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J

/] This report was prepared for the Motor Vehicle Manufacturers
I

Association of the United States under Agreement Numb_er.WYL ?TOZ_-

_,_.r- C2.1 entitled 'Community Noise Countermeasures Cost Effectiveness
. _ Computer Program (NBIZeP) and Documentation', effective September

,L- 20, 1976.

_._ The origi'nal version of NOI_BP was written by Charles
Coughlln in 197u,_ and implemented on an ].J_.M370 operated by
Tymshar'es Znc, The version of NOI;ZBP described in this manual

F? represents a signlfioan¢ Improvement over the original version and
_-_ was developed by the author of this manual in 1976 on a _ac

1_I..0B operated by U_iverslty Computing Company. For reference

_. purposes_ the version oz _IZOP de_-_cri'bed _n will be referredto as version 2.1. The source language (FS_RTRAN IV) used
conforms to ANSI standards to facilitate possible ;ranefer of

NSII_BP to other computers,

This document consists of three volumes, Volume ! is the

_. U'_er's Guide. Volume II oonta"a_'_'s ApPendix A, the lisl;ing of thesource Programs. Volume III contains APpendices B an_d C. Appen'r_ix
B discusses the theory behind program generation as well as _he

general command and data f.fow.. Appendix C gives an explanation ofthe grogram variables contained in CBMHQN blocks (storage arabs
jointly used by several subroutines).

The concepts according to which 'NSI,=OP operates were
developed In a study for the Motor Vehlcle Manufacturers

As_ion of the United • States _ocumen_'_=_ --" in Wy--i"_"RZ_arch• Report WCR 75-2, by Rack;_ R._ Sutherland, L._ St_ing, J°3 entitled
COMMUNITY NOISE COUNTERMEASURES COST-EFFECTIVENESS ANALYSIS, and

[_ dn¢od July 191._.7..5.That study was performed on the city of 5o__._ne_Washing_ons as a ty=ical communitys using the orlginal NBT_'BP
version. Since then_ many slgnlf;cant Improvements to concepts as

wOII as %o NBI_SP have been made, At the l:lme of this wrlting_ it_as contem=laCed to reexamine the Spokane study _n the light of
these Improvements,

D Chapter. of this volume provides a gene_£.JLL, overview and
_t ion, briefly examining the Program's purpose,

ca_abil_ties_ and limitations. This should provide a potentialuser enough information to decide whether NOIZSP can sut_ his
aDD| icat_on,

All subsequent chapters are Intended for the actual user_ (
supplying all Information necessary to utilize NOI_SP to the

'FT,
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i: fullest of its capabilities, Chapter 3 Is a reference for
debugging input data errors, The examples of Chapter 5 present
actual applications to clarify the text of the previous chapters,

___ The user may find it helpful to refer to these exsm_les as he isreading through the text°
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' NBI28PUSERiSGUIOE

INTRBDUCT1BN

L CHAPTER 1

• INTRSDUCTISN AND BASIC CONCEPTS

1.1_c_ndq;

C Hlstorically, the need for this computer program (NBIZBP)arose when a study was begun that had as its ultimate goal the
development of a ¢ool for rational and objective decision making

Sn policy and regulatory activity concernlng environmental_ acoustic noise from all sources. Simcly s_ated/ _ha problem was to
distribute a giv_ hypothetical sum of money in such a way as to
ob__ grea_ibl'_-'l_.,_,nu_l-_--;, _=r-ms of reduction of theE. numbe_adversely arfff_tod 69 _nvir'onm_ffta-_'T"_ffbTse,Thls
|_--n_r obl em of _-e-r_To'n-s--rese_rchTand_k ly recognized
_hat an involved computer program would be resulted to properly

_) handle the task. The inh_ron_,,'non-Iinearity of the mathematicsdescribing thoJ)roblem prey-anted ¢he usa of w_ll OevelopJ"_":_e'_hods
of--lindar algebra. A step-b_,-oCep gradient method Was develomed

,_. and Implemented for flndTng the mos_ cost-effective way ofdistributing the givem sum of money.

"_!-- For purposes of a mathematical formuls¢lon of the problem_ .e
ouantity was defined that rates the i_Uali_ Of the enviroo_ontal
noise climate of a oommurjJtyo This guantity is called _hs Noise

x_ InJpac¢ Index_ abbreviated ¢o NIII

NUMBER @F PEBPLE ADVERSELY AFFECTED BY NBISENIl = ............................................
TBTAL NUMBER BF PEBPLE _ 0 _'_. ,-

'_ "(=_ r _ .

_. CIoarJy_ the NII may vary between zero and one. The noise
climate Quality improves wlth goclining NII. In c_erations
research language_ the NII is the objective function (i.e._ it is
the Single function to be minimized by the Judicious distribution

of the given sum of money).

In order to evaluate changes ;_e M_I_ the concept, of the

th_se_a_dvorsoly affected by nolse, Examples of countermeasures

I/CR 76-15 1'1 LABSRATBR IES'_YLE
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t are:L_

o. Reduciflg the noise level emitted by trucks,
F:
LI _o Changing the flight path of commercial jet aircraft,

eo Moving peop, le to quieter areas.

_-" _ The ,communlty is specified to N_IZBP as a collection of cells
, . grouped in¢o zones, A cell usually comprises several c|¢y bl"bi'_-'kocs
_" anT-hoe's popu'la¢i"Bn whic'h Is exposed to the nolse from all

sources,-'---------

The basic task performed by NBI_OP isJ for _ specified _ec"
distribution of exbendltures_ to apply the countermeasures E¢-e_oh

r / cell_ no'¢ing the numoer of people no longer aov_,r_ffected by

-- I noise_ and comPutin.g_a--n_--_-f-e_oc_rclT--N¢1-o_is.task is performed a_-T large number of times during any one execution of N6IE_P es i_, . searches for the distribu¢|on of e_penditures which gives the
(-" greatest NII re_uotion for a given budget,

-
The concept of the 'countermeasure' was i_tsduced above. The

concept of ¢he _cell _ was ¢roa¢ed in order to organize th0

community, under' analysis in¢o manageable per=ions. Cells are ]
. groupe_ Into zones. A cell is assumed to _cous_leally

homogeneous_ i.e._ i¢ _ reasonable ¢o lump all of i_ulation

Jno-_'_'-'_--cen¢ral point of the cell; It _s at that point that thenoise levels from al_ (traffic, aircraf¢_ etc,) are ]
evaluated (for more de_a;Is and justificat_on of the concepts

refer to the Spokane study mentioned In the preface). As far asthe computer program Is mcncernad_ a cell exists simply by having
been given an iden¢iflcation number. I¢ ls important to note that

• the program dod_' no¢ know a cell's geographioal location, no_ its

Ioca¢ion relative ¢0 other cells, This means that the does
program

not perform calculations which depend on geographical Iocation_ or
on the separation of the receiver from a noise source. Such

_" calculations (s.g._ p " sos) mus¢ be carried outbeforehand during the stage of input da£a preparation for NBIEeP
which ¢hen provides a sophisticated bookkeeping sys¢em for noise

countsrmeasuros_ and cost-effectiveness ootimizatlon algorithms,• Nor is ¢he program concorne_ wi¢h the. P_yslcal na¢u_e of the noise
sources. The existence of a noise source IS made known to the
program by giving it a name and a sosuance nu,m.ber_ and by

[! .....

_! WCR 76-15" " 1-2
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I.[."

specifying as _nPut data the noise level the source generates Bt

_-_ each cell, The program is therefore hot concerned with such things
as traffic density and speed, aircraft altitude, thickness of a

m bu_tdlng well, etc., Bf course, the person preoaring the input
C. date will deeply concern himself with these items, and possibly

use other computer models (such as traffic" noise models) for

calculating nei.s'e levels/ transmission les.sesJ ,and .cost data3 ere,

•Up' to two cells may be s_ed at one sell 'locatlon':
_-. cells er_nt from _igh¢" co.ells in that they eonta,n
: - different populationss are e_==u_ different noise levels, and

exhibit different sensitivity of people to noise, If two cells ere
_--" specified at one cell location, two cells must be counted when
_o adding up the total number of celIs,

NBIZBP Version 2,1 is designed to accept up to a total of 20.=_=0.0J_b-
_._._. coils, This may not be sufficient if a good size community is to

_h_n bo full_ analyzed, However_ a method of judiciously {not randomly)

J
selecting a representative cell sample has been developed and is

LJ c_ documented elsewhere (_), Use of this deterministic sampling
uue method will rarely necessitate the use of more than 100 cells for

5_1_ one community, The program can be modified to eooept more cells,' _:_.J DePending on the computer oonfiguratlon_ this may necessitate the

_ of core' options_ or of _eripheral devices forVse
• _ _ intermediete data storage, such es ia available with 'vlrtuel

NBIIBP can also be used for evaluating the relative merits ofstrategies in noise regulation for _perteds, A data
factor'lng fa=ility is available which allows making selective end

overall adjustments to _he Inmut data in order to model a tlmePeriod different from that for which the input data was generated,

adding and subtF_-c-t-ing noise levels_ two I_vels_ L1 and L2_ are
added agcording _o:

B
L = IO_LBG(IO_*(L1/IO) * 10_*(L2/101)

whore the '*' signifies multiplication and the '**' signifies
oxPonsntiation, In the coil-by-cell Input _ata_ all noise levels

(_) AS yet unpublished work by Wyla Research, -_- -''/)/U)f
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should be specified in terms of enezgy equivalent levels (LBQ),
L. segarately for day and night.

E-. When the number of people adversely affected by noise a_ a
cell [s calculateds the above noise level summation is carried out

_._ for all noise .sources. The resulting noise level Is used to entera 'transfer function' wh{ch r.elatea the _.;se level to Che
fraction o:f people expected to suffer an adverse afloat due to
no l_'e';'" ' _ ....

r -
N_I_SP will issue an error message and not execute when one

of the following conditions exist (_his is net .an exhaustive
_: I lee):

,e Hero than 200 oells_
L.

*_ More than 20 stationary sources/

*e Mare than 20 typos of n_isa sources (oCher than stationary)J

*e More than 20 countormeasures_

L_ *e More chart 100 sound barriers.

i_, Most of ¢he above restrict;ons are due ¢o memory limitations|mDosed by _torago assignment values, Moderate axDanslon af the
above restri¢_lons may involve some minor modifications to basic

Dragram Func¢lsns.

The nox¢ section in Chit chapter dsf|nes several terms and• oomooPts more rigorously. The las_ section of Chis chapter
_rosonCs a simplified flow diagram of Ne]_P.

.

D
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Throughout this manual, there are references to terms and
concepts which may be better understood with the establishment of
the followlng definitions,

-; _* A _m_ is an action or a series of coordine_ed
actions leadlng to a reduction of the degree of noise
exposure of people.

_. ee An _&E_D_ is the commitment of funds required to
L_ Implement a countermeasure.

.e _ _U_c_i,_ define _hs effectiveness of each
_; countermeasure In utilizing expenditures for reducing ¢he

degree of noise exposure of people.

_ _ase£i_ refers to the condttlon when no countermeasures have

been applied,_K

' o* EL=S=D_ Y.C_L refers _o a point in time for which the row

aPPlies. _EL_et Z_L a later point in
InPut da_a refers to
time and _ condition of the input data as modified by the
data factoring facility in NBIEBP (see Section 2,8). The

final analysis (expenditure allocation oot_mization) iscarried out for She target year.

._ e_ An _LL_LT,_ ls an auxiliary da_a Item used in conjunction
with countermeasures, It may have various functions depending
on the countermeasure type. Many indicators must be

calculated the and.speclfled in the
by user input data.

%

WCR 76-15 1-5
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_._

Figure 1-1 shows a simplified flew diagram of NOIZBP. The
_-. control module accepts commands from the input stream and reacts
c. in basicaJly three ways:

_. _o Read more input data,

,_' #e Perform calculations on the slde.

_-':. ee Evaluate the NII and modify expenditures until the budget is
L., exhausted; at which time (due to the mrocese described in

Section 2,11) the minimum NIT for the given budget and the

_. associated most cost-effective expenditure distribution overthe defined gountermeasuros has been found, ---

g

g
!" i

i' )
:r

%

g
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INPUT DATA:F"

/_._ • ExposureLevels and Demographic Data
• Countermea..ureDescriptions and Casts
• Sound Barrier Definitions

CODEWORDS • Buildln o Soundproofing and Costs
Lcvets

(Comrr_nds) • Stationary Source Dorlnitians
• People I_spanseTransfer Functions

.

. CALCULATIONS ON THE SIDE:
_" • Baselino Nil

• SourcsP_nking

• Data FactoringCONTROL
MODULE

Input ]nitial Expenditures
on Each Countermeasure,

and Total Available Budget
Yes

j Determine New

Determlna Degree

Exhou:ted? Using of Countef'measure

J Grad tent Applicut ion

Gradient Apply
Countermeasures

J Compulatlon .

J Sub-Optlmizatlon
'_ Compute New NIl/_" on .Stationary Sourceand Path-Recalver

J J and Gradient Va uas CountermeQ,ure,

L J,_. MAIN OPTIMIT_ATION LOOP

FiDure I-1. "NOIZOP General Flow DiagramFZ
L,

i" WCR "}'6,,15 1-7
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DATA INPUT

CHAPTER 2

Li INPUT DECK STRUCTURE

Program operation Is controlled by codewords which nitiate
program functions. The input deck consists of a number of sections
which are identified by the codeword on the first card of Bach

L_ section. Each section causes execution of a certain program
function module.

Each codeword consists of a pro-defined string of $we, three,

or four al_habetlc characters deecrlptlva of the function. Table2-I is a lis_ing of these pre-defined codewords (in alphabeSical
order) recognlz'ed by the program.

g ,These codewords occupy the flrs¢ four columns of _he oodoword'
card and must be left Justified in the field. A codeword initiated

_rogram function may have uP to t_o associated option parameters.These two option parameters are input as integers and must be
right-Justified in each of two flalds on the cedewerd card,

columns 5 and &, and columns ? and 8. A blank field initiates thedefault handling of that option. A specific desoriptlon of _he=e
optlon parameters will be included in eachsectlon describing the
associated codsword.

Follow,rig the option parameters, starting in column 9 of.the

_, codeword eard_ the user may insert any tltle pertinent to the" . user's application for that codeword. This title may be up _o _0
characters long and will appear on the prlnted ouPut.

The user may note the prolific use of title cards in this
program. It is sugg6sted that the user make full use of titles;

reasons for certain actions and references for data identificationtend to be items of information that become very valuable when
later rsferrlng to your work.

The following sections in this manual .will describe In detail

the sub=structure of each of the program modules in theapproximate order In which they would appear in the Input d+ck.

,'-: WCR 76-15 2-1
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_, -Table 2-1Codawords Recognized by NOIEBP

I
CSDEWBRD BASIC FUNCTISN I

BAR Input of Barrier Definitions, _-

BASE Compute Noise Impact Index for
Baseline Case.

_-_ CM Definition of Countermeasures.
i
)

CBST Definition of Cost Functions, "
cRIT Transfer Function Mo'dlflcatlons. I

DTA Input of Cell Data Set. )
END Term(nation of Job,

FAC Data Factoring,

aPT Inlilate eDtimization Process,

_] PARE Input of $ounOproofi'ng Data.

RANK Compute a Ranking of the NoiseSources b_ Adverse Effect,

STAS • Input of Stationary Source Data..L..- .....................

, . _ ,

Immedla_ely preceding the ¢olleetlon of codeword sections(see Figure 2-1) in the input deck there must appear three cards,

:'_ _rd Z oontains the necessary Information regarding an optional
auxiliary or secondary print file t¢ be sent to a _ele-

typewriter type terminal. This file will contain a snort-form of _he program output which will give the user* who
does no_ h_ve Immed{aCe _coess to a line printor_ the

=.; essential results of the program as wall as sny error

LJ
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_ .
l_

2'

r2
L SYSTEM END CARD

DATA CARDS

_ Codeword Card .,/
LJ /

DATA CARDS

Codeword Card
L-.

DATA C.ARDS

Codeword CardTitle For Job Descriptioni i ,,I

j ,Title For Data Set -"

_, nation of Auxi_iar ' Print F_le
i

L_ SYSTEMCONTROL CARDS

,. , ,
-, . . ,

I

Figure 2-1. Input Deck Structure (see Section 4.1 Fo_a detailed description of the

"'-, control cards needed to execute the on the University Compu_'ing
programL

Company UNIVAC 1100).

_ .

g
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messages ma_ have Impro_er input date,that resulted from
L. An example of this short-form output Is presented in

section 2.11,_oi

P.
L:

This auxillary file will be created if the user places

a 'T' .in column 1 of the first card, An 'F' or a blank incolumn 1 will suppTess the creation of the auxiliary print
file. If the auxiliary file is desired, the user must also
"Input the Fortran Ioglcaf unlt number of the device to

which this secondary print file w_ll be output in column
_ of this card. Note that this unit number must also aPoear

in an 'FCL' command before NB]EBP Is executed (see SYSTEM

CeNTRaL CARDS/ section 4,1),

2 is a title card describing the cell data set for the

current job, All 80 columns be used,
may

_ _ IS another _itle ca.rd which is used as a descrlpt_on forthe job, This description =an be useful when referring to a
Particular run, All 8D columns may be used, This title will

also appear tn the cDti.onal short-form output, however_ inthe shortened form the first 40 columns will be printed on
one line and the second 40 columns on a second line, Hence/
a word may appear broken in the short form out_ut,

-

oq
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At each cell location/ the user may specify revels from uD to
L' two statie_ary sources. The user might specrfy source titles such

as 'STATIONARY SOURCE NO, 1' and 'STATIONARY SOURCE NO. 2', These
r- are source titles which are used to describe data fields in the
i ' master data set and are not related to the numbers (up to 20)
_' assigned to the indiv_duaJ stationary sources" in the community.

The program is informed as to which actual stationary sources
affect a particular cell by the use of countermeasure manipulation
Indioators (see Section 2,2/ countermeasure def;nition, CM),.

F
Following the source title cards, the user must place the

array of elements (ones or zeroes) for source contribution for
baseline case index evaluation. This array consists of 20
integersj one for each source, Format 2012, A zero in the i-th
field indicates that the i-th source Is not to be considered tn
the computation of the baseline Index, The user will normally
define a that should not be considered when type 1source a

_, countermeasure is defined for that source (see section 2,2_
countermeasure deflnition_ CM)., A source net to' be considered will

usually refer to alternate levels from another defined source. Anexample of such a source may be rerouted aircraft, In the baseline
¢ondltion no aircraft are rerouted and/ therefore_ there should be

no contribuSlon from the rerou.ted source,
The remainder of the date cards following contain the

necessary data specific to each defined oeil, Up ¢o five cards per
_J cell may be needed to en¢er all ¢he data,

__ ,='io I d: ! 2 b 3 _. 5 & 7 8
, I---I---I"-- I-I ....... I ....... I ....... I ....... I ....... I

15J._,,- Column= 1 _, 1 I I 2 _

_.d I (sos above diagram; 'b' indlcal;ss a blank field) con£alns
various parameters necessary for cell definition.

_ " F_old 1 - the zone number for d;ho ce;l_ I format°Field 2 -- '_ho number of _he cell within "the zone_ I format.
A cell number greater than 100 implies the cell
Is defined during_ne nlghttlme_eriod. As such_

_ there Is a maximum of 99 ceil locations oar zone,
A day 15 generally acknowledged to be defined

from ? a,mo "co 10 P.m,_ .and a night from 12 p.m,to 7 a,m, and 10 p,m° to 12 p,m, Ti_erefores the
program assumes that the day is 15 hours Iong_

L_

.:R"..-,,..... 2-,.
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and the nlg_t is 9 hours long. To define • cellover 2_ hours/ two cells must be defined/ one for
the day/ and one for the night, The night ceil

number will be the day ceil number olus 100.

Field 3 - must contain a '1' signifying card type 1.

0 'Field g - the copulation of the cell during the sCeo_fled
tlme Period3 F format. If a carson ls present in
the sail during both day and nighttime, then he

should be counted twice/ in the
once population

of the day cell, and once in the copulation of
the night cell, The program will weight the input

'population figures for the time over which thecell is defined.

F_eld 5 - contains the cost to relocate all people in the
cell in thousands of dollars, F format.
(Relocatron costs usually consist of property
values plus moving expenses), Specifying a cost

greater than 99g million dollars is eauivalent toInhibiting consideration of people relocation in
this cell (see saotlons 2.2 and 2.5/ Path-

Receiver Countermeasures).
Field 6 - t_e total floor area within the cell in thousands

f_ of square feet, F format. Th_s value is used In
W the somputation of soundproofing costs for this

cell (see sections 2,2 and 2,5_ Path-Receiver
Countermeasures),

_] Field ? - specifies the lower criterion level for this
cell/ either" I or F format is acceptable. The

.value specified must be an integer_ that is_ it' must not have a fractional part. The lower
criterion level Is the decibel level at _hloh

zero percent of the peoole will be adversely. affected by noise. Those levels are usually a
function of the land USe type. Table 2-2 contains
suggested values for lower criterion levels. That

section also Provides a facillty for entaring thelower criterion levels on the basis of land use.
If "that facility is used, fleld T can be left

blank.
F|eld 8- contains the land use code for the _ell_ eit_er I

or F format Is acceptable, The land use code isan integer value ranglng from 1 to a maximum of
15. Table 2-2 contains suggested uses of land use

f__ codes,

,_ WCR76-t_. 2-7 i
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L Tab I a 2-2

_- Suggested Usage of Land Use Codes

i i
l.. Land Use Suggested [ Suggested Lower

Code Usage I Criterion Levels
"_ I (O per-cent adverse
I'i I response, dO)

DAY NIGHT
I
i 1 Single and Two-family 54 _k_

U I Residential
I
I 2 Spen for Addl¢ional 54 46

' t

J Residential Use r

.3 Single_ Two., and 54 ,46

Mul'¢i family Resident ial i
MultlfamllY Residential 59 -46

"5 Business and 59 59
Commercial

--_ .I 6 Wholesale and 59 59
L_ Warehousing ,

! _ 7 Central Business 59 '59
-U DlsCrlc¢

70 70
8 Indue'Or ial

9 Pub I I c and

Semi-public Areas1D _ Parks 55 •

_,, 11 Sgho o I= 55 :
12 Hesp i eels _nd 50 50

._, Nursing Homes
13 Bpsn

u_ Bpsn
.1

15 BDon

L:

WCR 76-15 2-8
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I_

F Field: 1 2 3 _ 5 6 ? 8
_. I'--I'--I-''l'l ....... I ..... +'1 ....... I ....... I ....... I

Column: 1 _ 1 1 1 2 3 3
01 8 5 2 9

(
L- 9 10 _1 12 13

(cont.) I ....... I ....... I ....... I ....... I ....... I5 6 6 ?
L, 6 3 0 ?

, ee diagram above which is also aDplicable to cards 3, q,

_/and 5) contalns the decibel levels for noise sources 1-10,
t_ Fields 1-2 - are the same as for card type 1U

Field 3 - contains a '2' for card CyDe 2.

Fields _-1_ - are the source levels for noise sourees_ t-10
rssDsctivelys F format+

(/_¢j_/Jcontains the decibel levels for noise sources 11-20,

Fields 1-2 - ere the same as for card t_De 1,
Field D - contains a '_' for card CYDe 3.

F|elds _-1= - _-e-_he source level+ for noise sources _-1"__-

_OJ resDcc¢ively_ F format.

•ca_l _ contains countermeasure manlDulation Indicators 1-10,

F_elds 1-2 - are the same as for card Cy_e 1,
Field _ - contains a 'q' for card CYDs _,

Fie(de _'13 - are countermeasure Indicators 1-10_% "eresDect_v ly_ F format. Although the ;nDut Is
In F format_ indlcators are always integer

values. The user can ignore the format bytight-adjustlng the number jn Cho field. The
USer should ales note that any indica¢ors

which are eQulvalent for both Cho day aria thenight cell must be entered in the appropriate
field for both cells, Note that if indicator
values are the ssme over all cellsa they may

be input using Che 'IND' feature describedbelow. In this cases the a_roPrlats field
may be left bianko

r, WCR 76-15 2-9
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_ _ contains countermeasure manlPulatlan Indicators 11-20.
L.

F_elds 1-2 - are the same as for card type 1.

•Field 3 - contains a '5' for card type 5.

Fields _-'13 - are coun%armeasuro indicators 11-20,

raepeotivety) F format.

_ A blan_ card must follow the los= cell data card. The programhas room for UP to 200 cells_ counting day calls and night cells
as separate cells.

G
There is an Important restriction placed on the order in

which the cell data cards must be placed. The ca!Is must be input
in order of _endlng zone numbezs. In addltlon) within a zone the

_' cells must be placeP in order of ascending call number, nne zone
can contain from 1 to 99 cell locations. There is no restriction

_o the total number of zones as long as the maximum number ofcells _oes not exceed 200. The usefulness of grouping calls into
zones becomes apparent when studying the section on oats factoring

of this manual. When a large community is analyzed, calls will benaturally grouped into zones by their geographlcal proximity.
Those cells designated as nlgh_tlme oallss numbers greater then
100_ should not be treated as having large call numbers for the

purpose of numerically arranging cells within a zone, In fact_ the'1' In the lxx is stripped away and used sacerately. As such3 for
cell ordering within a zone_ the night version of a cell muse be

placed immediately following the associated day version.

Card tYDe 1 must precede cards type 2-5 withIn a cell_howavers there is no restriction on the order of cards type 2-5
following card 1. There is no necessity to Include cards type
2_3,_ and 5 if they are not all needed. For ex_mple_ i? there are

only 8 aefined sources and _ indicators/ then cards type _ and 5_ould be omltted. The program will not allow the user/ however, tO
omit card type 1.

8
Following the blank card which terminates the cell data

,-_ cards, the user may _lace a card with the letters °IND' in columns
LJ 1"_. Following this card the user may Input countermeasure

indicators which are constant (have the same numerical value) for
all cells. This feature relieves the user of the tedious chore of

on:erlng the same number in the appropriate field for every cell.Since 'IND' is an option apart from the main program_ the user
must In,;gate beforehand that the option will be employed. This is

a
n

C_. WCR 76"15 2"10
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done by placing a non-zero integer.ln the option parameter fieldindicated by 'J' ell the DTA codeword card. Following the 'IND'
card, if that option has been implemented, the user PJaces cards

oontaining the constant indicator values. As many cards asnecessary can be input) one card per indicator. A blank card
signels an end to the constant indicator card_ and returns control

back to the _ain program. The constant indicator cards have thefollowing format:

Fieldt 1 2I .... I-I .......... I
Celumnt 1 6

Field 1 - indicator number, I forme_,

Field 2 - actual indlca_or value, I format.

Figure 2-2 Illustrates a sample output resulting from celldata input. This output was the result of card input lines
through 218 in Figure 5-3. Figure 2-3 indicates the format of the

'echo Input' feature (initiated with a non-zero integer In the 'I'OPtion parameter field). This output reflects the constant
indicators whlah are Input in lines 219 through 22& of Figure 5-_.

