ng capability is used to
gsinulate the noise environment in this target year using constant

fagtors basad on predicted trends, )

Another example illustrates an application to sSimulate a
tsomething for nothing’ countermeasurs g¢ost function,

Current vehicle noise regujations will result in a
docrease in the overal! vehicle fleet noise level in the
target yaoar even without the application of extra noise
countermeasures, Howaver, the cost~function for the
vehicle noise countermeasure should not have any regjions
where nolse reduction |s achieved with 2ero additijonal
cost (see section 2.3» cost fumetion inputs CABST).
Theraforer to force the program %o accept the automatic
noise reduction jn the target years, tha usar amplioys the
data factoring option to reduce overall vehicle noise to
the predicted level, The ¢ost functien can thus be
redefined to eliminate the troublesome regjon,

Factors for population growth (or decline) and proparty value
can Biso be spocified, These data factors ¢an be made to apply to
spaciflic Zones and/or specific land use typas,

A nonzero integer in the optlon parametor field indicatad by
t1' above will initiate a formatted output of the master gell data

WCR Té6=15 2=51
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DATA [NPUT

set as |t appears following the data factoring, MNote that if
barriers are defined (BAR codeword), indicator fields 19 and 20
have been filled with data on barriers, The data consists of a
number of yp to six digits, The first three digits are the barrijer
pumber, The second three dijgits are the bgrrier attenuation in

tenths of a dB,

FAC may be Invoked as often as required, Five data cards are
required each timet

gard 1 is a titie card which will appear on the odtput; the first
72 characters may be used,

cargd 2 contains zones and land use codes for which ratios =apply.
Format 615,

Fiseid 1 « The number of the first zane for which ratios
apply. A zero implies a start from the beginning
of the data, j,e., the first zans,

Field 2 ~ The number of the last =zone for whiech ratijos
apply., A zero implies that zonses wiil ba
¢ons|dered to the and of %the data, [,e, the last

2one,

‘Fields 3=6 = Land use codes for which raties apply., Up +to
four may be specifiad, If none are inputs, i,.8.
four zeroces or blankse al! land uses will be
consjdered,

gard X contains ftactors for npoputation and property values
respectively, Format 2F8,0,

Racds 425 contain nojse aeanergy factors for the 20 posSible
sources, Format 10F8.0, Example: 1f noise roeduces by 4.3
d8, then the factor to input is 10ee(~%,3/10) = £,3715
{the two asterisks #e signify expanentiation).

Note that & factor of 1,0 will resuit {n no change to the
corresponding date jtem, Figure 2=15 jllustrates a sample printout
roesulting from Implementation of the data factorimg option. This
output was the result of card Images as seen in lines 359 through
364 of Figura 5«3,

WCR 76=-15 2-52 -
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Chmshbiip

meanmsnse SPMULATE BASELINE MOTOH VEMICLE LEVELY (l.E.0 FON B3 SHFURCEMENT)

THE FOLLORENG FACTUAS APPLY TU ZUNEST 1= 23 AND CELLMY s 18
LAND USESE MLL :

.

POPOLATINN AKD PROPERTY S“ALUS FACIURSE
t.000000 1,000000

LXPOSUAE FACTORY) .

$.540100  1.000000 B.,%40100 2,2)8700 [.000000 1.720400 |,l2uag0 ).000000
t.000000 =,000000 ~,000000 =,000000 &,000000 =,000000 =,000000 ~,000000

Figure 2-15, Sample Printout Due to FAC Codeword
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DATA INPUT

2.9 Base lndax Calculation

BASE ANY APPREBFRIATE TITLE

[ | - R P L PR s L L P T L et ULy |
-

1 5 7 9

The aﬁA&E__ggggycrd Is wused tec calcuiate the basel] ‘Noijse
Impact Index (NI1I)} for the community, The NIT 15 the _fragtion of
the  people in the community which are adversely affected by theair
noise environment, Thers are no options or data cards for this
codawdrd, The baseline index s calculated using the current data
either in the raw form as input by ths DTA codewords or ih an
amended form due to the FAC codeword, Hence, the BASE codeword
should appear after the DTA codeword in the input deck,

Normally the baseline i{ndex }s meaningful in the target year
before actual source leve| reductivns are achieved through
countermaasures, Therafores the FAC codeword would normally be
invoked bafore the BRASE codeword, However, if ail the input nojse
data is consistent to the present year, the user mijght be
interested in the pressnt day NIl as waell, As suchs the BASE
codeword may be j{nvoked more than once, before and after data

factoring (FAC codewordl,

Caleulation of the baseline index is cptlaonals that iss» this
codeword does not have to be {nvoked, If |t is), howavery, It will
nilew a comparisen to be made between baseline and final NI!, The
final! NII being the noise impact index which has been optimized
using the input countermeasure and cost functions tegether with
budgeted expenditures, The comparisen wil| be presented in ¢the
form of an NII reduction from the basetine and a flnal
cost/benefit ratio, The costs/benefit ratjo is defined to be doltar
nmoun? spaent per parson In the community to achisve the reduction
in NI, . B

Y

Figure 2=16 is a sample output from the BASE function., This

output was caused by the codeword card seen in [ine 365 of Figure
5=3, The NIl value seen |5 for the cell data also definad in

Figure 5-3,

WER Tb6~15 2~54
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DATA INPUT

2,10 3Jourca Ranking

'

RANK ANY APPREPRIATE TITLE

| mmmm = | =e | mmmmmm e mm e oo |

1 5 7 9

The RANK command Initiates the gomputation of s ranking of
the noise sources by adverse eoffect, -There are no optione
parameters or following data cards for this codeword,

The basis for ths source ranking Is the contribution to the
Noise Impact Index (NII) which s due to each of the defined
seurces, The most offending noise Soufca will! be responsible for
having the mest adverse ditect on e population,

The output of this caleulation is the contribution te the NII
from each of the 20 possibl!e sources, the fractional contributions
(sum to unity) to the NII from sach of the 20 possible sources,
and & listing of the noise sources in order of decreasing adverse
impact, Figure 2=17 jllustrates a sampie output, The |nput card
causing this output__can be sean in line 366 of Figure 5-3, The
sources and coll data used in this ranking are also defined |{n

Floure 5-3, '

O3 YoM

This option functions much like the BASE codeword jn that |t
employs the coll data set as it exists at the time the codeword is
implementeds which may be before or after the optiona] data

. factoring (FAC) has been carried out, Hense, the user may be
jnterested, in obtalning a source ranking before and after the data
_factorjng has taken place,
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POPULATION nEIGHTED AVE INDICES FUR SDURCE RANKING! SOURCES (1-10) 7 (1t=20)
L067116  L015478 ,005290 ,053056 J03V825 .i83512 122751 000376 .ORIST9 L, 008599
,001963 000000 ,000000 ,000000 ,000000 .000000 ,00U000 LOOUPOOD .OOCOQOD ,L000GOC
FRACYIONAL CONTREBUTION TO NOISE lqucr INDEX . SDURCES (1=10) / (11-20)
A . N A
415868 026203 ,009152 091595 066755 316813 L,211916 0006550 140836 .01400%
«0U3389 000000 ,0U0000 ,000000 LOUVOOG - LOO00D0 L,000000 .000000 ,000000 ,LDOOOGO _
~ HMOST OFFENDING SOUHCES? : SDURCE WO,
& 1 MDIDRCYCLES LOW SPEED LINE ANG. ¢ b)
-3 2' MOTOMCYCLES LUCAL TRAFFIC SOUNCE (N
3 RAILROAD LOCOMOT IVES, LINE 3. t N
4 AUTOMOBILES LOw SPEED LINE 4HC 1)
5 THUCKS LOMW  SPEED LINE SHC. t 4)
& IHUCKS HIGH SPEED LINE $HC, ¢ 5}
7 AUTUMODBILES MIGH 3PEED LINE SHE (o
B RAILIOAD CARS, LIME S{URCE (1o}
' 9 AUJOMOBILES LUCAL THAFFIC SOUNCE 3
“) ALRCHAFT COMMERCIAL, FLIGHT £11)
¢ 8)

bUSES LOn SPEED LINE SAC.

Figure 2-17. Samplo Frintout Due fo RANK Codeword
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2,11 Countermeasure Cost Effectivenesg Gptimization

&8PT 1 J ANY APPRBPRIATE TITLE

R L T P et DEEC LR LR PR LR R Py

1 5 7T 9

211,71 Qontrol Paramelers

codeword {s used to initiate the cast=affectivensss
The program uses a gradient method in the
pfocess of finding the optimal point representing that allocation
of axpendjtures among the defined countermeasures which results in
the smallest Noisg Impact Index. The censtraining factors in the
NIl minimization process consist of the maximum feasible
application of any of the countarmeasures and thae user defined
total budget for all countermeasure expendijturas combinead. In
pssences then, the program will find the minimum Noise Impact
Index that can .be achjeved with the amount of money that has been

budgeted, )

The BBT

optimization process,

The opticn parameter indicated by 'I‘ . above controls the
detailed breakdown of the path~recejver countermeasure results, A
zore in the field (default) willt initiate a ¢ell by cell jisting
of the particular path=-recejver countermeasure options {see Table
2= for a |isting of these options) amployed at each of tha call
locatioens, A nonzere [ntegar in this field will suppress this
fisting, A detailed axplanation of the printout is included |ater

bolow,

is the change [n the

. The gradient value feor a countermeasure
Neise Impact Indsx_ that would occur if an additional dollar were

sPBft on that countermeasurs alons,
~

The option paramster |[ndicated by ‘L' _above.controls the

handling of the stationary source gradient evaluation, For varjous
roasons, +the calculation of the staticonary source countermeasure
gradient ijs quite complaxs however, an approxjmation Is very
easily obtained, This approximation wi{!} ailways have & higher
numarical value than the true gradient, The progrom will increase
the expenditura teval of only one countermeasure at a time, The
criterja for selecting the countermsasure is based on g@radlent
magnitude, The countermeasure with the I[argest gradient wil!
recaive the next exponditure increment (the detarmination of the

HCR T6=15 2-58 .
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actual increment value wil! be discussed later below), 1f the
approxXximation to the statjonary source gradient s not the largest
of =all the gradients then the actual magnitude of the stationary
gource countermeasure gradient is not important, A Zero in tha 'J¢

option parameter field (default)-will allow the program to take
advantage of this fact and suppress the procedure which calculates
the actual gradient velue, 1f the approximate gradient is the
largest the actual value will then be calcutated, Remember that
the approximate value js always jarger than the actual valua, A
non=zero integer in the 7J’ option parameter field will cause the
program %o compute the actuatlt gradient value at svety pointi
resulting in increasad executijon time. This feature is included in
the avent that the user is (nterested in the true gradient values
of the stationary socurce countermeasure at every point in the

optimization process,

Up to three data cards ara necessary to control the
optimizatien process,

gcacds 1=2 define the point at which the oniimi on_process is to
begin, These «cards contain %the initial expenditures on
the countermeasures at which the wuser wishes the
obtimization progcess to commence, The initia! valuses
would normally_be zero but %this is not a restriction,
The program will adjust these |nput expendjtures to
account for any minimumn or - maximum expenditure
constraints on any of the countermeasures which wore
deciared during countermeasure and cost definitions, The
user must jnput an initial expenditurs..for each defined
cturmtaTmeasure, ten exponditures ¢an be placed on each
cards, Format 910F8,0, The wvalues must be jnput in
thousands of dollers, If thore are ten or fower defined
countermeasures then oniy one card will be necessarys
mera than tan defined countermeasures requires the use

of both cards,

-
Cargd 2 contains three contro! parametarss the total budgets, the
. gradient stepsize, and the maximum initial expenditurs

ratio, The formet s 3F10,0,

Tha %osal budast is the maximum allowed expenditure for all
countarmensures together, The desited value is entoraed {n millions

of dollars,

Ihe gradient slap s5ize is the dollar increment which the program
will nda taoa the current expenditure for each countermeasure to

calculate the components of the gradient vactor, Remember that the

HWCR Té«15 2=59
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gradient |5 calculated using the speaciflied stepsize (pot & step
slze of one dellar), but s presented as a per=dollar benafjt. The
stepsize must be entered in thousands of dollars, The default
value (initiated by a blank field) is 10,000 dollars,

Ihe iniktial maximuym expandifure rcatip gsoverns the rate at which
progress will be made toward reaching the eptimum point, Beginning
with the Input initial expendituress the bprogram will Spend
additianal funds on one countermeasure at a time until the total

budget has been expended, The particular countermeasure that s
selacted for expendijture inerease Js the one that is the most
cost=affactive at that point (i.e,» has the largest gradient). The
actual additienal dellar amount allocated to that countermseasurs

is determined by:

| Increament = MIN(GI/Gn » MAX(Ir #» Ca/Th » 1)) #» S§S

S S DR R DU B S B

Largest componant of the gradliant vector

Second largest vector component

Initial maximum expendijture ratio

Current tota| expenditure on al! countermeasures
Total al|owed budget

Gruadient stepsize

-1 3
X
e
(1]
-*
— B
- -
LU )

I
v
wneo

*MIN' moans take the smalfest af the arguments within
parantheses separated by commas, ‘MAX’ means take the largast of
the arguments within ths following parentheses,

As can beo seen from the sxpression aboves, the initial ratio
{imjts the ¢oarseness of the steps which can be taken, The allowed
coftrseness is 0 decreasing llnear function of expenditures whijch
is why the input maximum expenditure ratle is treferred to as
‘initial?’, Nate that the lmcrement is never allowad %o fall below

the gradient stepsize, A large ratio will potentially reduca the
number of- steps required <to reach the optimum point, but it |s
likely that the result will be jess accurate than a rosult

achieved with o smafier ratio, The smallest allowed ratio is 1,0,
meaning that the gradient stepsize will be the incrementa! valus
at every step, Tho defnult initial expendjture ratio (initiated by
a biank field) is 10, Noto that <this incremental procedure |s
applicable for the countermsasuresS with continuous cost functions,
Because the program can dee] only with one whole stationary source
of one wholo c¢ell! at a times the stationary source ang path=
regejver countermeasurss hava discrete expenditure steps and are
independent of the controlled itnecrement axpressjon,
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2.11,2 loternretation af Suiout

) This discussion is Included te assist the user in
interpreting the output of the ocptimization process appearing in
the primary output, The results should be self-explanatory but
there are some subtle points of whiech the user should be awars, A
sample output s shown jn Figure 2-~18, See Jines 367 through 370
of Figure 5=3 for the cards which caused this output, blank cards
(llnes 368 = 34%) Are equjvaient to zero initial expenditures,

Twe identical pages, each containing the program leader.s ‘are
printed so that the user will be ableg to tear off his printout and
plways have a leader page facing upwards,

The adjusted inpyt expendituras are the initial wvalues
specified by the user which have been corrected for minimul or
maximum BXpendivure constraints placad on any of the
coluntarmeasurcs,

The total budgst, gradient stepsizes and initial maximum

expenditure ratjo are all wuser defined varjables dascribed in
saction 2,11,1., * )
et e S P
The program will output the current oxpanditures on each of

the countermaasures as well as the assecciated components of the
gradient vector, The resultant noise impact index and expenditure
total are also output with erch of the steps,

Note that if all the initial expenditures are zero than the
resultant Noise Impact Index wil! bs equal tp the baseline case
Noisa [mpact Index caleculated as a result of the BASE codeword,

Y

It any of the gradient values are negative, the user should
suspect erronoous data preparation, A negative value jmplies that
expenditures on this countermeasure will result in increased
nojse, This ¢type of error may fraquantly occur for curfew
countermaasures where noise energy is transferred jnto the
community from non-~existent ¢ells, Since countermegsure=cost
functions are assumed to give a monctonically. incragsing boanefit

with increasing expenditure, the program will suppress any further
gradient caleulation on this countermeasure, Note that any
negative gradionts wii} usually be spotted following the
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calculations at the initial expend]lture lsvel,

Due %o inherent [naccuraclias in some of the computer system
mathematical functions, thers may be cccasions when a gradient
value which should be identically egual to zeros, will be output as
a number with a very small magnitude, This situation occurred in
the example of the San Francisco Study Area presented in Sectijon
5. When the spending iimit was reached on the aircraft rerouting
countermeasure (all aircraft reroutedlr the gradient valuas for
the SAM (Sound Absocbing Material) retrofit and night freguency
reduction countermeasures were reduced to 2ero; but, in some
instamces, appeared as very small numbers, This causes no probjem
with the operation pf the programs but should be neoted and ignoread

by the user,

When any of the countermeasures reach thelr spending limits,
radient . ation for them wil! subsequently be suppressed and
will appear to be zerc, The gradients for the stationary source
and path-pecejiver gcountermeasuras will be set to zere if it is

datarmined that the next discrete oxpendjture on that
countermeasure would cause the tota| budget to be exceeded,

Flgure 2=19 shows the optimization concapt in three
dimensionst The NI! surface as a functlon of two countermeasure
axpenditures with associated constraints, In real applications wup
to 20 dimensions (20 countermeasures) may be jnvolved, Since the
optimization process proceeds along tha path of steepest dascent,
the intermediate results that are obtajned are themselves optimum
points for thelr respective expenditure tevels, This assumess of
course, that the user has chosen gradient stepsize and initjal
maximum expendjture ratio vajues which aliow the program to follow
closely the actual optimum path, Remambar that the selection of
these parameters s normaljy based on achieving the most accurate
rasult at the total target budget level,

~

Fotlowing the completion of the optimization oOrpcesss the
progrdm will output a gall by ceil breakdown detailing. the sub=

optimization of the path=recajver countermeasure options, This
outbut may be delefod at user opiion by implementing one of the
optjon parameters described earltier (see Summary Table 2=%9), The
breakdown is by ¢ell |[ocationi that is», day and night colls
peccupying the same physical spaco appaar comblned, The user
datermines the option that has been employed by comparing the ‘P=R
MOD TYPE’ number with the optjon descriptions |n Tabie 2«4, The
cost to |[mplement this option is disclosed in the expendlitures

column,
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Figure 2-19. ThreeDimensional llustration of Steepest Descent Path
Optimization Method
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Table 2=-9

Summary of 8ption Parameters

Parameter No, 2

|
I
1
;
[
I
I
|
I
|
i
I
I
I
|
I
|
I
i
I
!
I
|
I
i
!
{
I
|
|
4
|
|
|
I
l
i
|
I
|
|
}
!
I
I
|
1

NA

NA
NA
NA

0 = Upper and

lower bound

i = Lower bound only
2 = Upper bound only

3 = Transfer funetion shape
(021,2 = any one or all
land use typss

3 = always all

- o
| B ]

No constant
Input of constant

land use types)

Indieators

NA
NA

0 = Evajuation of true
Stationary source
gradient onjy when
netecessary

1 ® always calculate true
Stationary Source
Gradient

NA
NA

“NA

indicators

b o e ot =t o  — —— — .
o b — —— e —— e e v ————

| [

| Codeword | Parameter No, 1
1 L

| | )

{ BAR I 0 2 Printout nonexistent
| | cells .

l I 1 = No printout

! |

| BASE I NA

l |

| CM I NA

! _ i

| CBesT | NA

] ]

| CRIT | Land usa type

} i 1«15 0 = Al|

| i

| |

I ]

| |

t |

{ (

I | .