The first line of each data set at the right hand side of the page|s the levels from noise sources 1 through 10, line number 2 is
for noise sources 11 through 20. Line number 3 is for indicators I
through los line number 4 is for indicators 11 through 20. This

G feature is also an option of the data factoring facility (seesection 2.8_ data faotorlng_ FAC). Also note that Indicator
numbers 19 and 20 may be reserved for sbeoial use (see section on

__] barrier definition, BAR),

[3 : "

0

0
o P
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TO examine possible noise abatement strategies, the user may
_20 courtS'assures. T_)IS section _III describe in

detail the various types of countermeasures the user may defineand how to implement them. The CH codeword has no associated
option parameters. In the following, 'indicators' are referred to

E which are used in countermeasure manibul_tlon and have dlfferentmeanings for different countermeasure types, Indicator values are
contained _n the master data set and are specified individually

for each cell. They are utilized by the countermeasures asdescribed below, A 'countermeasure variable' indicates the
Quantity varied by a countermeasure when money Is spent on that
countermeasure,

The exact incur format is given after the descrip_lon of all
,. countermeasure types. The format will illustrate the mechanics of

countermeasure definition and speciflcation. .:

_= Z_ A type 1 countermeasure is used for affecting
cumulative noise reduction either through reducing the frequency
_F noise source generation or by rerouting the path of _ moving

noise source, There is no associated indicator, If thecountermeasure is used to describe a reduction in the fre=uamcy of
operations of a noise source, the countermeasure variable becomes

the fraction of operations that are curtailed. This variable canhave extreme limits of O, (no oDarations curtailed) ¢0 1,O (&ll
operations curtailed). The reduction is the same for both day and

nighttime Periods; i.e._ the same for all cells. In gensral_countermeasures may bo defined to apply to two SOUrCes, However3 =
frequency -reduction countermeasure can apply to one source onlyJ

• hence/ a second source must mot be defined. The user may/ of

cOurse_deflne more _han one frequency reduction countermeasure/each a_Pl¥1ng to a different source.

_f e @emend source is defined for a type I countermoasure_
then this countermeasure Is trested ss implying source relocation

or reroutlng, The first source number rofer_ to field elements inthe input coil dora set that contain exposure from the source.- in
-- its criginal _ositiOno The second source number refers to exoosure

t_a¢ would be measured if the entire source were relocated or

°n
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L rerouted, The countermeasure variable becomes the fraction of thesource population moved. This variable must fall in the range O,
to I,0.

_Z2E _ This type of countermeasure refers to frequency

reductions in night operations only_ It may eppl_ to one or twosources, There is_no assoclated ind=cater, The countermeasure
variable is the fraction of night operations eliminated,

_ ._ CurCe_-s are t_ms 5 countermeasures, To _he program a
curfew is defined as an operatian that transfers nighttime
a¢tivlty into the daytime period, A reduction In night operationsi
will be aocomnanled by a corresponding increase in daytime
operations, The curfew may aPplY to one or two sources, An

indicator is required for each ccuroo defined to be affected by=his countermeasure, This Indicator sontains the portion
(expressed in hundredths of a Percent) of total acoustic energy
that is received from that _ource during the nighttime period at

E each cell ideation. A ceil location refers to the actual spaceoccupied by both the day and the nlght versions of a cell, Each
cell Io¢ation may have a different expesure value, The

countermeasure variable ts the frection of the night operotlonsshifted to day. If the variable is negative_ it refers to the
fraction of day operations shifted to the nighttime Period. Thus
the variable may range from -1,0 to +leD, However_ under normal

application (night operations to day) the feasible range will be_peclfled as O,O to 1.0.

• The user should note chat the program does not verify the
existence of the d_y or night cell into which the noise energy

will be transferred, If the user neglects to define the nightversion of a cell location the aoplloation of this countermeasure
will be erroneous because the energy Increase during the d_y
version will not be compensated for by a decrease in the night

version, energy indicator must be
Note also that the nocturnal

-_nput with both the day and night version of the celt location in
the data set.

0
I_=_ i(i. A type 10 countermeasure Is used to desorlbe the

{'_ _pltc&tlon of ade_.d__e_LLc_-whichproduces a fixed 9piso reduction,This devise is applied to a fraction of the source po=uletion,
This fraction Is the countermeasure variable and may range from O.

¢0 1.0, The device may be applied to twe sources, An example ofhew two sources may be utilized fellows=

;] _CR 76-15 2-15
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If the countermeasure conslsted.of applying new mufflers
L to Iocomotivess but freight and passenger trains were

separate noise sources In the input da;a_ both sources
! Would be used in the countermeasure definition. If,

howoverJ the mufflers were to be aoplied preferentially
to the locomotives purling freight train_, two separate

type 10 countermeasures would be reduir_dJ one for eachSOUrCe,

E A type 10 countermeasure utilizes one Indicator to becalculated by the user: Given de1 and dB2 as the source level
reductions at the call location from sources 1 and 2 respectively,

F and both reductions are expressed to the nearest 0,5 dB_ then the
L indicator is defined at that cell as:

I = (de1 x 2 + 200) x 1000 + (de2 x 2 + 200)

Note that either de1 or de2, or both, be zero; in themay
latter case the resulting Indicator would be eoual to 200200. The
program will recognize an indicatcr value of zero (or a blank data

field) as being equivalent to '200200. Since indicators of thistype will tend to be constant for every cell, the user may find
the _IND' feature of cell date Input to b_ convenient (see DTA

co,sword description). The alternative would be to place the samenumber in the approDrlate indicator field for every call in the
data set,

_X_ _=_ This type of _re defines s_r.elpht L_¢
reductions * u£_P_L levels. The counterlmsasuro variable is the

decibel reduction In the source level. Bne or two sources may beconsidered and there ere no associated Indicators. If the
countermeasure aDplies tO two sources the reduction is the same
for each of them. The source Leg reduction is the same for all
coifs tn the community. :.

%

_¥E= _ This type of countermeasure is very similar to a_' _Ype 10 countermeasure. The difference lies in the fact that ;f
two different devices are applied to the snme source oopulatlon_

_ the second device is applied exclusively to that portion of the
L source Population left untreated by the first device, Whereas with

tyas 10 countermeasures, the second device would be aPPlied

proportionately to treated and untreated segments of the source;; population alike. Hance_ type 15 countermeasures are useful only
when more than one is defined to affect the same source. The

' countermeasure variable for each type 15 countermeasure is the

WCR T6°'15 2-16
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fraction of the _L_ D_ _D_ produced by the fraction of
the source Population to be treated wlth the device, The user
should take care that the total fractional acpllcation of all type
15 countermeasures applying to any single source does not exceed
unity. This can be assured by careful seleetion of the feeslb_e
range of each of these countermeasures which "is input with the
cost functions., An error message will be printed ifs during the
optimization process/ It is found that the fractional apolication
on any one source exceeds unity, An example of the use of type 15
countermeasures follower

Two-dlmenslonal cost functions can be synthesized
by the use of two type 15 countermeasures. Two-

!i dimensional cost functions determine a single noise
reduction car_meter by the application of two

Countermeasures. Assume that two sources are also
; affected by the countermeasures: 1,) Vehicle noise

produced by ...au_omobltes on arterials_ and 2.) Vehicle

nolse produced by traffic on co, lector type streets.
During the brellmln_ry stage of Input data

preparation these two ' sources regu;red differentmathematical models to predict the levels. Bne axis of
the two-d;menslonal countermcasurd cost function

• _ describes retrofit of a muffler device on vehicles in
U non-compliance with munic;oal statutes, The other =xis

of the function.specifies ofterna_lves for new vehicle
noise regulations, The user wishes to obtain the oct;mum

combination of retrofit regulations and new vehicle• regufatlons, Two type 15 countermeasures are def;ned_
c_ch wlth arterial traffic as the first noise source and

collector traffic ss the socond source, The user hasdetermined that 10 percent of the noise energy from
vehicles is due to new vehicles and gO percent from

older vehicles. Note that these fractions are portionsof energy rather than the composition of the vehicle
fleet; The user has also calculated that the maximum
decibel reduction possible .from retrofit of older

_" vehicles is 8 dB and a maximum benefI_ from new vehiclesof 6 dB, These decibel values aPely to both noise
sources defined', The user defines the feasible range of
the countermeasure variable for now vehicles as O, to
0,1 and the range for older vehicles of O. to O.9. Thls
would ohYeicall_ be entered with the cost functions,

FInall¥_ the decibel values (placed in ¢he correctformst_ see type 10) would be entered with the cell date
as the _ctual indicator values_ which would be constant
ever all ceils and identical for both sources, In fact_

o -" WCR 76-15 2-1T
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NBIZBP USER'S GUIDE

DATA .INPUT

! the indicator could be gnteced once3 and the field
L.

number in which the indicator was placed could De
referred to for both sources. Refer to Section _.2 for
further details on the use of type 15 countermeasures.

L_

_Z2_ 1_ All stationery source countermeasures are grouped

,_ into a single countermeasure definition, The actual countermeasu= e
o=tions within the stationary source countermeasure are listed n

Table 2-3,

Table 2-3
_-_ Stationary Source Countermeasure ep¢ions

1, Minimum Reduce ion
2, Maximum Reduction

_o Elimlnetion of Night S_eratlons

_, Elim|nation of the SOUrCe

5, Elimination of N;ght S_eratlons and Minimum Reduceion

6, Ellm]nation of Night Bperatlons and Maxlmum Reduction

UP to 20 stationary sources may be defined In the community (see" STAG codeword Oescric_ion_ Section 2,6), The program will decide
which options are to be taken with each source, A listing of the

.. results will be contained in the output folloHing the op¢lmi2ation

results (see aPT codewcrd deserivtlon),

The master data sot contains noise ex=osure levels for uP totwo stationary sources at each cell, The numbers of these
stationary sources are given by two indicators also contained In

the mas_er data sat for each cell (see DTA codeword dasorlDtion_,

_= Z_ Type 20 refer= ¢0 path-receiver countermeasures. As

WCR 76-15 2-1S WYLE LABSRATBRIES
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DATAINPUT

7-

with stationary sources, all path-receiver measures are combined
into one countermeasure definition. A listing of all possible

-- path-receiver measures is shown In T_ble 2-4, There are no
as'soclated sources or indicators to coneidor in the definition,

L_

J_
LJ

Table 2-4
_._ Path-Recelver Countermeasure _ptions

1, Minimum Soundproofing

E 2, Medium Soundbroofing

3. Maximum 5oundproofing
4, Low Barriers

5, High Barriers
6, Relocation

?. Minimum Soundproofing and Lo_ Barriers

B= Medium Soundproofing and Low Barriers

• 9, Maximum SoundDr.oof_ng and Low Barrlers

10, Minimum Soundproofing and High Barriers
11. Medium Soundgrooflng _nd High Barriers

_,. 12. M_ximum Soundproofing and High Barriers

The following paragraphs describe the actual counts asure.._ definitio_s, Tweeds are required for.__ges__l%_r=_J_tarmoasure, A
/ _[ank card follows the last eo_ of _efinitlons cards to signal

return of control to the main program for Incur of another¢odeword. However_ if the maximum number/ 20_ of countermeasures
i= dofineO_ the blank card would not be necessary, Numbering of

the countermeasures Is done au¢omatlcally as they ore InDue, The

F WCR 7S-ls 2-Is
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DATAINPUT
L

[.. user should note that the cost functlons must appear in the same
order as the countermeasures to which they correspond (see teST
codeword description). The Program will allow input of the

;F countermeasure definitions before or after the cost functions have
L. been InPut,

The countermeasures may be deflned in any sequence the user
wishes with one restriction: countermeasure types 18 and/or 20

(stationary source end path-recelver) must be the last to appear
in the definition earde, The reason for this restriction is
explained in the section on cost function input (CgGT), Tables 2-5
and 2-6 contain a summary of the countermeasures$ their indicators

and variables. Figure 2-_ ta a sample Printout resulting fromcountermeasure definition, This output is the result of cards
number 227 through 254 in Figure 5-_, The countermeasure

E definition card format follows:

_r_ _ contains titling information for this countermeasure. Thefirst ?2 characters of _he card may be use_.

_rd Z consists of five data flelds_ Format 515.

0 Field= 1 2 3 4 5
I ..... 1..... I ..... I ..... 13.... I

Column| 1 6 1 1 2• , 1 6 1
', , , • ,

0 -Field 1 - specifies the countermeasure type code (see Table
2-5),

2 - noise source number affected by thlsFioJd the
", countermeasure, !

Field 3 - the noise source number of a second source_ If
• ny/ affected by thls countermeasUreo

E Field 4 - cent=ins the number of the indleator_ if any_utilized in the computation for this
countermeasure, The 'number of the indlo=tor'

actually refers to the . positlon that theindicator value occupies on card Cypos =_ and 5
(SOB master data input)_ beglnn_ng with indicator
number one In field _ of card 4, card type u

E contains indicators I through 10_ and type 5
contains 11 throug h 20.

i WCR 76-15 2-20 .
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-- DATA INPUT

Table 2-5

L. Countermeasure Ty.pe Codee

Code Number Countermeasure Deflnjt]on

(,

I • A reduction (n the frequency of operation
,_ of the no_=e source, The fractional redue-

tlon is the same during the day and a_ night,

3 A reduction In the freaueno¥ of n;ghctimo

of the noise
oDer_tion Source,

5 A shifting of nighttime =ct_vlty into

the daytime perJod_ or vige versa,
10 AD_lloat|on of a devloe that Droducee a

fixed Led reduction to e portion of thesource Do_ufa¢ion,

12 An overall Led reduction,

15 Like 10_ exoogt that no further modif-
I_atione are allowed to the treated oor¢lon of

the source poguJation,
1B Stationery sour:e countermeasures,

._,_ 20 Path or receiver modifications,

Fle|d 5 - =on,sine _he number of o serene countermeasure
Indioator_ If required, Note that only
countermeasure tyDes 5 and 18 can have more than

one _ndicetor,

E
_ HDR 7_-15 2-21, WYLE LABSRATBRI_S
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Table 2-8
Countermeasure Definition Data

I

I I
I CountermeAsure, Indicator I Countermeasure Variable
I' Code Number I ...................................
I I
I I Units EXtreme Range

I NA Fr_otjon O, to 1,

NA Fraction O, to 1,

5 Fraction of energy Fraction -1, to 1, o
omitted during nighttime _C

period (hundredths of > m, a per-cent).
_,

t0 Doolbel reduotlon Fraotlon O, to 1, c
(epoolal format, _
See text),

m

12 NA DOolbel O0 to {no program
Imposed limit)

15 Decibel roduotlon Fraction O, to li
(special format_

. see text),
t

18 Stationary souroo NA NA
b

number

; 20 NA NA HA

b
I

/
/
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DATA INPUT

L
COST ANY APPROPRIATE TITLE

E fl .... I''l''l ........................................ II 5 7 9

_ For each defined cp_uj__ter_easure, except types 18 and 20,
there must be an ass._ociated cost function, These cost rune(lone

E must be input in the same order as the countermeasure definitions.There are no option parameters recognized for this codeword.

E program will allow either the cost functions or the
The

countermeasure definitions to be Input first. This facility can
allow the user to conduct several optlmlzations, each based on a

different sat of cost functions. The user s;mgfy initiates anotherCOST cod°word after the 6PT cod°word. The program will then have
the new sat of cost functions stored in msmory'snd will compute--an

E ODtlm;zed expenditure _cenario based on the ne_ cost functionsfollowing the implementation of another OPT ccdeword.

0 "It is lmoortant to note that costs for _ha stationary source
and oath-receiver countermeasures (types 18 and 20) are not input
in this • section. Since _ho cos¢ functions must be incur In the

n s_me order as the defined countermsasures_ the user should verify
,_ that the stationary source and oagh-recalver countermeasures (if

doslrad) are the last two that are doflned. That is_ the _-

oountermeasuro definition cards (sea section 2°2_ countermeasuredef|nition_ CH) for these two countermeasures must follow the
daflnt;on pards for all other countermeasure types. The user must
InPut cost functions for all the other countermeasure tyces in the

in which they defined the
saQuen_e &re in countermeasure
definition section°

Four :dat_ cards are re_uirsd to define s cost function, A
bJankcar_u_t be _laoad followi'ng _ne last Oefinod cost function

" to signal a return to the main Program for input of anothercodaword, Ho_sver_ if the maximum number of cost functions_ 20_
_as inDut_, the blank card would not be necessary, Note that in
this case there would be neither a stationary source nor a oath

raoslvor countermeasure dafinod,

_ Z =ontains titling Information for the cost function definedOn the subsesuent three cards, The first 72 columns of the
card may ba used,

r
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P DATA INPUT.

_ _ feasible range variable.
contains the of the countermeasure
The countermeasure variable is either a dec_eduction
or a fractional application of a device which produces a .

_. fixed decibel reduction esee section 2.2 on countermeasuredefinition, CM, for a complete description of
countermeasure variables). The feasible range defines the

limits of allowed countermeasure variable aPPlication. TheFormat is 2F10.0 with the first field defining the minimum
allowed value and the second the maximum allowed value.

[ _ _ contains the values of the countermeasure var;a_iZ_e for
Which corresponding costs will be input on card 4. UO to

e_ are allowed, Format BFIO.O. Extreme values atthe--f_--_ble range defined on card 2 need not be defined.
The program w_ll perform a linear interpolation between the

data points to create a Piece-wise linear curve of up toseven segments. The feasible range values on card two
define the bounds of the cost function regardless of the
range of data points specified on this card. If necessary,

linear extraoolation is performed to extend the function.If only one data point Is specifieds that countermeasure
will remain fixed at that value of countermeasure

apblication, The countermeasure variables should otherwisebe listed In order of increasing countermeasure
effectiveness.

.0
_lLr._[ _ contains corresponding costs for each of the countermeasure

•_ variable data points specified on card 3, Costs must be

-0 input in thousands of ¢ollarSo Format 8F1D,O,

It _s conceptually important that the post functions bestrictly incr_md contain no dls¢ontlnuities. The cost
functions s_s]_oul_--d'--not contain any dlscontlnuous jumps in the

countermeasure variable or have regions of consean_ countermeasurev_riable aPPllcation for variable cost. In addltion_ negative
numbers are not allowed and will result in an error message. The
reason for these limitations on the form of the cost functions

lies In the technique used by the program for op¢lmlzatIon. Theprogram calculates a countermeasure cost-effectlveness gradient
based on a user-supplied expenditure increment. The components of

the gradient vector determine which countermeasures are the mostcost-effective at the current expenditure level. Discontinuous
jumps are nonsensical because the function would not be single

v_iusd at that Point. Discontinuous jumps ,at the origin tosimulate an automatl¢ no_se reduction with no cost may not achieve
the intended purpose because the program will not recognize that
there is no cost associated with the benefit and_ hences may never

I
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DATA INPUT

L

Implement that counter,neasure. Regions of constant benefit forvariable cost will cause the Orogram to stall on that
countermeasure because the gradient of the function at that point

is zero. Refer to the section on data factoringJ FAC for
simulation of certain desirable discontinuities,

Figure 2-5 illustrates a sample output which is the result ofcard images as seen in lines 2_5 through 304 of Figure 5-_,

0
0
0
0
0

"0

i

0
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_ DATA INPUT
! .
6.:

BAR I ANY APPRBPRIATE TITLEI.... I--I--I ........................................ I
I 5 7 9

Th_s section _s used to Incur data defining barriers for the
oath-receiver co.untermeasure, This ¢edaword is cotlonal anO is

used only if the user has defined a path-recelver countermeasure,There Is only one option parameter, identified by 'I S above end
described later,

The first data card contains titling information. The first
72 columns of the card can be used.

The second and third cards contain the barrier effectiveness

ratios. 'Card 2 contains effectiveness ratios for the 20 possiblesources and a low barrier height. Card 3 contains the came
information for a high barrier height.

The effactlvanasc ratio for a =articular source Is the dB
reduction achieved by the barrier on that source divided by the dB

reduction achieved by the barrier on a standard source of theuser's choosing. Effectiveness ratios are used to allow for the
fact that barrier effectiveness generally varies with the type of

"0 source,

• For example, • barrier 15 feet high is found ¢o attenuate

su$omobila traffic levels by de. same barrier an
10 Thls has

effectiveness of only 8 dB on locomotive generated noise. It ;s
decidad that the height of the traf.fi¢ noise source will be the

standard helght. The effectiveness ratio for the traffic noisesource is 1.0 end the effectiveness ratio for the locomotive noise
source is 0,8, Note that the effectiveness ratios for aircraft

noise sources should be zero s_nee barriers have nc effect onairborne noise sources. Since the orogram allows the definition of
two barrier heights at each location, effectiveness ratloc must be

supplled for a low barrier height and a high barrier height.

The array of effectiveness ratios for the high barrier height

R "Is independent of the array for the low barrier height. A stenOardsource is selected to have an effectiveness ratio of 1.0 for the
hlgh barrier height end then the ratio is calculated for seen of

o WCR 76-15 2-29
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- DATA |NPUT ,

the other sources at the high barrier height. This process is
L. repeated for the low barrier height. A different standard source

may be selested to have a ratio of 1,0 and the ratios arc
recalculated for the low barrier height. Note also that these

_. ratios will be applicable to all defined barriers. The
effectiveness ratio for any unused source number must be zero,

Each of the two ratio cards has Format 2DF_.O.

The remainder of the data cards ¢ontaln the actual barrier
F deflnltione_ one card per barrier. A blank card must appear after
=- the last barrier definition card 'to return control to the maln

program for incur of another sodsword. The card contents are

described below.

Field: 1 2 3 • 5 6 7J.... I ........ I ........ I---I--I ..... I ..... I
Column: 1 5 1 2 2 2

B 9 10 11 12 13 14 15 16 17 18 19
(oont,3 I---l--l ..... I..... I---I-- l..... I..... I---I--I ..... I..... I

3 3 4 _ 5 5 5 6 6 6 7 76 91 6 1 46 1 691 6

Field 1 - Format It. contains the barrier number. Up ¢o 100
barriers are allowed, The barrlar'numbers do not need to
be consecutive or ssquentlal_ no individual barrier

number greater than 100 Is allowed, Barrier numbers areactually barrier location numbers since both the low
barrier .and hlgh be'trier .are referred to with the same

number. Even though there Is a limit of 100 barrierIocations_ there can actually be 200 defined barriers,
100 low, and 100 high. The computer Program will decide
which barrier height (if an_) is the most cost-effective
to build at _he define.d location,
%

Field 2 - Format FB.0s Is the cost of building a low barrior atthis location in thousands of dollars. Presumabl¥_ the
user calculated this cost from the knowledge of the

barrier length and the cost per linear foot of building• low barriers,

Field 3 - Format FB.0, is the goat of building 'a high barrier at
_hla Iocation_ in thousands of dollars. Note Chat the
actual height of the barrier is not an In=u¢ data item.

_-_ WCR 76-15, 2-_0 - • WYLE LABORATBR IES
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E Only barrier effectiveness is specified n fields 6-?_10-11, 1_-15, 18-19 (they may not all be used). The user
decides on the actual b_rrier heights, tow and high,
whlchs In turn, determine the effectiveness of esch
barrier

_j e

E Field g - Format I3, contains the zone number of the primary
(adjacent) cell affected by this barrier (see section
2.1 for zone and cel_ specification).

Field 5 - Format I2, contains the cell number of the primary cell

affected by this barrier. Only the day cell number isnecessary, the program wTII automatically assign the
barrier to the night cell (if any) as well.

Field 6 - Format FS.0_ Is the base attenuation at the population
oentrold of the Primary cell for the low barrier. The

base attenuation is the effectiveness of the barrier indecibels 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 value mayon1¥ be entered to a maximum .accuracy of a tenth of a
dB.

Field ? - Format FS.0, Is the base attenuation at the population
eentroid of the Primer¥ eotl for the high barrier. This

value is Input in similar fashion to the low barrier- attenuation. Maximum attenuation of s barrier is limited
by the Program at _ de, This value is considered to be

a practical engineering limieatlon.

The previous four field definitions (_-?) ere then repeated

for up to three additional cells also sffected by this barrier.Thes_ add. zonal dells are not immediately adjacent to the barrier
and ere referred to as secondary cells for this barrier, A cell

may be a seoondar¥ cell to more than one barrier,

Barrier data Is stored in the program as Indicators 19 and 20
(see section on countermeasure incur, CMs for a definition of

L_ indicators). This assignment occurs automatically and reaulres no
physical action on _he bert of the user. The user should also be

thet countermeasure indicators numbered 19 20 will beandre any or
_J lost if barriers are defined. That Is_ barrier input overwrites

any information s_ored as Indicators 19 and 20, USe of Indicators

r-; WCR 76-15 2-31 .,
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!

r 19 and 2D Is allowable, however@ if the BAR oodeword is not
L_. implemented.

If a zone-cell combination is specified in the barrier
definition cards which was not defined in the main cell data set_
a message to that effect will be printed (see Chapter _ Error
Messages) and program execution will terminate, Howevor_ the

L option carametor can be used to suppress these messages and
overrideprogram termination, This is accomplished by placing a
non-zero value in the position occupied by the 'I' in the option
parameter field on the oodeword card Illustrated at the beginning
of this section,

_' This option would normally be employed by the user in the
event that a large set of barrier definition cards had been

_, developed for a large community. The user would be able to selectseparate sections of the community for analysis and leave the
large set of barrier, definition cards intact,

A sample printout resulting from barrier Input is shown in

. Figure 2-6, See Figure 5-3, lines 305 through 31B for tho cardimages which caused this output,

: !

.E

E
.E
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E
This section is used to input soundproof;rig data associated

with the path-re'ceiver countermeasure, If the user has not defined
! a path-receiver countermeasure_ this eodeword would no% be

implemented. If there is a path-recelver countermeasure this
codewor_ must be implemented, There are no associated option

parameters recognized by the program,

The codeword card must be followed by the following six da_a

cards,

_ILr._['Z IS an additional title card which may be used for anyPurpose, The first 72 columns of the card may be used, The
title will appear on the output,

0
_Lr._ _ contains the path-recelver countermeasure option override

array, end of the many NBI_BP program functions is toPerform a cost/benefit analysis and to apply in an optimal
manner the various .path-receiver countermeasure
alternatives. There are twelve such af¢ernativas which are

listed in Table 2-_, The user maya at his disore_ion_decide to ollmlnaCe any of these options from
consideration, For example, the user may disallow barriers

end soundproofing to be implemented in comblnatiom, This isaccomplished through the usa of the path-receiver
countermeasure override array, The array consists of twelve

tnCegors_ Format 1215_ input on one card, A zero in the i-
th field instructs the program to eliminate that option
from consideration, A positive integer instructs the
Program to Include that option, In our example just

mentlonad_ the user would place a zero In fields 7 through12_ corresponding to options ? _ 12,

The relocation path-receiver o_tlon has additional features,
As mentioned in the section on cell data Input (DTA)/ on
individual cell may be eliminated from .consideration for

E relooetion by specifying a relocation cost greater than 999
• million dollcrs, In additlon_ Possible relocation of any cells can

be overrJOden by placing = zero in the sixth field of the override

r
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F" array. The method the program uses to evaluate the potential
L benefits of relocation can also be controlled through the use of

the override array, A positive integer in the sixth field will
fcorrect the benefit of relocation by considering the noise level

q of the area into which oeople are being moved, The program does
not actual lY decide where to move people but _ssumes a noise level
which wi I I produce an adverse effect eoual to one-half of a

standard deviation below the mean residential adverse effect in
the community, The residential cells are scanned and the mean and
standard devtation are calculated. The current noise levels (i,o..

after all non path-receiver countermeasures have been aoplied) areused in the calculation of these statistics, If there are no
residentlal cells in the data set then the effect would be

equivalent to removing the entire population as next described, A
L] negative integer in the sixth field will instruct the orogram to

treat relocation as a simple removal of oeeple from the area, no
attempt is made to maintain a closed system with a fixed number of

I_eOple as done with the alternate (statistical) oDtion.
is The

choice the user makes may affect the manner In which t'iie user
calculates the relocation costs.

E
CD,&d _ contains three decibel levels. Format 3153 corresponding to

the basic noise reducti,on for minimum_ medium and maximumsoundproof ing_ respectively_ in residontlal dwellings.
Residential cells are identified by'a land use code of 1_

• 2_ 3, or _, ;_aroee in an:/ of the fields are normally not

F_ will in an error message, user
al lowed and result If the
has cost data for only one or two levels of soundproo'fing/
he may Input a zero tn an unwanted field and b_-pess the

_, error-checking facility just mentioned by olacin9 a zero in• the proper option field of the veth-recoiver option
• override array (card 2),

For example, only two levels of soundbrooflng are
known. The user leaves the maximum soundproofing field

F_j bl_nk and biases e zero in the third field of the overridearray, Nots_ in this example/ that any meximum
soundproofing levels defined for nonoresldentla/ cellso

_, (card 5) wlll also be by-passed.

C=rd _. contains costs per sciuare foot in dollars for each of thethree levels of residential soundproofing defined on Card
}. The same rules for Zeroes as on Card .3 also apply. The
format Is .3F10.0,

C._.d _ contains three soundproofing levels for non-resldential

E
._. WCR 76-15 2-3_ .
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I •

cells in the same format as on Card 3,
L,

_ _ contains corresponding costs for the three non-residential
Soundproofing levels in the same format as on Card _,

Figure 2-? illustrates a sam_le printout resulting from the
PARE codeword, See lines 319 through 325 of Figure 5-3 for the

E c_rds which cau@ed this output.

E

%

0
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This section Is used to input data describing ststlona.ry
sources, No opti.on parameters are recognized. If there are no

stationary sources or no stationary source countermeasure, thissection is not used.

The first data card is a title card containing any
appropriate information, The first 72 columns are read end the
title appears on the OUtpUt,

G
The second data card contains the stationary source

•_ - countermeasure option override erray, Format 615,
eno of the many NBIEeP program functions is to decides basedon a cost/benefit analysls/ which stationary source countermeasure

options should be applied ¢o which stationary source, constrained
by the allowable expenditure on the stationary source

"_ countermeasure, These slx options are listed In Table 2-}. The
user may instruct the program to overlook the i-th option by
pleclng e zero in the i-th field on the card. There are six

possible stationery source countermeasure alternatives, Any or allof these may be eliminated from consideration, The following
.dlegram illustrates _ sample stationary source override array

E o_rd.

1 1 1 0 1 1

i..i..I..i..1., i.. ICo lumn= I 3 5 ? 9 1
1

FO owing the override array are the actual stationary source
' date ¢srdst one for each of up to twenty stationery sources, A

blank card following the I_s$ stationary data card
source returns

control to the main program for input of another eodeword,

The st'atlonary source data car_ must contain seven Items of
tnformstlon,

WCR 76-15 2-38
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b

F
b.

Flold: 1 blank 2 3 4 5
-- I''-I------- I .......... I ...... '---I .......... I .......... I

Column: 1 1 2 3
1 1 1 1

6 7
(cont.) I .......... i ..... - .... I

- 5 6
1 1

r Field 1 - Stationary source number, I format. These must be
L sequential beginning with number 1.

Field 2 - A minimum source level reduction for this stationary
source, in deolbels, F format.

Field _ - A maximum source level reduction in decibels, F format.

Flold g - Cost for the minimum level reduction_ F format.

Field 5 - Cost for the maximum level reductions F format,
Field 6 - Cost for elimination of nlghttlme Operations,

Flold? - Cost for elimination of the source altogether_ F format.

All costs are input In thousands of dollars.

0
• Note that zeroes in any of the fields are normally not

allowed. Hcwever_ the stationary source override array may be usedto _llow input of zeroes In the fields if certain countermeasure
alternatives have not been costed by the user or are simply not

feasible options. For example_ a zero in the fourth field of theoverride arra_ card (see exemple diagram above) would allo_ an
Input cost of zero for the cost of source elimination, Note that

• an_ pos;tive cost value in the cost field will be ignored if the

aPProPriate override array field is zero, The reason for n_¢allowing zeroes in the oos_ fields is _o ellmlnete tho 'some_hing
for nothing, c_ses which the progrem cannot handle directly. Also

note that a zero entry in the override array _pbliss to allstationary sources.

Figure 2-8 Illustrates a sample output resulting from
stationary source data input, This outnut is the result of input
from cards as seen in lines ?5 through SO In Figure 5-1.

n
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The transfer function, _, is used to relate the fro orlon of )
people adversely affected to the overall noise level.

I

The Independent variables needed for function evaluation are
the equivalent A-welghted level (Lea) plus upper and lower Pound

criterion levels, Lcu and Lct_ respective;y. For levels greater
than Lcu3 _ eauais 1 (see exception below) and for levels less
than Lcl, _ equals O. However_ the shape of the function in

between these limits js not usually known with any greatlprecision. Consequently# the user Is given a tholes of transfer
function shapes for the intermediate region, The s_ape ogtlons are

plotted in F_gures 2-9 _o 2-12,

The CRIT option is used to specify the sha_e and/or crlterion
limits Of the transfer function to be used.

tII_ and ,jr the option parameters that control the
are

trnnsfer function changes ¢0 be made. Table 2-7 describes the
default conditions in effect before the implementatlon of the CRIT

option, These would be ineffe=t Jf the CRIT code_ord ware notusod,

G 'As can be determined from Table 2-7 the transfer function
takes on different limits depending on _he land use ¢y_e of the
cell In guestion or whether the sell is defined over a day or a

nighttime period.%

Remember _hat the lower criterion level (zero percentadversely affected) is input with the cell data set separately for
oath coil and as such can be different for each cell; it is not

confined to uniformity within the land use type, However_ use of¢he CRIT option to change the lower criterion levels will change
those levels to the same specified value at all cells within the
land use ty_e Indisa¢ed, That is_ no cell-selective changes are

possible,

E
WCR 76-15 2-gl
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Table 2-T

E Default Transfer Function Conditions

I
Land Use I Upper Crlterion Level

Code I (100 Percent Response),
Adverse

I ds
I ....................... _ i

E" I "" II Day Night J

E '1 I 85 77
2 1 85 77
5 I 85 77

_ 90
I 77

-- 5 I 90 85
6 .I 90 85

T 90 858 90 85
-_ 9 85 85

1D 85 8511 85 85
12 85 85
1_ 85 85

1_ 85 B515 .85 B5

0 '
Note= Default transfer function shape Is linear {Type 1)/ default

bulge factor is Oo_ and default maximum value is ls i.e;_ notmore than 100 percent people aaversel¥ affected. See Table Z-2
for suggested usage of those land use codes. _eaboveJevelswere
the producfefopreilminarycrlterlonanaiysis.. |fisrecommendedthatthouserspeoi_

upper criterion levels thor are 20 dB greater than the lower criterion levels in_ble 2-2.
_e2OdB windcwlscondstentwlth EPArecommendedlevels.

Table 2-S summarizes the use of the 'II' and 'a' optionparameters.

Note that if the transfer function for more than one but not
all lan_ use tyees are to receive modiflcation_ the CRIT option

must be invoked as mefly times as is necessary..

There are a variable number of data cards depending on the
F
I
b
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E Teblo 2-B
Use of Option Paremeters with CRIT Option

l..

_" 'II' 'd' I
I"

__. Land Use Types 1-15 0 = Upper and lower criterion levels I0 = All Types 1 = Lower cri_erlon levels only I
2 = Upper criterion levels only I

3 = Transfer Function shape II
(0_1_2 - any one or all I

tend use types I

3 - always all lan_ use types) I

option ;ndleated by the option parameters, If a single land usa

_, tYPe IS specifted_ one required change upper
then ¢_rd is ¢0 the

' criterion level and one card is required -to change the lower
or|teflon level. If 'J' eauals 1 or 2_ only one card is neceseery;

if 'J* equals O_ two cards are 'necessary; the first cardcontaining the new day/night lower levels and the second card
contaln;ng the now upper levels for the land use type indicated by

E 'If', The levels card has Format 215.

Field 1 ° contains the new criterion level (upper or lower) for

each ds_ cell of the specified lend use type.
%

Field 2 - contains the new criterion level (upper or lower) for

each night coil of the specified land use type,

If 'II S equals O, 3D following data cards are required, The
first 15 contain the new lower criterion levels for each of the 15
possible lend use eYOeS_ resoect;velY_ and the second 15 contain
upper criterion levels for each of the 15 _csstPle land use typos,

E Blank cards or dummy values muse be Included for unused landany
U_O types,

WCR 76-15 2-g3 "
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L

, If ej, oauals 3 then the 'IT' parameter has no effect, There
is only one data card, This card Contains the new transfer
flunotlon type number (1-5) and the now bulge factor_ r, The format

e IsfIS/ FS,0.
L

r'_ k Type 1 (llnaar) transfer funetlon can be made to extend
L, beyond the 100 per-cent adverse effect level ( _= I), Normally the

actual bulge factor value has no effect on a Type 1 transfer
funotion_ however/ the function can be made to extend beyond the

F _= I polar by specifytng any posltlve vaJue for the bulge factor'.
_- Figures 2-9 to 2-12 also show the shape option number and the

equation used for each option where:

X • (L - Lcll/(Lou - LoI)

_' and/

LQu > L > Lcl:" L _ Equivalent A-weightee Level {Leq)

Figures 2-13 and 2-1_ show sample grlntouts from each of the
two general t_bes of usage of ¢he CRIT option, Figure 2-13 was the

result of cards from lines 325 through _27 of Figure 5-3/ Figure2"1_ resulted from cards In lines 32B through 35B also from Figure
5-3, ----

•

I '
I
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_. Type I Transfer Funcfian 1

with nan-zero bulge _ //F- F_rameter //
k. /

/

1.0 "

r //

O. 8 .2 ///.@.
/

//

f
/

/

0.6 ..,,"
J

J
f1, /

/

f

0,4 /" 1
fJ

sf

0.2 //"
/

/

J
J

/ f

_ 0 I I0 .. 0,2 0,4 ' 0.6 0.8 1.0
,X

"' Figure 2-9. Linear Transfer Function, Type I (dashed line), and

Power Law Transfer Funationl Type 4 (solid lines). " ..........

(Linear Transfer Function, Type 1, occurs for r = 1 on a Type .4 transfer funetlon.

"However, the bulge parameter has no effect on a Type 1 Transfer Function other
than to indicate the maximumfunction value: 1.0 or greater than 1.0.)
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1.0

'I [I-oosl/r_x] ' ""
O.B

F] (where the sign oFcos_x
• is preserved regardless OF

the root or exponent')
0.6

• 0.4 r

-_ 0.4

0.2

0

_ _ 0 0.2 0.4 0.6 0.8 l.O
x

_' ' "-'Figure 2-10. Cosine Transfer Funcflont Type 2

E
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F

1o0

•1 I -1
o.e _ =_+_sin [c2×-I)_]

{ ! (where thes_gn of'2x- I is /
L_ preserved regardless of the ¢

root or exponent)

0.6

_ 0.4

.L.:.:0.2 /I/
I

I

0 I

O 0.2 0.4 . 0.6 0.8 1.0

_ "Figure 2-11. Inverse Sine Transfer Function, Type 3
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T

_ 1.0

k,_'

¢= 1-(1-x) r /
/ J

_J

0.8 r /"
I /s

f'_ /,.I

0•6 /,/"

J

J

jJ
/

E 0.4 ////1
J

t"/ J

J

0,2 ,/"

• /

E o
0 0.2 0.4 0.6 0.8 1.0

., Figure 2-12. Inverse Power Law Transfer Function, Type 5

.r _

E
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C_|r -0 3 ALLO_ HORE TMAN |00 PERC, ADV, EFFECt

Z
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i "-_ b_] [_3 _ .FFJ L_'-_],.__ ..F31__][.---3 ETTl C:_ [..-} C--J C---] ,_.7 _ F--_ r---i C-T-|

Am44mamJ&

CRIT 0 O TRANSF.FCT. FOR SFU _TUDYw _0 DB HANG_
etJA_A_

LONER CR|IERZDN LEVELS OF bO CELLS TYPE '| CHANGED ro 5t I)BA(D) ANt} _ DBA(N)
LO_ER CRLrERIUN LEVELS DF e C_LLS TrPE _ CHANGED Tt) 6,? UDA(D) AN_ a9 DBAIN)

LOhER CRITERION LEVELS OF _ CELLS TYPE 5 CHANGED TO 62 USA(D) AND 62 USA(N)
LONER CRITERION LEVELS OF O CELLS |VPE U CHANGED rf) 70 USA(D) AN4) 70 DHA(N)

LURER CRIIERIuN LEVELS OF 8 CELLS IYPE II CHANGEG.TU 5'1 USA(I)) AN=) -0 DflA(N)
LONER CRIIERIUN LEVELS OF 2 CELLS TYPE I2 CHANGED T_ 60 DUA(DJ A'ND 57 GBA(N)

z

UPPER CH|TERIDN LEVELS OF ALL CELLS TYPE I CttANGED rlJ TI PGa(D) AND b9 USA(N)
UPPE_ £RIrERIUN LEVELS OF ALL CELLS TYPE 2 CHANGED TO II DBAID) AND 0 USA(N)
UPRER.CHIrER|GN LEVELS OF ALL CELL5 TYPE 3 CHANGED rq 0 USA(D) AND 0 08A(N) 0

uPPER CRIIERIUN LEVELS DF ALL CELLS TYPE a CHANGED TO 8_ I)BA{D] AND &9 GBA(N)

,UPPER cNIrERIDN LEVELS UF ALL CELLS IYPE 5 CHANGEI] TU 8_ Gila(D| AND B2 DBA(N) _ m
: UPPER CRIIERIUN LEVELS OF ALL CELLS TYPE b CHANGED TI) 0 DuA[D) AN() 0 UBA(N) m

UPPER CRIIENION LEVELS OF ALL CELLS TYPE 7 CHANGED Ttl 0 DflA(D) ANU 0 USA(N)
UPPER CRIIER|UI_ LEVELS UF ALL CELLS TYPE 8 CHANGED H] RO DUAID) AND 90 DHA(N) _ _ '

0 UPPER CHIIERIi]N LEVELS OF ALL CELL8 TYPE 9 CHANGED TO 0 I)UA(()) AND 0 DSA(N) C

UPPE_ CRIIE_IU_ LEVEL8 OF ALL CELL8 TYPE |0 CHANGED TU 0 UUA(D) AND 0 UBA(N) _
UPPER CRIIERIUN'LEVEL$ OF ALL CELLS TYPE 1! CHANGED HJ 77 USA(D) MiD 0 DBA(N|

z UPPER CRITERION LEVELS OF ALL CELLS TYPE 1_ CHANGEO TO 80 OBA(DJ ANU 77 DBACN) m
UPPER CRIIERIUN LEVELS UF ALL CELLS TYPE |3 CHANGED T() 0 DBA(D) AND O DBAtN)

I UPPEd CRITERIUN LEVELS OF.ALL CELLS TYPE |q CItANGED TI) 0 USA(D) AND 0 OBAIN)

UPPER CRITERION LEVELS OF ALL CELLS TYPE 15 CHANGED r_ 0 USA(D) AND O DBA(N)

n Figure2-T4. SamplePrintoutDue to CRIT Codewordo.
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', NBIZQP USER'S GUIDE

,_ DATAINPUT
I

L.

L.

FAC I ANY APPRePRIATE TITLE
_ I.... l--l--I ........................................ I

I 5 7 9

i

The FAC codeword Is used to f_._.@.r.,C_rnoise excosure values,
gopulatlon, _d ralocetlon coat. The purpose of the factoring is _

l t_pu_paa_e_ aa£'a set from the year for which the data wee
• calculated to a target year in which the countermeasures are to be

implemented. -_--

For examples operational data may be available for the noise

sources in the current year 1976, but the countermeasures are tobe implemented over e flve year period and as such the cost
.... functions reflect the costs to the year 19Sl, The countermeasure

oDtimizatien ins therefore_ to be based on the noise environment

target year, 1981. factoring capability is used
tn the The data to
slmulate the noise environment in this target year using constant
f_ctors based on predicted trends,

Another example illustrates an aPnllcatlon to simulate e

sscmethlng for nothing' countermeasure cost function,

Current vehicle nolae regulations will result in a

decrease In the overall vehicle fleet noise level in thetarget year even without the eoplicatlon of extra noise
countermeasures. However/ the cost-function for the

vehicle noise countermeasure should not have any regionswhere noise reduction is achieved with zero additional
cost (see section 2.3_ cost function input, COST).

Therefore/ to force the program to accept the automaticno_ss reduction in the target year_ the user employs the
data factoring option to reduce overall vehicle noise to

. th_ Predicted level. The cost function can thus ba

redefined to eliminate the troublesome region.

E Factors for population growth (or decline) end property valuecan also be specified. These dat_ factors can be m_de to apply to
specific zones enO/or specific lend use t_pes,

A nonzero integer in the option parameter field indicated by
sit _bove will initiate e formatted output of the master cell data

f'_
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F
NSIZeP USER'S .GUIDE

DATA INPUT

F set as It apoeers following the data factoring Note that if
- barriers are defined (BAR codeword), indicator fields lg and 20

have Dean filled with data on barriers. The data consists of a
number of UP to six digits. The first three digits are the barrier
number. The second three digits are the barrier attenuation in
tenths of a dB.

F
FAC may be invoked as often as roqulred, glve data cards are

required each time:

_ _ is a title card which will appear on the output_ the first
?2 characters may be used.

L;
_E_ _ contains zones and land use codes for which ratios apply.

E Format615.
F|eld 1 - The number of the first zone for which ratios

apply. A zero implies a star_ from the beginning

of the data_ i,e, _ho first
zone,

Field 2 - The number of the last zone for wh{ch ratios

apply. A zero implies that zones will beoonsldereO to the end of the data_ i.e. the last
zone.

'0-- Fields 3-6 - Land use codes for which ratios apply, Up _o
four may be specified, If none are input_ i,e,
four zeroes or blanks_ all land uses will be

90 considered.

_l_ _ contains factors for population and property valuesrespectively, Format 2FB°O,

_.r._ _=_ contain noise energy factors for the 20 possiblesources. Format 1OrB.O. Example: If noise reduces by _._
dB, then the factor to input is 10=o(-_,3/1D) = 0.3715
(the two asterisks *= signify expenentiatton).

g
Note that = faster of 1.0 will result in no change to the

corresponding data item, Figure 2-15 illustrates a sample printout
rssultlng from imelementetion of the data factoring option, This
output was the result of card Images as seen in lines _59 through
36_ of Figure 5-3,

C7 wCR 76-15 2-52
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I--] [ "'1 C'_'7] [:-7 El':] t.---_ [T'2_ L-:-Z] E-.'3 F__'73. l:-.1 [_-'-.7 .E-._I l'T:-I [:7,-1 r:--1 i"--I r. I --I

n

' FAC I-g IFO BA II (l,l_L0 PlaN) . . .
aaal_lAoJ

..... • -.- I|MULAI[ UISELINE MUIO_ V[HICL| L|¥ELI (|.[** FOR N3 (NFOqCE_[_t)

Z
THE FOLLO_|NG FAC|U_S APPLY IU ZUN[|I |- _J A_O CELL_I |* 1_

LJ_D U_ESl aLL "

O_
POPIIL&||¢IM _ND PROPEIIlY YALU_ FACIU_I

I.000000 I*000000 _

UI [_PDSUAt FACIO_ml

J.5o010O h000O00 l*518100 _._|_100 |*O00lO0 1.1211Og t.lz_aOl I.O0O00l 1.00OO0O i.10OOO0

l,O00000 **000000 %000000 -*OOO000 %000000 **00_000 -,000000 %000000 %000000 -*O000OO _

Flguro2-15. Sample fflntou/Due to FAC Cod=word



[

NQI_BP USER'S GUIDE

_- DATA INPUT

F-

F BASE ANY APPRBPRIATE TITLE
_- l.... I--I--I ............................ .-...... ; .... I

I 5 ? 9

F
L.

The RASE eodeword Is used to calcul_ate the basel in_.Noise

Impact In_-ox (NIl) for the community, The NIl is ¢he_frection ofth'e'_people in the community which ar.e adversely affected by their
noise env ronment. There are no ootions or data cards for this
co'dE_Er-c]_-The basel ine index is calculated using the current data

E either in the raw form as input by _che DTA codeword, or in anamended form due to the FAC codeword. Henca_ the BASE codeword
should appear after the DTA codoword in the input dock.

Normally the baseline index is meaningful in the target year

E before actual source level reductions are achieved throughcountermeasures. Therefora_ the FAC codeword would normally be
invoked before the BASE codeword. However, if all the input noise
data is consistent to the present year, the user might ba

E interested in the present day NII as well. As such_ the BASE
codeword may be invoked more than once., before and after data
factoring (FAC codeword}.

Calculation of the baseline Index is optional, that is_ thls

codeworcl does not have to be Invoked, If 1¢ Es_ however/ It willallow a comparison to be made between baseline an_ final NII, The
final NIl being the noise impact index which has been optimized
using the input countermeasure and cost functions together with

_T_ budgeted expenditures. The comparison will be presented in theform of an NIl reduction from the baseline and a final
Cost/beneflt ratio. The cost/beneflt ratio is defined to be dollar

amount spent Per person In the community to achieve the reductionin NIl, _

Figure 2-16 is a sample output from the BASE function, This
output was caused by the codeword card seen in line 365 of Figure
5-_. The NIl value seen is for the cell data also defined in
Figure 5-3.

LJ
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; NBI_eP USER;S GUIDE

DATA INPUT
L

L

F RANK ANY APPRBPRIATE TITLE
L._ I .... I--I''1 ........................................ I

1 579

The _ command initiates the .gommutstlon of a ranking of
the noise sour cos by adverse effect, There are no oD%lon-

E _arameeers or following data cards for this codeword,

The basis for the source ranking Is the contribution to theNOISe ]mOac¢ Index (NI%) which is due to each of the defined
sources, The most offending noise source will be responsible for

having %he most adverse e_eo; on the population,

The output of this calculation is the contribution ¢o the NI!

from each of the 20 possible souroes_ the fractional contrlbu¢ione(sum ¢0 unity) to the NII from sash of the 20 possible souroes_ r
nnd s li3ting of the noise sources in order of decreasing adverse i

E impact, Figure 2-17 illustrates a sample output, The input cardoauslng this output can be seen in line 366 of Figure 5-3, The
sources and Dell data used in this ranking are also defined tn

0 ',
This opt|on functions much llke _he BASE ¢odeword in tha¢ It

employs the cell data eat as i¢ exists at the time the codeword is
implemented; which may be before or after the optional data
factoring (FAC) has been carried out., Hence/ the user ma_ be
interested, in obtaining a source ranking before and after the da_a

E factoring has taken plscei

0 .

E
0 "

[
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{_"_ I---I _J _ (T53 _ CLIT2 t....J _ C_-SL__._ L-TLT2 l J F-TT] E'-.l F-_ F-I r--2 '-J

| _QAAAAAQA

/

POPULAI|(JN WEIGHIED AVE INDICES FOR OOUHCE RANKING! 5_URCES (|-IOI / (lI*20)

,ObT|Ib ,015178 ,005Z90 ,0_oSb ,0]q_25 ,IB_5[Z ,IEZTS| ,O00JTb ,0815?9 ,O0DSq9
,O01qb_ ,O000OO ,OOO000 .080000 .O,OOOOO ,000000 .OOUOOO ,O000OO .OOOOÙO *OOUOOO

, iFRACTIONAL CUNr_IDUIIDN TO NOISE IH_AC| INDEXl SOURCED (I-tO) / (l[-EO)

.l|SSb8 ,02b_] ,0091_2 .091595 _ .0b8155 ,J|68|'$ .2|Iq|6 .O00bSO ,IQO83b .O|OO_5

.OUJJB9 .OO00PO .OOOO00 o000000 .DUO000 ..000000 .UOOOOO .SO0000 .000000 .DO0000 . 0

C
MOST OFFENDING SUDNCES! SOUfiCE NO, :_"

J
U1 [ HOIDHCVELEg. LIJff SPEED LINE BNC. b) ' _ -.
-4 _' MOID_CYCLED LUCAL tRaFFIC SOIJ_ICE I) _

] RAILNOAO LOCOHOrIvE_, LINE _. 9) ¢_
--4

pU|O_OtllLED LO_ 8P_ED LINE DNC l)
5 THUCKD LI]_ SPEED LI_E 8HC* n)
b IHUSK3 HIGH SPEED LINE S_C. 5)
1 4UIU_DDILE8 HIGH SPEED L[NE DgC 2) m
8 _AILIIOAD CA_$. LiCit SI)UNCE (tOI
g AU|OqOUILE_ LUCAL THAFFIC 8OUIICE (J)

lO AIOC_{AF! COMHE_C/_L, FLIGHt {[_)
II bUSES L_ SPEED Lille O_C. I 8)

:=¢

t"

r- Figure2-17o SamplePrintoutDue io P,AN_ Codeword
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,- NBI_SP USER'S GUIDE

DATAINPUT.

OPT I a ANY APPRBPRIATE TITLEI.... I--I--I ........................................ I
I 579

0

The 8.p.T oodeword is used to initiate the c_s_-__effe_t_veness

opttm_zat_.n.pr__c_ss. The program uses a gradient method in thep_ooess of finding the optimal point representing that allocation
of expenditures among the defined countermeasures which results in

the smallest Noise Impact Index, The constraining factors in theNIl minimization process consist of the maximum feasible
appllcation of any of the countermeasures and the user defined

total budget for all countermeasure expenditures combined, InesSence_ then, the program will ftnd the minimum Noise Impact
Index that can.be achieved with the amount of money that has been

budgeted,
The option parameter indicated by 'I # above controls the

detailed breakdown of the path-recelver Countermeasure results, A
0 zero in the field (default) will initiate a call by cell listing

of the particular path-receiver countermeasure options {see Table

2"# for a llstlng" of Chess options) employed at each of the celli locations, A nonzero integer in this field will suppress this
listing. A detailed explanation of the printout is included later
below,

The gEadlent value for a countermeasure is the change in the

Noise Imboot Index that would occur if an additional dollar waresl3_'h'I"6-n th_'counto_measura alone.
%

The o_tlen parameter by trois theindicated t B

handling of the stationary source gradient evaluation, For various
roasons_ the calculation of the stationary source countermeasure

gradient is duite oomplex_ _owever_ an approximation Is veryeasily obtained, This agproxlms_ion will always have a higher
numerical value than the true gradient, The program will increase

the exPenditure level of only one countermeasure at a time, Thecriteria for selecting the countermeasure is based on gradient
magnltude, The countermeasure with the largest gradient will

rocsivo the next sxpendlture increment (the determination of the

WCR 76-15 2-5B WYLE LABBRATeRIES



NBI_QP USER'S GUIDE

DATA INPUT.

actual _ncrement value will be discussed ater below), If theL
approximation to the statlonary source gradient is not the largest
of all the gradients then the actual magnitude of the stationary

source Countermeasure gradient is not important. A zero in the 'J'
option parameter field (default)-_ill allow the program to take
advantage of this fact and suppress the procedure which calculates

the actual gradient value, If the approx{mate gradient is the
largest the actual value will then be calculated, Remember that
the approximate value is always larger than the actual value. A

non*zero integer in the 'J' option parameter field will cause theprogram to comcute the actual gradient value at avery point;
resulting in increased execution time. This feature is included in
the event that the user is interested in the true gradient values

_ of the stationary source countermeasure at every point in theoptimization process=

5 'Up to three data cards are necessary to control the
optimlzetton process.