} DTA | 0 = No ocho of input
‘= : 1 = Echo Input

) |

{ END = NA

| FAC - | O = Ne printout of

| I factored data

i : 1 = Printout of data
| 8PT Il 0 = Broakdown of Path
| l. Rocolver measures by
] [ cel! location

: f 1 = No breakdown

{ i

| |

l i

| PARE [ NA

| |

{ RANK | NA

! i

[ STAS | NA

1 kA
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In addition to the breakdown by ¢alls the program ocutputs a
breakdown by option, The *CHST OF NEXT P=-R MEASURE’ s the next
discrete expenditure that would be allocated to the path=racejiver
countermeasure,

—_—

The stationary source summary is &8 breakdown by Source of the
measures implementad on each of them, The user relates the +type
number spaecified with the listing of the eptions in Table 2=3,

(s .
SLJA4’ﬂﬁ’ The_final page of the ocutput is & summary of the essantial

of
OU

results, The finel countarmeasure variables (ndicate the ralZtion

sa]of the final expenditures to the corresponding noise reductjon

parameters, You will remember that these noise reduction
parameters are sither fractions or decibelss, depending on the
countermeasure type, The fina}l variables for stationary source and
path=receiver countermeasures are simply the dollar amounts
axpended on them,

. The countermeasure ranking is an ordered 1list of the
countarmeasures by final gradient magnjtude, It gives an
indication as to the manner in which funds would be alfocated
beyond the specifjed total budget, ‘Spending |imit reached’

indjicates (with a 1) whather the spending |imit was reached on
the ¢ountermeasure numbered [mmedijately above it (in the ranking
rov,

The final nojse impact index is repeated: |f the BASE
codeword was invokeds two addjtional| parameters are output., The
‘reduction from baselins’ is.the difference between the jnitial

"and finat Noise Impact Indices, The cost/benefit ratio is the

dellar amount per paersoen n the community that was spent to
achieve the reduction in the Noise Impact Index,

~

2.11.,2 Shael Eare Sutoul

The short form output appearing In the secondary print if so
desired and indicated by appropriate controls ot the beginning of
the Input deck (see theo beginning of Chapter 2 and Sectjon 4.1 on
system contro! cards) contains abbreviated messages raesutting from
each of tho impleamantad codewords,
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The output for the optimization process (ndicates the step

number, the countermeasure which recalved the expanditure
inecrease, the eurrent sum of all axpendituress and the resuttant
Nojse [mpact Index, Figura 2-20 jllustratas a sample short form
output,

~
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JOB DESCRIPTIONZ
TEST DATA FOR SHORT SAMPLE CASE INCLUDIN
G STAVIUNARY SDURCE
mwme OTA 1=0
DaTA ENTEHED FOR 3 CELLS
suse M al=(
8 COUNTERMEASURES DEFINED
weme COST «@=0
& CO5T FUNCTIONS READ
mama PARE s«
INPUT OF SOUNDPRUUFING DATA COMPLETE
mame 5145 a(«(
DATA READ FOR 2 STATIONAHY SOURCES
e BAK 140
DATA NEAD FOM 2 BARRIERS
weme BASE =(Qa0
BASELINE N]D = JL88147
meme wANK =(a(

40ST UHFEWDING SOURCES:
! STATIUNARY SDUKRCE ( 8)
£ HUSSES (€ 3)
3 AUTOMDBILES (1)
4 JRUCK TIRES - t 2)
S MNAILRUAD (-4
b ARIRCRAFT {5

suwe OPT n)=0

STEP CM TOTAL (ALL CM) NIl
1 0 00 «Sh814a7
2 ] 10000.00 LHARA579
3 8 2oDoo,00 211958
4 8 qaQe00.00 + 5713488
S s s0000,00 338580
b 8 160000,00 2923522
7 8 260000,01 R2H0192
8 ! 280000,00 2236992
9 7 290000.01 «252913
10 8 340000,.01 2208841
1t 7 410000.00 L204301
12 H 420000,00 202624
13 H 430000,08. 200910
14 1 440000,01 199149
15 1 450000.00 «19756%
16 ] 460000.01 1194534
17 3 470000.01 + 193665
18 1 480000,.G0 9174
19 Tt 436000.00 .  Li89740
20 1 S500000,00 «187705
FINAL EXPENDITURESS
| Q0000. 3 0, & Ua 3
H 0, § 50000, 3 360000, 3
$ 0. & D, & 0. 8 -
3 3 3 0. §

0. 0.
FINAL NII = +187705=00
aeas END =0=)

Figure 2-20, Sample Short Form Qutput

WCR T6=15 2=70

t. 3
ol ’
0. &
o- ‘

L



TR E suniwrws Awlalbd

-

-

e A

!

ooon I o

!
1 - © L e e
'
[RTERITR RNy St s e =

NO1Z6P USER'S GUIDE
DATA INPUT,

2.12 Brogram Izeminaiian

END ANY APPROPRIATE TITLE

B L L b LR E SRR

1 5 T 9

The END ecard is the last codeword to be inputs signalling

that there are no more codewords comings and terminates
execution, No option parameters are recognized,

program

WCR 7615 2-1
WYLE LABORATHERIES
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NBIZ6P USER'S GUIDE

PROGRAM MESSAGES

CHAPTER 3
DIAGNBSTIC AND ERRBR MESSAGES

Incorporatéd into the program are many oerror checking
routines which monitor ths data that is input. This error checking
that is

facility is designed to catch errors resulting from data
improperly formatted as well as these errors jn the input data
that would gause erroneous resufts to be computed, The detectian
error causing any of the following messages to be printed

of any
results in almost all cases in termination of axecution, The
messages will appear identijcally in the main print as well as in

the auxiliary short=form file except where noted,

TES MANY CELLS

The proaram |5 designed to handle a maximum of 200 cel|s, The
user must reduce the number of ¢eils he has defijned, A reasonable
approach is to select a ropresentative sample,

INDEX ®UT SF RANGE

The user has specifiad an (llegal optlon parameter, See Table

2=9 for o {isting of meanjngful values,

" ILLEGAL C8DEWSRD

Check for codewords spelled incorrectly or placed in the
wrong columns, A likely occurrence is that the user did not inform
the program that he is using the *IND’ feature of {ndicator jnput.
Seo Table 2=9 for a dascription of the option parametors required

for the *IND’ featurse,

BLANK CODEWERD CARD ENCOUNTERED

This it & non=fatal errors the user has probably terminated
some input with too many blank cards,. '

HCR 74=15 3=1 . . .
WYLE LABSRATHRIES
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NBIZBP USER’S GUIDE
PREBGRAM MESSAGES

CELLS NBT INPUT IN NUMERICAL SRDER

Short form:
ERRBR IN INPUT DATA, CARDS MISSING B8R BUT BF BRDER

The ceils. must be |nput in a certain numerijcal Saguence’ in
agcending order by zone number and in ascending order by coetfl
number within each zene (refer to Section 2,1)., .

ERRGR IN INPUT DATA \x'
ZEGNE AND CELL WERE www AND xxx 6N CARD NUMBER 1i
DATA FBR Z8NE AND CELL yyy AND zzz WAS EXPECTED

Short form:
ERRSR [N INPUT DATA, CARDS MISSING B8R 8UT 8F BRDER

Note that the short form message is the same as for the error
above, This error will occur when a cel| data card type 1 has been
omjtted from the ce|l data set, This error can also occur if a
card type 2«5 {5 mispiaced and deoes not immediately follow the
assocliated card type ¥ which has the same zone and cell number, In
other words, whenavar a type 1 card is encountersd in the input
stream the program axpects any subsaquent dard type 2-5 to contain
the same zone and cal! numbers that appeared on the card type 1,
This expectation proecess is rapeated whan a new card type 1 is

angountered,

NIGHT CELL FeR CELL N8, xxx IN Z8NE N8, yyy 8UT 8F SEGUENCE

Short form:

NIGHT CELL 8UT BF SEGUENCE, Z6NE = xxx CELL = yyy

Cell data cards for n night cell must be placed immediately
following " tho assoclated day versijion in the input deeck (refer to
Section 2,10,

*IND' CARD NST FBUND

This witi normally ocecur if the wuser hazs indicatedsr by
ptacing a non=2aro intoager in the second option parameter field of
the DTA codeword cards that the constant [ndicator input feature
is being employad, Following the blank ¢card that terminatas call
data input, the user must place an *IND’ gard,

HCR Té=15 | 3=2 .
oot WYLE LABBRATGBRIES
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NBIZ&P USER’S GUIDE
PROGRAM MESSAGES

INVALID LAND USE CODE xx ZONE yyy CELL zzz

Vaiid 1and use codes range fram 1-15,
INDICATER NUMBER xxx IS NBT ALLSWED, 20 1S THE MAXIMUM,

The program can hendle as many as 20 countermeasure
manipulation indicators, Specifying a number greater than 20 white
using the *IND’ feature will produce this message,

ERRBR IN BARRIER DATA

This error can arjse |f any of the foliowing data items have
been Specifiad, .

1, Negatjve or zero barrjer attenuation,
« Barrier attenuation greater than 24 dE,
y Barcier number greater than 100,

3
&, Calt not defined in master data set (see next message),

CELL xxx NBT FOUND -~ BARRIER yyy

. The user has specified a cell in the barrier " data whieh is
net defined [n the master data set, The xxx is the internal coll
numbot in ordar of input in the master data sat,

CBUNTERMEASURE xx M1SDEFINED

An unknown countarmeasure type code number has been input,
Se¢ Table 2=-5 far a list of allowable typo codes,

COUNTERMEASURES Df N8BT MATCH COSTS

The user has defined more or luss countermeasures than cost
functions (refar to Sections 2,2 and 2,3),

cM TYPE 18 BR 20 8UT BF BRDER

HCR 76=15 33
' WYLE LABORATSRIES
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NS8I26P USER'S GUIDE
PREBGRAM MESSAGES

Stationary source and path=raecejver countermeasures must be
the final countermeasures to bs defined,

NEGATIVE CM PARAMETERS N8T ALLSWED

Countermeasure parameters (variables) must a|ways be pos:t;ve
in the cost functuons.

s

NEGATIVE C8STS DISALLBWED

No negative vaiues in the cost functions are permjtted,

£8STS D& NBT MATCH CBUNTERMEASURES

More or less cost functions have been input *%than
countarmeasures defined, Refer to Sections 2.2 and 2,3,

ERRBR [N SGUNDPRSBFING DATA

Zaroes for decibe| or cost specifications are not allowed
uniess the path-receiver overrida array has been prepared to a!low

them (see Section 2.5), e
ERRBR IN RATI!S DATA

The wsor must take care to specify the first and Jast zones
for which the ratios aoply in the correct numerical order, In
addition, the ussr must not specify zones which do not exist,

~

-ERRBR IN STATISNARY S8URCE DATA

Three separate types of orrars ¢an couse the above message to
bo printed,

1, More than 20 stat|onary sources ars defjned,
2, The seurcoes are not input in numerical sequenca,
3., There aro unexpected zeroes jn the cost or docjbel fields

(Ses Section 2,4),

WCR T6=15 S=4
WYLE LABBRATBRIES
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NBIZ6P USER'S GUIDE
PROGRAM MESSAGES

INITIAL EXPENDITURES EXCEED RBUDGET

The user has defined a set of {nitial expenditurss whiech

axceed the total budget he has allowed, .

NEGATIVE INITIAL EXPENDITURE, CM xx

All initial expenditures must be nen=-negative,

ERROR IN TYPE 15 CM N8, xx AFFECTING SBURCE NE&, yy

Short form:
ERRBR TYPE 15 CM xx SBURCE N8, y¥

The pregram has encountered a situation in which the sum of
the countermamsure varlables for type 15 countermeasurses affecting

a soulce exceeds unity, Refar to Section 2.2,

In addition to the above messages, there are a fow mesSages
remaining in the program which were 1nserted during the debugging
phase of development, While these messages should no |ghger cteurs
they may have some val|ue to anyone wishjng to modjfy the program

to suit his particular neads,

TO& MANY P/R CBUNTERMEASURES

‘Tha bounds of the DBLPER array (see Appendix Cs» Comman block
descriptions) have been excesded, This may happen {f the user has
attaempted  to increase the number of cel!ls the program can contain
but has neglected to increase *the siza of +the DBLPER array

“sufficiently,

TO& MANY CELL LBCATIBNS

This error is sim|lar te the message abova, The arrays in the
/RECPAT/ Cemmen block must be expanded,

TOE MANY SECSNDARY CELLS

HCR 76=15 3«5
: . HYLE LABGRATORIES
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NBIZ8P USER’'S GUIDE
PROBGRAM MESSAGES

Thea bounds of the NSEC array have been exceeded or the array
was not zeroed before use, The array must be 2eroced before every
new expendjture scenario is evaluated,

—

PROBGRAM ERRBR x, CSONTACT PRESGRAMMING PERSONNEL,

This error can occur for a large number of raasonss, most of

which are |n the area of arrays being overwritten or misused, If x
is 2+ 3, or 5, then the error has occurred in subroutines DISBRS.

REPCALs and REBEN» respectively,

WCR 76=15 =6
' WYLE LABBRATBRIES
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NBIZOP USER’S GUIDE
SPECIAL CONSIDERAT]BNS

CHAPTER &4
SPECIAL CEBNSIDERATIGNS FOBR NO1ZBP APPLICATIENS

4,1 System Cepirel Cards for Exacﬁ&ign of N8IZBR op University
Computing Gomeany Univag 1108,

It is assumed that the user has a basic familjarity with the
University Computing Compeny-1108 Executive System Manual| (e¢) and
ths FASBAC Usar’s Gujde {(uwe) {(FASBAC is an interactive teletyps
accessible timesharing system connected to the 1108 computer). The
word ‘card’ is used here to denote one physical input record, In
actual practice; this may indead be a cards or it may be 2 {ine of
informatijon if input is from a filer for instance through the use
of! FASBAGCs or through the use of the ADD UCC EXEC control card, In
+he following instructicnal control card setups the hypothetica|
University Computing Company-1108 user account number XXXYYY s
useds and it s assumed that the primary printed output js to be
routed to a line printer with the site c¢ode 2213 (every remote
pateh station s idsntified to the UCC system by a unique sSite
cedo), Furthermores it is assumed that the user wishes to direct
the secondary output to his FASBAC account BZZZVVV0D where this
output wil} be stored as a ’‘common’ file with the name Ne1SEC,
AlSc» an Immediately executabie copy of the NGIZOP program s
assumed to be stored Im tha file NBIZEP/UCCABS (this (s also
called a 'pseudo=processor’), A typical card deck setup would look

‘llke this (the 3-sign is a 7=8 multipunch on cards)?

¢4) Univarsity Computing Company» ’'Univac 1108 Executiva System
Programmer’'s Reference Manuals’ UCC Publijcation 3025, June 1974,

(ee) Unijversity Computing Companys *FASBAC Usar’s Guide»*' UCC
Pubfication 3010, 07-01=75, wupdated June 2s 1975,

WCR Té=15 - 41 R
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NGIZ6F USER‘S GUIDE
SPECIAL CONSIDERATISBNS

® RUN,D INTI1D,XXXYYY,3,100 BEZZIVVVOD
3 MSG PLEASE NOTIFY JUSHN DBE, EXTENSION 345

3 DIR 7=1/37(WBISEC)

? FCL AUXPR,AUXPR

PRINTER 8»ALTERNATE FILE 1

a NOIZ8P XGT

[ ] . .
input data (described in previous sections of this report)

L
L ]
4

aa

The RUN card says that the run is at normal pricrity (*D’),
is5 identified by *INTID’ (this field is often used for the usSer’s
internaj accountings it will appear on University Computing
Company’s monthiy billling sheet)» the user's account number is
XAXYYYs he is allowing for up to 3 minutes of central procesSsing
times and up to 100 pages of printed ocutput, He also identifies
with B2ZZVVV0 his FASBAC account numbers with the B in column 45,

Any number of MSG cards can be used to transmit messages to
appoear on the primary printed output, '

The DIR card says direct the secondary printed sutput (27¢)

to FASBAC which has the site code 1/37» and stora it there in the
. gcommon file NBISEC, The FCL card and the card that follows it saets

up FBRTRAN loglcal unit 8 as the secondary printed output,

NBI1zeP XAGT actually loads the computer program into cere and
starts executing jt, This eard is followed by the jnput data
cards, The card deck s ended. by an send=of~fjile card which
consists of two 2=characters, This lagt card |8 not reguired if
input is from & FASBAC file,

I1f the user pow wishes to look at his secondary printed
output in FASBAC after his run has been mades he would log in and
could then obtain a printed copy by giving the command

TYPC NB8ISEC

WCR Té=15" 4-2
WYLE LABGRATURIES
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NB1Z6P USER'ES GUIDE
SPECIAL COENSIDERATIONS

It i5 recommendad however, that the f]le NSISEC be stripped of
undesirable and confusing lines and characters before typing out
the hard copy by the use of a command flie hera called AUX,

looking |ike this:

T8pP

LABEL 1

N

EAF 3 :
PIFZC2,2 /%72 JUMP 2
DELETE XL,%L

JUMP 1

LABEL 2
C/NP/Wa/C122 /f38//
JUMP 4

LABEL 3

TYPE

With this command flle AUX in existences the commands aftaer
logging in would be like thisi ‘

8LD NBISEC C8
USE AUX

Afttar a short time dalay, the secondary print wil! be typed out,

To avoid unnecessary Storage gharges, NOISEC shouid be deleted

nftor a hard copy has been obtained by commanding: )
UNSAVE NBISEC €8 v

For the next example, et us assume that the fiie N8JZOP/PRSGS

contains both the symbolic and object modulaes of all the routines

. that eollectively make wup the NSOIZBP program, Let us further

assume that the main program is also called NSIZOP, Alsos this
timo, we do not wish to generate a secondary print, A typical card

doeck sSetup would then look 1Tike this:

@ RUN,D INTID,XXXYYY,3,100
& MSG N8 SECLBNDARY PRINT

& XGT CUR

FSTIN NOI1ZBP/PREGS

aN XGT NBIZ8P

.
data cards
L ]
- PR

ag

WCR Té6=15 4=3 .
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NBIZ6P USER’'S GUIDE
SPECIAL CBNSIDERATISBNS

The XOT CUR commands the exescutjen of the 'Complex Utility
Routines’s in this case loading the: Fastrand fijle NBJEZRP/PRGGS
inte the user accessible area of the magnetic storage drums, called
the ‘Program Complex Fljle’ (PCF). The next cards, XQT NSIZEP,
directs that the obJect module called NBIZOP/CBDE (which would

have been generated from a symbolic element called NOIZBP, [ I
the FORTRAMN deck of the maln preogram) be treated as a main
programs assembling all the subroutines that it reauiras., loading

it into core, and starting execution,

For the next examples |et us assume that we wish to generate
a secondary print In FASBAC, to use the absofute element
NOI1EBP/UCCABS for executing the programs and that the Fastrand
flle SPBKAN/LBYW contajns card imagas of all the data we wish to
supply to NOIZBP axcept the flrst card, Thenr, the deck would be
sat up in the following manner:

3 RUN,D INTID,XXXYYY,3,100 BEIZVVVD
3 MSG INPUT FRSM SPSKAN/LSW :

& DIR 7=1/37(NBISEC)

a FCL AUXPR,AUXPR

PRINTER 8,ALTERNATE FILE 1

d XQT CUR ,

FSTIN SPOKAN/LOW

2 NSIZ6P XQT

T 8
31 ADD SPBDLS ,
22 |

Thoe ADD command with the *l’=cption |5 transparent, j.e,» it will
not ba echoed on the primary orint {ike all +the other control
cardss, but 3simply gives the instruction to add the symbolic card

"images containad in the PCF element SP8DLE as [f they all had besen

put inte the run dack at this point, SPSDLE would have beén an
¢lement of the Fastrand fille SPBKAN/LOW which was ioaded [nto the
PCF earljer by the FSTIN gommand after XAT CUR,

N
~
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NE812Z8F USER'S GUIDE
SPECIAL CONSIDERATIBNS

4,2 Ing Dimensiqns wlih Ivoe 12 Countermeasurses

Section 2,2 gives a general description of the type 15
countermeasure, and also & short example of how |t can be used to
simulate a two~dimensional cost function, Two dimensiontl means
that the effect (nmoise reduction) depends on two axpendjtures,
More details and a different applicatjon are discussed here,

The mathematically minded reader wil|l notice that there is a
restriction imposed on the form the two~dimensional cost function
can takal it must be a product of functjanss each depending enly
on one axpendijture?