_&r._ J._Z define the point st wh{ch the On'imitation process is to

begin. These cards contain the initial expenditures on
the countermeasures at which the user wishes the

_J oPtimization process to commence, The initiel values
would normally_be 7ere but this Is not a restriction,

N The program will adjust these input expenditures to
U account for any minimum or maximum expenditure

constraints on any of the countermeasures which were

declared during countermeasure end cost definitions, Theuser must input _n In;t!mt Axp_ndtt,,re _or each defined
o saute, Ten expsndi_res can be placed on each

_card_ Former IOFB,O, The values must be lnpu_ in

f thousands of dollars, If there are _en or fewer definedcountermeasures then only one card will be neoessary_
more than ten defined countermeasures requires the usa

of both cards,
%

C_,_ _ contains three control parameters_ the total budge¢3 the

maximum initial expend _ur_
gredlont StepS_Ze; amd the
ratio, The format Is 3F10,0.

_= _E_ E_=£_ Is the maximum allowed expenditure for allcountermeasures together. The desired value iS entered in mil Ions
Of dollars.

l'b_ _ _ _ is the dollar Increment which the program
will adg to the current expenditure for each countermeasure to

Oaiculate the components of the gradient vector, Remember that the

F_ WCR 76-15 2-59
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.... NBIZOP USER'S GUIDE

DATA INPUT.

!

gradient is calculated using the spacifJed stepsjzo (net a step• size of one dollar), but fs presented as a per-dollar benefit. The
5tepslze must be entered in thousands of dollars, The default

__. value [initiated by a blank field) is 10pO00 dollars.

Ib= .LQl_l_1 o_zlm_o =_D_D_I_uA_ C_3i= governs the rate at which
E progress will be made toward reaching the optimum point. Beginningwith the input Initial exoenditures, the Program w_ll spend

addltionel funds on one countermeasure at a time until the total
budget has bean expended. The particular countermeasure that is

selected for expenditure increase Is the one that is the mostoost-effectlve at that point (i.e., has the largest gradient). The
actual additional dollar amount allocated to that countermeasure

_, is determined by:
Increment = NIN(GI/Gn • MAX(It * Ca/Tb • I)) * SS

_,: where,

GI = Largest component of the gradient vector

E Gn = Second largest vector pomponen_Ir = Initial maximum expenditure ratio
Ca = Current total expenditure on all countermeasures

Tb = Total allowed budge_SS = Gradient stapsize

" _ 'MIN' moans take the smallest of the arguments within
parentheses separated by commas, 'MAX' means take the largest of
the arguments within the following _arentheses.

As can be seen from the expression above• the initial ratio

limits the coarseness of the steps which can be ta_am, The allowedsoarseness is a decreasing linear function of expenditures which
is why the input maximum expenditure ratio is referred to as
ejnitial_. Note that the increment is never allowed to fall below

:_ the stepslza. A large ratio will potent;ally reduce the
gradient

_umber of'. steps required to reach the optimum polnt/ but it is
likely that the result will be less accurate :han a rosul.t

aohleveO with a smaller ratio, The smal;os¢ allowed ratio is 1,0_meaning that t_e gradient ste_size will be the incremental value
at every step, The default initial exbendlture ratio (inltlated by

_== a blank field) is 10, Nots that this ;ncremental procedure is

_.' applicable for the countermeasures with continuous cost functions.
Because the program can deal only with one whole stationary source
or one whole cell at a time, the stationary source ano bath-

reseiver countermeasures have discrete expenditure steps and are
indepenaent of the controlled Increment expression.

r-
I
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NBI_QP USER'S GUIDE

-- DATAINPUT.

2,11.2 iQ_=c=c_&_=i_ =i _u_Qu_
:H

_-, This discussion Is Included to assist the user in
interpreting the output of the optimization process appearing in
the Primary output. The results should be self-explanatory but

L there are some subtle points of which.the user should be aware. A !I
sample output is shown In Figure 2-18. Bee lines 367 through 370 :1
of Figure 5-) for the sards which caused this output, blank cards

L.: (lines 368 - 369) are equivalent to zero initial expenditures.

P Two identical pagos_ Bach containing the program leader_ are
stinted so that t_e user will be able to tear off his printout and
always have a leader page facing u=wards.

F,
The adjusted input eypend,i,,tures are the initial valdes

specified by the user which have been corrected for minimum or
maximum expenoi¢_re constralnts placed on any of the

L countermeasures.

The total budget_ gradient stepslzs_ and Initlal maximum
expenditure ratio are all user defined variables described in
section 2.11.1.

The program will output the currant oxpsnditures on each of
the countermeasures as well as the associated components of the

•L, gradient vector. The resultant noise impact _ndex and expenditure
total are also cutout with each of the steps,

Note that if all the initial expenditures are zero than the

resultant Noise Impact Index will be equal to the baseline caseNoise Impact Index calculated as a result of the BASE codeward.
%

If any of the gradient v_lues are negatlve_ the user shouldsuspect erroneous data preparation. A negative value implies that
expenditures on this countermeasure will result In impressed

noise. Thls type of error may frequently occur for curfewcountermeasures where noise energy is transferred into the
community from non-existent cells. Since countermeeeure-¢ost

functions are assumed to glve a monotonically increasing benefit_ith increasing ex_endlture_ the program Hill suppress any further
gradient calculation on this countermeasure. Note that any

nogativo gradients will usually be spotted following the
L
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f-t I--+I _.._I_---JET_._-.L-c.-i, _.._J_ L.'.J_ .,C_,_Ir_1 f_-l [--_IF-7 r-7 _7_-I_"

_AaJli_IA

:a_ OPT -0-0
_e la_A*laaa !

A_JUSIED |hPUr [XPE_D]TURE_I--4
O_ O, O* O* 0, O, O, O* O. O. O*
• 0* 0* 0* 0, 00 0. 0, 0. 0* 0*

IOIALS ! O*

TOIJL 8UOG[I * / S lb$_aO,o0
GRJDI(_! _ll_51Z[ • S , _OuO.O0
|fl|IIAL MAX. _P£_D|IU_ flJT|O • 2+00

$1tP [:P[_D|TUW[$ (|-tO) / (1|-_0) / UqJOl[NT$ (1-10) / (||-_0) .
e_*wse o_e_#_Q_eD_O_ea**_`e_o_o_*`_ean*O_m_`_m_m_**`_-_O_*_e_-e_m_-_*eeq-_e_*m_e_m_`_ee

| *000000 *000000 ,000000 *UO0000 oO0000O *000000 *_00000 +O00OO0 *000000 *00000_
• 000_00 ,000000 ,O00uO0 +O00OO0 *O000('G *000000' .000000 *000000 *00_000 *0000_0
• JbJ_b*O_ *a|_8_b-05 ,J_e%gJ*O_ *lJ]ll|*Ob ',lSoSbb'O_ *eSb95b-O? *_§]1J2"07 ,Jll_5_*04 *a|_Sq/*Ol *lS_ll*Ob Z

• b_UY_l*00 *1_1_*05 *u_lg-0_ °000000 *000000 *000000 *000000 *000000 *000000 *00O000 (2)

|ND|Ke ._?q_o5 _U_m S *OO

,000000 .000000 ,O00OO0 .000000 ,000000 *000000 *000000 ,_b_o0*O$ ,000000 ,000000 GD j
• 000000 *O00DO0 *UO0000 *000000 .000000 ,000000 *0000_0 ,000000 ,000000 .ODOOG_ 1_ "_

• ibT_U?.O6 *1_05_'0_ *o0blb_'05 ._]lOab*O_ ._q|0['0_ .}U0|J)-06 *k]056_*0_ *000000 *|3b]bU-Ok *_O_e'0b _.(
' ,IbOY3_*01 .IbJOb_-O_ ,50_03_-0_ .UOC)O0 .000000 ,000000 ,000000 *000000 ,_00000 .OOOO00 _, (._

J ,000000 *_811.0_ ,O00t)O0 ,O00000 +o00uO0 ,000000 .000000 ,_6_oOtOJ ,000000 .0000_0
,0000o0 .0000_0 ,OOOOO0 .0000_0 .000000 ,000000 ,O00000 ,000000 .OOO000 .O0000A _ fJ3 +

• _D"b_l*01 *15_009-0S ,eg_02J°Ob *O00000 *0_0000 +000000 ,000000 *000_00 *000000 *0O0000 -'I G'_

i,,.,I

J *000000 *_g_Jl/*0_ *00Ooo0 *000000 *_gg$50t04 .000000 *000000 *Og6_0_0J *000000 *000000 I_I

• 00Ou00 *0u_000 *0000UO *000000 *000000 *000000 *00000O *OO0000 *000000 *0000_0 rrl

,_O_S*0? *l_b_-0S ,_0_0_-0_ ,_00000 ,000000 ,000000 _o00000 .000000 ,000000 ,0000U0

5 ,0000_0 ,_9_0_ ,|_]$00t0_ ,000000 ,_gJ_0*01 .000000 .000000 *_96_0t0_' *000000 ,000000

,0000_0 ,O000UO ,000000 ,o00000 ,000000 ,000000 .O00OO0 .000000 *O00OO0 ,O000c_

• /5_551-01 .l_ll0-0S *50_i_-0b ,OO0000 ,00O000 ,000000 ,000000 ,000000 ,000000 ,000000

l_O[_s .3_10J+ _ms I 115+I,SI . +.

Figure 2-18. Sample Printout Duo to OPT Codeword
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NBI_OP USER'S GUIDE

DATA INPUT

L

calculations at the initial expenditure level,
L,

'_ Due to inherent Inaccuracies in some of the computer systemI

I mathematical functions3 there may be occasions when a gradient
value which should be Identically equal to zero, wilt be output as
a number with a very small magnitude. This situation occurred in

L. the example of the San Francisco Study Ares presented in Section
5. When the spending limit was reached on the aircraft rerouting
countermeasure (all aircraft rerouted)s the gradient velues for

_._ the SAM (Sound Absorbing Material) retrofit and night frcaueneyreduction countermeasures were reduced to zero; but, in some
instances_ appeared as very small numbers, This causes no problem

with the operation pf the program3 but should be noted and ignoredbY the user.

_w'h'en any of the countermeasures reach their spending limits,
' - -"--=_gradlent .calculation for them will subsequently be suppressed and
will appear to be zero. The gradients for the stationary source

and path-receiver countermeasures will be set to zero if it isdetsrmlned that the next discrete expenditure on that
countermeasure would cause the total budget to be exceeded,

E
Figure 2-19 shows the optlmizatlon concept in three

dimensions= The Nil surface as a function of two countermeasureexpenditures with associated constraints. In real applicatiom_ up
to 20 dimensions (20 countermeasures) me_ ba involved. Since the
.optimization Process Proceeds along the path of steepest dsecent_

the intermediate results that &re obtained arc themselves optimumpoints for their respective expenditure levels. This assumes, of
course, that the user has chosen gradient stepsize and initial

maximum expenditure ratio values which allow the program to followclosely the actual optimum path. Remember that the selection of
these parameters |e normally based on achieving the most accurate

r.esult at the total target budget level.
%

Following the completion of the o t lmizat; ass3 the
_1_ progr_iII output a celt by ce breakdown dctallln__the sub-

optimization of the path-receiver countermeasure options, This
output may be deiced at user option by implementing one of the

_ option Parameters described earlier (see summary'Table 2-9}. The
b breakdown is by cell Iocation_ that is_ day and night ceils

occupying the same physical space appear combined, The user
r_ determines the option that has been _mployed by comparing the _P-R

MBD TYPE' number with the option descriptions in Table 2-_, Thepost to implement this option is disclosed in the expenditures
column,

" WCR 76-15 2-65
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N81i_QP USER'S GUIDE

f DATA INPUT
1

7
L, NIl

Curves oP Equal TotalBudget Constraint

E

E
E

J

i

E ,2
1 Optimal Point :

Figure 2-19. Three-Dimenslona[ Illustration of Steepest Descent Path
Optimization Method
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NeI£OPUSER'SGUIDE

DATA INPUT

F
(" Table 2-9

Summary of Bptlon Parameters

L. Codeword Parameter No, 1 Parameter No. 2

r_

I_ BAR O = Printout nonexistent NADells
1 = NO printout

BASE NA NA

_ CM NA NA
cost NA NA

CRIT Land use type O - Upper and lower bound
1-15 n m All 1 " Lower bound only

2 = UDDer" bound only

_ _ Transfer function shape(O_lt2- any one or all
land usa types

_ - always allland use types)

- DTA 0 s No echo of input 0 ,, No constant indicators

_,_ 1 Inpu¢ 1 Input of constant
Echo

Indicators

END NA NA
FAC • O • No printout of NA

._, factored data1 • Printout of data

BPT 0 = Breakdown of Path O = Evaluation of true

.. Rsoolver measures by Stationary sourceooll location gradient onSy when
• • No breakdown necessary

1 = always calculate trueSial; i char :p, Source
Gradient

_ PARE NA NA

RANK NA NA

STAS NA I NA

LI .
.-_. WCR 75-15 2-67 ; . .
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! NBIZQP USER'S GUIDE

DATA INPUT
r-

}
C

,- In addition "to the breakdown by cell, the program outputs a

I breakdown by option. The 'C_ST 8F NEXT P-R MEASURE' is the next
discrete expenditure that would be allocated to the path-recelver

_, countermeasure.

The stationary source summary is a breakdown by source of the
f_

measures implemented on each of them, The user relates the type
number soecifled with the listing of the options in Table 2=_,

_J Tb_ _iHal cape at the output is a summary of the essential
AT

0_ results, The final countermeasure variables indicate the raft"c ion

O'--_Pol of the final expenditures to the corresponding noise reductioni-" parameters, You will remember that these noise reduction
parameters are either fractions or deoibels_ depending on _ho
countermeasure type. The final variables for stationary source and
path-receiver countermeasures are simply the dollar amounts

b expended on them,

The countermeasure ranking is an ordered list of the
countermeasures by final gradient magnitude, It gives an
_ndication as to the manner in which funds would be allocated

beyond the specified total budget, 'Spending I_mit reached _• indicates (wlth a '1') whether the spending limit was reached on
the countermeasure numbered Immediately above it (in the ranking

roH),

The final noise impact index is repeated; If the BASE

_.. was invoksd_ additional parameters are output. The
¢odeword two
_roduotion from baseline S is.the difference between the initial

"and final Noise Impact Indlpes, The Post/beneflt ratio is the

dollar amount per person in the community that was spent toachieve the reduction in the Noise Impact Index,

2,11,3 _bRr¢ Egcm _U_U_

(. The short form output appearing In the secondary Print if sodesired and indlo_ted by appropriate controls at _he beginn_ng of
the input deck (see the beginning of Chapter 2 and Section K,1 on

system control cards) contains abbreviated messages resulting from
. oath of the implemented codewords,

0
WCR 76-15 2-68
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(. NBIZBP USER'S GUIDE

c DATA INPUT
E

(

' The output for the optlm_zetlon process indicates the steD
_: number/ the countermeasure which received the expenditure

increase, the current sum of el ex_endltures_ and the resultan_
Noise Impact Index, Figure 2-20 ustratos a sample short form

L. output,

F_

2

E

•_ .
%

0

r. WCR,6-,5 2-_9
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_. NBIZBP USER'S GUIDE

_- DATAINPUT.

t
20 J_8 DESCRIPTION/
30 lEST DATA FOR SHORT SAMPLE CASE |NCLUDIN
RO G 5TAIXUNARr SOURCE

mm
50 - - UTA 1_0bO DATA ENTERED FOR 3 C_LLS
70 --'- CM -0_0

_" 80 S COUNTERMEASURES DEFINED

I _ go .... cost -o-o-- t00 6 COST FUNCTIONS READ
110 - - PAH_ -0-0

._ 1_0 INPU] OF SDUNUPRUUFING DAIA COMPLETE "
t ' 150 ---" 5TAS -0-0._. I_O DATA REAO FOR 2 SIATIONANY 5OUNCES

15_ .... _AR I*O
l_O Data _EAD FO_ _ BANRIER5
170 .... _ASE -0-0

t_.i 1_0 SASELINE N21 : .5_BI_7_N0 .m--m ff&NK m0* 0
.200 _OST [_FPENDIfI_ SOURCES!

210 ! 5TATJU_ART SOURCE (6)E20 _ Busses ( 3I
C-' 230 3 AUIO_OBILE$ ( I]

2uo . IRUC_ TIH_S ( _)'
_50 5 RAILRUAO (_)

2bo _ AIRCRAFT { 5)_?0 "'_- OPT "O-U
2_0 STEP CM TOTAL (ALL C_) NI3
_q0 1 0 *00 ,5_Ia?

3PO 2 S lO000,oo .q_P579
310 3 O _OO00*00 *_llqSl
320 U O _0000.00 ,37]3_5
350 _ 0 bO000,o0 ,33BSSO
_a0 b S lb0000;00 ._q_2

350 ? S Zb0000.01 .2ROIqZ300 S ? _80000o00 *23bqq_
510 q 7 ZNOO00,OI ,2_13
3S0 10 e 3q0000,01 ,20_8_1

_0 1! ? _lO000.O0 ,20_SO!
_00 12 I _20000.00 .20_b_a
RIO 1_ _ _30000,01. ,_00910
4_0 _ 1 _aOOO0,OI ,[9qlbq

a30 ]5 J aS0000.00 .lqT_b_
4_0. ib I =b0000.0_ .1q5538
aS0 17 | _70000.01 ._qSbe5
abO 15 1 RSOOUOoO0 *lg]7Rb
470 Iq ' ! ,q0000.00 *1097_0

_OO _0 ! E00000*00 .187705RqO F_NAL EXPENDITURES|
50D _ ' 90000, S 0. S O. $ O* $ O,
510 _ 0. $ _0000o $ _b0O0Oo S 0* _ 0*

"_"I , ,_O S O* $ O. $ O* $ . O* S O,
530 $ O. $ O. • O, S O. 5 O,
5_0 FINAL Nil z ,[e77_5-00

Figure 2-20. Sample Short Form Output...

.r/:
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L. NeI_BP USER'S GUIDE

'1 DATA INPUT

F

END ANY APPRBPRIATE TITLE
I .... I--I--I ........................................ I '
1 5?9

E
The END c.ard Is the lasg codoword to be input, signalling

that there are no more ¢odewor_a ¢omlng_ _nd terminates prOgramexecution, No option parameters are re¢ognized,

.
g

r WCR 76-15 2-71 ,
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;. NOI_OP USER'S GUIDE

I- PROGRAMMESSAGES
(. '

CHAPTER
j,

DIAGNOSTIC AND ERROR MESSAGES

L,,

F
... Incorporated into the Program are many error checking

routines which monitor the data that is input, This error checking
facillty is designed to catch errors resulting from data tha_ is

_: improperly formatted as well as those errors in the input data
: that would Gauss erroneous results to be computed, The detection

of any error causing any of the following messages to be printed
results _n almost all cases in termination of execution, The

L.. messages will appear identically in the main grint as well as in
the auxiliary short-farm file except where noted,

2
TOO MANY CELLS

_' The program ls designed to handle a maximum of 200 cells, The
user must reduce the number of coifs he has defined, A reasonable
approach is ¢0 select a representative sample,

INDEX BUT OF RANGE

The user has specified an Illegal option parameter, See Table

2-9 for a listing of meaningful values,

ILLEGAL CODEWORD

_-_ Check for ¢odewords spelled incorrectly or placed in the
[ _ wrong ¢olumms, A [;kelw occurrence is that the user did not inform

the program that he is using the 'IND' feature of indicator inou_.
See Table 2-9 for a description of the option parameters reauired

"_j_' for the 'IND' feature,

BLANK CODEWORDCARD ENCOUNTERED
L_

This Is a non-fatal error_ the user has probably terminated

some inpu_ wlth too many blank cards,.

F_

I .oR 6-15 WYLE LABORATORIES
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I, NSI_OP USER'S GUIDE

_,. PROGRAM MESSAGES
L

CELLS NeT INPUT IN NUMERICAL ORDER
{,.

Short form:
ERRBR IN INPUT DATA, CARDS MISSING SR BUT QF BRDER

L

F- The cells, must be Input in a certain numerical SeQuenceS in

L ascenQim9 order by zone number and in ascending order by cell
number withln each zone (refer to Section 2,1),

ERROR IN INPUT DATA
_QNE AND CELL WERE www AND xxx SN CARD NUNBER ii

_" DATA FaR ZeNE AND CELL ¥yy AND Zzz WAS EXPECTED
LJ

Short form:

{-_ ERRBR IN INPUT DATA, CARDS MISSING QR GUT BF ORDER
L_

Note that the short form message is the s_me as for the error
_-_ above, This error will occur when a cell data card type 1 has been
L omitted from the cell data set, This error can also occur if a

card type 2-5 is misplaced and does not immediately follow the

_, associated card type 1 which has the same zone and cell number. Inocher words, whenever a type 1 card is encountered In the input
stream the program expects any subsequent Card type 2-5 to contain

• the same zone and cell numbers that appeared an the card type 1,
This expectation process is repeated when a new car_ type 1 is
encountered.

_. NIGHT CELL FOR CELL NQ. xxx IN _BNE NSo yyy GUT SF SEQUENCE

F_ Short form:
C_ NIGHT CELL BUT BF SEQUENCE, ZGNE = xxx CELL • yyy

data cards a night cell must be placed immediately
Cell • for

following the associate: _ay version in the input deck (refer to
Section 2,1).

E
'IND' CARD NeT FQUND

E
This will normally occur if the user has indicated_ by

_, placing a non-zero integer in the second option oarameter field ofthe DTA oodewora card_ that the constant Indicator Input feature
ls being employed. Following the blank card that terminates call
_ata InPut_ the user must place am 'IND' card,

F
LJ

["_ WCR 76-15 . 3-2
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NBIEeP USER'S GUIDE

PROGRAMMESSAGES

INVALID LAND USE CeDE xx EONE yyy CELL zzz

Valid land use codes range from 1-15,
L.

INDICATOR NUMBER x×x IS NBT ALLOWED. 20 IS THE MAXIMUM.
L,

The program can handle as many as 20 countermeasure
manipulation indicators, SDecifylng a number greeter than 20 while

c.: using the 'IND' feature wi I produce this message,

C--
L.' ERRBR IN BARRIER DATA

F
L. This error can arise if any of the following data items have

been specified;

1, Negative or zero barrier attenuation,
L: 2, B_rrier attenuation greater than 2_ de,

3, Barrier number greater than 100,

_, Cell not defined In master deta cat (see next messege)_

._-_... CELL xxx NaT FBUND- BARRIER yy¥
LJ

The user h_e specified a cell in the barrier date whicb is
not' defined In the mascot data set, The xxx is the internal cell

_-_ numbor in order of input in the master data sat,

L CBUNTERMEASURE xx MISDEFINED

.An unknown countermeasure type code number has been inbu¢,
• Sap Table 2-B for a list of allowable t_ codes,

CBUNTERMEASUREB DB NaT MATCH DEBTS

• "The •user has defined more or less countermeasures than cost
functions (refer to Sections 2,2 and 2,3),

CM TYPE 1B _R 20 BUT BF eRDER

n

(: WCR 76-15 _-3
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(. NBIZGPUSER"SGUIDE

_, PRBGRAM MESSAGES

Stationary source and path-receiver countermeasures must be
L- the final countermeasures to be defined,

L. NEGATIVE CM PARAMETERS NOT ALLOWED

I
L. Countermeasure parameters (varlables) must always be positive

In _he cost functions,

NEGATIVE COSTS DISALLOWED

._ No negative values in the cost functions are permitted,

F COSTS D8 NOT MATCH COUNTERMEASURESL

More or lass cost functions have been input thancountermeasures defined, Refer to Sections 2,2 and 2,_,

ERRBR IN SBUNDPROeFING DATA

Eeroes for decibol or cost soecifications are not allowedunless the path-receiver override array has been prepared to allow
them (see Section 2,5), -+_-"

ERRBR IN RATIO DATA

The user must take care to sbeclf_ the first and last zones

for which the ratios ODDly in the correct numerical order, Inadditlont the user must not specify zones which do not exist,
%

•ERROR IN STATIBNARY SBURCE DATA

Three seaarate ty_os of errors can cause the a_ove message to
be printed,

1, More Ch_n 20 stationary sources are defined,
_ 2, The sources are not input in numerical sequence,

_, There are unexDected zeroes In the cost or doclbel fields
(See Section 2,_),

_, WCR 76-15 3-_
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NBIZSP USER'S GUIDE

PRBGRAMMESSAGES

F
L INITIAL EXPENDITURES EXCEED BUDGET

F"
L The user has defined a set of Initial expenditures which

exceed the total budget he has allowed,

L NEGATIVE INITIAL EXPENDITURE_ CM xx

F
L All initial expenditures must be non-negative.

ERRBR IN TYPE 15 CM NB, xx AFFECTING SBURCE NB, yy

Short form:
I ERRBR TYPE 15 CM xx SBURCE NG, yyL_

_'_" The Program has encountered a situation in which the sum of
L_ the countermeasure variables for type 15 countermeasures affecting

a source exceeds unity, Refer to Section 2,2,

In addition to the above messages_ there are a few messages
_ remaining in the program which were Inserted during the debuggingI

pha_e of development, While these messages should no longer oCCur_; " they mcy have some value to anyone wishing to modify the grogram
to suit his particular needs,

l T_ MANY P/R CBUNTERMEASURES

The bounds of the DBLPER array (see Appendix C, Common block
descriptions) hove been exceeded, This may happen if the user has

attempted to increase _he number of cells the containprogram can
but hcs neglected to increase the size of the DBLPER array
sufficiently,

TBB MANY CELL LGCATIBNS

This error is similar to the message above, The arrays in the

/RECPAT/ Common block must be expanded,

TBB MANY SECQNDARY CELLS

_" WCR 76-15 3-5
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( NelEQP USER'S GUIDE

r PRQGRAM MESSAGES

m The bounds of the NSEC array have been exceeded or the array
L was not zeroed before use, The array must be zeroed before every

new expenditure scenario is evaluated.
F
(..: f

PROGRAM ERROR x. CeNTACT PROGRAMMING PERSBNNEL.

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

which are In the area of arrays being overwritten or misused. If xls 2_ 33 or 5, then the error has occurred in subrou%lnes DISBRS,
L. REPCALs and REBEN, respectively.

U

E
0
0
0

0
%

I
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: NBIEOP USER'S GUIDE

SPECIAL CSNSIDERATIBN5
f

_ CHAPTER
L

SPECIAL CBNSIDERATIaNS FaR NBI_BP APPLICATIeNS
T
L

It is assumed that the user has a basic familiarity with the
. University Computing Company-liDS Executive System Manual (o) and

L the FASBAC User's Guide (_*) (FASBAC is an interactive teletyde
acoesslble timoshsrlng system connected to the 110B computer). The

word 'card" is used here ¢0 denote one physical input record. In
actual Practise, this may indeed be a oard_ or it may be a line of
|nformation if input is from a file, for Instance through the use
of FASBAC, or through the use of the ADD UCC EXEC control card. In

the following instructional control
card setups the hygothetioal

Unlverslty ComPuting Company-liDS user account number XXXYYY is
used, and it is assumed that the primary printed output is ¢o be
routed to a line _rinter with the site code 2215 {every remote

_' batch station is identified to _he UCC system by a unique site
code), Furthermore, it is assumed that the user wishes to direct
the secondary output to his FASBAC account BEEEVVVO where this
output wilt be stored ssa 'common' file with the name N_ISEC.
Also, an immediately executable copy of the NBIEBP program is
assumed to be stored In the file NBI_OP/UCCABS (this is also

E tYbiCal card deck setup would look
called s f _sau_ompr dresser # ) @ A

Ilke this (the @-sign is a 7-8 mui¢ipunoh on cards)=

+

{.1 University Combutlng ComDany_ 'Univac 1108 Executive System

Programmer's Reference Manual_ _ UCC Publication 3025, Juno 197_.
(**) University Computing Company/ 'FASBAC User's Guide/' UCC

_i Publication _010, 07-01-75_ u_date= June 2, 1975.

F_ WCR _-15, , 4-I _.
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NBIZeP USER'S GUIDE

_PEClAL CBNSIDERATI'eNS
{.

F
L. a RUN,D INTID,XXXYYY,3_IOO B_EZVVVO

@ MSG PLEASE NOTIFY JOHN DeEI EXTENSION 3_5
@DIR ?=I/37(NBISEC)
@ FCL AUXPR, AUXPR
PRINTER B,ALTERNATE FILE 1
@ NBI_SPXQT

L
I

Input'data (described in pre'vious sections of this re_ort)L
@

'@

The RUN card says that the run is at normat Priority ('D')3

E identified by 'INTID' (this field is often useg for the user's
is
Internal aQeountingJ it will appear on Universtty Comoutlng
Company's monthly billing sheet)_ the user's account number is

XXXYYY_ he ts allowing for up to 3 minutes of central processingtime/ and uP to 100 =ages of printed output, He _lso identifies
with BZEZVVVO his FASBAC account mumber_ with the 8 In column _5,

Any number of MSG cards can be used to transmit messages to

appear on the Primary Printed output,

The DIR card says direst the secondary pr{nted output ('?')

to FASBAC which has the slte code 1/37_ and store it there in the• common f_le NOISES, The RCL card and the card that follows it sets
uP FORTRAN logical unit B as the secondary Printed output,

NSIEeP XQT actually loads the computer program Into core and
stcrts executing It. Thls card is followed by the input data

cards, The card deck is ended. by an end-of-file card which
oonsists of two a-characters, This las't ser_ Is not required If
input Is from a FASBAC file,

If the user now wishes to look at his secondary printed

output in FASDAC after his run has been madeJ he would log in and. pould then obtain a prjnbe_ copy by giving the command

TYPC NOISES

I" WCR 76-15 _-2
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_' NBIZBP USER'S GUIDE

,-- SPECIAL CONSIDERATIONS

i "

=-- It IS recommended however, that the file NBISEC be stripped of
.. undesirable and confuslng lines and dharacters before typing out

the hard copy by the use of a command file here called AUX,
._ looking like this:

TSP
LABEL 1
N

L EBR 3 -.
:IF/C2,2 /s/ :JUMP '2

DELETE %LsXLJUMP 1
LABEL 2

,-- C/NP/W_/CI,2 /**//
I JUMP I

LABEL

TYPEWith this command f_le AUX in sxistenceJ the commands after
logging in would be like this:

'L OLD NBISEC CB
USE AUX

.After a short time delsy_ the secondary print will be typed out,
TO avoid unnecessary storage charges, NBISEC should be Colored
after a hard copy has been obtained by commanding:

•UNSAVE NBI$EC CO "

For the next example, let Us assume that the file NBI_QP/PRBGScontains both the symbolic and object modules of all the routines
. that collectively make up the NBI_BP Program. Let us further

assume that the main Program is also called NBI_BP, Aloes thlstlmo_ we do not wish ¢o generate a secondary print, A typical card
deck setup would then look like thls:

_ RUNsD INTID/XXXYYY,3nlODMSS NS SECBNDARY PRINT
XQT _UR

_" RSTIN NBIZBP/PRBG5@N XQT NBI_QP
I

e

_ dat_ cares

?
WCR 76-15 _-3
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NSI_OP USER'S GUIDE

SPECIAL CONSIDERATIONS
F

The XQT CUR commando the execution of _he SComplex Utility
; Rcutlnes', in this case lead)ng the" Fastrand file NeIEBP/PRGGS

Into the user accessible area of the magnetic storage drum# called
the _Program Complex File _ (PCF). The next card, XQT NelZBP_
directs that the object module called NeIZBP/CODE (which would

L have been generated from a symbolic element called NBIEBP, i.e.,
the FORTRAN deck of the main program) be _reated as n main

F _fogram, assemb'ling all the subroutines that it requires, loading
L. it into core, and startlng execution.

' I

For the next example, let us assume that we wish to generate
a secondary Print in FASBAC3 to use the absolute element
NBI_SP/UCCABS for executing the program_ and that the FasZrand
file SPBKAN/LQW contains card images of all the data we wish to

=- SUpply to NBI_BP except the flrst card, Then, the deck would be
eat uP in the following manner=

F
_ RUNsD INTID_XXXYYY_3_IDO B_E_VVVD
@ MSG INPUT FROM SPBKAN/LGW

_. a DIR ?=I/3?(NBISEC)@ FCL AUXPRtAUXPR
PRINTER 8, ALTERNATE FILE 1
a XeT CUR

_; FSTIN SPBKAN/LeW
L @ NBIEQP XeT

T8

_I ADD SPBDLB@@

._ The ADD command with the 'I_-option Is transparent, i,e,_ It willnot be echoed on the primary print like all the other control
cards_, but simply gives the instruction to add the =ymbolic card

Images oontalned In the PCF element SPBDL_ as if they all had been

L put into the run deck at this point. SP_DLB would have been anelement of the F'astrand file SP_KAN/LBW which was loaded Into the
PCF earl)or by the FSTIN command after XQT CUR,

"o
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SPECIAL CBNSIDERATIBNS

L,

r

L

r" Section 2.2 gives e general description of the type 15
L countermeasure_ end also e short example of how It can be used to

simulate a two-dlmensional cost function. Two dimensional means
that the effect [noise reduction) depends on two expenditures.
More details and a different application are discussed here.

L.

The mathematically minded reader will notice that there is a
L restriction imposed on the form the two-dimensional cost function

can take; it must be a product of functions_ each depending only
on one expenditure:

i

F(s_t) = f(s)g(t) (_'1)

where F is the two-dimenslonal function, s and t are expenditures
L. on two type 15 oountermeasures_ and f and g are one-dlmensional

functions of s and t a respectively.

E
A s_eo_al problem arises _lhen f(s) and g(t) are originally

given in terms of 'decibels versus cost'. Remembering that thetype 15 countermeasure accepts only Information of the kindL,
'fractional application versus cost" (_.o._ apbly a constant noise
reduction device to a fraction of a fleet of vehicles), a

transformation of scale must be performed before the cost functionis suitable for input to the combuter program,

L Let the range of f be from 0 to fmax. If we wanted to
imbloment the ,fractional application' kind of countermsasure_
then the noise reduction (NR) as a function of the fraction

treated (a) would be:

NR(a_fmsx) =

-1O_log_Ea+(1-al*lO**(fmax/lOl]*lOa*(-fmax/lO)} (_-21

where a single asterisk denotes multiplication, and a double

asterisk denotes 'raise to the power'.

However_ if we want to implement _he 'decibel versus cost'kind of countermeasure, f (the actual decibel noise reduction) Is
given directly as a function of cost s_ whereas the type 15
countermeasure accepts only fractional a_plication a versus cost

s. a must therefore be ¢sl¢ulste_ for any given f(s) from the_nvertsd eauation (4-2)_ setting NR equal to f(s):

F: WCR 76=15 " g-5' WYLE LABORATGRIE5
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SPECIAL CGNSIDERATIBNS

i 10**(fmexl10)*[1-1Oe*(-f(s_/10)]
a = .......................- - - - -- -- - -- (4-3)

lO*o(fmax/lO) - 1
L

As an illu'stratlon, Figure 4-I shows a as a function of s if
L. f(s) is linear. A practical example is given in Figure 4-2. Tnere_

f(s) is given as a plecewise linear function, a(f(s)) would

consist of pieces of curved functions which/ for purposes of input
L. to NB]_eP, are again approximated by linear segments.

i-- Figure 4-2 also indicates on the right-most scale another
L feature of the simulation of two-dimensional cost functions. The

example In Section 2.2_ type 15, mentions that the fractions of
noise energy contributed by each partial fleet must be known for
the baseline case. In the example used In Figure 4-2, the total
fleet is the fleet of all trucks; the partial fleet under

7 ooneideratlon is the fleet of 'existing' or 'old' trucks_ which,
L.. say, make UP 53.1 percent of the fleet, and contribute 56.4

percent of the noise energy (details of how this number Is

_ obtained are not discussed here). The ether partial fleet (fnew', trucks) therefore contribute's 100 - 56.4 = _3.6 percent of the
noise energy. The feasible range for the ol.d trucks countermeasure
would therefore be O. to 0,56_$ this is shown on the right-moat

scale of Figure 4-2.

Two type 15 countermeasures would be defined, both to apply

to the source 'trucks' as a wholes but each dealing wlth a partialfeet, How the cost functions would be transformed has boon Shown
above for one countermeasure.

E
It is oas;l_ seen that this concept can be generalized to

three- and more-dlmensional cost functions as long as they con be
written as products of one-dimensional cost functions. Alsot note
that 'decibel versus cost' and 'fractional appilca_ion versus

C" cost' can be mixed,

Er
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EXAMPLES

CHAPTER 5[

EXAMPLES 8F NOISBP DATA INPUT

Th.is example Is a' purely hypothetical demonstration "case,

i.e,, it is not based real data, Particular numbers were
on any

L chosen to test and demonstrate many caDabl lities of NQI_SP 2,1.
The input stream is shown in Figure 5-1, the resulting output tn
Figure 5-2. The following chart retate_ input stream lines of
Figure 5-1 to the Doge number where the resulting output may be

L found,

LINES IN 8UTPUT CREATED REFER T_
INPUT STREAM PAGE NUMBER{S} SECT]SN NUMBER

1 5-_ 2,0
2-3 all 2,0

•_ _-23 5-6 2.1
W 2q-_1 5-? 2,2

q2-67 5-8 2,_
._ 68-7_ 5-9 2,5
_ ?5-80 5-10 2,6

81-87 5-11 2°4
88 5-11 2.9

"_ 89 5-12 2,10
90-92 5-1_ to 5-17 2,11,1

9_ 5-17 2,12

%

r-
t,
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EXAMPLES

OBO001 I
000002 SMURT EXA_PL£ CAS_
O0000J TL51 DAIA FO_ SHUWT S_MpL£ CASE _NCL'UOING $T&TIONIRY SDU_C[
00000_ DIA I TMW£L C_LL _XA_PL( CI_
000005 &UID'UBIL($ F_ACT|ONIL RAIL_OAC CNERG_ &T NI_NT '

,"- 0000o_ TkUC_ TIR[S SOURCE _Lv_L _D. FRO_ AUIO _UFF_bRS
r 000007 BUSSES sOUrCE LEV[L _bO. FWO_ OuI_T TRUCK 1IRES
L 0000_6 RIILWO&D SlAIIQNIRY ODU_={"NUW_[R

O00QOQ A]WC_AFT
0000|U 51A110NIRy SUURCE

I'* oo00ll _RiJ_ILD AIRCraFT
0000[2

L_; 000010 | _ ! I | I U
O0001a 1 I I )00. bOO* I00. _S* 1.
000015 I J _ bQ. 5_. _0, S_* _S* _0,

00001? )101 I _00. _0. I_0o ,0. h

0000_0 2 1 l ,00. _oo. _0o. _. 5.

00002_
0000_ C_ COU_$_kqE_SURL_ FUW [XA_PL( C_E
OUOO_ _UFFL[_S ON _WO
0000_b !0 |

0000_7 OUZ_ TWUC_ T]_O
0000_ Ib _ 3

000000 12 3
ooco)t 41RCKAFT WC_OUT]NG
0000_2 ! 5 7

| 0000$) q|G_! F_G_T CU_F_ OF _|_CR&FT'
&..J 00003_ 3 5 T

0000)5 SfllTCMING N|GM| _&ILHU&D *CT_V_TT TO OAf
0000$_ S • I

E 0000|7 ST_I|DN_Ry SI_URC[ H[DUCT_O_
• 0000_0 |S 0 4

0000_ SkRRIERS &ND SOUqDPHOUFIN_
0000i0 20
O000_l '.

'_ 0000_ COST SamPLE NUM_EWS TO SiMULatE COSTS ..
000043 COS15 _D _ST&_L _UFFk£_$ ON CARS , " "
0000_4 0. 1.
0000R5 O* I*
OOCOib O* I00. ' ""

O000i? _OST5 FOR Q_|ET _UCK T|K[S
O0001D O* |*

' 0000ii 0* |*
000050 0, 200.
0000_1 ' CDSTS FOR GUI(T|N; GUSO[O

OOoOb_ O* S*
000053 O. 5,
000050 O* SO0* " . .
O000S_ REROUTING COSTS
00005_ O* 1,

O000S? O* 1,
00000_ . O* $000, .

Figure 5.,1. Input Streom for Simple DemonstraHonC_e. The left-most column is not

part oF the input _t_i it provid_s _ line coum for this figure,
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F- EXAMPLES
L

p-

E

_" ...

O000bq NIGMT FLIGH| CURFE_ CDST$
I" 000O_0 0, I, .

_. O00Dbl 0* I*0000b_ O, 1000.
OO00_ HAILRDAO CU_F[n 5_IICMIN; CDST$
O000bw O* |*

E O00UO_ O, |* ,.
O000oo O* _00,

O000b;]
0000o8 PaWE PAT_-RbC[lV[R ZhPUT
0000_¢ 7£5! VALUES FO_ 3UU_DP_UUFI_g
000070 1 I 1 ! | 3 I _ | _ I , |

E 000071 b 10 15' 0000?2 l* 2* _.
000073 I0 20 30
O0007v _. 4, S*
00007_ 5T&S 51AI_UNA_V 5UU_C[ 1NPUT

C 0000?6 SI&||ONa_T $_UWC_ 5a_P_b INPUT00007! I ] ] ! | !
00007_ I _* b* _0, )0, _0, I00,
0000_ 2 O. O, - _0, 30, iO* _00,
0000_0

E O000al bl_ | SAMPLE MIWWIkRS PO_ [ZAMOL£
OU0002 OIwWI[R 0(FINItI_I+ nll_ NU $_CUqD_W¥ CEL_$
O00gO_ I* I* l* *_ O* 1,
O0008w _* I* I* *O_ O, |*
O0000S I 20, aO. ! ! _. |0*

O00ou_ B_5_ 6_[LIN( _VA_U,7111_
O000_g W,w_ ILLUSIR_tlY( 5UU_C_ L[V[_$ _LT
0000_0 U_T _00_ DPI _u_

E 0000_1 • .
00009_ ,S |0. 1,

00009_ ENO ..+ 't'..: - "!

,,. " Figure 5-1. (Continue&)i ":.... "-"--_2 2"

. •
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_-- EXAMPLES

L

J _0 JOB DES_R_PT|ON!
_" 30 TEST DATa FOR SHORT SAMPLE CASE ]NCLUO/N

_0 G STAI2UNaHr SOUNCE

r- bO "'°" D]A 1-0

L. bO OAIA _NT_R_D FOR _ C_LLS70 -_'" C_ -O-o
80 8 COUNTERMEASURES DEFJNED
'qO .... COST -O-O

r" I00 e COST FUNCTIONS READ

L_I II0 P_E
J_O |NPUT OF SOUrIUPRUUFJNG DAIA COMPLETE
]JO .... SIA5 -0-0

E I_0 DATA _EaO FOR E 5TATIDN4R_ SOUKCE$
150 "*-" UA_ 1-0
IBO DIIA _EA_ FO_ 2 BAHRI_HS
170 "*'" _a$£ -O*O

_=, IBO 345CLINE _11 = .59_1#7
|90 "''' _ANK oO-O
_00 _05] LIFFE=¢DItIG SOURCES!
_I0 I _T4T/UNA#V SOurCE O}
2_0 g auss_s JJ

ZSO _ AUtD_O_;LEB 1)_s _ TRUC_ TIR_S 2)
_50 5 HAILRUAD _)
gbo b A/RC_AF_ 5)

_, _70 --*- OPT -0-0
2_0 _TEP C_ TOTAL (ALL C_ NIZ
_RO _ *OO .59B1_7
300 2 _O000.O0 .URB57R
SIS 3 _OOO0.O0 .4||95J

3_o _ _o0oo.oo ._7|3_5330 S O0000.OO *_3S580
3.0 b loO000.'o0 .2o25_
350 7 _eo000.o! ._._192

3bo e _eoooo,oo .2_eq92
3tO 9 _qSO00.01 ._RI3
_0 I0 3_0000.01 .20U_1
3qO 1_ _lO000oO0 ._0_301

_. _00 J_ 420000.00 ,_O_b2_
_10 13 a_OOOO,OL ._00910

• _0 14 ,_O000.O! .19915_
a30 15 ,500oo.o0 .1973o_
a40 Ib abgO00.O_ .19553£

aSO 17 _7000O.Ol .lR3065=_0 IB a_OOOO.OO .lqlTao
=70 1_ .qo000.O0 ._B9?_O
RSO _0 500000.00 ,l_lTb5

aqo FINAL EXPENOITURESI .
SOO $ 90000. _ O, $ O. S O, £ O,

"§10 $ O. S 50000. $ 300000* S O* S O.
5_0 _ O. S O. S O. S O* $ O.
g30 $ O. $ O, 3 O* 3 O.'S O.

SnO FfN_L NIl = .1_7705-005bO --'- bND -0-0

Figure 5-2. Sho_ Form Outpuf oF Simple Demon_traflon Case. The left'most column provlde=

o line count which doe= not usua)ly appear.

L.

,- WCR 76;15 S;_
, WYLE LABBRATBRIES



, i

'I_ 1 I---] f--_' f'_..-_ _{i;:] [7"_} .F'N FTJ {T---I I_]iI I'7-'] FT--1 I--} P._. {i'] r,'-.] ,} ". 'I 1

n

CO_4_UB_ifv _Q_E UPli_|ZATION

PROGJ_A_

m_

ll_lllllll4&il4_

r
m

r

"4

D
tl

2

i
1
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Jl_a_ao_oJ_&a_
||ILE- DAII 5Lt! 8HOH! tRAmPLE C_$E
JOB O[SCHIPt|ON! tLSt OATA fUH 8HU_t SAMPLe CA_[ ]NCLUDItlG 814tlUf_lqY 8UU_C[
Ijl,a4Allee_lm&4

| easAa_aa
0tA |-0 tH_E C[LL [XANPL[ C48E

/
_U_C[_ I_D|C_tU_8

IRUC_ t|_ES _ 5UURCE LEV[_ RED. f_fl_ IUlO _UFFL[_S
OUSS_5 _ 8UUACL L[V_L HID. F_ O_lfr |_bC_ I|R_$

4 A_l_OIO ._ 8rAtlUNA_ Srlu_c_ tlU,_E_

5|i|lOt_i_t _OU_£|
I _OUl[O ilgC_FI

I | I | I I O*O-O-O*O-O*O-O-O-O*OoO-O*O

011£ [ml[m[D tom 3 CELL_

m_

ITI
FL_*

• _FF_ _081 _o* FT* LN_ .
IO_[ C[L_ POP* |SOO0*I) |000'11CL VIE $_U_C|_ (I-IOI / (ll-_O) t IkOICATOR_ 11-_0) / (ll*_O)

| I 62._ _00. I00. I_ | 60.0 q_.O .0 SO*O 5_.0 6_.0 _*O *0 *0 .0
*0 *0 - .0 *0 *0 .0 +0 *0 *O *0

I800 +Ib+OO +10200 | O 0 0 O 0 0
0 0 O 0 0 0 0 0 0 0

I I01 _S*O _00. I00. I0 I +%0 SO.O *0 ,_.0 _t*O 60.0 40.0 .0 *0 *0
.0 .0 .0 *O *0 .0 .0 *0 *0 +0

_00 _lO_+g _00_00 | 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

I I 150.0 000. _00* 55 _ _0.0 b_*O 1_.0 _$*0 S_.O 6_.0 60.0 .0 *0 *0
.0 .0 *0 *0 *0 *0 *0 *0 *0 *O

... 3_00 _1++00 il++O0 i 0 0 0 0 0 0
rtrl 0 0 0 "O 0 0 0 0 0 0



_1 T|ILE- OATA _tTl 3HOWl CJSE
JOB 0(SCRIPlIO_I IEST OITA FO_ SHf)HI 81_PLE CISE |_CLUD|kO STAI|I)_A_V _DU_CE

(M -0-0 COU_fERMEaSU_E3 FO_I EXAMPLE CA:S(
4e*_Aa_e_

..--- .... MUFFL_II$ ON cJq$
(OUMI_I_U(A_U_E | |TP( IO tP/_I4T I_tT t APPLI[S Tt'Jl &UIO_OUILES |NDIC_ID_ _0.

CQUNIttlk+[£$UI;E 2 ITP_ |_ eEsCI. IH_.e APPL|_.3 |01 IRUCel I'II1_.$ |hO|(_AIO;I NO. .._
(Z)

--- ...... I.EO H(OUCI;ON OF BUSS_I tlJ
COUNT|FI'4[I_UFPE _ |¥PE li_ _1)1+ liED I _PPL|_.$ |IDI _IU$_$ I_ID_¢AIOW NO* -0 (]D

"0
----*--*- /_JI,CHAF/ RERUUT|hG ' 171
COU_IIEII_4$URE q IYPE I *tiED FIIEO t APPL|I;S 1hi A|*ICIIAFt |NOJCI+IOg evO. "0 X

_J1 H_:_nU[[0 AI;tC#&F ! -0 :J_ G']
.. 3:: I11

-e* ...... N|GH| fLIGHT CtJ_tF_ QF AII+C_I£FW "t) _3_
COU_,_E_#*EA$U_t 5 l_rPE $ *_IfE I;ED* _PPLIES IOI AII_CRaF| l_OlC/*TOk NO* *0 r--

AEnOtJ1EO &ItlClt&F ! -0 Ill (,')
(n

*-,.--**-* 5nIICHING _IGH| HAILttOlO 4CIIVIIY fO O&? G')
CI)UeelF.+4_£I.SUnk b l_P[ $ *CUWFE_ * XPPL|E8 I01 _&IL+IOID / le+DIESlO_ NO..1

-----**-* _I£TIONA_Y $OUqC[ R[DtJCIIU_I / i'_
• COU_fE_E_$UI_[ ! I_PE I0 *Ilk O(]n._+ APPLIES IQI OI&I'ION&R_ SOUWCI_ |I+OICITO+q kO.

'..*_-***- ,Q&_IRI_I+:I1_ D _UUHDPqUUflN_;
CDUPIIERHEA_URE 0 IYP( _0 *P-/_ MUD * APPLIE_ IOl _I.L SUUHCE$ I_DICA?O_ NO. ?0
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r.) r } CTLI r-; L.-'3 E_3 CTT) _ir;) C--L _5-r r ] rT-t f--_ t---J f_--I "_.q : ) !