Fisst) = f{s)alt) (4=1}

whete F |5 the two=dimensiona! function, s and t are expendilures
on two type 15 countermeasuress, and f and ¢ are cne~dimensional
functions of 5 and t» respectively,

A spacial problem arises when f(s) and g{t) are ocriginhally
given in terms of ’'decibels versus cost’, Remembering that the
type 15 countermeasure accepts only {nformation of the kind
tfeactional application versus cost’ (i,e,» apply & constant noise
roduction device to a fraction of a fleet of vehicies), a
transformation of scale must be parformed before the cost function
is suitable for input to thes computer program,

Let the range of f be from 0 +to fmax, If we wanted to

. implement <the ‘fractional application’ kind of countermeasure,

then the noise reduction (NR)Y as a function of the fraction
treated (a) would be:

NR(as fmax) = -
eiDelogi[a+(1~a)#1Dea(fmax/10))eiDee(~fmax/10)} (4=2)

whore o single asterisik demotes multipiications and o double
astorisk denotes ‘roise to the power’,

Howevers if we want to implemant the ‘decibel! versus c¢ost’
kind of countarmeasure, f (the actual descibe} noise reduction) Is
glven directly as a function of cost ss» whoreas the type 15
countermeasure accepts only fractional application a versus cost
s, a must therefere be calculated for any given f{(s) from the

" inverted eguation (u=-2), setting NR aqual to f(s):

WCR 76=15 " B=5
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N8T26P USER’'S GUIDE
SPECIAL CONSIDERATIGNS

10ea(fmax/10)e[1=-1082(~f(53/10) ]

B & remmecececeeccsececcceaocc—ccecmaa (4=3)

10eo(fmax/10) - 1

As an illustrations, Figure 4=% shows a as a functjon of 8 1¢f
f(s) is linear, A practical example is given in Figure 4~2, There,s
f{s) is-given as a piecewise |inear function, af(f(s)) 'would

consist of pieces of curved functions whichs, for purposes of input
to NBIZ6P, are agaln approximated by linear segments,

Figure U4~2 also indicates on the right-most scale another
foeature of the simulation of two=dimensional cost functions, The
axample in Section 2.2, type 15, mentions that the fractions of
noise energy contributed by sach partial fleet must be known Tor
the baseline case, In the example used in Figure 4=2, the total
fleat is the fleet of all +truckss <the partial fleet under
consideration s the fleet of ‘existing’ or 'old’' truckss whichs
says make up 53,1 percent of the fleets and contribute 56,4
percent of the noise enargy {(details of how this nunmnber |Is
obtained are not discussed here), The other partial fleet (’'new’
truecks) therefore contributes 100 = 56,4 = U3, 6 percent of the
nolse enaergy, The feasibla range for tha old trucks countermeasure
wouigd therefore be 0, to 0,5642 this is shown on tha right-most
scnle of Figure 4=2,

Y

Two type 15 gountermeasures would be defined, both to apply
te the sourte *trucks’ as a wholes but each dealing with a partial
fleet, How the cost functijons would bo transformed has been Shown
above for one countarmeasure,

1t s easily sean that this concept can be goeneraljzed to
three~ and more=-dimensional cost functions as long as they can bhe
wr|tten as products of one=-dimensional cost functions, AlsSos, note
that ‘decibe] versus c¢ost’ and ‘'fractional appiication wveérsus
cast’ can be mixed,

WCR 76«15 Heb
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NB1Z29P USER’S GUIDE
SPECIAL CONSIDERATIBNS

Nolse Reduction Hx), dB

] .

10 i I I [

0 20 40 40 8o
Exponditure 5, Any Monetary Units

+ e

1.0
0.8
0.4

0.4

Froctional Application a

0.2

Figure 4~1. lilustration of Scale Transformation for Type 15

Countermeasure
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Figure 4=2. Practical Example of Seale Transformation for Type 15 Countermeasure
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NBI1Z8P USER'S GUIDE
EXAMPLES

CHAPTER 5
EXAMPLES BF NGIZ8P DATA INPUT

5.1 A Simgls Rempnsication Cass

. This example Is a’ purely hybothetical demonstration ~“¢ase,
Te8,2 it is not based on any real data, Particular numbers were
chosen to test and demonsirate many capab|lities of NBIZGBP 2,1,
The input stream is shewn in Figure 5«1, the resulting output in
Figure 5~2, The following chart relates input stream i{ines of
Figure S=1 to the page number where the resuiting output may he

found,

LINES IN BUTPUT CREATED REFER T8
INPUT STREAM PAGE NUMBER(S) SECTISN NUMRER
1 Swif 2,0
2=3 all 2,0
. 4=23 5=6 _ 2.1
24«1 5«7 1 2.2
“-2"67 5'8 213
68=T4 59 2.5
75~80 5~10 2.6
. 8187 S5=-11 2,4
88 5=11% 2,9
89 Ewi2 2,10
Io=q2 5«13 to 5'17 2.11.1
g3 5«17 2,12
~
HCR Té6=15 S5=1
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[‘ EXAMPILES
(S
— 000001 1 3
odoop2 © SHURT EXAMPLE Cast N
foo00l TEST Diala FOR SHUWT SaMpLE CASE INCLUDING STATIONWARY SOURCE
[T.LT.1 1) DTA 1 THREE CELL bxampy{ CaSE
000005 AUTOMUBILES FRACTIONAL RAILHOAD ENERGY AT NIGHT
— [ 11T Thutn TINES SOURCE LLVEL RED, FHOM AUIO WUFFLERS
! oboo07? BUSSES SOUNCE LEYEL ~ED. FWOM GUJEY TRUCK TIRES
— 000008 RAILROAD STAPIONARY SOURCE-NUMHER
000009 AJHCRAFT . L
0000)¢ S1ATIONARY SUUKCE
r ueoo1l HEWUUTED ALRCRAFT
i ooool2
L, 000013 1111w ‘
o0oo1a 1 1 1 100, W00, 100, S, 1a
00G01S 1) 2 [T 55, 50, 52 85, as,
[ 11137 1 1 4 3400,210200,¢10200. le
: 600917 1104 1 200, Su0, 100, ug, s
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Figure 5-1. Input Stream for Simple Demonstration Case. The left~most column is not

% part of the input data; it provides a line court for this figure.
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NBIZEP USER’S GUIDE
EXAMPLES

5,2 Examplai San Eranglscg Bay Realon Study Arzs 11

This axample was taken from work for the Motor Vehicle
Manufacturers Association of the United States on improvements of
the community nocise countermeasures modets and on their
application to two study areas in the San Francisco Bay Region,
Figure 5=3 js a J|isting of the input data stream, With the
axception of ths STAS codeword (’'stationary sources') afll
codewords are made use of, The output produced by N8IZBP 2,1 will
tbe shown and discussed later, Firsts some of the input data which
may not be understandabie upon Inspection is discussed in more
detail, 68nly j[tems specific to the use of this computer progranm
are discusseds and not such things as the computation of baseline
nolse leveis from traffic or aijrcraft, or the preparation of basic

countermeasure cost functions,

The cell indlvidual data js contained in lines 18 through 217
of Figure 5«3, Either 2 or 4% data cards are used per cell, Four
cards are requiraed only if the cell js affected by aircraft noise,

i.e.r has a positive noise level| associatad with source number 1%
{the exjstence of 11 sources |5 indicated by the names given to
these sources in tha first halves of [lnes 5 = 15 of Figure 5=3),
Discussing, as an oxample, the first calls, §fines 18 through 21, we
soe on card t that the ce|! contains 228 poople, tThat it would
cost 1,75 miilion dollfars to relocate the people (this high number
{neiudes the cost of res! astate property)s that the cel) contains
50,000 square feet of floor area, that the |lower critarion level
is not specified (see {ine 328)» and that the land use codo is 11,
fe@ss» a school (see [ine 339, &n card 2 (line 18)» are specified
the nojse |evels due to the first 10 sourcess, starting with U46,5
dB for tha first socurce (automobiles low speed), It may be seen
that this c¢ell s not affected by sources 2» 5» 9, and 10 (zero
noejse ijevel specifieds fiaslds may also have been |eft blank), Card
3 eontains 53,6 dB for the eleventh source,

The axistence of 7 countermeasura indicators s signalled by
the names given to these [ndicators on the second hatves of Iines
5 through 11 of Figure 5~3, Bnly countermeasure indicator number 6
(ajrcraft nolse reduction due to SAM treatment) had to be
specified oen =a ¢ell individual basis, Card U (|ine 21) contains
this indicator in the sixth posjtion In the form 208200 indicating
a 4 dB reduction (2 times 4 equals 8- see Section 2,2, type 1D
countormeasure) due to countermeasure 9 specifled in 1jines 244
through 2u45, Al}l other jndjcators were the same at ali cells and
could therafore be specifled using thae *IND’ option (lina 219 of
Floure 5=3), Theso jndlcators waras the same bacauwse they all| rafer
to sufrface transport sources the nojse Jevel reductions of which
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NBIZ28P USER'S GUIDE
EXAMPLES

do mnot vary with |ocatjon, Card type 5 |s never required becaouss
Indicators 8 through 20 are never used,

Countermeasures are defined in |1ines 227 through 254 of
Flgure 5=3, Cauntermeasure type 15 oteurs four times?
countarmeasure ., numbers 1» 3, 4, and 5, Numbers 1 and 3 constitute
a twowdimensional cost function as expliained In Sections 2.2 and
4,2» applicable to automobijtes, Numbers ¥ and 5 constitute a two=
dimensional cost function appjicable to trucks, The cest functijon
for new trucks (lines 268 to 271 of Figure $=3) |s the one of the

example of Section 4,2, Flgure L=2,

For the ¢caleulation of the baseline noise energy
contributions of the new and o!d automobijle fleets for 1981, it
was assumed that new and old vahiclas would have ths same fleet
nofse tevels {Leq’s), The noise energy is then dividad the same
way as thes number of vehiclas in the partial fleets which was
determined to be 56,8 parcent for old vehicless and 43,2 percent
for new vehicles, Hance the upper bounds of the feasible
countermeasure varlable range in lines 257 and 245,

For thea cajculation of the baseline noise energy
contributions for the new and old truck fldets for 1981 a yearly
old vehicies retention rate of 90 parcent was used, Let x be a
number proportiomal te the rnoise energy from the old fleet, ¥y the
one from %the new fleet, and t the one from the tatal fleat, Also.
let Lx be tho fleet noise leve! in dB for the o]|d trugks, Ly the

cne for the new ones, Then:
) X +y n t
X 8 fx @ 108allx/10) » y = {1 = fx) « 10ea({Ly/10)

whers fx }s the fraction of old vehicles in the 1981 truck fleat,
One asterisk signifies multiplication, two asterisks signify
'rajsea to- the power’, The noise energy contributions nx (old
trucks) and ny {(new trucks) can then be obtained:

nx = x/% o ny & y/t

In tha present case, Lxng2,95 dBs Ly=82,29 dB (these values were
available from othar conecurrent work by Wyle Research), fx=0,9+%a6
{& years instoad of 5 years because Lx was applicable to 1975 and
not to 1976), This results in nx=0,554 and ny=D,436 (see |lines 273

and 269 of Figure 5+3),
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The data factoring ftaciljty (line 359) was used to simulata
nolsiar conditions than would be expected for 1981 |f one assumes
less noise enforcement effort than is currantly the case in
California, For motorcycless» the calculated fleet noise J|evel
increase for no enforcement was 2,366 dB. hence the factor
10%8D,23565621,7244, The numbers for trucks and automobiles were:

Trucks: 3.5 dBs 10¢e0,35 = 22,2387
Automobiles: 5,5 dB, 10#e0,55 ='3,548

in many instancess, values in the input datas were entered with
more decimal placas than would be reasonablie considering the
available and necessary accuracy., this was done in ordar to make
it saster to trace certain numbers at a later date,

When NBIZBP 2,1 {s fed with the input of Figure &5=3 the
sacondary output of Figure 5-4 results, The asscociated primary
output is shown in Figure 5=6 (41 pages long, appearing at the end

of this chaptar),.

The outputs are largely self=axplanatory. Section 2.,11.3 may
be consulted toagether with Flgure S=-4,, and Sestien 2,11,2 may he
consulted together with Flgure 5=6, Figure 55 ghows the change of
tha Npoise Impact Jndex with expendlitures for the case of this
examples and for a run whete the gradient step size and the
initia} expendijturo ratlo were slignificantly larger, The drastic
change in the slope with Iincreasing expandituras indicates that,
as expecteds, the nolse reduction efficiency per dollar spent
docroases, Tho large oxponditure jumps are due to oxpenditures on
the path=receiver countermeasure {mostly barriers), Its

"discontinuous character has baen discussed in the J|ast paragraph

of Section 2,11,1% B6nly a whole barrjer can be buijiltts only & whotle
¢eli cap be soundproocfed at a timer and only al)l people can be
relocated from one celt at a time, Partial jobs aro not allowable,

oIt may be seen that the case with the larger step Size and
Initial expenditurs ratio wuses much l{ess stepss [nitially Shows
higher noise impact indjces, but ends up at the same ontimal

point,
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T 8
MENLD PARR, 3AN FMANCISCO Hay WKEGIUN STuor AHEA T, 1981 ¥OPULATlON. 1974 CDST3,

STUDY AREA T] Luw  CUST FUMCITUNS, NEpw AUfO¥34, CASE 5. AuTO WETWUF]T CaSL 2,

Ola | YMASTE® Jald Fuw Sé 1]. L8 wELUC, CUSTS

AUTEMUBILLS LOa  SPEED LINL SWC WEa AUTUS LU SPeLOC, THAFF  SRLL.FED, .CW %

AUTUMOBHILES wHILw SPEED LINE SWC EXIST.AUTIS LD SPrLUCL TMAFE (SC,dbU,Lw 2]

AUTUNGHILES LUCAL THAF#1IL SUURCETMULKS LU SP <Ea vER SUURCE HEOD., [ =4,

TRUGKS LOn  SPEED LInE Sw(,TRUCKS LD 3P ENFORC.PRETROF ,SL.HEQ. L™ =%

FRUGCKS HIGH SPELD LIk SHC,TRUCK TIHES SOUALE RED,s LM = o

MOTUMCYCLES Lhw  SPEED LINE SHE, AJWCWAFT Sdm TAEATMENT, CM = @

MOTOACTCLES LDCAL TRAFFIC SOUNCEAAILROAD LILU SUUHCE WED, Cw s 1

BUSLS LUn SPEED LINE SWC. : . '
RALLKDAD LOCUMDTIVES, LIME 3. . .
RATLROAD CARS, LINE SOUHCEL

AJHCWAFT . COMMEWRCIAL, FLIGMHT . oy

111111131111
001001 1225, 1750.0 50,00 1. R
DelEe} &  ub.S .0 a3.Y  an.t el 54, 59,0 37.) 0.0 0.9
oelep] 4 Sd.b .

001001 4 204200
00101 10, 175040 50.00 13,
001101 &  4b.S 0,0 37,3 ad.? 6.0 28,1 51.0 0,0 ("] Q.0
00l 3 @5.5
ao110) 4 234200
002001  tb. 6b.3 4,13 4.
002601 &  S8.% 4.0 Al.7 59,9 0.0  n2.6  5%.0 * 0,0 0.0 0.0
002001 3 S52.4
g0200) & 208200
002101 110, 58,3 . @,13 a.
Qo2iol @ bG.S 0.0 31.3  Sk.9 0.0  baesd 53,0 6,0 B,0 [ 11 ]
Q023101 5§ #5.8
o104 & 212200
003001  1270.  9999999150.0 5.
003un) 2 Wb.b b.0 “i,? 5.0 0.0 LY 59,0 3.9 ti.b 52.7
003086) "3 sb.3 .
FLET T . 20b200
oe3101 114, 99989993900 5y :
[LEIT 2 42,8 0.0 37.5 as,0 0.0 LT P} 5.0 0,0 5%.2 ar,2
00310t 1 0.5
o03jo0) . 208200
00uQyl 143, 235.1 15,38 1
00a001 2 hl.k D.0 43,7 Sa,.0 0.0 99,7 59,0 aS,p 0.0 9.0
oououl 3 S2.4
[TCTTTR 200200
00&101 Y4, 25%.1 15.38 1.
00410} 2 a%.8 0,0 .3 a8.0 0.0 91,7 43.0 0,0 0.0 Q.0
o0ai0) ] W5.3 -
ooajol q 22200
004002 lad, Jibed 22Ut} 1.
ohupu2 ¢ 39.) Q.0 43,7 a1, 040 48,8 59,0 32,6 55,2  S1.2
ooupo2 3 S2.% N
apags2 @ . 208200
ooaqo2 170, ib.b LUsh> ie
00492 ? 331 0.0 37.3 15.2 Q.0 ad.p 531.0 b0 50.4 [LTT]
Qou1H2 3 45,3
o0ajb2 o« 21uz6d
1

Q5001 83, 1319.3 17,13 le

Figure 5-3. Input Stream for San Francisco Example. The left-most column is not pé:rt of
the input data; it provides o line count for this figure,
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130 =ewa PAHE ~y={0
jud InNPUT OF SOUNDPRUDFING DATA COUMPLLITE
190 ===« CR]I =8 3
160 TRANSFER FUNCTION TYFE | wULGE FACTOR = 1,00
170 «=«= CRIT 0 O
180 CHITERIUN LEVELS CHAKGED .
190 - wwwe FAC 1=0
200 Dala FACTORING COMPLETE
210 e=me HASE =0=(
220 BASELINE NI = L,579245
230 ==wr RANK =Qm(
240 051 UFFENDING SOURCES:

250 1 MUTOMCYCLES LOn SPEED LINE SHEL. ( &)
260 ¢ MOTORCYCLES LOCAL TRAFFIC SQOURCE ( 7)
270 3 RAILRULAD LOCOMOTIVES, LINE S. ( 9)
280 ¢ AUTDMQBILES LOs SPEED LINE SHC (1)
290 5 TRUCKS L&w SFEED LIAKE 5RC. ( &
oo 6 THUGCKS MIGn SPEED LIME SRL, ( S)
310 T AUTOMOBILES AIGM SPEED LINE SRC ( 2)
320 8 HALLWUAD Can5, LINE SQURLE {10}
330 9 AUTOMODBILES LUCAL TRAFFIC SOURCE [ 3)
3auo 10 AIRCRHAFT COMMERCIAL, FLIGHMT (11}
350 1 BUSES LOn  SPEED LINE SHEC. ( 8)
300 eme= OP]T =0=0 .

370 STEP Cw  TOTAL (aLL Em) N11

380 ] 0 00 29759245 N .
39 ] a . 496,24 + 3938498 .
400 3 2 485,01 0357“53 .
410 4 - 164248,51 + 33067065

420 5 3 17591.51 331039

430 6 12 2713715.068 .313280

11" ? 12 3381u,8) «298178

450 .} 13 7i4dla, ol 279297

Qoo 9 q 17819.92 270059

a70 10 4 84505, 48 273787

480 14 4 L 91521.90 270629

Q90 12 g HEB85.17 +2BTLIEN

Y00 13 4 106029,78 204158

510 1@ 13 124220.748 258002

520 - 15 15 201429,78 2212905

530 18 10 296569, 04 +211593

540 17 L] 30)1799.18 210295

550 i8 4 Jo7162.89 +208830

560 i9 4 312071.39 J2074RY

5?0 . 2o 4 318320.01 +20594]

Sa0 21 4 J24079.58 +20u410

‘590 22 13 49127%,58 slbu94u

San Francisco Example Secendary Output. The leftemost column provides a
line count which does not usually appear. :
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Figure 5-4 (Continued)
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APPENDIX A
MNOISE OPTIMIZATION PROGRAM

Al Intreduction

-

ni: appendix crovices g brief technical description of the Cammunity Noize
Couvntermecsure Cost~Zifectiveness Computer Program (called Naizop).* This program

15 briefly descrined in the summary statement below..