1|tL[- DAIA SEll $H0_ EX&HPL[ C&$E
JOB DESCHZP;|UN! fESf n&|A FOH SHt}H! B_HPLE'CASE |NCLUOING DIAIII_k_V SOURCE

(1
:;O

la_JmaJl

_OST -0o0 SAMPLE NUMOEH8 TO S|MULkTE [(lOTS
• . ji*_maaan

_fl "* ..... "" C()0|S _O |N$IA_ MUFFLER_ON CA_O

_OlSE N[O P_AqE|ERI " " .00 1.(*0 **00 **00 **00 *.00 *.00 **00
£O_EOPU_DING £U51$1 ,0_ I00.(0 -*00 -,00 **00 **00 -.00 -.00

*--*-**** CO018 FU_ OUI[I IRUC_ |l_E$
FIIOI_E flAnGE OF C_ V&RIODLEI . .000 IU 1.000
N_]SE _[0 PAfiA_EIEO| *00 I*O0 **00 *.00 *.00 -*00 *,00 **DO

• ...... *" _(I0_ Pil_ OU]E_IEG UU00[8 Z
_E_0|_LE #_NGE OF C_ V&RI&0LEI .000 10 _.O00
NOIOE flED PAHA_L|E_| *O0 _.00 "*O0 -.00 **00 "*00 -*00 -.00

_O_EOPU_D]NG _UOIS_ *00 _00.00 -*00 +.00 *.00 -*OO *,00 *.00

-***-*-'- ,[_OUT|I_U CDOI_
FE_010LE _A_E OK C_ W_I|_0LEI ,000 To |.000 _
NO|_E _EO P&RO_EIEql *00 1.00 *.00 _.00 *.00 ".00 "*00 *.00 _

• ........ NIGH| FLIGHI CU_FE_ CU$_8

kOl0[ NED P_EUE_| *UO |*00 "*00 ".00 **00 ".00 **00 "*00

CUHHO$_DNO|r#U CU$151 *gO |000.00 _*_0 ".00 *.00 *.00' _*00 **00

• ...... OA|_RO_D CUllfEn $_|IC*II_G CO_f_
fE_|ULE NA_G[ OF CH ¥A_E0(_LE! .000 I0 |*OO0'
_0|0| _ED P_,aMEIERI *00 I*O0 *.00 **00 ' *.00 "*00 *.00 "*00

$,J#_/tqv OF _.qL.l.O_EOC0$! _e,NGE_l(0000u_It

COIJN |[_I;AIUnE

| | *_I |0 | _,OO*ll
$ *00 fL_ il _00.OO

_rl _ 0 .00 'U ! SO0.00 l'
, $ '.00 ,D /* ._000.00 i

* _* $ .01 _O S |OO0.O0
b S .00 fO 0 ?.00*OO t
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[ _+ _- _ _) _-_t _T_I C-_J _zJ ___ E_!-J C:_ C r_ i_l I_ C-+I El I _7+] r 1 -i 1 _-/i

1111_41A*lell_4&

TILL|- OArA SEll 5HOWl Ex4_PLE CASE

JO_ DEIC_|PT|OI4| _EET DAtA FO_ SHQH| aANPLI C&S_ |F_CLU_I_G O|&||_NA_V =_UHCE
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L'

5.2 ExamQ.L_" San Era_:=l_c_ I_z E_lo_ _&u;Iz ArAa
L

F_ This example was taken from work for the Motor Vehicle
L Manufacturers Association of the United States on improvements of

the community noise countermeasures medelp and on their
. application to. two study areas in the San Francisco Bay Region,

Figure 5-3 is listing of the input data stream, With the
a

' exception of the STAB codeword ('stationary sources') all
codewords are made use of, The output produced by NSI_SP 2,1 will

be shown and discussed later. First_ some of the lnout data whichmay not be understandable upon Inspection is discussed in more
detail. 8nly items specific to the use of this computer program

are dlscussed3 and not such things as the computation of baselinenoise levels from traffic or aircraft3 or the preparation of basic
countermeasure cost functions,

E The cell individual data is contained in lines 18 through 21T
of Figure 5"_, Either 2 or _ data cards are used per cell, Four

cards are reguired only if the coil is affected by aircraft nolse_i,e,/ has a positive noise level associated with source number 11
(the existence of 11 sources is indicated by the names given to

_. these sources in the first hal.ves of lines 5 - 15 of Figure 5-_),Dlecusslng_ as an examDle_ the first cell_ lines 18 through 21_ we
see on ¢erd 1 that the cell contains 228 peopleJ that it would
cost 1,75 million dollars to relocate the people (this high number

E includes the cost of real estate Proporty)_ that the cell contains50/000 square feet of floor areas that the lower criterion level
|e not speolfled (see line _28)_ and that the land use code is 11_

(-- 1,e,_ a school (see line 339), en card 2 (llne 10)/ are specified
the noise levels duo to the first 10 souree=_ starting HIth 46.5
dB for the first source (automobiles low speed). It may be seen

E that this coil is not affected by sources 25 5; 9s and 10 (zeronoise le.vel spe¢ifiedJ fields may also Maya been left blank), Card
contains 53,6 dB for the eleventh source,

0 'The existence of ? countermeasure indicators is signalled by
the names given to these Indicators on the second halves of lines

O' through 11 of Figure 5-3. 8nly oeuntormeasure indie_tor number 6_alrcraft noise reduction due to BAH treatment) had to be
specified on a cell indlvidual basis, Card • (line 21) contains
thls indicator in the sixth position in the form 208200 indicating

_. a _ dB reduction (2 times 4 equals 8_ see Section 2,2_ type 10countermeasure) due to countermeasure 9 specified In lines 2_4
through 2_5. All other indicators _sre the same at .all cells an_

_._ could therefore be specified using the 'IND' option (line 219 ofFigure 5-3), These indicators were the same because they all refer
to surface transport sources the noise level reductions of which

F" WCR 76-15 5-18 ,,._ WYLE LABSR'ATBRIE$
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do not vary with location. Card type 5 Is never reaulred because.... Indicators 8 through 20 are never used.

F
L Countermeasures are defined in lines 227 through 254 of

Figure 5-3. Countermeasure type 15 obours four times:
countermeasure numbers 1, 3t _, and 5. Numbers 1 and 3 constitute

_. e two-dimensional cost function se explained in Sections 2.2 and
_.2, applicable to automobiles. Numbers _ and S constitute a two-
dlmenslonat cost function applicable to trucks. The cost function

for new trucks (lines 268 to 271 of Figure 5-3) Is the one of theexample of Section 4.2, Figure _-2.

_, For the calculation of the baseline noise energy
contributions of the new and old automobile fleets for 19B1, it

F- was assumed that new and old vehicles would have ths same fleet
L noise levels (Leq'e). The noise energy is then divided _ha same

wsy as _he number of vehicles in the partial fleets which was
dotarmlned to be 56.8 percent for old vshicles_ and _3.2 percent

_. for new vehicles, Hence the upset bounds of the feasiblecountermeasure variable range in lines 25T and 265.

" .For the ¢alculatlen of the baseline noise energy
contributions for the new and old truck fleets for 1981 a yearly

old vehicle retention rats of 90 percent was used. Let x be a
number Proportional to the noise energy from the old fleet_ y the
one from the new flast_ and t the one from the total fleet. Also,
lot LX be the fleet noise level in dB for the Old truokss Ly the

one for the new ones. Then:
X÷y_t

g -X = fx e IOIe(Lx/IO) • y = (1 - fx) e lOe_¢Ly/1O)

whore fx is the fraction of old vehicles in the 1981 truck fleet.

8no asterisk signifies two
multlpl ication• asterisks signify

'raise to'. the power_o The noise energy con_ributions nx {old
trucks) and ny (now trucks) can then be obtained:

nx = X/t a ny = ¥1t

In the present ¢ase_ Lx=82.96 dB, Ly=82.29 dB (these values were_v_ilable from other concurrent work by WyleReseareh), fX=Oogeo6
(6 years instead of S years because Lx was applicable to 1975 and
not to 1976). This results in nx=O.56J$ and ny=O,._36 (see lines 273

end 269 of Figure 5-3).

E 'J
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-- The data factoring facility (line 359) was used to simulate
L noisier condltions _;han would be expected for 1981 if one assumes

less noise enforcement effort then is currently the o_ae in
I- Californla. For motorcycles, the calculated fleet noise level
C increase for no enforcement was 2.366 des hence the factor

lO**O,2366=1.'72q_. The numbers for trucks end automobiles were:

_" Trucks: 3.5 dB, 10,_n.35 = 2.238?
L Automobiles= 5.5 dB, lO=oO.55 = 3,5u,8

C
L In many Instances`" values in the Input data were entered with

more decimal places than would be reasonable considering "the
r- available and necessary accuracy, thls was done in orcler to make
L i'; easier to ';race certain numbers at a later date,

When N(_I_BP 2,I Is fed wlth the input of F{gure 5-:3 ';hesecondary output of Figure 5-4 results. The associated prlmary
output is shown in Figure 5-6 [ql _ages long/ aD!oearing at the end

of ';hls cheerer).
J

_ The cu';pu_s are largely self-explana';ory. Sec';ion 2,11.3 may 1be consulted together wlth Figure 5-q., and Section 2.11,2 may he
consulted regal;her wi_h Figure 5-6. Figure 5-5 shows the change of
the Noise Imoact Index with expendl_cures for the case of thls

example`" and for a run where _che gradient step size and theinl';ial oxDendituro ratio were slgnlfican¢l¥ larger. The drastic
change in the siege wi';h Increasing expcndi't;uree indlca';es that_

r _ as expected, the noise reduction efficiency per dollar s_ent
__ decreases. The large expenditure jumps are due to cxpendi';ures on

• the Path-rece i vet countermeasure (mostly barriers). Its

dfscontlnuous character has been dleousse¢l in the last paragraphof Section 2.11.1: 8nly a whole barrier can be buil';_ only a whole
L cell can be soundproofed at a time,, and only all people can be

relocated from one coil at a time. Par';ial jobs are not allowable.

.
It may be seen that ';he case with the larger s*ep size and

_', Initial expenditure ratio uses much less stegst initlally Shows
u, higher noise impact indices/ but ends uP at the same optimal

Doin';.
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r

000001 T 0
L 000002 N_NLO PJ_e _AN FWANCI$00 HAy k_OIUN SIUOT &WEA l[, I_I WOPULMTION* 1_?h £O515,

000003 $IUUY A_EA IJ LUM CUST hU_ClllJ_S, N_,, _uro_3_. gAs_ _, .1110 WETWUFI! CASL _.
00000_ DIA I 1_ISIEW _&IA hUw $& ll* _n,1WELt)C. CU$I_

_-_ OOO00S AUIOMUUIL_S LO_ SP_EU LINE SWE NE_ &Ur_$ LU $P*L00*IWAFF*S_0.k£0.*E M I10_000_ AU|UM_hIL_0 MI_H S_EbD LIN_ 0N( E/I_T°AU[OS _ _t_I_.IW&_I,S_*WEUeg_ I_
L 0_000_, _UIUWOffILE5 _UEAL IW_F_I_ $_WEET_UC_$ L_ $P _ _EM SUU_CE _kO,, C_ _,

00000_ _UC_S MI_ 5P_bD LIhE 5WC,T_UCK TIW[5 S_C_ _0.* C_ =

000010 _UTU_E_CLE$ L_n 5P_EU _|NE SwC,&ZwC_I S_ T_E_I_ENIe C_ •00001| MOTU_TCLE$ LDCAL IR&FFIE $_UwCE_&ILRO_0 LOCU SUU_C_ _[D_ gw • l_

(. 00001_ _USES LU_ SPE_O LiNE SwC*
000011 _ILW0_D LOC_01_VES, LINE _,

000015 AI_CW_FI COMWEWCIA_, f_J_I

_-- OOoOlo
000017 1 I I I ! I I t ! 1 1
000010 O0100Z 1_2_* 1750._ 50.o0 _I*
00001¢ 001o01 _ _.5 0.0 _3,7 10,? '0,0 _.! Sq*o 37.) 0,0 0.0

0000_0 O0100Z _ _2,_0000_I O0100Z _ _04_00

L_ 0000_ 001101 IO* _?SO*O 50.00 11.
0000_ 001101 _ 4_*5 0*0 3T*_ _*7 0.0 40*I _*0 0*0 0*0 0,0
00007_ 001101 _ _5,5
0000_5 O0110Z _ _2_00

O000_O O0_OOl I_* bb*_ i*1_ 4.• O000d?. O0_OoI @ 5_.5 0,0 _3.7 sq,q 0.0 _,_ S%0 ' 0,0 0*0 0,0
0000_0 0o_001 3 52*&

0000_0 00_o01 I 100_00

000030 002101 I10. b_*3 _*13 . 4*000031 00_101 _ b0.5 0.0 3P*3 S_,_ 0.0 bi,O 53,0 0,0 0,0 0.0

00003_00003_ O0_lOl _ ZI_OOLI _{

00001" 003001 _10. _9_q_¢_bO*O S*

' 000031 oo_0ol _ _0_00
L...-; 000030 003101 IIS* 09_03_0.0 _, '

00001_ 003_01 _ _,_ 0,0 37,_ lq,O 0*0 I0,_ 53*0 0,0 $_,I I?,_ .
0000_0 00_I01 _ _0,5

O00g_I O03ZOI _ _00_00
m

0000_2 OOUO01 113. 2_5.1 15*3_ Z,
1.-.'+ O000wJ 00_001 _ _I,0 _.0 _.7 S_.O 0*0 _0*? _q*O _,0 0,0 0.0

0000_ 00_0_I 3 _,_
0000_ 00_001 g _00_00

0000,o 00_I01 |b_* 235.1 IS*_o I,
0000w_ 00_I01 _ _S.8 0,0 M*$ _0.0 0.0 53,? b3*O 0,0 0,0 0,0

: 0000_0 00_101 _ .5.3
O000u_ O0_lol ¢ Z$2_00

00005_ OOuO02 _ SZ*_
0000_) 00_00_ _ _00_00

0000_ 00_10_ _ _,1 0.0 3_*1 35*2 0,0 iO*_ 53.0 0,0 _0.1 _,i

_ 0000_ OOaIO_ 3 _b.3
000061 00_10_ • _l_Ol
0000_0 005001 103. 3_1_,_ 70,|3 1.

Figure 5-3. Input Stream PerSan Francisco Example. The lePt-most column is not part oF

_: the input data; it provides a line count for thls figure.
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r- EXAMPLES
L"

F
L.

000|10 010001 Z 0.0 0.0 _|.7 0.0 O.D 0.0 b_*D 0.0 71.0 b1*_
_" 0001_0 0100_1 _ ul.d

L 0001_1 010001 _ _06_00- 000112 010101 1_9, ,9_o0 10.50 I.
00012_ 010101 _ 0,0 O.U t_,J 0.0 O.g 0,0" b_,O 0,0 b_.a _b*_
OO0_OU 010101 3 _0.2

0001_ 010101" I _0&000
00012b 01000_ I1. 57.5 2,o_ |.

' .000107 010002 _ 50.1 0.0 ,3.7 _$.0 0.0 bl.O 50*0 17.7 0.0 0.0
0001_6 01ul02 15, bT.S 2.53 t. •

0001_9 01010_ 2 U_*I 0.0 37*J _/*0 0*0 51.0 • 5_*0 0*0 D°0 0*0
_'_ 0001_0 0110U] I10. _2_*_ 0,_S 1.000131 011001 _ 58.0 0._ _3.? bO*_ 0.0 bb.O 59_0 50.7 0.0 0*0
L_ 000]$_ U11101 lib* _22._ _.25 1.

00013_ 011101 2 52.0 0.0 17._ _*$ 0*0 bO.0 55.0 0.0 0.0 0.0
0001_ 01;00_ I_* 205°9 _,00 1.

F- 000|$5 011002 _ _Q,_ 0.0 _3,7 52,0 0.0 56.2 5_0 a0,5 0,0 0.0

L., 000137 011102 _ _*g 0,0 37.3 _&,O 0.0 50,2 51.0 0.0 0.0 0,0
000L_0 0_2001 _6, 1750.0 50,00 11,
0001_ 01_001 _ _._ 0.0 _.7 40.o 0.0 54.0 50.0 30.2 0.0 0.0

I'-- 0001_0 012101 10. 1750,¢ 50._0 11.0001_1 0|_10_ _ UO*_ 0.0 3_._ 4_*b 0.0 48.0 5_.0 0.0 0.0 0.0
L.. 000_._ OlJO01 171. 17_,0 5_.7b 1.

0001_$ 013001 E 55.0 0.0 ._.? $8.1 0.0 4_.7 .5_.0 _0._ 0.0 0.0
O00l_ 01_101 111_, lTbb*O 5=*15 I*

_" DOOla5 O]_lOI 2 _*_ 0.0 _?*_ _2.1 G.g _7.? 53.0 0.0 0.0 0.0O001wb 015002 1_, 550,0 1n.50 L*
L+ o001ul o1300_ _ as*7 o,o .3.7. _7,_ o,0 5_*a 50.o ' 3_.? 0,o o.o

0oo1_8 013102 It_ 550.0 )b*Sd 1,
000|0_ 01310_ 2 _.7 0.0 Jl*_ _I*_ 0.0 47.I $I*0+ 0*0 0,0 0.0+

OODISO Ol_OOl 13_I, ,0000._00,00 I_* • . " " " - + " '
(-,+ 000|52 01_101 I_bq, 40000.0_00.00 12,

000153 01_I01 2 _3.0 a_.2 31,_ _*_ 4_*_ _q*0 $3,0 0,0 0.0 0*0

000155 015001 . 2 53,0 0.0 o3,? _*I 0,0 _1,I _q*O _0,5 0,0 g*O
O001S_ 015101 Io_. bq_,_ _$._5 I*
0001_I 01510! _ 47.0 0.0 31.3 SO*Z 0,0 _5,_ 33,0 0,0 0,0 0.0
0001_0 01500_ I_7* 570,_ _I*_5 I*
00015_ 01500_ 2 S1.2 0,0 WI.7 5_.0 0.0 57,2 5_,0 _0,5 0,0 0*0 ,

0U01_I GISIO_ 2 _,2 0.0 _I*_ 4_.8 0*0 51.2 S_*O 0,0 0_0 0.0
0001_2 01500_ I_1% _05_*5 200.03 1.
000153 0&5003 _ 03*0 0*0 _3.7 _W*S 0*0 _O*_ S_.0 _0,_ 0,0 0,0
0001_ 01b103 ll_. 505_._ 200._I I,

_._ 0001_5 015103 _ 31.0 0,0 11.3 35*S 0.0 I_+_ S$*0 0,0 0.0 0.00001o_ 01_001 _ 0.0 _.0 W3*7 0.0 0,0 0*0 $9*0 0,0 71.0 6Z*O
000160 OlblOZ 1101, _oo1,_ _a,13 W.
0001o_ 01_I01 E 0.0 0,0 _7,I 0.0 0.0 0,0 53*0 0,0 _,0 _*3

000110 017001 152. .2_*Q 2_._ I*
000111 011001 _ 00.0 0,0 ,0,7 0*0 D,O 0,0 S_,0 0*0 6_,_ 61*0

0001_ %017|01 _ 0,0 0*0 _?,_ 0.0 0*0 0,0 _3,0 0+0 51*I _.I
000Z7_ 017002 15_* a_?*l _O*_h I,

' 000175 Ol?OOO _ SS,_ 57._ _3,7 5_*2 _2,0 _*_ 50,0 0,0 S_*7 IO+O

lO0])e 0|710_ IQS* _37.1 _0.I0 I*
000117 01710_ 2 SO,O _2,9 Al._ 50*2 _6.0 5_*_ SS*O 0,0 _*0 _$,2
000171 _10001 1]_* 5_*¥ _7*05 I*

M F;_ul"e 5-3 (Continued)
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1

I

F 0O0|?@ 01_001 b_,l 0*O uS*7 h5.5 U,0 O_*2 5g,0 _0,a 0*O O*000OlMO OIBZO! 155, 523._ _I,UU l,
_. 000|8] 01810] 5o.1 0,0 _7,3 59.$ O,0 o_*_ • _$.0 0,o 0,D 0,0

0oO|6_ OIU0O2 lSg, _57.D _,h$ Z*
000185 01_¢02 "1.? O,0 _,7 _.8 0.0 _Q,3 5q*0 _5*q 0*Q 0*0

0001o_ 05Bl02' IbS, o_I,0 _.D_ I,O_Ola_ 018102 $5,1 U,u _7._ $T,6 0oO d_,_ b$,0 0.0 U.O O,0
L_+ OOOl_ 019005 |2@8. 17b0.0 $Q,Q0 |Z*

0001e8 Ol_101 10, |750,0 SO*0O ||,

000|89 OI910L $_*0 0.0 _7._ Sb*! O,O _I*_ 55.0 O.O O*O 0*O

00Ol_ 020]0| 2 hi*2 _$.5 57.$ O0*S _*_ 6_*_ S_.0 0.0 O*O 0*0

0O01gu 02_001 I/g* IOg_,6 57.T5 _
0O0]m5 O_JO01 2 b7.@ 09*5 05.7 _.5 75.$ rQ+_ 5q.o aS,@ o,o o,0

O0Ol_ 0_I002 1117. I_19._ _8.13 I*

000200 0_II02 l|qI* I01Q*_ B_,l$ _*
000_O1 02t10_ 2 "q*_ 5|*@ _7*3 _9._ 50,0 S_*_ 53*0 0*0 O*O 0.0

00Q_O$ 0_003 2 5@*5 5_*3 _*7 5@*_ SK*_ bO,S 5g*O 3'*_ 0*D O,P

_+ 00020_ 0_I]01 lqb* q_@*o _0.$8 I*
'_+._ 00020_ 0_001 l12b. _wq*b _8._b I.

000210 022002 1125, 1017,9 72,7b 1*

000_31 02200_ _ 57,3 $7.9 _$.7 _*3 O&*0 _+0 5_,0 $5.5 _0.0 0.0
0007_ 02230_ 1205. I037,q 72,75 3.
000_33 0_10_ _ _I*I _I.9 $7.3 _2*$ 5o*0 5_.0 5_*0 0.0 0.0 0*0

000_3_ 0_001 12_8. 17bO.O SO*O0 3h00023b 0_lO] " 30* * I!50*U _Q*0_ 33*
0002Ll 0@310| _ S_,_ Sb*_ $7.$ 5_*2 _I,0 _I,7 5_*0 0.0 0.0 0,0
OOU@3O

C 000#I_ l_O
00022_ 1 _g2_00 _* _[O* IS 31 O_ kPPL_I_G tO _UW_E
0002_$ 4 _2_00 MI_. RED, 15 32 OU A_gTING tO _U_C_ 1

000_ 7 2_2200 I_ PgR 6Ug$_O71¥E _[OUCIIUN 15 6 O_ _Pv_y$_g 10 50UWC[

000227 CN $& II _UNTg_SU#_ DEFI_II|U_$
00020_ &_IO_O_IL£_ LUn $_gEO h_n vE_Ck£_ $0'J_C£ _[0_C710_

00022e IS 3 $ I

000210 _uro_o_l_£S _o. s_go ous _o_c£_Nr
000231 " 1_ 3 $
00025_ _|OMO_|_S LO_ _P_kO _IISIIhG ¥_HIIL_$ _[rMO$_l $_UWCE WEDUCfID_
000233 IS 3 $

E " 000_3. I_UCK| LO_ SPE_0 NE_ v_lC_[_ _UU_¢[ _EOU_110_

00023_ 3b • $
000_$_ IXUCK$ LO_ S_EbO OOS £NFO_CE_ENr 4WO _£rqO_ZT 80_CE HEDbC_ION

00023_ |NOCK_ NIGM _P_LO ?|ME NO|I[ 12DUCt|OM

_+ Figure 5-3 (Continued) .
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O00_UV _ |1

000_0 R41L_UAO _DgO_OTIVg _UFFL_wO+ 50URC[ REDUC_IO_-_
O00_bl IO 9 7

000_I 20
00025o

E 0000_0 "COST FUNCIIUN FUW _UtDWOSl_E$ LO_ $_EED 005 E_CE_E_T

000_oI 0 _,_

t
000_o? 0 *0o_ ,21_ *;$1 I*11_
00_0 COg! F_CI UN F_ IwuC_l LUn $P£[0 N£_ v_. _3U_¢[ AEDUCIIO_
0002_ 0 0,_3o

O00_tO 0 0.25_ 0.3_S O.aO? 0._36

000_71 0 31,81 oJ._ I_3.I*S _2_.o;0
000_72 _US! _U_CTION FD_ I_UC_ _On _P[EO 003 [NFO_CE_bNI _ND _[TROFIt SOUOC[ R
O00_t3 • 0 O,S_

0002?5 0 *090 _, $_* I_$*

_. _00_1_ ¢UST _UNCTIDN FU_ T_UC_ MI 5#E_O ll_E _OlS[ q_Ou_tlO_000_77 0 |

0002_o C051 FuNCrlD_ FU_ _u0_0 LUn SP, 3OUNCE _£D*+ _[_ _ND txlSt* ¥_1CL£5

000_ 0 0,23 _.3_ _,tO
000_01 0 *051_1 t*7_lJo lu.2_$1

• 000_0_ CD_T FUnCtiON ;1_ _UIOWC¥CL_S LO_ S_[gO 0_0 E_FO_C_mENI
000205 0 _t

DO0_O COSt FUNCTION FUW AIRCRaFt _e! S_URCE W_DU_I|D_
OOOZ_ 0 1

OOO_ql 0 lq,2?_o
O00_q2 COSt FU_CtI_ F_ &I_CW&FI FLICWT _|_ NEHO_tI_C |SFR[_, _EOUCtlO_)
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Figure 5-3 (Conti_ue_)
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'r Figure 5-3 (Continued)
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Figure 5-3 Continued)
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EXAMPLES
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b20 2S b 505E06.1_ *16E_31
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F__ b_0 _7 b 51520b.lb .1b03_9
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APPENDIX. A

NOISE OPI_MIZ-ATIC)N PROGRAM

A. I In t_'oduc I'ion

l"hi',appendix _ov;des e brief technlco| description of /he Communi_ Nol:e

Cobntermeasure Cost--.{ifecriveness Computer Program (called Nai:ep). " This ;ragrom

_y descH"aed in the surnrr_ry statement below.

l"_,_eacoustic environment" oFa cc_mmunlty is me'deled by the def;nition of sn"_ll

acaustlc_lly hamogene::us divisions called cells. The source noise levels From up to 20

fransporratlon (moving or steHonary) noise sources can bm specified at"each of up to

200 cell lacat.lons. The user may define up i_ 20 countermeasures (noise reduction

strategies) selec_d From an available list of elgh t.alternate thearet.iccf approaches te

abate the noise ,,.=ureas. Addlt.lano| input" consist.of the effectiveness and imt:le-

• mentet"ion co':i's for e:,:h of th._ defined countermeasures. "l"nepregro!n calculates a single

; number ev_luat.ion of "he noise climate in the communlty called the Noise Impact Index

•(ND') which ;s equip,ant ta I_le Fraction of" people _n th'e community who would consider

r_olse_ be o slgnl'-_canl'de_rlment"m theirenvironment. The Nil is the abject"lye,

_,,mctlon which Nol:op will seek" _ rn|niml;se uslng nonlinec_r opt"lmi"..:=tlon tec,hnk_ues.

Constm|nlng Facfo_ include Feasible implementation (expenditure) Iirni_ an each counter-

in.sureas well¢s o k_| budget,fora|I counterm_as'urestogether. ]'tleend resul_is

on aptlmum .mlut"ion set for ex_c_ndltufe allocation among the countermeasures.

For the pre..'_rotian of th[s st_te_/manu_l, an earlier ver._an a_' NoI=_p was

n_diRed and enh_n:.._d to provide a l_ol sui_ble For use by local goverz'.'re.en_. "/'no

earlier Frogram _ :retted to as verslan 2.1. T'ne curr_nt version, described hereln, .I

_s num"_ered 2.2.

Se¢:t.lanA.2 aLe:tribes e'ca.h of the modil'ic,':fi_r,s to Noi:op and serves o-" on _"

upck:t.e _ _. User=sand. P_c3ammer_s Guide-,.

_'Glenn, P.K., "Community Noise Countermeasures Cost E._fectivene.-s Optlrnlca tlon
Compumr Program (No'=c:),' Wyle ,ResearchRe;',ort %_R 76-15, Vellum.-," l-'h, far

no _o /_.._tC:rVck.;c..:_A,'_.nu;c:,"urvrs A,,scclarlcn, Inc. , Junk _r_--../_.
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-,_ctian A.3 illu:_atc: "-ix hypoth_tlc=i cppHcatior_ of Noi=op an an actua|

_ri[L_rl, Cal_[ornia c_mm_mil-;,. AIthc'u_ _e.-e res'Jl_ are te:t ca:es and ore not

]ntenc_d for implerr_ntotion, mey serve as a Fx_rt_al ilJustraHon of the range of poh."nHal

u_s o_ No_:._ptoIac,_c_b,_varnments and plannlng agencies.

Section A.4 i: an c_--p_licct[cn0F Nalzap to Allentown, Pennsylvania. Thls

• applicat_on, fo[Iowing d_rectly From the procedures descried inearfler secHans of thls

maryJa|, was performed to _av[de cHy officials of Allentown w_th an opt_rnal noise "

cbat_rn_nt planning strategy.

' i
A.2 U_c_tes to the User's Guide and Proorammer's GuI_

I

A.2.1 User': Guide U#_tos Ii,

To furnish a computer utillty suitable far local governments and pfannlng agencies, [

several en_ncements and updates were rnac_ to an alread-,, ex_sHng version pf Nai=op.. J

The follow_ng d_scussion describes a[[ odd'_fions and mad_f_ca-fions tha_" have been made I!

made Io se=Han numbers of the User's Gulde where the mtat_d material _sdiscussed.

In the _l|cwlng dlscusslon ;t [s assumed thatthe re_der TsfamiHar with the NoIzop _,
U_r's Guide. " I "

1. Criterion Level Soeeifica6on _ "

Lower crlter_an leve/s (zero percent adve_e response) which previously needed

to be input with each cell have been given defeu|t values. These default values are

I|sted in Table A-2. The user may now [cave a blank" deto fTe|d For the lower criterion

level s_:_cificaHon an the appropdat_ tnput ciat_ card (SecHon 2. l).

b'_addiHon, the de_ult upper, e.4"i_r_an leve_s (100 p_rcent adverse response) ..

•hav_ been revised to c|gree with EPA-r_commended levels (Section 2.7). These are also

list_d in Table A-2. ! _'_, _,..._J

A-2
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Tablo A-I

• " Additions dnd/vlodff[caHons to No;zop
i i ,

Addition or h,_dfficatlon RelatedSectlon(s) ;n User's Guide
• i

1. Criterion Level Specification 2. l, 2.7

2, CountermeasureTyp_ Numbers 2.2

3. CountermeasureIndlc.a_rs 2.2

4. DeFault TransFerFunction 2.7

5. Input'oFUserCost PorHons New Addit[on |:'

6. Attitudinal Source Level New AddiHon
Adjustments .

7. Gradrant $tepsize 2. I l. ! ;

8. Optlmiza tlon Pra=ess 2. l!

9. 'Ou/put oF8at Graph Summarizing . " New Add_tlon
Rasults

I

r

D
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Table A-2

Default Cr{terion Levels
(Tables2-2 and 2-7)

Default Lower Default Upper
Land Use C_;terion Levels Criterion Levels

Code SuggestedUsage (0% adverse (]0C_/aadverse
response,dB response,dB)

Day Night Day Night

1 Single and Two-family 54 46 74 66
_c¢;dent[a|

2 Open F_rAdditional 54. 46 74- 66
ResidentialUse

3 $;nglet Twoe and 54 '46 74 66
Multifamily Res[dentia|

Multi family4 59 46 79 66 IResident;oil

5 Businessand Commercral 59 59 79 79 [ 't

6 Wholesaleand 59 59 79 79 if.,
Warehousing

7 Central BusinessDistrict 59 59 79 79

8 |ndustrlal 70 70 90 90

9 Pub[;c and Sem;-publlc None None None None
A'eas '1I

55 _ 75 _ i
I O Parks

11 Schools 55 _ 75 -- ' J
fl

12 Hospitalsand 50 50 70 70 H
Nursing Ho_s

13 Open No4ne None None Hone

14 Open None None None None _l!

15 Open None None None None !

:l
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2. Countermeasure Tv_e Mumloers

The counterme_ure t_pe numbers have been redefined in order to simplify the

_nototion used in the previous venion (Sectlon 2.2). Table A-3 Iist_ the old and new

countermeasure _p_ numbers. _e user should use tho new _yp_ numberson tile counter-

•measurec_finitlon d_ta ca_[s. -1

Table A-3

Countermeasure Type Numbers

Type Number

Old J New Countermeasure _ffnitlon

1 | A reduction in the frequency of opemtTan of the noise source.
The fractional reduation.is the s_me during the _ay and at
night

3 2 A mductlon in the frequency of"n_ghtrlme opemtlon of the
no_sesourer.

5 3 "A _hiftlng of"the nighttim e ocrivity into the d=ytime perlodt
or vice versQ.

10 4. Applic_=tlon of o _vlce thor pmdu_:eso Fixed Leq reducrlon
to a portion of' the ,nurce population.

12 5 An ove_|! L r_duct_on.
aq

15 6 L_e 10, exaept that _o Further modifications are el|awed to

the treated FxortionOFthe source population. _i
II

18 7 .. Statlonary sou_m countermeasures. (

T20 8 Path or Tin:river modification_.

i3. Counten, neasur_ )'ndieotare

• {Countormeasure Iype:; with new numbers 4 and 6 (sac Table A-3) requ;r_

c_untorm.e,osum mQn;pu|otlon indic=t;::rs to be daEined (_ecrlon 2:2). "_e original i l

• " !
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ve_ion of No;zop perm;:ted "-'eclbel reduction values which comprise the _ndi=ator to

be entered to an accuracy na bett_r than 0.5 dB. For local government application

the definition of the indicator has been altered to allow ent_ oF decibel reduction

values accurate to 0. l d_. The new defln;tlon is:

"' ]=(c_3! x !0 +200)x h3C)0+(dB2 × 10+200)

W_el'e

dB1 = maximum ciec_el reduction at tee cell location r_ortel=

Countermeasure or tee primary noise source.

_2 = maximum decibel eduction at tee cell !ocatlon Far thls

countermeasure'on the secondary no;...esource.

Note that tee n-cxximumrange of the decibel reductions have been reduced _'rom

_=I00 _ to -'-20 _.

4. De_ult Transfer Function ._

The default h'ans£er FunCtion._snow l;ne'ar allowlng a value ._eefer than 100

percent adverr._ response (Section 2.7)° The prevlausdefault ten, er function was

,',Ira linear but didno/"a/law o value greatei" than 10CI.percent c_-_ver_eres_ome.

This change was ====mpllshed by g;v;ng _e bulge ix=rcmemr a default value oF 1.

5. Input o,f'Us_r Cost Portions

A feature has been added which allows the user (in this case the. local govern-

nmnt) to speclf-y tile Fr_ctlon oF teecosts Forc countermeasure w,_ich he bears. Total
._.r. ' " '"

¢mS_ for a c.ounterme=sure armst*ll carnpmhemive societal cost; e_ ; these casts still

_nn the basis F,_r tee ept_mi."._t_on. An odd;tlorml ¢odeword is n_.,eallowed - USER -

which ;s u_d to enter tfl_ cost Fmafiom.. The First card following theUSER codeword

o t|tJe card which may conmin ar_ _rtinent ;nformatlon. "J_neflnt 72 columns oF

c_'d may be used.' _a second (also thelost) succeeding _ata card canra|ns the

_:ounterrnemurc cost ;tractions (;.e., between O. and 1.). "l_e _nput f'c_'mat for this

card is 20F4.0. ";'heI;_t Jriold(column= ! through 4) ¢onlalns _e fr_ctlcn Far

countem_emure number I, tea tenth tTeld (columns 37-40) contain, the !'faction far

A.-6
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countermeasure number 10, etc. The default values for the user cost fractions are

o|| uni_/,, 1. DeFau|t values for user cost portions are in;Hated by not ;mplementlng

the USERcodew_rd.

The |o¢_1 government budget tar no;so abatement measures may be considerably

les_ than the tote| societal budget. The user may determine the optimum d[spositlon oE

the countermeasures at the user budget leveJ by ._;nding the optimization procedure

stop number in the compute_"output whlc._ expended a user cost value equal to the

local government budget. The tolal user cost ;s prlnted along with the total _cieta|

/cost for every step. Agaln, note that the countermea_Jres are optlmi_'.ed For the tara|

cost rasher than the user cost.

6. Att[tud[na| SourceLevel Adiustment_

The capobillty to madify_urce nolse levels For attitudinal blasts has been

added. The formula for mak."ng the adjustment [s shown below.

=Lq (ol) -Cart

The parameter in the above exprosslon, Corrt is input to the program through

the use of o new codeword, CC_RR. The CORR codeword allows on option parameter,

a nonzero nun-_er [n column 6 of the codewo_ card, which will cause a formatted

listing of trio main cell ,'_to to be prinffsd shawi'_g the modified source levels. This

peintout option [s the same opt{on included with the DTA and FAC codewords

(..%at{or=2.1 end 2.B, respectively).

The ff_t dam card follow_ng the codeword card fs c title card of whloh the

f/rst 72 columm may be used. The succeeding da_ cards hove the farmatos follows:

F_eld Number Format Data Item

1 |._ Nai_',a Source Number

•- 2 F5.0 Con" Value For thls Source, dB

D
n
t)
-t
-_ A"7
3

_ m
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On_ card is mquimd for each murce receiving an attitudinal adiustment. A

b|or_ c_ta card must Fo|low the fast adjustment c_'ta _._rd to return control to the main

program, i
i

Note that the adjustment value, Con', is subtracted from the source levels. !

Consequently, negatlve adiusm'_nfs will incre_sn the apparent levels while positive

• ad]ustm_n_ will. _ecr'_c_ them.

No;_ will print the following diagnostic message IF an invalid noise' source

number (greater than 20) 1_placed in Field number ] above.

INVALID SOURCt_ NUMBER IN ATTITUDINAL ADJUSTMENTS

"_nb m_'_sQ_w;|l be prlnted ;cMntloally in both the m_in and auxiliary print Files.

7. ,Gmd_en+Smmi::_

The gradient step,si=_ (Section 2.11.1) is given a de_ult value, initiated by'

Q b|=nk: field on the _.'_,,re_;_m c_ta _rd, aF the total specified budget divided by

|00°; not $'_0,000 a_ meetian_d _n the User's Guide.

8. _I_clnceme_t of Ootlmlzafian Process

This d_cu_',ian complements Qnd updates Section 2.11 oF the Noi=op U_r's

Gui_.

• _c_us_ ore potentic|i rnQnyfald increase in the volume oC output that is produced,

the "]= _tlon _'an_" now c:_ntraIs the printing of the results after each of' the steps

ff_ t_ c_ffm;"_t(an _ace_'_. The apt!ons are des_rlbed in Table A-4,

;n_x_t,._t_ card _ntaining th_ optlmi_tion control parameters now ¢on-

_ f_v_ _,,,_,,_tet_. The format is 4F]0.0, 110:

I, T_ tote! budget

2, The _imd;_t st_1:_i:e

._. l'_o ;n_tlal rr_xlmum expencl;tur= ratio

4. Th_,x?_n_;_ mtraatlan _ao_r

5. T_ m_i_'er c_ n_f_nement stages

A-g
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,Table A"_

Firsl"Option Parameter far OPT Ccc_word

Parameter Value Effect

-1 Suppressesthe printing of each of the steps in the optlmizaHan
procedure From the main print as well as the auxilla_, output
file. Only the input expenditures and optlmi"..atien control
parameters are printed. No breakdown of path-receiver
measuresby cell location is gNen.

0 This is the default value. All steps in the aptlmi:=at[on pro-
cedure are printed in both the main and auxiliary output Files.
A breakdown of path-receNer measures by cell location is
provlC_do

I Suppress the printing of each of the steps ;n the optlmi=etian
proce_ in the main print File. The abbreviated Form is still

: provided in the auxiliary output file.. No breakdown of path-
recalver measuresby ceil location is given.

T

Parameters I-3 are described in _e Nolzop User's GulCt_. The use of param-

eters 4 and 5 is explained in the following discussion.

In some instances, the steepest descent path optimization procedure may prove

ieadequata. This is due to theFact that the gradient testing method is somewhat

_orPsightad. That isp it determines the optimum paint at e short distance (the gradient

staps|_e) free its current position, in so doing, it commitsan expenditure to a counter-

rne_sure that it canr_t re,act. It n_y turn out that.far larger total expenditures, the

optimum point exists with a lesser expenditure an e countermeasure then was previously

committed to reach an optimum point earlier in the stop'by-step aptlmi_'.ation process.

The pr_vlaus verslan of Nolzap would fall to find the actual optimum point _n such on

|mtance because it did nat allow rol_'aatlan of expenditures an any countermeasure.

' The operating theory, of r'Jolzap version 2.2 to correct this Pat_ntlal problem

is illustretad in Figure A-1.

A-9



Comp_fo |ffJ! 0il]n'_|ll _1[|

and oxpomJtturel UlJng otlolml
Ilap-by-_t_p I_n¢oddro

.. i_paal I|+o Following rot Each Counl*rn_alurO -
• Or4 ala lima

|. f_l Iho final e_por_dlluro for Iho counlirmealure
book Io z,_ro.

2. t_lltpIb. Ihe fir,a! *.i_ndlhJrel on ,inch ol _ha
olhmr ¢ounlat._ulurel L¢ Iho ixplndllure

rellaclion foclpr.

3. Inter Iho Ifep-by_ltep optlmlzollon prbc0dute
wilh Ih=lo a,,_ondllural al Iho |tlll]nlpolnl.lhll h a refln*Nnl

It_g_ |1 II rOFa_i_Id ,4, $1_to die rllull,_nl Ilnul aM_ndl_urol ond
Ihe auger Qf II_s ol_c]olad I_lll.

• lslg_l*d by Ihe /

!

SIore Ihe lower Nil (,_llgr_Se "eJfin_t*")
I'ot |olaf com_orhon. Aba Jtora Ihe

osloc|+alod ii_l 4xl_ndllueol.

Y"J

LI I
Flquro A'|. Functional Flow D|o_lramD=scrlbin+]Oplimizallon RofinonmnlStages(Subroulino SEARCH)
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As can be seen from Figure A-l, a quantity called the expenditure retract;an

factor _sused to adjust the estimated flnal expenditures on each oE the other counter-

measuresat the time when one of them is being retracted to ::era. A factor les3 than

1. will reduce tee values, a factor greater than I. w_ll increase them. The default

value for this parameter, initiated by a blan)c ffe|d era zero, is I. which means that

tim expenditure values are not altered.

TEe "number af refinement stages'* parameter controls tee maximum number 06"

times tee expenditures oneach countermeasure will be retracted to zero in search of

a lower NIL The processwill stop automat[call), in tee event teat o refinement stage

fails to improve an the best value Found in the previous refinement stage. The default

value for this parerneterl initiated by a bionic f[e|d or a "era, is =era, no refinement

stage:=. With no refinement stages, tee results of this version of Noi...op will be

|dentlCoJ to tfie results of tee earlier version.

9. augur af Bar Graoh Surnmari=in_ Resull's

A bar graph is now produced whlch gmphlcally il/ustrates the final expenditures

on ea_ of tee countermeasures. Both total costs (T) end u_r costs (U) are plotted.

• lDue to the extreme _nge of dollar values whleh may l_eexpended, the expenditures

crx;s is on a Iogar[tflrni¢ scale. Care should thus be taken _nreading this chart due

to the nanllneer nature of tee scoring. The chart is self-'adjusting ion bat_ axes; that l
t

is, it will compute the range of values teat are to be plotted and allow the maximum I

number of print pasltions to display the _nfermatlon. A horizontal line at the top of

tea bar for a countermeasure indicates the spending limit was reached on teat [
_untermea_ure.

s:

A.2.2 Pro.crammer'sGuide Updates _.

Thls seetion upc_tes tE_ Nolzop Programmer's Gulde to reirleat the el'ranges to j

the program de_ribed in leo peaced[ng saction. (Figure numbe_ referred to indicate

' figures in tea Progror._mer'sGuido. ) _.,, [!
J

:r
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• Figure fi-1 shou|d show two new _ths coming from the main program to

desire the subroutine linkage Foreach of the two new codewords. For codeword

U_.R, the subroutine that is called is named USERRD. For codeword CORR, the sub-

routine is named ATTC_OR. The corrected Figure is shown ;n Figure A-2.

Figure B-2 shau|d [ndlcate the calling levels oFthe new subroutines, SEARCH,

BAP,GPH, and UF.°,AC. SEARCH is called directly by We main program (NOIZOP) l i

and controls the manner in which OPTIM, the subroutine which performs the step- !
I

by' step opt_ml.-'.otlan, is called. The operation oF subroutine SEARCH is illustrated in

Figure A-1. The annotated p..'O_raml;stirr 3 should be consulted for a detailed descriptlan

of the .-,ewsubroutines. The c_rrec_'ed Figure B-2 is shown in Figure A-3.

A now COMMON black was added to contain the user cost fractions Foreach

Of the 20 pess_'alecountermeasures

/C_m_C/ DIST (20)

Another new COMMON blacJ4:c.antains the two new optlmizet_on parameters

/PRZNT/FR_: Do NIT

- F_D ;s the expenditure rerractlon factor.

- NIT is the number oF refinement stages.

A.3 Ouant;f;oa t_onof. Model ForSix Sets of Hveothetlcal Aeolications

This section deserii=as t_e app,;cation of No i=op to six sets of alternate input

data. These ca_s serve m partially illustrate tee appl;catlon of Noi_p to com-

munltie,:zof"diff.ere_t chomctoristies and, at the same tlme, demonstrate the level of

_'m;tivlty of optimum cauntermeasure application m various communities.

The base _to that was used represents the qu_ntif_cat_on of'on actual Northern

C._lifornia oomrnuni_,. SIX ca=es were derived as variants of that data. They are

_,mmar;:ed in Table A-5. Figures A-4 through A-11 and Table A-7 s_mmar;ze the

, e'.._mputeroutput for _e six cases. . "
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Lc_,e!oF SubroutineCall

I 2 3 4 5 6

SEARC_ OPTI_ {"*OUTPUT w..(BARGPH
|RANKR
%uFRaC
/XGRAD "
LzERo

RANK
RANKR
TNINIL
UFRAC
XNOIM ,,,"DISBRS'-'-",-BENFIT

IDER
RE'SIN = IDER
REMOVE-'---"-IDER
"RERANK

SECFND • SZERO

_ZERO I
SUBBEN

: ITER _, (ATTEN A
,JATTENO
ICUR_W flI,STACAL

RANKR" jl
REBEN'--" PAN

RELOC"---'-/IDER
REPCAL-'-'_IDER

JPAN
)SEC_D
lZERO
',ZERO I

SSPEND-'_ RERANK
_rATN _ PAN
ZERO
ZEROI

ZERO
ZF_01

F_ure .-_-3. SubrouHneL_nkages(Alpi'_be.t_cal Order) for th= &Bin Optimi-"arion
Procr.._tCodewordOPT.

:l
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Table A-5

Alternatives Analyzed by Naizap

]. _seline Case.

2. Two "l_mesResidential Pepulatian Densily of Baseline Case.

3._ Community One-Half the Size of theBaseline Case.

4. Removing the Motorcycle Nalse Source and Countermeasure.

5. P_moving the Poth-Rece;ver Countermeasure.

6. The Baseline Case without theNoise Source Attitudinal Adjustments.

1. Baseline

"J_iscase, manaly._._d for this document with a few modifications, is thor-

oughly Eas_ibed in the User's Guic_t Section 5.2, where the input clara ;s described

and the complete computer output is presented. The madificat_ons ro the input data

reflect the cflan_e_ mode to Noi:ap to include oddiHanal capabiIitles required for

oppl;_tian by Toc=l gove_men_. The s1_ciftc changes to the input dat_ are detailed }"
t

below, t

t1. The "_untermees_re type numberswere.:edef;ned to reflect the new

desig_tlans (see Table A-2). The countermeasures used in the
I

analysis of the alternatives are listed ;n Table A-6. J

2. The two-dlmenslonal enfar_ement type countermeasures were
!

r_moved; this concept pea=antsan acldlt;o_'_l complexity beyond !
tho scapo of thls manual (see User's Guide, Sootlon 4.2). !

I
3. The COunterm'easuremanipulation ;nd_cata_ were redefined |

according to the rmw formula, j
!

4. "N'_alinear tra_fer function speclf|r._tion allowing mare than j

100 peraenl' imp:at was removed as this option ;s now default.
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_blo A-6

Coulllotmeasuras _Ilno_ for _o|zo_ Amlyd= of Allerna|Ivol

........ o AUIOHO_ILE'$ LOft SPEED NE_ VEIIICLE3 SOURCE REDUCTION

COUNtERMEASuRE I tYPE b JEXCL TRT I APPLIES IN| AOtO_UdlLES LO,_ SPEED LINE SR:
AtITOHUUILES LOCAL TRAFFIC SOURCE

......... AUIOMOBILE5 LOL_ 5PEEl) EXISIING VEHICLES REfR|'JFII' SOURCE REI)UCIIC]N

COUN IERI_EASUKcE 2 I.YPE b 'ExCL 1Rr, APPLIES I(-}= ALIIDHutSILES LO,'I SPEED LINE 5RC
AUIO,_(JdILES LOCAL t_AFFIC 5DUHCE

......... AUIOHOBILES LO/_ SPEED DOS ENFORCEHENT
£OUNIERMEASURE 3 IYPE 5 *DB RED t APPLIES TO! AUTOJ.IORILES LO_ SPEED L]NE SRC

AUTOHOuILE5 LOCAL TRAFFIC SOURCE

. - ........ POTDRCYCLES LO,'# SPEED (]('iS ENFORCE;4EttT
CUUNIERPEASURE q IfPE 5 *O_ RED * APPLIES TOt HOIORCYCLES LD,_ SPEED LINE $RC.

HOrORCYCLES LOCAL ?HAFFIC SOURCE

-" ..... "- THUCK$ LOll SPEED NE_ VEIiICLE5 SOURCE REDUCTIOII

COUNTERMEASURE. _ TYPE q mPART THT j APPLIES TOt IRUCKS LOW SPEED LINk SRC.

......... ' TRUCKS HIGH SPEED TIRE NOISE HEDUCIIHN

C_UNrERHEASUNE 6 TYPE q *PART TRI | APPLIES TO= IRUCK8 HIGH SPEEO LINE SRC.

......... BUSES LO_ SPEEp S_URCE REDUCIIDN_ NE_ AND E_ISTING vEHICLES
COUIIIE_EASURE ? IYPE 5 *Dd HEO * APPLIES TO: 8USES LUN. SPEED LINE SRC.

......... AIRCRAFT SOUND AL)SQRPIIDN HAIERIAL NACELLE IREATHENI SOURCE REDUCTION
COUNIER_EASUkE 8 TYPE q *PANT TliT* APPLIES TOz AIRCRAFT COMMERCIAL, FLIGHT

......... AIRCRAFT FLIGHt PAIH REROUIING (EFFECTIVELY A FLIGHT FREf, UENCY RED.)

£OU,'_IEHIS, EASURE _ TYPE I 'RED FliED| APPLIES TOt AIRCRAFT COHHERCIAL_ FLIGHT
tt

....... •-- AIR£ .AF T REDUCIIO_J OF NIGHT OPERA(IONS
COUNIER;4E_,SU_r. I0 =YPE 2 *HIRE liED* Ar E..b IU = AIRCRAFT" Cla.I_ERCZALp FLIGKT

r

I

......... RAILROAD LOCO,'4LJIIVE MUFFLERSo SOURCE REDUCTI, ON
COUNIENHEASuF_E It 1YPE q *PARr IRI, APPLIES lot RAILROAD LDCOMOrlvESe LINE S.

i
......... PAIU-REC'EIVER CONTROLI IrlSULATILIN,, BARRIERS, LAND ACQ. AND PEOPLE RELOC_, • ;
EOUNIER:4EASUhtE 12 TYPE 8 IP-R 14L'JO i APPLIES lot ALL SOURCES



5. The specification of upper and lower criterion levels was removed

as this information is now _x:t.ault.

6. Att;tud;nol adjustments with the Following parameters were made

to low speed orterial and local traffic (collector street), motor-

cycle and Iocomatlve and car railroad no_s_ _urces (numbers 6,

7e and 9, 10, r_spectively).

Soume Adiustment, dB

Motorcycles -6. (Increase)

I_ailmod 5. (Decrease)

These hypat'_etlcal adjustments compensate For the Fact that the

annoyance reaction to rnotorcyc'lenoise ;s ;ndlcative at"o noise

level 6 ci_hlgher than for other sources. The railroad correction

illustrates that a noise level at. 5 dB greater than Far the other

|ourcas. is required to produce a comparable annoyance reaction.

7. Hypothetical user cost t.raatlons Were entered cs shown below for

countermeasures I through 12, respectively. !
I

Countor-
_GSU_

Number 1 2 3 4 5 6 7 8 9 10 11 12

User Cast
Fraction .01 0.. 1. 0.5 .01 0..5 .01 .0] .01" .0! .0] 1.

8. The tel'el budget was specified as $ ] milllan and thegrad;ant stepsize

and initlal max;mum expendlture mtla wer_ allowed to '_af'ault to

$10 lhau_nd and 10., respectively. Na marginal search (expend;-

tufa mtraction stages) was _nitlamd.

A-17
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The re.suits of the optirn;.".atlon procedure ore shown in Figure A-,_. The path"

roceiver countermeasure absorbed nearly 80 percent of" the total budget. The total

user cost is therefore high because the Io¢al government, in this hypothetical examplet

is assumed to be rcspans_le for.the entire cost of path-receiver countermeasures

(Countermeasure nurn_er 12 above). Other signi[;cant aspects of the opt_mized bose-

llne expenditures ore:

• Maximum an'taunts were spent on countermeosurcs For existing autOmo-

bile reltofit source rcductlon and enforcement thereof. An equal

orno_nt was s_'nt on new veh;cle source reductlonF but this did nor j

represent the maximum allowed expenditure. The rnoh0rcycle counter-

t_sure r an enforcemenl" act;on to eliminate the very noisy offenderst

tm:eived the max;mum allotment.

• A large amount was spent" on both tnJck noise countermeasures with the

high speed tlm noise sourc:e receiv;ng the rnaximum allowed

expenditure.

• The bus noise countermeasure did not receive any funding but was the

higher ranking caunferrneosurc at the .:nd of" the optimization process.

Thercfore, if additional funds were available, the bus noise counter-

r_-asure would be the next fo receive Fund;ngs assuming, of course,

Ihat the additional funds would either be insufficient For on

addit;onaJ disorete path-receiver expendilure or that next path-

t_colver me_sure would be less effective than the bus no;so
%

¢OUn _l"rrlQosuro.

• The only o;ro_ft countermeo_re s_leoted was Flight path routing.

remut[ng of all the aircraft o_oounts For the subsequent

|noffectiveneSs of both the Sound Absorbing /_,amrioJ (SAM) end

night ¢urt'ew ¢ountermecls_res. !l
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TableA-7
4

Exfanl of CountermeasureAppllcallan to 111oSix Hypoihellcal Examples.
"l]m Counlarm(_asure Appllcallon Corresponds |o Tolal Expondiluras

on Each Cotmlerm,)asura as Soon in Ficiures A-4 throunh A-7 and A- I0 through A-i |

Calo

I 2 3 4 5 6
)'wlco R_rnovlng No

R©tldcnllcll Communlt'f h_o:oecyclo Polh-R=_olvlar No
Populalion (_no -II:d( Sou|ca un:l Counlc,mcosure AllIludlr.=l

(.'ounM//1_olure _a|ellne Dcn_i.'y _ile Counl©tmealufe Srr_ller 8ud_0/ AdJullmsntl

I. Percanl o1Aulemobllal Receiving 3.$ d| I_oducllon* 16% - |9% I°G 13% 0 20%

2. Percen! el Auh+mobllsJ/receiving 3.5 d0 It0ductlon" '_7% 57% 57% 57% 57% '_7%

3. l_clb*| Reduction InAutomcbll¢ L duo Io 6.2 dIt 6.2 dO 6.2 dfi 6.2 +jr ';.9 '+11 6.2 d5
[r, forcemenl of Or'llnonce oq

4. Oo_;b=l R*d.)cllon In h_olarr;ycl* L cI duo Io 17 fJa 17'd5 17 dB ** 17 d0 17 dE.[nforcem:nl el OJ'dh,onco
b-

';. Pcr¢onl of Trucks _*celvln_ 12 +jl_Engine I_lolm 36% 36% 36% .36% 25% 36%
P+e_lion

6. Peecenlo! Truckl R*_01vlng $ +JBTire t, Johe 100% 100% 100% I(X_% 33% 100%
I_cd.-,cI ion . .

'?. Dccibel &_duclion In |UJ.Leq 0 " 0 0 5. I dD 0 0

1;. P+)ecenlof Al/cemfl It.talcing SAM Treatment 0 0 0 0 0 O

9. Por¢onl ofAlrerol'l Rorouled : 100% 100% 100% 100% 100% I00_

10. Perconl of A1_+croll Nit+hi Optmllonl E1imlnoled 0 0 0 0 O O

l I. P4lr,:*nl of Railroad/o¢om, otivol l_ceh.'lng 6 +jr, 100% 100% 100% 100% 100% 100%
t,tulller T;col+cn! +.