~ Th= gcoustic environment of g community is medeled by the definition of smcll

gcoustically hemogenecus divisions called cells. The saurce noise levels from up o 20

transpartation (moving or stationary) moise sources can be specified ot each of up o

200 call locations. The user may dafine up o 20 countermeasures (noise reduction
strategies) selected from an evaileble list of eight alternate theoratica] cpprccéhes o
abate the noise ources. Additional input consists of the effectiveness and imple-
_mentotion costs for ezzh of the defined counlermeasures. The progrum coiculates ¢ single
number evaluation of e naise climate in the community called the Noise Impact [ndex
((NII} which is equive.ent to the froction of people in e community who wauld consider.
noise to g;.;ignl"_icani' defriment to their environment, The NII is the cbjective.
Runetion which Noizop will seek o minimiza using nonlinear optimization tachniques.
Canstraining factors include feasible implementation (expenditure} limits on each counter-
measure as well cs ¢ toto! budzet for all countermeasures tagether. The end result is

an cptimum solutian set for expenditure cllocation amang the countermeasures,

For the presaration of this shutegy manual, an earlier version of Noizep was
modified and enhanc2d to provide a ool suitshle for vse by lacal governments, The
corlier program we: »ferred fo as version 2.1, The current versian, dascribed hergin,
is nurdered 2.2.

Section A.2 daserites ecch of the modifications to Noizop and serves oz en

1

uvpdeie to e User's end Progrommer's Guidas.

*Glenn, P.K., “Community Noise Countermeasures Cost Effectivene:s Optimization
Computer Program [Maizez),” Wyle Recearch Repart WCR 74-15, Volumes 1-il1, for
the Mate: Vehizie NMeonulazmrers Aseciztizn, Ins, , Jurs 1577,

N L
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Section A3 illushictes tix hypotheticc! cpplications of Noizop on on actual
Norihiern California community, Althouch these results are test cazes end are not
intended for implementation, ey serve as o partial illustration of the range of potential

uses of Noizsp to loccl city governments and planning agencies.

Secticn A.4 iz an opplication of Noizop to Allentown, Pennsylvania. This

"application, following directly fram the procedures described in earlier sections of this

manual, was performed to provide city officials of Allentown with an cprin::l noise

gbatement planning sh‘uf‘eg} .

A2 Updstes ko the Usar's Guide and Proarammaear's Guids

A2.1 User's Guide Undates

To furnish a computer utility suitable far lacal governments cnd planning agencies,
saveral enhancements and updates were made o an already existing version of Noizop.:

The fallowing discussion describes all additions and medifications fat heve been made

~ fo the program. Toble A=l summarizes these changes. Parenthetical references are

made o section numbers of the User's Guide where the related material is discussed.

" In the following discussion it is assumed that the readar is familiar with the Naizép

Uter's Guide.

r—————

1. Criterion Level Soecification

Lower criterion levels (zero percent adverse response) which previously needed
tobe input with each cell have been given defoult values. Thess default values are
listed in Table A<2. The user may now leave a blank date field for tha lower criterion

lavel specification on the approgriate input data eard {Section 2.1).

In eddition, the defuult upper criterion leveis (100 percent adverse response)

have been revised to agree with EPA=recommended levels (Section 2.7). Thes= are also

listed in Toble A-2, ' —_. /

5]
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Tabla A=

Additions and Madifications to Noizop

Addition or Madification

Related Section{s) in User's Guide

8.
9.

Criterion Lavel Specification
Counrermec;iJrﬂ Type Numbers
Countermeasure Indicators
Defoult Transfer Function
Input-of User Cost Portions

Attitudinal Source Lavel
Adjustments

Gradient Stepsize

Optimization Procass

"‘Qutput of Bar Graph Summarizing

Reswlts

2.1, 2,7
2.2
2.2
2.7
New Addition

MNew Addition

2.1
2.11.

New Addition

P

e




_TEE HEIRY RV L)

L P R T S SR PP

Table A=2

Dafoult Criterion Levels
(Tables 2-2 and 2-7)

Refault Lower Default Upper
Land Use Criterion Levels Criterion Levels
Cod Suggested Usage (0% adverse (100°% adverse
ode response, dB response, dB)
Day Night Day Night
1 Single and Two=family 54 48 74 &6
Residential ' _
2 Open for Additienal 54 45 74 &6
Residential Use
3 Single, Two, and 54 48 74 &é
Multifamily Residential
4 Multifomily Residential 59 46 79 66
5 Business and Commercial 59 59 79 79
6 Wholesale and 59 59 79 79
Warehousing :
7 Central Business District 59 59 79 7%
8 Industrial 70 70 90 90
9 Public end Semi~public None None None None
Areas
10 Parks 55 — 75 —
1 Schools 55 - 75 —
12 Hespitals and 50 . 50 70 70
Nurting Homes
13 Qpen Nene None None None
14 QOpen Neone Nane Nane Neone
15 Open None None None None

A=4
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2. Countermeasure Tvpe Numbers

The countermecsure type numbers have been redefined in order to simplify the
nolation used in the previous version (Section 2.2}, Table A=3 lists the old and new

countermegsure lype numbers. The user should use the new type numbers on the counter= ]

‘mensure definition data cards. -
Table A-3
Countermecsure Type Numbers . i
Type Number
Old | New Countermeasure Definition
1 1 A reduction in the frequency of operation of tha noise sourca.
The fractianal reduction.is the same during the day and at
night
3 2 A reduction in the frequency of nlghfhme opemtion of the
noise source.
5 3 "A shifting of the nighttime activity inte the daytime period, ".
er vice versa. 3
10 4 Application of a device that produces a fixed Laq reduction
fo a portion of the surce papulation.
12 5 An overall Leq reduction. ]
f
15 é Like 10, except that no further modifications are allowed o !
the treated portion of the source population. :
18 7 . Stnnnnary source Sountermegiures.
20 8 Path or receiver modifications.

- 3. Countermegsure Indicators

Countormeasure types with new numbers 4 and 6 (sao0 Table A=3) require

countermeasun manipulation indicaters o be defined {Section 2,2). The original

A-5
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 version of Noizop permiitad decibel reduction values which comprise the indicator to
ba entered to an accurocy no better than 0.5 dB. For local government application
the definition of the indicator has been altered to allow eniry of decibel raduction

values accurgte 1o 0.1 &8, The new definition is:
I=(dB1 x 10 +200) x 1000 + (d82 x 10 + 200)
where

dB1 = maximum dacibe! reduction at the call lacation for this
-countermeasure or the primary noise source.

dB2 = maximum decibel reduction at the cell location for this
couniermeosure on the secondary moise source.

Note that the maximum range of tha dacibel reductions have been reduced from
2100 d8 to =20 8.

4. Defoulr Transier Functian

-

The default transfer function-is now linear allowing a velue _reater than 100
percent adverse response (Section 2.7). The previous default trans er function was
also linear but did not allow o velue greater than 10Q percent chiverse response.

This change was gecomplished by giving the bulge pargmeter a default value of 1.

5. Inoutof Usar Cost Portions

A feature hes been added which allows the user (in this case the local govern=

mirﬂ_ra specify the ﬁ'aitjirl.o_F_rhc costs for a countermeasure which he bears. Total
coifs for o countermeasure ore still comprehensive societal costs er 3 these costs still
form the basis for the optimization. An additional codaword is ne» allowed ~ USER -
which is used o enter the cost fractiors. Tha first cord following tha USER cod-e;v;rd
is a title card which may contain any partinent information. Tha first 72 columns of
the card may be used. The second (also the last) succeading data eard containg the
counjermensura cost fractions {i.e., between 0. and 1.). The input format for this
card is 20F4,0. The first field (columns 1 through 4) contains rhe fraction for

countermeasure number 1, the tenth field (columns 37-40) econtaine the fraction for

et et
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countermeasure number 10, atc. The dafault values for the user cost fractions are

all unity, 1. Default walues for user cost portions are initiated by not implementing

the USER codeword.

The local government budget for noise abatement measures may be considerably
less than the rotol societal budget. The user may determine the optimum disposition of
the countermecsures at the user budget leve! by finding the optimization procedure
step number in the computer oulput which expended a user cost value equal to the
loca!l government budget. The lohal user cost is printed along with the total societal
cost for every step. Again, note that the countermeasures are optimized for the total

cost rather than the user cost.

é. Attitudinal Source Level Adjustments

The capability to modify source noite levels for attitudinal biases has been

L.

added, The farmula for making the adjustment is shown below.

Laq (naw) = ch (? Id) -C.a_rr

The parometer in the above expression, Carr, is input to the pragrarm thraugh
the use of o new codewerd, CORR. The CORR codeward gllaws an option parameter,
a mnzere nurher in ¢eolumn 6 of the sodaword cord, which will cause a formatted

listing of the main cell dam to be printed showing the modified source levels. This
printout option is the same option included with the DTA and FAC codewards

(S_ect:‘am 2.1 and 2.8, respectively).

. The fist data card following the codaword card is a title card of which the
first 72 columns may be vsed. The succeeding date cards hove the farmat as follows:

Field Number Format Data ll‘err;
1 . I8 Noise Source MNumber
— 2 : FS_.D Carr Value for this Source, dB
A=7

o

T e

el e o




SIS Ry AUV AD20

One card is required for each wource receiving an attitudingl adjustment, A
blank data cord must foilow the last adjustment dats card to return control to the main

program,
Note that the adjustment value, Corr, is subtracted from the source levels,

Cansequently, negutive adjustments will increase the apparent levels while positive

" - adjustments will decrecse them.

Noizop will print the Fnllo\ying diagnostic message if an invalid noise source
rumber (greater than 20) is placed in field number 1 above.
INVALID SOURCE NUMBER IN ATTITUDINAL ADJUSTMENTS

" This message will be printed identically in both the main and auxiliaty print files.

7. Gradient Stensize

Tho gradient stepsize (Section 2.11.1) is given a default value, initiated by
a blark ficld on the cparopriate data card, of the total specified budget divided by
100.; nat $10,000 cz mentioned in the Usar's Guide.

8. Enhoncement of Ontimization Process

This discunsion complements and updates Section 2.11 of the Noizop User's
Gyide.

Becaume of @ potential manyfold increase in the volume of output that is produced,
the "1™ cption porameter mow controls the printing of the results after each of the steps
in the optimizmtion procedure. The options are described in Table A~4,

Tho input dotm cord sontaining the optimizgtion contrel parameters now con~

tuing five parometers. The format is 4810.0, 116;

1, Tho total budget

2, Tho grudient stepsize o
3. Tha initial meximum expenditure ratio :
4. The expenditura retraction factor

5. The nurber of refinement stagas

A-8
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Table A-4

First Option Parameter for OPT Codeward

Perameter Value

Effact

Suppresses the printing of each of the steps in the optimization
procedure from the main print as well as the aquxiliary output
file. Only the input expenditures and optimization control
parametars are printed. No breakdown of path-receiver
measures by call location is given,

This is the default value. All steps in the optimization pro=
cedure are pcinted in both the main and auxiliary output files.
A breakdown of path=receiver measures by cell location is
provided.

Suppress the printing of each of the steps in the optimization
pracess in the main print file, The obbreviated form is still .
provided in the auxiliary output file.. No breakdown of path=
rece iver measures by cell locgtion is given.

Parameters 1-3 are described in the MNoizop User's Guide. The use of peram-

afers 4 and 5 is explained in tha following discussion.

In some instances, the steepest descent path aptimization procedure moy prove

ingdequate. This is due to the fact that the gradient testing method is somewhat

shertsighted. That is, it determines the optimum point ot a short distance (the gradient
stepsize) from ifs current pasition. ln so doing, it commits an expenditure to & counter—
measure that it cannat retract, [t may turn out that for larger total expenditures, the
optimum paint exists with o lesser exponditure on a countermeasure than was previously
committed to reach an cptimum point earlier in the step=by~step optimization process.
The previous version of Noizop would fail to find the actual eptimum point in such an

- instance because it did not allow retvaction of expenditures on any counlarmeasure.

The eperating theary of Naizop version 2.2 to corract this patential preblam

s illustrated in Figure A=1.

A=9
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Figuro A=1. FuncHonal Flow Diagram Describing Optimization Refinomont Stages (Subroutine SEARCH)
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4 . .
As can be seen from Figure A=1, a quantity called the expenditure retraction

factor is used teo adjust the estimated final expenditures on each of the other counter=
measures at the time when one of them is being retracted to zero., A facter less than
1. will raduce the values, a fector greater than 1. will increase them. The default
volue for this parameter, initiated by a blank field ora zero, is 1. which means that

tho expenditure volues are not altered.

The "number of refinemant srcges" parameter conlrols the maximum number of
times the expenditures on each countermaasure will be retracted to zero in search of
a lower NII. The process will stop automatically in the event thot o refinement stage
fails to improve on the best vaiue found in the previous refinement stage. The default
value for this parameter, initiated by o blonk field or o zero, is zero, no rafinement
stuges. With no refinement stoges, the results of this version of Noizop will be

identical to the msults of the earlier versien.

9. Qutput of Bar Gragh Summarizing Rasults

A bor gragh is now producad which graphically illustrates the final expenditures

on each of the countarmeasures. Both toial coste (T) and usar costs (U} are plotted.

Due to the extreme rmnge of dollar values which mo}; be expended, the expenditures
axis is on g logarithmic scale. Care should thus ke token in reading this chart cue

to the ronlinear ~ature of the scaling., The chart is self-odjusting on both axes; that

is, it will compute the range of values that are o be plotted and allow the maximum
number of print positions lo display the infermation. A horizontal line ot the top of

the bar for a countermeosure indicates the spending limit was reochad on that

counfermegmure

A.2.2 Prearemmer's Guide Uodates

This s=ction updates the Noizop Programmer's Guide to reflect tha changas to
the program described in the preceding saction. (Figure numbers referrad to indicate

figures in the Programmer's Guide.)
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" Figure B=1 should show two new paths coming from the main program to
describe the submutine linkege for each of the two new codewords. For codeword
USER, the subroutine that is called is named USERRD. For codeward CORR, tha sub=

routine is named ATTGCOR. The corrected figure is shown in Figure A-2.

Figure B=2 should indicate the calling luvels of the new subroutines, SEARCH,
BARGPH, and UFRAC. SEARCH is called directly by the main program (NQIZOP)
and centrols the manner in which OPTIM, the subroutine which performs the step~

by=step optimization, is called. The operation of subrautine SEARCH is illuskated in

Figure A=1. The cnnoteted pregram listing should be consulted for a detailed description

of the new subroutines. The corrected Figure B=2 is shown in Figure A=3.

A naw COMMON black was addad to contain the user cost fractions for each

of I!?e 20 possivle countermeosures
/CMFRAC/ DIST (20)

Arather new COMMON block contains the rwo. new optimization parameters
/PRINT/FRED, NIT |

= FRED is the expenditure retraction factor,

= NIT s the nymber of refinement stages.

A3 Qluantifica tion of Model for Six Sets of Hvoothetical Apolications

This section descrites the application of Naizop to six sets of alternate input
datg. These coses serve to partially illustrate the application of Noizop to com=
nwnities of different charccteristics and, at the same time, demonstrate the level of

semitivity of optimum countermegsure application fo various communities.

The base data that was used represents the quantification of an actual Northern
California community. Six coses were derived as variants of that datg. They are
summarized in Table A=5. Figures A=4 through A=11 and Table A-? summarize the

computer output for the six cases.
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Figure A-2. Subroutine Linkago Diagram Indicating Program Flow by Codeword
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Toble A=S
Alternatives Analyzed by Noizep

Baseline Case.

Two Times Residential Pcpulur.icn Density of Basaline Case.
Community One~Half the Size of the Boseline Case.
Removing the Motorcycle Noise Source and’Counrermmsure.

Removing the Path~Receiver Countermeasure.

The Baseline Case without the Naise Source Attitudinal Adjustments.

1.

Boseline

This case, reanalyzed for this document with g few modifications, is thor=

cughly daseribed in the User's Guide, Section 5.2, where the input date is descrihed

and the complete computer output is presented. The modifications to the input data

reflect the changes made to Noizop te include additional cnpabil'ities required for

application by local governments, The spocific changes to the input dats are detailed

below.

2.

4.

The countermeasure type numbers were redefined to reflect the new
designations (see Table A=2). The countarmeasures used in the

anclysis of the alternatives are listed in Table A=4,

The two=dimensional enforcement fype countermeasures wers
removed; this concept presents an additional complexity beyond
the scope of this manual (sea User's Guide, Section 4.2).

The countermensure manipulation indicators were redefined

according to the new farmula.

The linear transfer function specification allowing mere than

100 percant impact was remaved as this option is now default,

A-15
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Table A=4

Counlermeasures Deflnad for Noizop Analysls of Alternatlves

mumsanweo AUTOMOQILES LOn
COUNTERMEASURE | TYPE &

mememcece AUTOMOBILES LOW
COUNTERMEASUKE 2 TYPE &

SPEED NEW VEMICLES SOURCE RHEODUCTION '
VEACL TRT' APPLIES 10:¢ AUIMDYUBILES LO¥ SPEED LINE SRE
’ AUTUMOHILES LOCAL TRAFFIC S0URCE

SPEED EXISIING VEHICLES RETROFIT SIURCE REDUCTION
FEXCL TRTY APPLIES TO! AUTOMUBILES LON . SPEED LINE SRC
AUTOMUGILES LOCAL TRHAFFIC SOURCE

mucaueces AUTOMOBILES LO# SPEED 0US ENFOHCEMENT |
COUNTERMEASURE 3 TYPE 5 'DB RED ' APPLIES T0: AUTOMOBILES LOA SPEED LINE SRE
AUTOMOWILES LOCAL TRAFFIC SOURCE

swosae=ce POTORCYCLES LO# SPEED ODS ENFORCEHENT

CUUNTERMEASURE 4 TYPE S5 ‘D3 RED ! APPLIES TOt MOTORCYCLES LD# SPEED LINE SRC,

HOTORCYCLES LOCAL THAFFIC SOURCE

seevesm~re THUCKS LOw SPEED NEW VEHEICLES SOURCE REDUCTIOHN

. COUNTERMEASURE + & TYPE 4 'PaRT THT® APPLIES TO: [RUCKS L0y SPEED LINE SFC.

reeeeew=a THUCKS HIGH SPEED TIRE NOISE REDUCTION
COUNTERMEASUME & TYPE 4 'PART TRT' APPLIES TOD: THUCKS HIGH SPEED LINE SRC.
mecesam=s BUSES LO& SPEEP SOURCE REDUCTION, NEW AND EXISTING VEHICLES
COUNTERMEASURE 7 TYPE S 'Dd  RED ' APPLIES TD: BUSES . LUM  SPEED LINE SRC.

SOUND ADSORPTICGN MATERIAL NACELLE TREATHMENT SOURCE REDUCYION

Ly ey AIRCRAF"
COMMERCLIAL, FLIGHT

COUNTERMEASURE 8 TYPE 4 '"PART TRT' APPLIES TUt AJRCRAFT

FLIGH] PATH RERDUTING (EFFECTIVELY A FLIGHT FRELUENCY RED.)

mececsmase ATRCRAFT
COMMERCIAL, FLIGHT

COUNTERMEASUKE 9 TYPE 1| 'RED FREQ' APPLIES TO:r AIRCRAFY
H

memmsewse AIRC AFT REDUCTION OF NT6GHT OPERATIONS

COUNTERMEASUNE 10 (YPE 2 'WITE REDY Ay K. .5 10: AIRCRAFT’ CLAMERCIAL, FLIGHY

cvmcveces RAILROAD LOCOMUTIVE MUFFLERS, SOURCE REDUCT1ON

COUNTERMEASURE 11 TYPE 4 'PART THT* APPLIES T0: RAILHOAD LOCOMOTIVES, LINE S.

comvemere PATA-RECEIVER CONTROL: IHSULATION, BARRIERS, LAND ACO. AND PEDPLE RELOC,.
COUNTERMEASURE 12 TYPE 8 1pPp-f MDD ' APPLLIES TU: ALL SQURCES

& | Y

NERIRE Fikd ol and J b




R TR W el et bl

S.

The specification of upper and lower criterion levels was removed
as this infermation is now cefault.
Attitudinal adjustments with the following parameters were made

to low speed arteriel and local traffic (collector streets), motor=

cycle and locomotive and car railroad noise wurces (numbers 6,

7, and 9, 10, respectively).

Source Adjustment, dB
Motorcycles =6. (Increaze)
Railraod 5. (Decrease)

These hypothatical adjustments compensate for the fact that the
annoyance reoction to matorcycle noise is indicative of a noise
level 6 dB higher than for other sources. The milroad correction
illustrates that @ noise level of 5 dB greater than for the ather

sources i3 required to produce g comparable annoyance reaction.

A linen e e =

7. Hypothetical user cost fractions w‘ere entered cs thown below for
countermeasures 1 through 12, respectively.
Counter-
megsure )
Number 1 2 3 4 5 & 7 8 9 L1+ T B S
User Cost
Froctian .01 o, 1, o5 ,01 05 .01 .0t .00 .01 .ot 1,
B. Tho total budgat was specified as $1 million and the gradient stepsize

and initial maximum expenditure mtio wera allowed to default to
$10 thousand and 10., respectively. Na marginal search (expendi-

fure retraction stogos) was initiated.

A=17
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Tha results of the optimization procedure are shown in Figure A-4. The path=

' receiver countermessure absorbed nearly B0 percent of the total budget. The total

usar cost is therefore high becouse the local government, in this hypathetical example,

is assumed to be responsible for.the entire cost of path—receiver countermeasures

- {countermeasure number 12 gbave). Other significant aspects of the optimized base=

lino expenditures are:

Maximum amounts were spent on countermeasures for existing automo-
bile retrofit source reduction and enforcemant thereof. An equal
amount was spent on new vehicle source reduction, but this did not
represent the maximum allowed expenditure. The motorcycle counter=
measure, an enforcement action to eliminate the very noisy offenders,

teceived the maximum allotment,

A large umount was spent on both truck noise countermeasures with the
high speed tire noise source receiving the maximum allowed

expenditure.

The bus noise countermeasure did not receive any funding but was the
highest ranking countermegsure ot the :nd of the optimization process.
Therefore, if additional funds were available, the bus noise counter=
measite would be the next to receive funding, assuming, of course,
that the gdditional funds would either ba insufficient for an

additiong| discrete path—receiver expenditure or that next path-

toceiver measure would be {ess effective than the bus noise

counfermeasure.

The only aireraft countermeasure selectad was flight path reuting.
The rercuting of all the aireraft accounts for the subsequent
ineffectivenes; of both the Sound Absorbing Material (SAM) end

night curfew countermeasures.

A-18
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Table A-7

Extont of Countermeasure Application lo the Six Hypothelical Examples.
+ The Countermeasure Application Corrosponds to Total Expandilures
on Each Countermnasure as Seon In Figures A-~4 through A-7 and A-10 through A-11

Caio
i 2 b 4 5 é
Twica Ramoving Mo
Reslidentlal | Communlty HMotoreycele Path-Reccalver No
Population | Qpa-Hall Sourca and Counleimeature, | AtHtudinal
CounMrmeature taseline | ' Den:iiy LT Countermeasure | Smabler Budgel | Adjusimant
I, Percent of Aukamshilas Racabving 3.5 db Raductlon® | 16% - 19% " 12% 0 20%
2. Percant of Automctilas Recelving 3.5 JB Roduction® 57% 57% 57% 57% 57% 57%
3. Decibal Raduction InAutomchlla l duo lo 4,2.d0 6,2 d0 6.2d8 4.2 dB 5948 4.2 d5
Erforcaman) of Ofdlmnn
"4, Dacibal Reductlon In Matarcycla L duu la 17 &b 17 do 17 48 .o 17 db 17d8
Enforcamznt of Ordiionce
5. Percont of Trucks Racelving 12 db Engine Nolyo 6% 34% 8% . 3% 25% A%
Peduclion . .
&, Percand of Trucks Racolving 5 db Tire Nole 100% 100% 100% 100% % 1o0%
Reduction .- -
7. Decibel Raduction 1nQus th 0 0 1] 5.1 do "] 0
8. forcont of Alrcraft Racalving SAM Treatmant a 0 0 ¢ 0 0
9. Parcant of Alrcralt Rerouted . 100% 100% 100% 100% 100% 100%
10,  Percunt of Alrcrafd Night Oparutions Eliminated 0 a 1] , 0 [+} o
11,  Percant of Roilrood Locomatives Recaiving & db 100% 100% 100% 100% 100% 100%
Wulllar Treaimenr .
12. Toxl Collar Expenditure on Berriert and $704,000 § §775,000 | $791,000 $775,000 ' o $773,C00

Saundprooling

*Countarmearures | and 2 18 mutvally axclusive (Counlarmearurs Type 6). Countarmuaiure | applisy io naw vehiclas,

Countermeaiute 2 opplies 1o enisting vehicles.

#*Countermiciure nat dafined,
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® The milroad countermeasure applying ic the iccomotive source also
received maximum funding which is cansistent with the high sourcs

ranking of the locomotive noiste source (see Figure A-8),

2. Two~Times Residantial Pooulation Densitv of Baseline Case

The data set for this case is identical to the data set for case number | wi th

the exception that every cell in g residantial land use area has double the baseline

population.

The results of this case, shown in Figure A=5 show almost the same results
as for case number 1., the differance being that the low speed automobile sourca

received slightly more treatment at the expeme of a path-receiver countermeasure.

3. Communivy Onpe=Half the Size of the Boseline Case

* For this alternative, every other cell defined for the baseline case was removed
to simulate a smaller community. As can be seen in Figure A=é, the results are quite
similar 1o the baseline case, The detailed dispasition of the individual path-receiver
measures (i.e., barriers and soundproofing) was, of course, quite different since the
configurction of the community and, hence, the relative cost-effectiveness of all the

possible individugl sath=recaiver measures is differant.

4. Removing the Motarcyele Noise Source and Cauntermeasure

Removing the motoreycle source has the effect of slightly altering the com~
munity so that an expenditure on the bus countermensure becomes affective. No other
significant differences from the basaline case are present. Figure A-7 illustrates the
results, Note that the motorsycle cauntermeasure (number 4) was removed for this

cass meaning that in Figure A=7, countermeasures numbered 4 through 11 corraspond

‘to countermeasures numbered § through 12 in the five other coses.

An intercsting result of removing the morcycle maurco is ¢ change in the
popuiation—weishied noise source impact ranking in the community. Figure A-8 is the
wuree ranking for the baseline case, including the motorcycle source. Figure A=% is

the source ranking with the matercycle source remaved.

A-21
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Figute A-7. Final Expenditures for Case Number 4, Remaving the Motorcycle Noise Source and Countermeasures
Totol Cost = $1,000,000; User Cost = $834, 000

Fn e s o 14 st e cem et

P e L i o L L o et e e S i

-y BELVF WWY IOO0




-y QUFIY ANV 1030

MOST OFFEWNDING SJQURCES:
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Figure A-8. Noise Source Ranking of Beseline Case
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Prior to the removal of the dominant metorcycle sources, the railroad loco-
molive noise source had a greater impact than the low spead automehile source and
both the low and high speed truck noise sources. The counterintuilive rasult of
temoving the motoreycle source is.lhur the automobile and truck noise sourca now

have greater impact relative to the rilroad locomative source than they did befora.,

An apparent explanation is that the presence of the annoying motarcycie
source had the effect of masking the automobile and truck swurces. In other words,
with the motorcyclas no longer there, the cutomohiles and trucks becoma the domi-
nant sources in areas where traffic is dominant, but the number of areas impacted by

milroad noise remains unchanged.

5. No Path=Racaiver Cauntermeasure

Since the path-receiver countermeasures received the greponderance of the
expenditure allocation in the other cazes, the removal of this countermeasure pro=

vides potentiaily the most interesting variant to the baseline case. For thiscase, the

“tota] budget was reduced to $100 thousand since a $1 millian budget would allow

meximum application of ol the countermeasures and no interesting results would.be

obtained. Figure A=10 illustrates these results,

Countermeqsure number |, new automebile :ource raduction, now recaives m
expenditures while the remainder is disbursed to counteremasures 3; 5, and 6 (see
Toble A-8). Qvergll, the disposition of thase countermeasures is similar to the bt':se-
line case. What this case illustrates is that, for this communily, the optimum sxpen=
ditures amang the remaining countermeasures is only slightly altered when the mos?

cost~effective countermeasure is removed,

4. Noe Artitudinal Adiustrments

Removing the attituding! adjustments had little effect sinca the motoreycies

and railread naise source precominate even without the attitudinal corrections. The

effect of the ottitudinal corractions was to increase the apparent motarcycle leve ls by

' ' © A=26

T TNt i L Ak o a0 it e 217




.

FilnaL taPEHDLITUAED ON EALtH COUNTEIAMEAIURE
1
]
! NIl = ,3796 Q
19 am W) 8
! Parcent Reductlon = 49 Parcent, - 2
l Fa s Y
| vl = =
1 {g ) ~
1 1 a
1 1 : . o
1 ’ ! . .
i 1 ' 2 v
: Lo >
1 § L .
i { o . & 1
0 - w 1 1u§ i
H 1 [ o - i
[ 4 I H LTy 1 1
[ 3 1 I (=i ! H
P 1 W ] ;um : :
t 1 1y T v
N 1 L= T 1 v 1 t
o | = tu 1 T 1 1
b - I ‘ r i i
1 ] T u
u 1 id fu ] 1y 1 ?
] t aans fu ] o . 1 H
£ 10 == 1 fu o t u 1 ]
3 ] ] Ty o ] tu 1 1
| H . tu ¥ e ! Tu 1 1
t ] ¥ fy L4 ] , 1w 1 1
L] 1 ] Ty Lot I ‘3 fu [} ]
1 ! 1y 14 TUem Tu ! 1
[ ] 1 1 [ A Tu 3 1_N°'
0 ] ] 1y Iu 1] fu 1 1=
L 1 ! 1u v 1y Ty ] L Tamy
" ] N fu fu @ ty tu | - tu
4 t 1 1y v & 1" T 1 o v
4 I K | XY] U oo v | U] [ 3K 4 fu
$ 0 == ] tu Ty 1y fu 1y tu
] 1 tu v ty 1 Tu 1u
] 1 Tu v v ([ lu V]
] I 1y [V fu Ju 1u T
1 ] Tu tu 1y 1u Ty tu
H ] tu 1 ty Tu fu m
1 ] 1y tu ] 1u 1y 1y
] ] 1] fu fu tu Tu fu
] I iy v 1y tu * 1u W
[ f tu fu 1 T v w
i ] Tu " T fu tu fu
1 1 fu tu 1u fu Ty 1
10 &= 1 u Iy L] e 14 {7
i ! L) tu L Y} 1] iy 1 *
AR LR RSP AR PR NS el e rd FUSAS S T ARSI End A ASAAS S ra s A Xy 2] ehApSacasase,rErdndESrPARSRAfAS AR IS PR SN
[} 2 3 u -] [ ? 9 1] 11
COUNTEMMEASURE MUMDER .

Figure A~10. Flnal Expenditures for Cuse Number 5, No Path-Recelver Countermeasure
Total Cost = $100,000; User Cost = $22,100
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6 dB, ond decrease the apparent roilroad :aurce level; by 5d8. With thase adjust=
-ments @mcwqd, the motorcycle countermeasure still remains very effective and the

* offectiveness of the ruih;oad countermeasure is not altered sufficiantly to make o
noticeghle differenca. Countermeasures | and 5 received slightly fore funding at the

expense of path-receiver meosures. Figure A=11 summarizes the resulls.
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FIMAL EXPFPENDITUREYL ON EACH COUNTEAWNEABSURE
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Figure A-11. Final Expenditures for Case Number &, No Attitudinal Adjustments
Total Cast = §1,000,000; User Cost = $833,000 -
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A4 Summeary of the Allentown Strateay Analvsis

The results of applying methods daveloped in the Community Noise Strategy
Guidelines Manual to the city of Allentown, Pennsylvania, are summarized in this

section of Appendix A. In conjunction with EPA and Allentown, problem moise sources

were identified on the basis of acoustical, attitudinal, and complaint infermation, and

a list of countermeasures was derived which were felt to be the most promising and

practical means of abating these sources. The costs incurred by society and the noise

-teductions-achieved with each of the selacted countermeasures were astimated from

dato supplied by Allentown, using methods described in the Strategy Guidelines

Manual.

The noise optimizetion program, Noizop, was then used to find optimal
degrees of sacieto] expenditure on each of the selected countermeasures for various
overall spending limits. In particular, optimal expenditure strategies were found
which weould provide the maximum reduction in impacts from noise (1) in the year
1980 ond {2) in the year 1968, for a nominal expected city noise cantrel budget, as
suggested by Allentown Quiet Communities Program Staff. These results are presented

and discussed below, The main findings are:

e  The most cost=effective countermeasures are (1) those which abate
emergency vehicles, since the cost of chating this source is very
low, and (2} those which cbate autemebiles, since this source
is both the most pervasive in Allentown (os was indicated by the
ecoustical survey) and also one of the most annoying (according

to the attitudinal survey). Although it is not known whether the

L rain problem of aytomobile noise is caysed by a few noise medified

wehicles {(which are the main target of automabile noiza countemecsures
fn this cnalysis) or by the more numerous but quieter majority, it is
suggested thot additional eountermeasures not cansidered in this enalysis

which ¢ help reduce noise impacts from this seurce should be investi=

gated in the future.
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Inputs

The
1.

Very little difference is observed between expenditures optimized

-in 1980 vs. expenditures optimized in 1988, since’ most counter-

measures arc expected lo fuke effect immediately (1978) and remain

unchonged thareafter,

A budget which is approximately 1/3 lower than the present budget
anticipated by the city of Allentown may be maore desirable, as
measured in terms of the cost per reduction of noise impacts which

can be achieved,

caumtermeasures analyzed in the optimization progrem ore describad below.

Property Standard applied to Noise from Gorden Equipment and People,
This property standard would set noise emission limits at the property line
of betwesn 75 and 80 dB for one hour due to noise from garden equipment

or activity by peaple (i.e., playiag loud music, etc.)

Noise Ordinance Applied to Motarcycles,

A noise ordinance was considered which would consist of four parts:

(1) Enforcing tha federal new vehicle standard on motorcycles
(83 dB in 1978, 80 dB in 1980)"

() Enforcing the Pennsylvania Department of Transportation (Penn

DCOT) low speed operaticnal regulations en motarcycles (84 dB)
{3) Enforcing operational controls {reducing excess ceeelerations)

4) Enforcit"!g an equipment standard (e.g., "oll metoreycles shall

have proper muffiers”)

Noise Ordinance Applied ta Autas,

A neise ordinance applied to autos was cansiderad which would consist

of three parts:

"all regulation limi?s given are maximum low speed passby levels measured at 15 m.

A=31-
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Enforeing the Penn DOT low tpeed operational regulations

on autos (84 dB)
Enfereing operational contrels (reducing excess accelerations)

Enforcing an equipment standard (e.g., "all autos shail have

proper mufflers")

Neise Crdinance A;.:plied to Trucks.

A noise ordinance applied to trucks wos considerad which would

consist of four perts:

t)

@

&)
“

Enfarcing the federal new vehicle standard en trucks (83 d8 in

1978, 80 dB in 1980)

Enforeirig the Penn DOT low speed operational regulations on

trucks (B8 d8)’

Enforcing operational contrals {reducing excess acecelerations)

Enfareing an equipment standerd (e1g., “all rruc'ks shall have

proper mufflers)

Noita Qrdinance Applied to Buses,

A noise ordinance opplied to buses was considered which would

eonsist of four pars:

{1

@

@)

)

Enforcing the propased federal new vehicle standard on buses
(83 dBin 1979, 80 dB in 1983, and 77 dB in 1985)

Enforcing the Penn DOT low speed operatienal regulations on
buses (88 dB) ‘

Enforcing operational controls (reducing excess idling near

rosidences)

Enfercing an equipment standard (¢.g., "all buses shall have
proper mufflers”)
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15.

14.

Operational Controls Applied to Emergency Vehicles,
This countermeaasure would reduce the amount of time sirens are used

by restricting their use to emergency situations,

New Vehicle Stencard Applied to Garbage' Trucks.
This noise standard would enforce federal noise regulations on newly

manufactured garbage trucks (78 dB in 1979, 75 dB in 1982)

Mode Transfer from Autes to Buses,

This cuuntermeasure would use education and advertisement media to

get more commuters to use buses instead of autos,

Edueatian and Complaint Mechaonism Applied to (?) Autos and Mator-
cycles, (10) Trucks and Buses, (11) Garbage Trucks and Emergency
Vehicles, (12) Garden Equipment and People, and (13) Pets

These countermeasures have to do with informing the public about the
causes and effects of community noise and establishing @ mechanism
such es @ noise "hot line" which the public can use to complain about

noisy sources such as motercycles, private perties, or industrial plants,

Stationary Source Contrals Applied to Fairgrounds. 2
This countermeasure would reduce noise emissions from equipment ond

loud music typically found at faies,

Stationary Seuree Controls Applied to Music Clubs,
This esuntermeasure would reduce the undasirable source of music
clubs propagating into nearby residential areas by requiring owners to

provide sound insulation treatment of the exterior walls of their clubs,

Building Insulation and Codes,
Twenty areas {"cells") throughout the city were selected as potantial
candidates for building insulation treatment, The noise optimization

progrem was then allowad to pick the cells which needed insulatien,

A=33
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In additicn to inputs which defined the above potential countermeasures, an
. annual noise control budget of $123,000 far the city government of Allentown was
selected. This number is based on the man-year estimates provided by the city

shown in Table A-3.

Teble A-B

Manpower Distribution Estimated by Allentown for
Vaerious Naiz=e Control Activities, Man—years

Government Entity Performing Activity
Information | Community
Noise Control Activity QCP | Police Services Planners
Statienary Source Control 112 - .- -
Mator Vehiele Noise Enforcament 1 2 .- l -
Education end Complaint Activities 1 - /2 { 172
Bus Ridarship Cempaign 12| - - N -
Building Insulation Progrem } - - ’ -

Total=7 rnan-yabrs

The tetal costs defined for each countermeasure include all costs incurred by
society. To find the costs incurred by Allentawn's city government alone, a *City
Fraction" was estimated for each countermeasure, These city fractions cre shown in
Table A-?. Note that same of the countermeasures are expecled to be paid for almost
entirely by Allentown {such cs the Bus Maise Ordinance), while othess anly involve

relatively minor government expense (such.as a building insulation program),

Outputs

The eptimum tatal (T) and city government (U) expenditures selected by

Noizep  for ecch countermeasure at the city budget level defined chova cre shown

A~34
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Table A-9

Effectiveness of Countermaasures In the Allentown Stralegy Analysls

Cos/Effectivenars
(Percant of Maximum
Allovicblo Expendliure)
Nolsa Sowrca Chiy(2)
MNo. Countermeoture Alfected Fractlon 1980 1788 Commants
. Garden Equipment )
1 Pioperty Standord Peopls '] 0.9% G% 0% Not very cost/effective
n Less should be spent on this countermeciwre
2 Halwa Ordinanca Matorcyclas 0,25 31 3 o1 budget Increases
3 | thoise Ordincnce V) Autos 0.84 w0 | 100 Very cosl/ellective
. {n ' , Cont/Elfaclive = fn 1930, additional money

4 Hoise Ordinance Trucks 0.1 100 49 thould ba ipent bera pent ;
5 lNoiu Ordinanca ) Butas 1.00 0 100 Only contfeticctive Iniba long term
4 Opctational Conliol Emergency Vehicles 1.c0 100 100 Very cost/elloctive

? Hew Vehicle Siandard Garbaga Trucks . 0,0% 0 160 Only cast/elicctive In the fong temn
8 Mada Tramfer Autos, Buies 1.00 100 [0] Very con/elfective

¢ Education and Camploint Mechanism Au:lp!, Matarcyeles | +1.00 100 100 Very coit/ellective

10 Education ond Camplaing dechonism | Trocks, Buizs 1.00 ] ] MNoi costfeilective

. Gorboge Trucks .

n Lducatlon and Complalnt Mschanim Emergency Vehiclas 1.00 100 100 Very cotl/eifeciiva

12 Education ond Complaint }Acclaniim g:;j";" Equipmont, .00 85 B4 Quite cosl/elfectiva

13 Education and Complaint Mechanhim | Peis 0.48 100 100 Vary cou/clfective

14 Sialionary Saurce Controls fairgrounds 0.54 0 0 Nat costfetieclive

15 Stutionary Saurce Controli Music Clubs 0.37 4] 0 Not cast/eliectiva

: - Qnly costfulioctive at high lavels of

16 Building lnsulatian end Codes All Sources 0701 5 - oxpenditures

(1) Ingludess MNow Vahicle Stondard (eacept far Autar}, Opzrational Standerd, Cperatlonal Canlrols, and Equipment Standard
(2) Fraction of countermeasura costs incurred by the Clty of Allentown,
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in Figures A-12 and A~13 for the years 1980 and 1988, respectively. Note that the costs
shown in these figures are "total discounted dollars, * with ot arsumed diseount rate
of 10 percent, These costs indicaota the total amount of maney which is needed for
cach countermeosure, frem now until infinity. To find the equivalent annual cost,

" divide these costs by 11, For example, when the optimization is made in 1980
(Figure A-12), the optimal annual expenditure on Countermeasure No. 2 is 50,000 & 11

54550, A discussion of present value analysis and discounted costs Ts provided in

Section 3.4 of the Stategy Guidelines Manual,

As a supplementary submittal, two additional Naizop runs are provided. Figure
" A=14 shows the optirum expenditure strategy in 1980 iF o building insulation program is
allowed. The scme input date and budget are used here as were used in Figure A=12,
Finally, Figure A=15 shows the expenditure pattern at a somewhat reduced budget (an
annual city budget of 82,000 insteed of $123,000). This budget seems to be a
mere desirable cne.."cr the caunreﬁmt;usures under consideraticn, since much less reduc~

‘tion in noise impacts can be achieved per doller chove this point, These results are

discussed in more detail below,

Discussion of Resuits

The cost/effectiveness of each countermeasurs is evoluated in Table A-8 above in
tenins of the percent of maximum allowable expenditure which Noizop chose to
spend. A maximum allowatle expenditure was defined for each eountermeasure and
supplied o3 input informotion, based on practical, technical, and economic grounds.,

The implications of these cost/effactive parcentages is discussed below for each

counfermeasure .
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1. Property Standard epplied to Garden Equipment and People

MNoizep did not choose this countermeasure in either 1980 or 19884 This
is probably due to the fact that noise levels from gardan equipment and people
were fairly low compared to other noise wurces, due to their intermittent

and transitory nature. When the building insulation countermeasure is

eliminated from consideration, some money is spent on this measure (Figure A-14),

but only a relatively small amount ($2440 per year).

Implication = A property line standard against garden equigment and people

noise 1s not cost effective.

2. Noise Ordinance applied to Motoreycle

L.

This countermeasure is relatively cost/effective at low expenditure levels,

but decreases in comparison with other measures as” expenditures increasa.

mplications = A motorcycle noise ordinance is warranted end will be
affective even if relatively mild restrictions are enforced. This is

beeswse o small percent of the motoreycles produce noise levels which are
much highar than the average motarcycle levels, Asa result, even a

simple equipment standard requiring "proper mufflers” should have immediate

benefit, as long as it is adequately enfareed,

3. Noise Ordinence applied to Autos

The maximum cllowable expenditure was reached, indicating that autemebile
noise reduction should be a primary target for the city of Allentown, The
maximum expenditure corresponds to an operational regulation level of 74 48,

which is 10 dB lower (more strict) than the present Pennsylvania DOT noise

regulation.,
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5.

Noise Ordinance applied to Autos (Continued)

® Implications ~ Allentown may wish to establish stondards for quto=

mobiles more sirict than existing state standards. These smndards should
probably be directed first ot outes which have modified, improper, or
inadequate exhaust systems. A foirly strict equipment standard which
specifies allowsble exhaust madifications and minimum insertion log
values for replacement parts moy be very effective in this regard. To
chate the impacts of the general automobile population, alternate
strategies must be used, some of which lie cutside the municipal govern=
ment's domain. These countermeasures might include treffic conirols

on minor residential streets, rerouting cerfein maojor boulevards to less

populous areas, and barriers located in strategic. positions.

Noise Ordinance applied to Trucks

e Maximum expenditure limils were reached in the 1980 run, but other

counfermeasures ware found to be somewhat mere cost effective in (988,

e Implications— A truck noise ordinance, parallelling Federal and Sicte

standards, is worthwhile at the presant time, but may ke deemphasized

in the future.

Naise Crdinance apalied to Buses

& While no expenditures were made for the 1980 cose, the meaximum

oxpenditure [imit was reached in 1968 since more quiet new buses cra

expacied to be operating in the fleet by that time,

© Implicgtiors — Allentawn should cansicer enforcing Federal bus noise

rogulations cs they becoma more strict in the furure. (Note: Faderal

bus noise requlations are still in the prepesal staga),

A-38

S e TR P B e s By 3 b2 S m




FEEERE SR W b el i

?,11,13.

T

Oparational Contrals applied to Emergency Vehicles

¢ This countermeasure recaived maximum allotment in both analysis years,
corresponding to a reduction of 20 percent of the time sirens normally
are operating. '

9 Implications =~ An emergency vehicle aperational control should ba

implementad which would reduce unnecessary siren use as much as
possible,
New Vehicla Skndard applied to Garbage Trucks

@ Similar to Countermeasure Na, 5 ghove.

e lmplir.arfons - Same gz No, 5 agbova.

Mode Transfer from Autos to Buses
® It was found that the cost to society is less if commuters usa buses

rather than gqutes, therefore this countermeasure has a "negativa cost”,

8 Implications~ Commuters should be urged to ride buses through educationa!
compaigns and increased bus sarvica. A doubling of the bus fleet 5¢ill

saves saciety money, according fo this limited anglysis.

Education and Complaint Mechenism applied to (?) Autes and Metorcycles,
(11) Garbage Trucks and Emergency Vehiclas, and {13) Pets. '
¢ Tha rosults for each of these countermeasures was the same, namely, the

maximum allowab le expenditure was reached.

® Implications - Education and complaint programs should be geared to the
ebovo 5 saurces of neise. Increated manpower assignments may ba
warrcnted in this area, comparad with the nominal values suggestad by
Toble A-? above. As with Countermeasures Nos. 2 and 3 akave, for

automobiles and matorcyclas, the most effactive results can be achioved
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if attention is paid primerily to those vehicles which have modified or

inadequate exhaust systems,

Education and Complaint Mechanism applied to Trucks and Buses

¢ No expendilures were made on this countermeasure, This is probably
due to the fact that in Allentown, the mcjdr truck routes are well
defined, therefore trucks and buses do not affect people as much’
necr their homes, where people are more likely to complain, as they do
when pecple are in ransit. Similarly, educational pregrams directed
at bus and truck operaters are expectad to change their operational
habits to a lesser dagree, and therefore will reduce noise levels to a
lesser degree, than prégrams directed o more alterable causes of
noise such as accelerating or madified cutos and motorcycles, unnecessary

sirens, or barking dogs. -

¢ Implications = Little effort should be expended an this countermeasure
other than to support, in « generel way, existing State and Federal truck

and bus noise regulations,
Education and Complaint Mechanism applied to Garden Equipment and People

® Changes resulting from this countermeasure typically cost less money
than changes caused by Countermeasure No. 1, which deals with the
same noise sources but may require equipment substitution to meet the
tegulation. In contrast, education and complaints act to.achieve nearly

the same ends without lerge expenditures.

® Implications ~ To reduce noise from garden equipment and pecple in the
moat cost effective woy (1) peopls should be educatad as to the effect
of thair (and their equipme nt's) noise on others, and (2} a means of

complaining about annoying neighborhood noites should be esteklithed.,

A=40
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To assist officials in enfarcing the reduction of these "annoying noises", as a
practical matter, a properly standard such as Countermeasure No. 1 may

be needed, but the latter should not be implemented in isolation,
Stetionary Source Cantrols applied lo Fairgrounds and Music Clubs

¢ No expendilures were made on these countermeasures due to their transitory
and isolated nature, Thatis, in compar'isan with more continuous noise
sources such as aulos, their avergge sound levels (Leq) were low. (Note,
however, that noise levels for thasa two sources of noise wers estimated

without the aid of noise measurements from the acoustical survey. )

* Implications =~ No substantial noise control activity seems warranted for

these two noise sourcas.

Building lnsulation and Building Codes

® Only a small portion (5 pereent) of the total possible expenditure on this

countermegsure was made, since only 5 of 20 possible calls received
insulation and the calls which were pickad have small floor areas. How=
aver, the effort required m insulgte these cells amounts to almast 60 percant
of the total cost tosociety at the budget level considered, At lower

overall budget levels, such as the more desirable budget used to generate
Figure A=15, no expenditure on building insulation 75 mode by the computer

program.
.

* Implications = A building insulation program should be initiated only if

(1) the publicis willing to help pay for impravements to their own homes
.(note that as shown in Table A-9, the city government is expected to incur only
about 4 percent of the total cost of this cauntermeasure) and (2) ¢ high

degree of expenditure on noise canfrol is desired and possible. Ifa

building insulation program is desired, the noise optimizatiens for 1580

A-41
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and 1998 indicate that the following areas deserve initial attention:
1. Residences near Henover Street (cells 81 and 83)
2. Residences aleng garbage truck routes - Bayard Street and Roth Avenue

(cells RS and R7)

Reduction of Naise Imoze!s Due to Expenditures

Figure A-~16 shows the relotionship between cost expenditure and percent
reduction of the noise impact index  for the 1980 Allentown analysis. This relation=
ship clearly indicates that after a certain paint, the cost of additianal benefits is
much higher than before, This ;:;ofnr corresponds to a total discounted cost to society
of about 1.1 million dollars, equivalent to an expenditure of cbout $100,000 annually.
The gssociated dl'scaun;ed cost to the city of Allentown (from now ta infinity) would

be about 0,9 million dollars, or cbout $82,000 annually. This represents chout @

" 1/3 reduction of the present anticipated Allentown ennual budget, indicating that

in the future, a somewhar redueed budget for noise control could be acceptobie from

. ' tha cost effectivenass stendpoint.

- .
The Noise Impaet Index (NII) is @ measure of the impact of neise on @ community.

A threshold of impact (NII = 0) is defined for each land use type for both doy and
night noise levels, ond @ cemplete. impact (NIl = 1,0) is defined to be 20 dB above
these threshold values,
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APPENDIX B

Program Operation and Data Flow Process

B-1 General Overview of Program Flow

It is assumed that the reader is familiar with the terms and concepts presented in
Volume I ~ the NOIZOP User's Guide.

The initial functions of the progrom are to accept input data and to establish the
necessary parameters for proper date processing. Figure Be1 illustrates the subprogram
linkoge associated with each of the program codewords. The reader may refer to Volume Il =
Program Listings — for o deseription of each subroutine. Figure B=2 shows the subroutine
linkages of the actual optimization process. The remainder of this section will describe the
general data flow during that optimization process, The succeeding sections in this appendix
will describe in mcre detail the individual processes thot occur. The variables in the equations

presented in this appendix do not necessarily relate to actual variable names used in the program.

The optimization process is confrolled by a supervisory subroutine (OFTIM) which
examines the components of the NII (Noise Impact Index) gradient vector in determining
the path of optimum expenditure allocation among the countermeasures. Starting with tha
usar-defined initial expenditure scenario, the program will compute the current NI and the
current gradient vector. The largest camponent of the gradient vector indicates the counter-
measure which is currently the most cost-effective. The program will allocate edditional
funds to that countermeasure and calculate the resultant NIl and the new gradient vector,
This process is repeated, increcsing the expendih.rr& ameng the countermeasures one at a

time, until the total budget has been expended.

Generally, subroutine OFTIM controls the evaluation of independent expenditure
scenarics, The remainder of the program simply calculates the Noise Impact Index and the
gradient values according to the expenditures on each of the countermeasures. After OPTIM
haos decided on a new set of expenditures, the remoinder of the program is entered again to
evaluate the new scenario; unaware of any information regarding the previcus set of expendi-

tures. Figure B=3 illustrates the main features of the optimization decision process.

*Mathemaﬁculiy, the gradient vector may ba thought of os the vector whose components
consist of the partial derivatives of NIl with raspect to the countermeasure expenditures,

of which there may be up to 20.
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~ The index and gradient calculation process is controlled by o secondary level
subroutine — XNOIM. This routine controls the legic of all subsequent functions including

tha suboptimization of stationary source and path-receiver countermeasures {see Sections B=2,B-3).

‘ XNOIM nitiates three independent passes of countermeasure application through
all the cells. The first pass through the cells is used in the suboptimization of the staﬁﬁnary
source countermeasure. Countermeasure Types 1-15 are applied on a cell=by-cell basis and
the remaining noise exposure is used in the evaluation of the potential benefits of each of
the stationary source countermeasure aptions utilizing an approximation of path-receiver

benefits (see Section B=3).

The second pass through the cells is used in the suboptimization of the path=
receiver countermeasura. The other countermeasures are again applied and, together with
the results from the first pass (stationary source suboptimization), the potential benefits of

each path=receiver option are calculated.

O The third pass again applies countermeasure Types 1-15 along with the optimized
results for stationary source and poth-receiver countarmeasures obtained in the first two
passas. This pass through the cells calculates the companents of the gradient veetor and

- the Noiso Impact Index. Figure S-4 shows the logical operction of subroutine XINOIM.
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B-2 Suboptimization of Stationary Source Countermedsures

The stationary source countermeasure lists six alternative options (sae Table 2-3,
Volume I} which may be implemented ot each stationary source. The program will decide
which option, if any, to apply to each stationary source. The actual procedure involved

in this decision is described in this section.

The basis of the suboptimization process is a cost/benefit analysis which consists
of computing the potential benefit of each alternative option at each source together with
the associated costs. The end product of this analysis is an ordered list of cost/benefit
ratios, the most cost-effective options being at the top of the list. The program will proceed
to implement the cauntermeasure alternatives, starting ot the top of the list, until the funds
allocated to the stationary source countermeasure are exhausted. Note that the allocated
funds may be zero, in which casa no alternatives are implemented and the generated list is
used only for gradient evaluation.{Section.B-5). .Note alse that after this suboptimization some

stationary sourcas may have countermeasures applied to them and some may not.

Cne segment of the cost/benefit analysis calculates the potenticl benefit of sach
countermeasure alternative at each stationary s'ourcle. The benefit parameter is the number
of people no longer adversely affected by noisa with the implamentation of that option. Note
that this paramater is summed over oll celis that are affected by the stationary sourca in
question. Before the benefit parameters can be occurately avaluated, the effects of the
other countermeasure types (Types 1 through 15) must be known. These other countermaasures
have been applied by the time the program considers the stationary source countermecsure.
The path=receiver alternative which was selectad for each call for the expenditure seenario
calculated during the previous step in tha optimization analysis is also assumed te apply again.
This is equivalent to performing the first two steps of the iterative process which is required
to simultaneously optimiza the two interrelated subjects. This procedure is necessary bacause
the transfer function may nat be linear in all defined regions and the potential benefit must
be limited by the actual number of people that are still adversely affected after the implement-

ation of the other countermeasure types.

B-8
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In actuality, cost/benefit ratios for eight countermeasure alternatives are caleulatred

as shown in Table B-1 below, Note that the first four coincide with the first four options
in Table 2-3, Volume I.

Table B-1

Cost/Benefit Ratios Calculated During the
Stationary Source Suboptimization Process

Benafit
Parameter

Countermeasure Altarnctive

0o N Octn b WORN s

A mintmum source-reduction..
A-maximum source reduction.
Elimination of night operatiens.

Eliminatien of the source.

Elimination of night operations if @ minimum reduction was in effect.
Elimination of night operations if a maximum reduction was in effect.
A minimum reduction if night operations were eliminated.

A maximum reduction if night operations were oliminated.

Benefit paromaters 1 and 2 are calculated by using the simple energy reduction '

formula
where
NL
oL
RED

. RED
NL=OL- 10

Noise energy remaining after traatment,
Noise energy before treatment,

Dacibel reduction from tha treatment.

B-9
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The transfer function is entered using OL and NL, and, together with the

. impacted population, the difference in adverse effect is computed. This procedure is

cumulative over ail cells — both day ond night — affected by the particuler stationary
source.

Benefit parameter 3 is calculated by simply summing the remaining number of
adversely affected people in each night cell affected by the source.

Item 4 is like 3, except that both day and night cells are considered.

The benefits of items 5 and 6 are computed by subtracting the benefits of items
1 and 2, respectively, from item 3. This procedure is performed only for night cells. Thus,

the incremental effect of eliminating the night operctions is obtained.

Parameters 7 and 8 are calculated by summing the benefits of items 1 and 2,
respectively, over tha day cells alone. In this manner, the incremental banefits are
computed.

The benefit values are then converted to cost/benefit ratios by considering the

costs associated with these measures. Costs for items 1 through 4 ara input directly; costs

- for itoms 5 and 4 are the same as for item 3; and items 7 and 8 are the same as for itams

1 and 2, respectively.

The cost/benefit ratios for items 1-4 ars then placed in a separate list and sorted
in ascanding order. The most cost-effactive options (those with the greatest benefit for the
least cost) appear at the top of the list, Given the total expenditure allocated to the
stationary source countermeasure, the next step is to spend that money in the most cost-
effactive manner. This is aecomplished by proceeding through the list of cest/benefit
ratios, beginning at the top, noting the costs of each, and noting which options, if any,
have previcusly been applied to euch source. The necessity for the latter will become

apparent in the following paragraph.

B-10
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Many complications can arise. For example: Suppose the next option to apply is a
minimum reduction to stationary source number six, but a more cost~effective option was
to eliminate the night operations of source number six. Hence, since we have already
decided to eliminate the night operations of that source,. the cost/benefit ratio praviously
calculated for @ minimum reduction is not correct. The program method is to replace the
ratio for the minimum reduction alene with the cost/benefit ratic for a minimum reduction
with night operations eliminated — alternative number ‘SEVen in Table B=1. This ratio can
now be used since it is known that the night operations have been eliminated. The correct
ratio is inserted and the remainder of the ordered list of cost/benefit ratics (including the
insarted ratio) is reranked to verify that the inserted ratio is still the naxt most cost-effective
option to implement (i.e., has not moved down the list). If it is, then the option applied to
stationary source number six would be identified as number five in Table 2~3, Volume fwa
combination of two independent countermeasures, elimination of night operations and minimum
reduction. These complications are the reason for the caleulation of cost/benefit ratios

numbers 5 through 8 listed in Table B=1.

Net all cemplications are as easily handied os just deseribed. Table Be2 summarizes
the mothods for resolving all complications that can ariss, Nota that these complications cre

due to the implementation of multiple options on one stationary source. Before any option is

. implemented, the program will check which options, if any, have previcusly been applied to

tho source.

The final result of the suboptimization process is a list of option numbers as shown in
Table 2-3, \_/ol‘uma I, each of which correspond to o defined stationary seurce. The actual
application of the selacted countermeasure option for each source, where the decibel reduction

is finally registered, takes place after this list has been compiled (Section B-4).

B-11
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. Table B-2
".\ ‘ Methods of Solution For All Meaningful Cases Which Can Arise During the

.Optional Expenditure of Funds On Staotionary Source Countermeasures

(underscored numbers correspond to option numbers described in Table 2-3, Vol, I)

Previous Oplion
Applied To This Source

Allowed Additional Optians ond
Methad Far Evaluating Potentlal Benefit

D {nothing) * 1-4 No madification to straightforward procedura.
. 2 Racomputa cost/benefit {5/B) ratio accarding to
- -5,
max. red.  “min, red,
c/B= -5
mox. red,  min. red.
where the individual costs and banefits are
extrocted from the Individuol cost/benafit ratior.
3 Use car/benefit mtio number 5 in Tablo a-4
4 Racompute cost/benafit rotio accarding to
e sclim. jource "sﬂlln. red,
B -8
alim, sourca ~ “min, red.
o 2 3 e cout/benefit totio number & in Table p.i
' $ -3 -
N 4 e/ alfm. s?urcu. Bmu. rad. ‘
olim. 1ource ~ “max. red..
.2 1 Llaa cost/benefit ratio number 7 in Table B=)
2 e cat/benafit ratio number 8 in Table Bl
4 C/h= solim. sourca salim. ajoht
= B lim. sourca = Celim. night
4 NOTHING .
R 2 Subncrlp numbers refer to C/B ratios in Table 0-1
H -5 "
o= max. red.,  “min. red.
Ba - 37
) T4 c/om sel!m. source (sell'rn. night +$min. red.)
= B = +E)
4° Y57
s 4 C/om Setim. souren = Bolim, night * srnm:. rod.
2 -_— 8, -(8 +8,}
4" % " T2
\/"
B.12
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B=3 Suboptimization of Path-Receiver Countermeasures

The suboptimization of the path-receiver countermeasure options (see Table 2-4,
Volume 1) proceeds much in the same manner as for the stationary source countermeasure.
However, since there are more alternatives, and there exists the concept of secondary cells

for barriers, the procedure is much more complicated.

The initial step is the calculation of benefit parameters and cost/benefit (C/B)
ratios for each alternative at each cell. Unlike stationary sources, the benefit parameters
are saved in addition to the rasulting C/B ratios. The benefits are in units of people no
longer adversaly affected. In addition, the benefits are evaluated with the other counter-

measure types in effect, including tha result of the optimized stationary source countermeasure.

Eighteen benefit parameters are calculated for each cell. In addition, the first

six are used in the calculation of C/B ratios for rank ordering before the actual solection

process begins..

1.. Minimum soundprocfing is applied in.a straightforward manner to all calls using

the following energy reduction formula:
' -RED
NL=0L - [ T+ -T)- 10T}
whare )
NL a Resulting energy level,
oL

T = Fraction of time spent outdoors (i.e., when soundproofing is
" offactive, this value is dependent on land use type and on day
and night},

Energy lavel before soundproofing,

il

RED
dependent on land use type.

The resulting energy level is then entared into the transfer function and compared to tha
transfer function result using the unattenuated level. The difference is the benefit of the

soundproofing in terms of people no longer adversely affected. The cost of soundproofing a

B~-13
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cell is obtained by multiplying the area for soundproofing in square feet (input in the

. master data set) by the cost per square foot for this grade of soundproofing at this type of

cell {residential or commercial). The benefit parameter is summed over the day and the

night varsion of this cell.

2. Medium soundprocfing is similar to minimum soundproofing.

3. Maximum soundproofing is also similar to minimum soundproofing.

4. Low barriers require more complex handling due to the fact that one primary
cell and up to three secondary cells may be affected. Barrier attenuation is

computed using the following formula:
-ATT « ER

RE = SL -(10 10 )

where
RE = Remainder of the noise energy after erection of the barrier,
SL = Noise energy from the noise source being attenuated,
ATT = Decibel attenuation of the barrier on o standard source (see Section 2.4,

Vel. I,

FR = Effectiveness ratio for the current noise source.

The above formula is applied to each source level individually; the results are then summed

to obtain the total remaining noise energy.

For the purpases of preparing C/B ratios, all benefits of a barrier at the secondary
cell location are combined with the benefits at the primary cell location. A barrier location
is always identified by the primary cell assaciated with that barrier. The individual barrier
bonefits at every call location affected by o barrier are, in addition, stored separately for

later use. As always, benefits are in terms of people no longar adversely affected.

5. High barriers are handled in the sume way as are [ow barriers. Note that the
secondary cells for a high barrier may be different from the secondary cells for

tho assaciated low barrier. Since the program can allow enly ene barrier to affect

B-14
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a cell, and since a secondary cell may be affected by more than one barrier
location, the program will select the barrier lacation which is the most effective
at each cell. This selection is repeated independently for each barrier height.
Consequently, the program may select a different barrier location for the low

. barrier as for the high barrier as far as one particular cell is concerned.

&. Relocation can be treated two woys af the user's option (see Section 2.5, Vol. I).
The benefits are either corrected for the region into which people would ke
moved, or uncorrected. In the latter case, the benefit is all the people in the

cell who are adversely offected. All cell locations may be subject to relocation.

The parameters listed in Table B=3 are not used in the calculation of cost/benefit

ratias but are used in the avent that more than one of the cbove countermeasure alternatives

are to be applied to the same cell location.

Tabla B-3

Incremental Benefit Parometers Used'In
Path~Receiver Countermeasure Suboptimization

13:::;1:?;? Hﬁ:;i’; Incremental Benefit Parameter

7 Minimum soundproofing if low barrier in placa,

8 Medium soundproofing if low barrier in place.

9 Maximum soundproofing if low barrier in place.
10 Minimum soundproofing if high barrier in place.
v Medium soundproofing if high barrier in placs.
12 | Meximum soundpraofing. if high barrier in place.
13 Low barrier if minimum soundproofing in place.
14 Low barrier if medium soundprocfing in place.
15 Low Barrier if meximum soundproofing in place.
1& Migh barrier if minimum scundproo?ipng in place.
17 High barrier if medium soundproofing in place.
i8 High barrier if maximum soundproofing in place.
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Table B-4 summarizze *he situations that ean arise when combinaterial or
replacement countermeasure alternatives are applied to the same cell. An example of g

replacement is the application of a higher grade of soundproofing at a cell where a

lower grade was implemented previously.
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Table B-4

Program Techniques For Path-Receiver Countermedasures
(underscared numbers refer to countermeasure options as listed in Table 2-4, Vol. 1)

Previous Option
Applied To
This Cell

Allawed Additional Optians and
Method For Evaluating Potentic! Benefit

_q_ ({nothing}

Straightforward Procedure (note thot 4 and 5 will anly occur
for the primary cell of o barrier, in which case we must
chock those options already implemented at the secondary
cell locations and adjust the cost/benefit ratio accordingly
befote performing the rerenking operation which verifies
that the adjusted cost/benefit rotio is still the most cost-

- effective).

1. Indicate that the npfiol:l is implemented at the cell{s)
in question.

2. Register the cost of the option.
3. Save benefit achiaved for each affected call.

The following cases all raquire the obave as ¢ minimum.
The deseriptions will refer to the procedure thal must be
followed bafore tha above threc steps are implemented.,

v

‘M

Recompute the cost/benefit ($/8) according to

smnd.s;xf. -3
Bmud.si:rf. - Bmin.sprf.

min.spef.

|u

'smux.sprf. - srﬂin.:;:sri’.
C/B= B oy
max.spef. minaapref.

B

This will occur for primary cells only. Determine what has
been done to ecach secondary cell (must be soundproofing,
relocation, or nothing in this specific cata). - Use the
appropricte incrementot banefit perometers (7=18) in

Table 8-3 {zeso benefit If relocution) te determineg the

total benefit at the secondary cel! (sc) locations of building
this barrier at the peimary cell. Add that total to paramcter
no. 13 for the primary tell to obtain tetal benefit.

$
b=y +I£wo.:m
18 "5 low ber.
whero AB is used to signify appropriate incremental benefit
paramater, determined by entering this table independantly

for each secandary cell,

|U'|

shigh bar.
816 * & “Phigh ber,

C/a=

IO-

. -5,
reloc. ~ “min.sprf,
/b =g
' reloc.  min.sprf,
IF this option is implementad, the cost of soundproafing is
added back to the ovailable total,
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) Toble B-4 - Continued

(underscored numbers refer fo countermeasure options as listed in Table 2-4, Val. I)

Pravious Optian
Applied To

_ Allowed Additional Options and
Mathod For Evaluating Potential Benefit

This Cell
2 3 c/B= smax.sprf. ” snw.-c:l.sl:u'f'.
- - max.spef.” Brned. spr.
$
low bar.
4 C/B= -
= B1a * 280w bar.
5 c/B= $high bar.
- B17 * % Phigh bar.
s C/B = sreloc. - srm:d.sprf.
- Braloc. Bmcd.;prf.
3 4 c/8= slow bae.
— — Byt Z AB
15 &7 law bar.
s /p Shigh bar.
— T . BT AD, .
18 " 3c. high ber,
6 c/B= 3oloc. = *max.serf.
— ~ Brgloc. = Pmax.sprt.
4 1 Subseript numbars rofer to incramental bensfit parometen in Table B-3

c/an smin. spef,

C/B = $rnet:l. sprf.

2
= By
s —
A C/B = m . 5 .
— By
$. -5
5 c/B = 5 hl-gl';s bar. I:\\:‘ba;é
high bar. ~ “low bar. i€~ high bar.

The incremental benefit at the secondary ceils is

dependent on options previously implemented there.
& Relocetion of a primory cell removes the barrier and, thus,

the benefit of the barrier on every affected cell. If tha
surrent cell is itself secondary, the summation term is not
used ond cost of the barrieris zero.

srelﬂc. . slow bor.

o
—

reloc. Bh:nw bar, " i ABh::w bar.

C/B==B
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{underscored numbers refur to countermeasure options as listed in Toble 244, Val, 1)

P"::ior‘s dOprion Allowed Additional Cptions and
'l?l:"s'ec -lflo Meathod For Evaluating Porential Benefit
[ £
5 1 c/B= s’mln. sprf.
= - B
10
2 c/B= smc:o:l. sprf.
- 1
3 c/B= srrlc!)'t. sprf,
— A B
12
6 C/8 = sn:lot::. - shigh bor.,
- ) - B, =2 A48, .
reloc. = “high ber, ~ 52 high ber.
IR NOTHING
7 2 c/Ba Imed. sprf. ~ Snin. spef .
= - Bg =By
2 o= sﬂ'lcnt. spef. © smir'r. spef.
T %7
5 ¢/B = shigh bar, ~ slow bar.
— [ -
167 12 & high ber.
& C/ae srnloc. - (slow ber. * smi’n. ser.)
- Breloc. = 57 * Blow bor. & Bralce.
The incramontal benefit of relocation at the secondary
calls is dependent upon any soundproofing that may be
thera (wa know the low barrier exists),
8 3 c/8 = s|1'u:m. spef, © sr'l'n:cl. sprf,
2 _ . By~ B
8
Sh. - §
igh bar. = “low bar.
ER Sl v v
17 714 " 5" Thigh bar.
6 c/p= sreloc. = Gow bar, srm:t:l. sprf.)
— B -8, =f ~X AB
reloe, = "8~ “low bar, i reloc.
g b
igh bar. low bar.
9 5 ¢/B=
= = 518~ P15 * £ 2Bigh bar,
8 A = Yretac. ™ Blow bar. * Smax, sper.)
— 1] P J ] -% AB
reloc. ” "9 low bar, & reloc.

B okt
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Table B~4 - Continued

{underscored numbers refar to countermeasure options as listed in Table 2-4, Vol. 1}

Previous Option - Y
. . Allowed Additional Options and
'a:‘_} Aﬁﬁi’ ccde;flc. "Method For Evoluating Petential Benefit
10 2 ' C/b= smed. sprf, "~ smin. spef.
- - Bri-fio
$ -5 .
- “max. sprf. T “min. spef.
3 /b= B, - B
. 12 a0
5 C/8 = sreloc. " (srnin. sprf. * shigh sprf.)
- reloc. ~ BIO - Bhigh bar. "% Aare!oc.
: $ -5
. max. sprf. med. sprf.
| 1 3 c/pn e sehe
121
4 C/Bn sreloc. - (smed. spef, +'shigh bur.)
- Braloe. - - Bhig[-: bar. ~ & %8 aloc.
12 & C/B - sroloc. - (smcrx. sprf . + ﬁ\_i.gh bar.)
- - Brotoe. =12~ ehigh bar. " & 4% al0e.

O
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B4 Application of Countermeasures

Countermeasure Types 1 through 15 apply to moving noise sources, usually emitted
from surface or air transportation vehicles. A Type 18 countermeasure is applied to stationary
sources, - A variety of countermeasure types were developed to deal with these noise sources.
The algorithms used to implement these countermeasures are presented in this section. The

reader is referred to Section 2.2 of Yolume 1 for a more qualitative deseription of each

countermeasure, Countermeasure Type 20 refers to path«receiver treatments,

! Type 1 Frequency Reduction or Rerouting

N!.I =OL] - {1-F)

NL2= OLi - F
o where

NL.l = Resulting energy level from unrerouted position,

[

NL Resulting energy level from rerouted position,

2
OL.l = Enargy level from source to be rerouted,

OLZ = Energy lovel from source if all operations were rerouted,

F = Fraction of operations to be rerouted (this is the countermeasure variable).

If the countermeasute is @ simple frequency raduction, the NL2 aquation is not applicable.

Type 3 Reduction of Nighttima Operaticns

NL=OL * (1~ F)

where
NL = Remaining enargy after fraquency reduction,

CL

n

Energy before any reduction,
Fraction of night oparation to be curtailed (this is the countermeasure variable).

)
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The above equation is used only on source levels affecting cells defined over the

- nighttime period.

Type 5 Shifting of Nighttime Activity to Day, or Daytime to Night

If the countermeasure variable specifies a shifting of nighttime 'activiry to day,

then the following expressions are used:

For daytime cells,

NL=OL - (1 +];".§ . PT) for R¥1
NL=CL - FI for R=1

For nighttime cells,

NL=QL -« (1- PT)

If the countermecsure variable specifies a shifting of daytime activity to night,

then the following expressions ara used:

For daytime cells,

NL=QL+ {1 - PT)

For nighttime cells,

NL=0OL - {1 *"'E‘R' « FT) for R0

NL=0OL - PT for £=0

where, for-all equations

NL =
oL =
— R=

BT

Resulting enargy after transfer,

Energy before transfer, -

Fraction of neise energy during nighttime pariod, before countarmeasurs
application,

Fraction of naise energy to be transferred (this is the countermeasure
variabla),
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Type 10 Fixed Leq Reduction to a Portion of the Source Population

-DB
NL=OL « l-—PCNT-(]-lO 10 )

where
NL = R'esulﬁng energy level after treatment,
‘OL = Energy level before treatment,
PCNT = Fraction of source population to be treated (this is the countermeasure

variable),

DB = Decibel reduction from the treatment.

Typa 12 Qverall L, Reduction

-DB
. NL=QL-10 10
where
NL = Resulting energy level, '
OL = Energy lavel before reduction,
DB = Decibel reduction (this is the countermeasure variable).

Type 15 Fixed Lo Reduction to an Exclusive Portion of the Source Population

Successive countermeasures of this type applying to the same source affect only

that partion left untreated by any previous countermeasures of this type.

-DB
NL=CL-OL-PCNT -{1+10 1© )
whora :
NL = Resuiting energy level,

CL = Current en'ergy level (NL after previous Type 15 countermeasure),
OL. = Original energy level (before any Type 15 countermeasures),

PCNT = Fraction of sources to be treated (this is the countermeasure variable),
DB = Decibel reduction from the treatment,
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Note the following constraint:

Z PCNT; < 1

Over ail Type 15
Countermeasures -
On This Source

Type 18 Stationary Source Countermeasures

Once the optimized list of individual source-option combinations has been deter~

mined (see Section B=2), the actual rediction in the source levels may be accomplished.

whare

Qptions 1 and 2; Minimum and Maximum Noise Level Reduction

The reduction is qpp]ied equally among day and night cells aecording to:

=RED
NL=OL.1¢ 0
NL =  Resulting energy level, ‘
OL =  Original energy level, '
RED =  Decibel reduction.

Ogption 3: Elimination of Night Operations

This is accomplished by eliminating all the noise energy from the source ot
each affected night cell location. Thesa salls defined over the daytime

peried ramain unaffected.

Qption 4: Elimination of the Source

This is achieved by eliminating all the naise energy from the source at each

affected call, both day and night,
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Options 5 and & Elimination of Night Operations and Minimum or Maximum
feduction

Reclized by applying Option 3 to the affected night cells in conjunction with
Options 1 or 2 at each corresponding doy cell.

The counrermecsur;zs are applied in order of increasing countermecsure type. It
is important that the rerouting countermeasure be performed first so that any other counter-
measure which applies to the rerouted source has those results available, Note that the
stationary source countermeasures were optimized previously using a preliminary application
of the other countermeasures. This preliminary dpplicafion wus for the specific purpose of

statienary source suboptimization and constituted the first pass through the cells as described

in Section B=1.

Type 20 Path-Raceiver Countermaasures

When the program is compiling an optimized list of path-receiver countermeasures
amang the calls, it is also saving the benefits of these options on a cell=by=cell basis. .
These benefits are oxpressad in terms of the number of people no longer adversely affected
by neise and are obtained from the cost/benafit ratios and benefit parameters associated

with the particular option.

The aetual application of the countermeasure eccurs when the NI is being
ovaluated, The NII is calculated by summing = on a cell-by-cell basis ~ the number of
peocple who remain adversely affected after the application of countarmeasure Types 1
through 18, For cach cell, the benefit of the path-raceiver countermeasure option
implemented, if any, is subtracted from the remainder figure just mentioned to obtain the
net number of people who are still adversely affected by the noise climate. The grand sum

of this net figure aver all the cells is then divided by the tetal population to obtain the NIL.
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where

NII =
PR,

BFTi.
TPOP
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Noise Impact Index,

Number of people who remain c;dversefy affected in this cell
after the application of countermeasure Types 1 through 18,

Benefit of the path-receiver countermeasure chosan for this cell,

Total population of the community.
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B-5 Gradient Evaluation

The gradient is calculated to indicate, at the current point, the slope of the
Noise Impact Index (N11) hypersurface farmed by the countermeosures (see Figure 2-9,
Volume [, for a three-dimensional illustrarion resulting from two countermeasures). The
program uses the steepest-descent technique to find the minimum point with the given
constraints, The gradient for a countermeasure is an indication of the change in the NII
that will result if an edditional dollar is spent on that countermeasure alone. In ucfualify,‘

the gradient is based on a fixed increment (not one dollar) and then normalized to one
doller.

For ecountermeasure Types 1 through 15, the gradient is indeed calculated
by comparing the affectiveness of the countermeasure at the current expenditure level and
the affectiveness of that same countermeasure af the current expenditure level plus the
gradient stepsize amount, Fr:n-' the stationary source and path-receiver countermeasures —
Types 18 and 20, respactively — the gradient is based on the next-most-cost-effective
countermeasure option that would be implemented if sufficient funds were allocated.to

that cauntarmeasure. In thaot case, the gradient expression takes on the following form:

; 1
7' ‘ GRAD; = =B~ TP5D

. i
where :
GRADi = Gradient magnitude of the Tth countermeasure,

CBR = Cast/benefit ratio associated with the countermeasure altemative
that would next be implemented (cost of altarnative is in-dollars
and the benefit in terms of people),

TPOP = Tatal population of all the calls.

There is @ complication that arises with the stationary source gradient value. Since
the suboptimization of the stationary source countermeasures uses the effectiveness of the
path-receiver measures of the previous expenditure scenario, the stationary source gradient

value as calculated using the above expressian is only an approximation. Should this

"See Section 8-2, third paragraph, page B-8.
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approximation be the largest of all countermeasure types, the program will automatically
initiate a pseudo-expenditure evaluation which includes the next stationary source counter-
measure option as well, and will use the actual difference in the Noise Impact Indices
(with and without the extra stationary source measure) to calculate the gradient value,
This value is assured to be correct since the path-receiver measures which are used as an
approximation are the actual measures that were calculated during the evaluation of the
previous expenditure scenario. Note that the appraximate gradient value will always have
a larger magnitude than the actual valua«i,e., the approximation is calculated using a
larger potential benefit of people adversely affected.

In the event that the application of the extra stationary sourca measure causes a
change in the path~receiver benefits, the actual NII difference techniqua used with the

pseudo~evaluation will ensure the accuraey of the gradient valus.

If the stationary source countermeasure using the cerrected gradient is found to be
less affective than another countermeasure, the program will search the other gradients that
were calculated before pseudo-aveluation. The psaudo-evaluation does not calculate

gradients for the other countermeasure types.

If it is found that the next-most-cost~effective cauntermeasure option (either for
the stationary source or path-recaiver countermeasure) costs mare than the total budget balance
for all countermeasures, the gradient value will then be based on the next item in the list
that aliows us to remain within the budget. It is conceivable that even an option further down
the list may be mora cost-effective than the application of any of the other countermeasure

types (1 through 15}, If no option is within the budget, the returned gradient will be zero.

For countermeasure Types 1-15 the gradient value is computed using an anergy

reduction ratio, defined a3 follows:

8-28
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where
RR =  Energy reduction ratio,
E_ =  Source noise energy remaining after countermeasure application
g including gradient stepsize expenditures (this is called 'extra’

opplication below),
E = Noise energy remaining ofter countermeasure application
excluding gradient stepsize expenditures; i.a., that energy
calculated in the last step.
Since each countermeasure may apply to two sources, a reduction ratio is computed for
each countermeasurs on each affected source. A reduction rotio of 1.0 indicates no

raduction and henca no benefit.

The reduetion ratio concept is important because it maintains the same decibal
value independent of the magnitude of the energy level. Therefore, we need not be
concemned with the order in which the countermeasures are applied. Since tha application
of the countermeasures is cumulative, that is — more than one countermeasure may affect
the samae source ~ the ratio concept will result in the calculation of the same correct
decibel reduction value independent of the current magnitude of the energy from the
affected sourca.

After all the reduction ratios have been obrained; the program must convert the.
information to benefits in terms of people. The following expression indicates how the
onergy reduction ratio is used to compute the energy value for entry into the transfer

functien.

2
RLVL, = EXP - [XN.. -(RR.. - XN..)]
j 1 ij i]

i=l
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where

th

RLVL, = Total energy remaining at the cell with extra application of the j
! countermeasure (the aother countermeasGres are in effect at their
regular expenditure levels),

EXP= Total energy remaining at the cell due to application of all the
countermeasures at regular expenditure level,

XN.. = Energy from the ith source affected by the j”‘ countermeasure,

RR.. = Energy reduction ratio for the jth countermeasure on the ith source.

The RLVL, value is used to compute the number of people advarsely affected in ecch call
location with the extra application of the jth countermeasure. This value is summed over

all cells with the results separated for each countermeasure.

The benefit parameter must also include the actual benefit that would be obtained
from the path=receiver measure (if any) in effect at the cell in question with the extra amount
spent’on the countermeasure in question. The absolute benefit of the pathereceiver measure,
in terms of paople, at a cell location would be differant if additional funds ware spent on

any countermeasure. The difference is computed and considered in the calculation of the

gradient benefits,

The expression used to caleulate the gradient values is:

PEO - DPEO - PADV, = DPPR,
GRAD, = GSTTEOF

where
GRADi = Gradient value for tha ith countermeasura,

PEQ = Total number of peopla adversely affected by noise in the community
after the application of countermeasure Types 1-18 at their allecated
expenditure lavels.

DPEQ = Total number of people in the community that would no longer be
adversely affected by noise if the selected path~recciver countermeasure
options were implemented.

PADV, = Total number of people adversely affected with an extra amount spent
on the Ith countermeasure. The extra amount is given by G3.

8-30
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DPF‘Ri

GS.

TPOP =

Total number of peaple who wauld no longer be adversely affected
due to path-receiver countermeasures with an extra amount spent on
the ith countermeasure.

The gradient stepsize in dollars. This is the extra amount that is spent
on each countermeasure, one at a time, in evaluating the potential
benefits.

Total population of the community.

Note that the calculation of the Noise Impact Index uses three of the above veriables:

T T e L L

PEQ - DPEQ
TPQOP

NIl =
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APPENDIX C

Variable Descriptions For Common Blocks

This section consists of a list of the common blocks in NQIZOP. In the succeeding

discussion each block is briefly dascribed followed by the variables, which are listed and

defined — with their dimensions — in the order in which they appear in the block.

/ AUXoUT / —

LAUX

LAUXUN.

/ BARDEF / —

BAT(2,21)

NPZ(100)

Contains information regarding the optional auxiliary print file.

A logical variable that is True if the secondary short form output
(also e¢alled "auxiliary file") is to be created; False if thisfile
is not desirad.

The Fortran legical unit number of the device to which the auxiliary

file is to be cutput. This variable has no meaning if LAUX is Falsa.

The ecommon bleck that contains parameters used for barrier caleulations,.

An array of barrier effectiveness ratios for the 20 possible sources and |
two barrier heights. The extrs two locations are not presently used.

Cell identification for the primary cell associated with each of
100 possible barrier locations, Given zone number, NZ, and cell
number, NC, for the primary cell of the 1th barrier, then

NPZ(I) = NZ » 1000 + NC

NSEC(6,100) Relates primary internal cell location number for a barrier to each of

the internal cell location numbers for each of three possible secondary
cells, Indices 1-3 refer to the cell location numbers for the secondary
calls for a low bartier haight; indices 4=6 refer to cell locations fer a
high barrier height. While the secondary cslls are usually the some for

both barrier heights, there may be instances when they are not.
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/ CELDAT / — Contains most of the elements of the master cell data set. There

is an allowed maximum of 200 cells.

ID(200) Contains the cell identification number for internal use. If NZ
is the zone numbar and NC is the cell number, then the 1D of

the Ith cell is given by
ID{I}=NZ . 1000 + NC

ICRIT(200) Contains three porameters packed into one variable. IF the
1th cell has Jower bound criterion level, LC {an integer), lund
use type, LU, and a day-night indicator, IDN (Q for day, 1 for
night}, then

ICRIT(I}=LC - 1000 + LU - 10 +IDN

YPOP(200) This array holds corrected population figures for each of the
cells. The population is corrected for the time period over
which the cell is defined. Input populction is factorad bly
15/24 for a doy cell and by 9/24 for a night cell. \

VAL{200) ' Costs for relocation for sach call. The input value is entered
_in thousands of dollars but is converted to dollars before being

placed in this array.

ENERGY(2O 200) An array of noise source contribution levels in energy
units from each of the 20 pessible sources for each cell.

IND(20, 200) Countermeasure manipulatien indicators for each celi.

Up to 20 such indicators are aliowed.

ICON(20)  An array of elements- that determines whether or not the Ith
source is to ba considered in the computation of the baseline

case Noise Impaet Index.
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RUMZ(200) Total floor area for each cell in square feet, This value is

used in the calculation of soundproofing costs.
TPOP  Total corrected population for the community,
BL The baseline case Noise Impact Index.

NCELZ The total number of cells defined during input. A daytime cell

is counted as different from a nighttime cell.

/ CMDEF / wannn Contains countermeasura definition data. Up to 20 countermeasures

may be defined.

MTYP(20) Countermeasure typa codes for each defined countermeasura.
See Table 2-5 of the User's Guide (Volume 1) for a listing of allowed
types. '

KR{20) A list of countermeasure numbers sorted in ascending erder of

countermeasurs type codes.

NSORS(2,20) An array of sourca numbers (up to two} affected by each

countermeasure.

ICD(2,20)  An array of indicater numbers (up to two) used by each

countermeasura.,

NCM  Tha actual number of defined countermeasures.,

/CRITL / == Tha common block that contains parameters used in evaluating the

et 8 i phse—e e =

adverse effect transfer function.

UPBND(15,2) This array contains 100 percent adversely affectod noise levels
for each of the 15 possible land use categories and each of the two time
periads over which a cell may be defined, day or night. See Table 2-7

of the User's Guide for a listing of default program velues.

C-3
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ISH The transfer function shape indicator. ISH may range from one to
five. See Figures 2-9 through 2-12 in the User's Guide for un

illustration of each function type.

BLG The transfer function bulge parameter. This variable corresponds to

"r" in Figures 2-9 through 2-12 in the User's Guide.

‘ / EXPENS / — Contains the variables which deﬁné the cost data associated with

aach of the countermeasures,

COSDTA(8,2,20) An array containing data points of countermeasure variable
versus cost. COSDTA(l, 1, J) contains up to eight countermeasure

variables for the Jth countermeasura. '‘COSDTA(I,2,J) contains up

to eight corresponding costs in dollars.

COSTR(2, 100) Contains barrier costs for sach of 100 barrier locations,
Costs fer two barrier haights are stored = low and high, respectively..

COS5(4,20) Stationary source countermeasure cests for each of

20 sttionary sources. ‘ ,

COS55(1, 1) = Cost for @ minimum noise reduction of the I th
stationary source.

COS55(2,1) = Cost for a maximum noisae reduction.

COS5(3,1) ~ Cost to aliminate nighttime operations of the

Ith source.

CQS5(4, 1) = Cost to eliminate the [th scurce.

CMIN(20)  The minimum allowable expenditure on each of the counter-

macsureas in dollars.

CMAX(20) The maximum allowable expenditure. This variable defines the
upper spending limits., '

C-4

WYLE LADORATORIES

RS o



=AY OYAY AUVUY L1030

- — e —— b

COST3(20) The current expenditures on each of the countermeasures.

COSP(3,2) Soundproofing costs in dollars per sguare foot of floor area.

Costs are given for three grades of soundproafing and two general

types of building structures — residential and commercial, respectively.

NCD(20) "An array containing the number of data points {up to eight)

which comprise the countermeasure cast function, Twenty counter=

measure cost functions can be defined,

/ GRADIE / e Used to make avaoilable data concerning the countermeasure grodient

calculation.

GRAD(20)  Contains the current countermeasure gradient vector. One

gredient component is caleulated for each countermeasure.

IFILL(20) This array is used to indicate when the spending limit has been

reached oh g countermeasura.

DELTA  This is the gradient stepsize.

COSNSS The cost of implementing the naxt-most«cost-effective stationary

source countermeasure option.

COSNPR The cast of implementing the naxt-most-cost-effective path=-

recoiver countermeasure option.

BUDGET This is the total budget for all the countermeasuras,

/ RATIOS / = Contains benefit parametars for evaluating tha suboptimization of the

et demee T

path~receiver countermeasure options,

PRCB(18,200) An array indicating the benefit, in terms of people no longer

adversely affected by noise, for each of 18 path-receiver countera

measura situations (see Section B-3). These bensfits are calcuviated

for aach cell number.

C.5
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CNPR(18,200) Like PRCB, but calculated for each cell location; day and

night cells have been combined where appropriate. The program has
room for 200 cell locations as well as 200 cell numbers in the event

the user has defined all day cells or all night calls.

/ RECPAT / ~mae Holds varieus parameters which are also used in evaluating path-

.receiver countermeasures.

1D X(200}) Contains cell identification for all physical cell locations in the
community. The values stored are equivalent to ID in / CELDAT /
but day and night cell identifications are not repeated.

1IOPT(200)  Stores the path-receiver countermeasure option that the program

has decided to implement at each of the physical cell locations.

PAND(200) Total number of pacple adversely affected by noise in each |

physical ceil location before the implemantation of any path-receiver

countermeasure.

DPAN(200) Serves a dual function (at different points in the program).
DPAN stores percent adversely affected data in each physical cell
location in the same foshion as PAND stores numbers of people.
Subsequently, DPAN is used to hold differences in people adversely

affected in each cell location due to the application of a path-receiver

countermeasure.
ANQYD(200) Stores differances in people adversely affected by noise in

cach cell numbar after the application of a path-recaiver countar-

measura. DPAN stores this information by call lecation.

ID5{1200) Contains information on how data are stored in array DOLPER. 1If
NCL is the physical eall location number of a cell for which a path=
receiver cost/benefit ratic is stored in DOLPER, and IX is the
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corresponding option number for this cost/benefit ratio, then,

for arbitrary index I,
IDS(1) = NCL « 100 + IX

Therefore, IDS(I) indicates which cell location and option
corresponds to the 1 th cost/benefit ratio in DOLPER,

DOLPER(1200) Stores cost/benefit rafios.'. for the application of each of

the six basic path-receiver countermeasure options (see Section B-3)

at each of the 200 passible cell locations.

IVRR(12) Path-receiver countermeasure option override array. A zero

in the I1th lacation precludes that option from consideration. Note .
that six of the options (shown in Table 2-4, Voluma 1) are combinations

of basic aptions,

IRP Actual number of cost/benefit ratios present in DOLPER. The
extent to which the DOLPER array has been filled.

NCL  The number of physical cell locations in the master call data set.

/ SCRACH / e A storege saving common block. It contains different arrays and

variables at different points in the program. A description by subroutine follows.

Meast of the variables are local to each subrautine mentionad.

BARRD (Subroutine)

IZ(4) -~ Variables into which zone numbers are read for

barrier definition. Up to four calls per barrier are accepted.

1C{4) = Variables into which corresponding cell numbers are input.
Al{4) — Attenuation from a low barrier height. '

A2(4) - Attenuation from a high barrier height,

TI(18) ~ Array containing titling information.

C-7
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CMRD (Subroutine)

T{18) — Title array.

" COSTRD (Subroutine) '

TI(18) — Title array.
CMN(20) —~ Array used to contain minimum expenditure on each

countermeasure in thousands of dollars. Used for printout
purpeses only.
CMX(20) — Like CMN, but for maximum expenditures.

DISBERS (Subroutine) (see EQUIVALENCE statement in Subroutine XNQOIM)

KRNK(1200) — Ranking index array for array DOLPER. If
KRNK(8) = 3, then the eighth most cast-effective path-raceiver
countermeasure option is rapresented by the cost/beneafit ratia

contained in DOLPER {3).

ECHO (Subroutine)

BUF(22) = Used to convert cell data from internal storage to a form

suitable for output.

IBUF(20)~ Buffer array for printout of countermeasure manipulation

indicators.

OPTIM {Subroutine)

KT{20} = Used to replace countermaasure gradients in descending erder.
KS(20) = Ranking index array, like KT, for ordering gradients in

asecanding order.

C-8
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- OUTPUT (Subroutine)

CSTPR(12)—Contains total expenditures over all cells on each of

the 12 path-receiver countermeasure options,

KT{20) ~ Used in ranking final gradients in descanding order.
KS(20) — Used to indicate if the spending limit was reached on

any of the countermeasures; used for printout purposes only.

PARRD (Subroutine)

Ti(18) —~ Title array.
IRDB(3) ~ Used to input three grades of residenticl soundprecfing.
ICDB(3) ~ Used to input three grades of commereial soundproofing.

" RATRD (Subroutine)

TI(18) — Title array.
1US(4) ~ Used to input four land use codes.
FAC(20)~ Used toinput 20 noise energy factors.

RELOC and REPCAL (Subroutine) '

i

TVAL{200) - Relocation cost by physical call location.

RPOP(200) ~Cell population by physical call lozation.

LNDUS(200)~Land usa code by physical cell location.

BENE(18) — (REPCAL only) Working array which stores people-benefits
of the 18 path-receiver situations befare this date is placed in other

arrays, Data here is summad over the day and night versions of a call.

CC(12)— (REPCAL only) Corresponding costs for the first 12 path=

racoiver cuses (see Section B=3).

SELZON (Subroutine)

BUF(10) ~ Used to input master cell deta cards Type 1-5.

O
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/ SMNDPRF / = This is the block that holds the energy reduction ratios associated

with the grades of soundproofing that are defined.,

DB1(2) Energy reduction ratios for the first grade of soundprﬁoﬁ ng for
residential and commercial land uses, respactively.

DB2{2) Like DB1, buf for medium soundproofing.

DB3(2) Like D81, but for maximum soundpfooﬁng.

/ SORST / —— Contains the titles for the noise sources input ot the beginning of

the master cell data set, '

STITL(8,21} The actual source titles for the 20 sources with 8 bytes alloeated
for the characters (A4, for a total of 32 characters). The twenty=first
location is used to store 'ALL SOURCES' for output purposes deseribing

D the sources affected by path-receiver countermeasure.
-/ STASOR / ~— * Used to store stationary source countermeasure data.
A

SRED(2,20) Holds the decibel reduction lavals corresponding to a minimum ';
and ¢ maximum reduction, respectively, for each of 20 pessible )
stationary sources. '

INSS(20) An array containing the stationary sﬁurca tountermeasure aption
number (0-4) that the program has decided to implement at each stationary
source. A zero implies no countermeasure in effect.

ISOVR(&) Stationary source ccunreﬁnensure option override array. A zero in
the 1th field precludes that option from eonsideration.

NUSS_ Actual number of staticnary saurces defined.

c-n
WYLE LABORATORIES

————

="




LA A LIS L g R T

B et

@ L4 mn

TI{(10) — Used to input countermeasure manipulation indicator titles.

SRANK (Subroutine)

XL(20) ~ Used to store the contribution to the NII from each of

the 20 possible sources for each cell.

KR(20} ~ Ranking index arroy for ranking the noise sources by

adverse affect,

XTOT(20) — Like XL, but is cumulative over all the cells.

SSPEND and XNOIM (Subroutine)

SSCB(8,20) = Cost/benefit retios for each of eight stationary source
countermaasure coses (ssa Section B-2) for each of 20 possible

stationary sources.

O' ) ' IDS5(80) — Contains information regarding the stationary souree cost/
bencfit ratics stered in CB. If JK is the stationary source counter-
measure option number (1-4 only; see Section B-2), and IS is the

source number, then, for arbitrary index i,
IDSS(I) = JK * 1000 +1§

KS{80) ~ Ranking index arroy for array CB. IF KS(1) = 15, then
CB(15) contains tha cost/banefit ratio representing the mest cest-

offectiva stationary source countermeasure option.

CB(80) — Contalns cost/benefit ratios for each of four basic stationary
source countermeasure options at each of the 20 possible sourcas.

STARD (Subroutine)

BUF(18) ~— Used to input title card. Also usad to input stotionary source

countermeasura costs.
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