12. to.'=l Collar EmFl:ndil_re on O(:,lcrs and $784,(_00 $775,000 $791,C00 $775+000 *" $T/3,000
$ound.)roo/;e.g

=,,

'Counto;_o_ures I and 2 ore muluoll_* o_cludve (CounlarnmoJure Type 6). Counlermlalure I op_llel Io now v0hl=lel,
Counle#.'r¢o_ure _ oppliel Io e.illing v©h;cles.

**Cou,+*le#m_cJure r_l dolir_d.



• The railroad countermeasure applying to, tE-. ;ccomoHve sourcealso

received maximum Fund;no which is consistent with the high source

mnklng oF tealocomotivenoisesourC:e(seeFigureA-B),

2. Two-Times Res;denHal Poeulotrcn Dens! .t'.,.of Baseline Case

TEe dab= set For this case ;s identical to the data sat Forcase number | _ tE

the exception that every col# in a res[ck:ntFol land use area has double the baseline

populotTon.

TEe results of this case, shown in Figure A-5 shaw almost the same resuhs

as for case number I., the difference belng that the low speed automobile source

received slightly more treatment at the expense oF a path'receiver countermeasure.

5. Comm.un;t'¢C!..ne-HalF the Size 9f the Baseline Case

•For thls alternative, every other call defined For the _as_llne case was removed

to simulc:te o smo|ler community. As con be seen _n Figure A-6, tee results are quite

similar to tee basehne"case. The detaded" d*sposJhon""'" of the individual patE-reoeiver

measures (i.e., bar, lets and soundproofing) was, of course, quite different since the

conFigurotion of tEe ¢ommuni_ and, hence, the relatlve cost'aFFectlveness of all the

poss_}e ;ndividuml ;_th.-moeiver measures is di_Ferent.

4. Eemovina.the ,_otorcvcle No;so Source and Countermeasure

P_moving tee motorcycle source has the effect of sJightly altering the com-

munity so teat an expenditure on the bus countermeasure be_:omeseffective. No other

s;gn;Fi_ont differences From the bas_l;ne case ore present. F_gure A-7 illustrates tee

msult,a. Note that tee motorcycle countermeasure (number 4) was removed For this

cas_ macon;nOthat in Figure A-7, counterree_asuresnumbered 4 through | ! correspond

to aountermea:ures numbered $ through 12 in the Five other cases.

An interesting result at"removing the mot0rayale source ;s a change Tn tee

populet;on"weighted naise source impa."t tonic;no in the communlty. Figure A"_ ;s the

_urae ranking Forthe base|_ne case, including the motorcycle source. F_gure A-9 is

the soun:emr_ing wite the motorcycle source removed.

A-2!
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Figure A-5. Final Expondllures ForCase Number 2, Two Times Resld_ntlol Populofion Donsily of Basel|no Case
Total Cost = $1,000,000; User Cost = $834,000
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MOST UFFE;_OZNG $0UI_CES: SOURCE .,_tJ.

| H0|ORC'CCLES LO_ SPEED LINE SRC. b)
2 MOIORCYCL_$ LdC,%L TRAFFIC 5(JUI_CE 7)
._ RAILRU-_O LuCO._UTIvJ'5, LItJ_" 5. 9)

AUf0_Llk_ILCS L(}t¢ SHP._O LI:._ESRC J]
5 TRUCK5 LO;_ SPEED LZ'_E SHC. a)
8 THUCKS HJ[GH SP_:EO L[tJP. 5e_C. 5) f i
7 AU[UMO_IL_S tt[G_ 5PP.EO LI:_;" 5_C 22

•sUTO:4(JH[LES LOC*_L TrC*tFF_C SOUP'_CF 3}
9 RAILRO;_O CAUSe LIrJC SL1UHCE |0)

I0 ,_IRC_,_F r CUr_,_ERCi _,,, FLIGHT ll}
1! BUSES Ln_ SPEEO LI_JE 5RC. 8J

Figure A-8. No;se Source RankingoF 8asel|ne Case

MOST OFFENOIt, G SOuPCES" ............. SOURCE NO.

I AuT3t',ULIIL_'5 (.0,_ SPEED L/;_E ShtC L}
2 T_dCh5 LU_ SPEED LI,,,E S_tC. _1)
] 'IRIJCK5 H_GH SPEED LINE S_C. 53

PalLnO_O LOCOr-:O11vf:.5,LI.4E 3. q_
5 _UTO_CI_ILE5 HZGn SFE"='.'0L|;_b. 5RC =_)
b AUI0_;Ut_ILE5 LI'}C_L T_._._PPIC 3[:U_CE 33
7 NAIL_U_O C_W3, L[_:E 5FJ_,qC_. (I0)

q bUSES LO,_ 5PEEC LI:_E S_C. (,t)

Figure A-9, No;_ Source Ranking w_th MotorcyaJe Source Removed
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Pr|or to the removal oF the dominant motorcycle sources, the railroad laco-

motive noise source hod a greater impact than the low speed automobile source and

both the Io'_ and high speed truck noise sources. The counterintuitive result of

removing the motorcycle source is that the cute'mobile and truck noise source now

have greater impact relative to the railroad locomotive source than they did before.

An apparent explanation is that the presence of the annoying motorcycle

source had the. effe=t oFmasking the automobile and h',Jck sources. In other words_

with the moPorcyeJes no longer there, the automobiles and trucks become the domi-

nant sources in area.swhere traffic is dominant, but the number of' areas impacted b'y

tel|road noise remains u.nchanged.

5. No Path_'Recalver Countermeasure .

Since the peth'-reoelver countermeasures received the preponderance of the

expenditure allocation in the other cases, the removal oF thrs coun!ermeasurc pro-

rides potentially the mast interesting variant to the baseline case..For thlscase, the

• tok=l budget was reduced to S100 thousand since a $1 "m_llian budget would allow

max|mum appiTcatlon of'all the countermeasures and no interesting results would.be

abtaEned. Figure A-10 _/lustrates these results.

Countermeasure number ], new automobile source reduc_'ion, now receives no

expenditures while the rcmainder is dl_ursed to counterema_Jrcs 3_. 5, and 6 (see

Table A-6). Oveml|, the disposition of these countermeasures _ssimilar to the base-

I|netoa_. Wh<=t this case illustrates is that_ for this community, the optimum expen-

dilums among the remaining countermeasures is only slightly altered when the most"

cost-_Ffecfiva countermeasure is removed.

6. NeAtHhJdinel Adlustments

I_moving the ottltudlnal adjustments hod little effect sinc._ the motorcycles

and railroad nois_ source predomlnote even without the attltudinol correotlans. The

e_'fect of the attitudinal co,cartons was to increase the apparent motorcycle le.,'e Is by

: A-26 •.
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....

6 c_, and decrease tile apparent railroad :auree levels by' 5 dB. With these acliust-

.ments mmov¢cl0 the motorcycle oounl_rm_asure still remains very effective and the

offectivenass of the railroad countermeasure ;s not altered suffio_entty to make a

notlC_ab|e difference. Cauntermea_res 1 end 5 r_celved sllghtfy fore Funding at Ihe iI
expense of pa_h-'rece[ver maa_bres. Figure A-11 summariT.esthe results.
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_.4 -Summa_ of the Allentown Strategy Analysis

The results of applying methods developed ;n the Communily No_se Strategy

Guidel;nes Manual to the cihX of Allentown, Pennsylvania, are summarized in this

s_ctlon of Appendix A. In conjunction with SPA and Allentown, prcb|em r_o_sasources

were identified on the basis of acoustlcal, attitudinal_ and complaint information, and ' "

o list of eounmrmeasureswas derived which were felt to be the most prom;slng and

practical means of abating them sources. The casts ;ncurred by society and the noise

•mductloraaab;eved with each o? the selec ted aountermeasures were estlma ted from

data supplied by AHentown, using methods described _n the Strategy GuldeHnes

Manual.

The nols_ optlm_aaffon program, No;:op, was then used to find opdma[

deg'ees of _aleta[ex_encfiture an each of the selected c'ountermeasures For _r_ous

0v_ralI spending I;mits. l"n_:arl'icu[or, optimal expend[_'Jre strategies were found

wf_|a,_would prey[de, the maximum reduction [n impacts From noise (?) _n the year I
7!

1980 and (2) ;n the year 1988, For a nominal expected city nolse control budget, as !i
Suggested by Allentown Quiet Communiffes Program Staff. These results arcspresented !i

and dlsou_sed betc:_v. The ma_n _nd[ngs ore:

• The most test-effective countermeasures are (]) those which abate

emergency yah;ales, since the cost of abating this source _svery

low, and ('2) those which abate automobiles, since th_ssource

_sboth the most pervasive [n Allentown (as was indicated by the

•"coust[ccl survey) and also one of the most annoying (aceording

to the attltua'_nol survey). Although it is not knov.n whether the

: • rr_in prob{am af automobile noise [s caused by o few noise modifTed

-yah;oleo (v/n;ch ore the mc_n t_rget o_ automobile "orlOi ._ countel"ffleasuros

[n th_s oealys[s) or by the more numerous but quieter majority, ;t is

Suggested that oddlt;onal countermeasures nor considered _n this anal_is " I

_h[ch c=_ help reduce no_so[mFx=C_from this s_uree should be _nvcsti-

_ated in "the Fut'urc.

A-_0



• Very little dffferencm _sobserved between expend|l'ures optlrn[zed

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

measuresera expected to _ka effect immediately (1978) and remain

unchanged thereafter.

. • A budget which is approximately 1/3 rower than the present budget

ont[clpated by the city at"Allentown may be mare deslroble, as

measuredin terms of' the cost per reduction of"nalse impacts which

_nputs can be achieved., i JIThe co_terme'._suresanal),:ed _n the optlm_at_on program are described below.

1. Property Standard applied to Na_se from Garden L:qulpment and People.

1"hisproperty standard would set no_seem_ssionlirn;ts at" the property fine

of between 75 and 80 dB f'a_"one hour due to noise f'rom garden equipment

_acfivity by people (i..e., play_r:_gloud tousle, etc.)

2. Noise Ordlncmce Applied to Motorcycles.

A noise ordinance was considered which'would consist of"Four parts:

(1) Enforcing _he federal new vehicle standard on motorcycles

_3 dB _n 1978 t 80 dB _n 1980) °

(2) Enfor_'ing the Pennsyl,_ania Department of Transportation (Penn

DOT) low speed operatlanal regulations on motorcycles (84 dB)

{3) E'nfor,'[ng operational oonr:ols (reducing excess accelerations)

(4) EnForcing an equipment standard (e.g., "all motorcycles shall

I'_va proper mufflers")

3. Noise ordnance Applied to Auh_s.

A noise ordinance applied to autos was consfdered which would consist

of three parts:

_|1 r©_uiafion llrn_ts g_venare maximum low speed passby levels measured at 15 m.
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_]} Enforcing the Penn DOT low speed opemtlc_a| regulations

c_autos(84a'8)

(2) Enforcing operatlona| controls (reducing excess accelerations)

(3) En{orc_ngan equipment standard (e.g, t "all autos shall have

proper mufflers")

4. _se (_rdlnance A'pplled to Trucks.

A no_seordinance applied to h'uoks was considered which would

¢ons_s_of four pcr_:

(I) EnForcing the federal new vehlc|e standard on trucks (83 dB _n

19781 80 dB _n 1980)

(2) Enf'orcirig the Penn 0OT low speed operational regulatlons on

truck=(_8dB)'

(3) Enforcing operational controls (reducing excess acceleraHons)

(4) Enforc|n_ an equipment standard (e:.g. t "all true'ks shall have

proper mufflers*')

5. Nohe Crdlnanoe' Applied to Buses.

A noise ordlnanc= applied to busesw_s considered which would

consist of four partS:

(1) E_forclng fhe proposed Federal new vehicle standard on buses

(83 d8 |n ]979 t 80 d8 in 1983, and 77 d8 _n 1985)

(2) Enforcing the Penn DOT low speed operaHonol regulatEens on

bu_.=_8 as)

•('3) Enforcing opemtionel controls (reducin G excess _dl;ng near

r=_dences)

(,4) Enforcing on equipment stondard (o.g, e "all busesshall have

proper mufflers")

". A-32
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6o Operaffonal Cenh'ols Applied to Emergency Vehicles.

Th|s countermeasure would reduce the amount of time sirens are used

by restricting their usa to emergency sltuat[ons.

7o New Veh;ote Standard ApplTed to C,-_rbogeTrucks.

This no_se standard would enforce federal noise regulatrons an new/y

manu_ctured garbage tr_c._:s(78 dB in 1977, 75 dB _n 1982)

8. h_0de TransFer from Autos to Buses. J
This cuuntermea,ure would use educahon and adverHsement mecga to

get more commuters to usebuses _nstead of autos.

9-13. Education and Complaint Mechanism Applied to (9) Autos and h,_otor-

cycles, (10) Trucks and Buses, !I I) Garbage Trucks and Emergency

Vehicles, !12) C'._rden Equipment and People, and {13) Pets

These countermeasures have to do with [af'armlng the publrc about the

causes and eFfec_ of ¢o/_mun_ty noise and establlshing a mechanism

such os a ne_se "hot line" which the public c_n use to complain about

no|sy sources such as motarcycfes, pr[s,qte parries, or industrial plants.

14.. Stationary Source Controls Applied to Fairgrounds. ,:.

This countermeasure would reduce noise emissions from equipment and

loud music typically Foundat fairs.

I._. Stationary Source Controls Applied to Music Clubs. "

This countermeasure would reduce the undesirable source oF music _

¢|ubs prop_'at[ng into nearby res[deat_ol areas by requiHng owners to I :

prairie so_d insulation treatment of the ekterlor walls of their clubs. J!!

16. _ild;ng _sulatlon and Codes°

Twenty areas (t'cells") throughout the c_ty were selected as I_otentlal

c'_n_dotes for bu_ldlng insulaHon treatment. The noise optimlzoHon

pro_'=m _s then allowed to plck the cells which needed [nsularian.

A,-33
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In addition to inputs which defTned the above potential countermeasures, an

¢mnual noise control budget of $723,000 for"the city government OFAllentown was

selected. ThEsnumber is based on the man-year estimates provided by the city

_own in Table A-_.

Table A°8

i h_npewar DistHbutlen Estimated by Allentown forVcrrious Noi:e Control Aotivltles, Man-years

Government Entity Performing Aat[vffy

In fermadon CommunHy
No_se Central Actlv_ty QCP Police Services Planners

Stationary Source Canmol 1/2 ....

/Vloior Vehlcie No;_ Enforcement ] 2 - -

Education and Complaint Ac"ivit/es 1 - I/2 _ 1/2
I

Bus Rider'ship Campaign I/2 -

• aEIdlng insulation Pogrom l " - i

Tom) = 7 rr_n-yeers i
I

I

The total cos_ det'_ned for each countermeasure include ell costs _ncurred by _ I

society. To find the agsts incurred by Allentewn*s clty government alone, a "City i J

r-ractlon" was estlm._ted for each countermeasure. These city fractions ore shown in !

Table A-9. Note that same of the countermeasures are expected to be p_id for almost i t
3

enffrely by Allentown (such _ the Bu_ Na_se Ordinance). while othe_ only involve
!

_loffvely m_noegov_,,.,anr expense (such.as o building insular|on program).

The optimum total ('T)and oH), government (U) expendffures :elected by

Noi:ep f_ each ¢ountermeQsure at the ¢_ty budget level defined_hove ore shown
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Table A-9

Eft'ecllvenoss of Counlermaa;_ure: in Iha Allentown Slralagy Analysl=

Co_t/E(f©ctJven_ll
(Peecant or hla_Irnum

Alloy, oGle E_pendlluro)
NoiseSour=o City(2)

I_o. i CounNrm4olure .Af[ecl_d Fraction 1900 1908 Co_m_ n hJ

I plop+ely' *tin,dural ; Pcopl=GardenEquipment# 0.995 G% 0% NO! vary cc:_t/efirecllvo

Less =hould bQspent on ibis ¢ounl©rmeo=ure
2 t4ol_ OIdi.'_anco (I) h6otorcycla; 0.25 .SI 5| o= budgcl Inc_©c==es

3 ('kJ|_ Otd|nGn¢_ (|) Autos 0.04 I{30 I00 Very cart|off=clive

4 I'Joit.e aid|hence (I) lruckl 0. I I 't/X) 49 Colt/[l'focllvo - In 19_0, odditionol _':_rmy
' should be =p<nl |,ere r_!

,,, , ,,

$ 'No;_ Ord;nan.cll (|) Bus_s 1.00 0 100 Only co*l/cff©ctlve In lira long lerm

> 6 Operot;o_al Contlol [melgenc Y Vehicle* I .CO ICe ICO MoP/co*t/c|factlva
=J ,,

rl 7 tic.., V=ldcl= Slandard Galbog= Ttucl_s 0.09 0 10CI Only' cosl/©Hcctiv© In tim long lerrn

0 I._d= _tant_©r Aulgl# Bules I,O0 ICe 100 Very coe/clf©cllv_

Education and temple|n| h'_ccl_nlt.m Autp=, /v_rorc¥¢l©t • !.00 I00 10'3 Very cost/e|f©cl|ve

I0 Education orld CompIo[lt! _ab:ch=biu'_ [r'uek=, _u==t I.O0 0 0 Nol cotl/c|f¢ctiv=

GorbuU_ Ii'uck_, 1.00 ]CO 100 V©ry co*l/4:ff©cl|va
II [du+:ollorl and Complolnl h_tcl+anlsrn £mcl+dcncy Vehlclal

Garden Ec{uipmoni'a I_O0 65 _ Quite colt/_flcct|w=
12 [ducolIorl or_d CompIo|nl/.6cclmnlsm Pcoplo

13 £duaollorD orml Co_ploinl h4,_cJ+obilm Puls 0.4B ICO lO0 Va.-y ¢o_+l/¢l_©cllve

14 _lol;or_rl Sourc_ Controls _oiujroundl 0.54 0 0 He! co*t/elf©clive

15 .*;lulJoWary_-=ut¢l Conltoll /_lu,lc. Clubs 0.37 0 O' Nol cost/©||cctlvo

16 e+uihJln9 Insulation ond Co#el+ All _urcol 0.04 5 5 Only ¢osl/ulfccltm al hlgh Imvoll of
o+per_d|lurel

(It Includes= Now Yah|tie _londord (except/or Au+o*)+ Op=rcallonal $londm+de Cpcrotlonal Conlroh+ and Equipment $landatd

(2) Fraction of counlormeasure co*Is incurred by the Cllx of Allentown.
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1° Proper_ Standard alpplled to Garden Equipment and People

• Nai:cp did not choose this countermeasure in either i980 or 1988. This

is pmbeb]y due to the fact that noise levels Fromg_rden equipment and people

w_re falrly low campc_redto other noEse sourcesr due ta their _ntermlttent

and transitory nature. When the building insulation cauni'_n'neas_e _s

eliminated from canslderatlont somen'_ney isspent on this measure (Figure A-14),

but only a relatlve[y smell amount ($2640 per year).

e }mpl_cntia_ -A property line standard against garden equipment and people

nols_ is not cost effective.

2,. Noise Ordinance c_plled to h4otorcycle

e This countermeasure is relatively case/effectlve at low expenditure levels t

but decreases in comparison with other measuresas'expenditures _ncrea:a •

• /mpllcatlons - A motorcycle noise ordinance is warranted and will be

effective even if"relatlvely m_ld restrlc'tians are enforced. This _s

bec:_useo small percent of the motorcycles produce noise levels which are

much hi_her than the average motorcycle levels. As a result, even a

s_mple equipment stane._ardrequ_rlng "prep,_r mufflers" should have immediate

benefit, as long as _t is adequately enforced.

2. Noise Ordincnae cpplled to Autos

o The maximum allowable exp_ndlture was reachedt indicating that autom=[_[Io

no_sereduction should be a pHmary target for the oil_ of Allentown. The

maximum expenditure corresponds to an operational regulaHcn level of 74 d_-e

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

regular;on.
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3. Nolse Ordinance applied to Autos (Ccntinued)

• Implications -Allentown _ wlsh to establish standards far auto-

mobiles more stric_: than existing state ston_a.r_. These standards should

probab|y be directed Firstat autos which have modirled, improper, or

" inadequate exhaust" systems. A fairly strict eciuipment standard which

specilrles alloWcbte exhaust modi_c_t_ons and minimum insertion loss

v_:lues far replacement part=,may be very' effective in this re_ard. To

-,bate the impacts of the genera/automobile population, alternate

sh'oteg;es must be used, some of which lie out_ide the municipalgovern-

ment's domoln. These countormemures might include traffic controls

on minor residential s_reets, rerouting certain .m.aiorbou|evarc_ to less

popu|ous area.'_,.onclbarriers located in strctegic.posltion_.

4. Noise Ordlr_nce epp|ied IloTrucl_

o h'_xlmum expendi_re Iimi_ were rea_:hed in tee ]gB0 run, bur o_er

Countermeasures were f'ound to be somewhatmcre cost effective in 1988.

• Implicotlons-A truck noise ordinance, parallellfng Federal.and Stere

stanc'_'r_, is worthwhile ot the present time, but may Ee d.eemphasized

in the future. I5. t',Jo_so_r,;inance appl_ec| to 8uses

o While no expenciltures were ma_e For the 1950 Cose, the ,'nax_mum

expencl;lure limit _s reachecl in 1983 since more quiet new buses are

©xpoc:ted to be OF_mting in the fleet by that time.

• ImpllCotlora -Allentown should consider enforcing Federal bus noise

r_gu|atfens as they become mare sr_ict in the Fumre. (Note: Fec_ral

bus noise regu|ofions ore still in _e proposal sto_e). _
I
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6. Operatlo_l Con_o|s applied to Emergency Vehicles

• Thls countermeasure received maximum aHotraent in both analysis years,

corresponding to a reduction of"20 percent of"_e tlme sirens earmolly

ore operating.

• lmpHcatlons - An emergency vehicle operaHor',al con_ol should be

implemented whiah would reduce unnecessary siren use as much as

poss_Io.
I

7. New Vehicle S_ndard applied to Garbage Tacks i

• Similar to Countermeasure No. 5 above, i

• b'npllcotlons -Same as No. 5 above. I!

B. Mode Transfer flare AutOs to Buses J
I i

• |t was found that the cos_"to socl.e_ is less _Fcommuters use buses I i

m_er than autos, therefore tills countermeasure has a _'negatlve cost". I i

• Impllcatians-Commuters should be urged to ride buses through educational _!

campelgns and _nc/reasodbus service. A doubling of the bus Fleet still

saves society money, according to i'h_slimited analysis.

9,||,[3. F:duc.atlon and Complaint _chan_sm applied to (9) Autos and ,_otarcycles,

(11) Garflage Trucks and F:mergency Vehlcles, and (13) Pets.

• The rasul_ for each of tflesa coun.'ermeasuras was the soma, namely, the

maximum allowable expenditure was reached.

• ImpHcafions - Educotlon and complaint programs should be geared to _e

above $ sources of nalse. Increased manpower assignmentsmay be

warranted in th_sareat compared wlth the nominal values suggestedby

Table A-? above. As wlth Countermeasures Nas. 2 and 3 above, for

automobiles and motorcycles, the most effective results con be achloved
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if attentlon is pald primarily to tease vehicles which have mq0dlfiedor

inadequate exhaust systems.

10. E.4ucatlon and Complaint Mechan!sm applied to Trucks and Buses

e No expenditures were made on this countermeasure. Thls is probably

due to tee fact that in Allentown, the major truck routes are well

defined, therefore h'ueks and buses do not affect people as much

near tSnelrhomes, where people are more likely to complaln_ as they do

when people are in transit. Similarly, educaHonal programs directed

at bus and truck oc_rators are expected to change their operational

habits to a lesser degree, and therefore will reduce noise levels to a

lesser degree, teen programs dlrectod to mare alterable causes oF

noise such as accelerotlng or modli:ied auhosand motorcycles, unnecessary

sirens,or barking dogs."

• Impllc_tlons - Little effort should be expended on this countermeasure

gteer than to support, ina general way_, exlstlng State and Fedensl truck

and bus noise regulations.

• 12. Edu_tlon and Complaint Mechanism applied to Garden Equipment and People

• Changes resulting from rhls countermeasure typically cost less money

tl'_n changes a=used by Countermeasure No. 1, which deals with the

mm_ nolse sources but may require equipment substitution to meet the I
eogulotlan. In con_':ast, education and complaints oat toachleve nearly i l
lisa some ends without large expenditures. !I

• Implications - To reduce noise from garden equipment and people in the |iil

m_t cost effective way (I) people should be educatect as to the effect il

Figf their(and their equlprm nt s) no'so on atEers, and (2) a means of

camplalnlng about annoying r_eighborh_d noises sh6uld be establi:hed.
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"Toassist oFFicials in enForclng the reduction oF these "annoying no_ses", as a

practical matter, a property standard such as Countermeasure No. I may

be needed, but the Iotmr should not be _mplemented _n isolatlon,

|4,|5. Stationary _aurce Controls applied to Fairgrounds and Music Clubs

• No expend;_res were made on these countermeasures due to their trans;tor'_,

end _selah_d r_ature. T1"atis, in comparison with more continuous no;so

sources such as autos, their average sound levels (Leq) were low. (Note s
however_ that noise leve|s for these two sources oF noise were estimated

wlthout the aid of noise measurements from the acoustical survey. )

• [mpl;cotlons - No substantial noise control activity seems Warranted For

these two noise sources.

16. Building ]mulatlan and Building Codes

• Only c small Fortlon (5 p<trcent) OF the total possible expenditure on this
j'

¢ounmrmecsure was modet slnce only 5 oF20 possible cells received

insulation and the ceils which were p_cked have small floor areas. How-

ever, the effort required _o insulate these cells amounts ta almost 60 percent

of the total cost tosoclety at the budget level considered. At lower

overall budget leveist such as the mare deslroble budget used to generate ,4

Figure A-I.5, no expenditure on building _nsulatlan is made by the computer ii

p,ogror.., j!
• ]mp|;c.=tions - A building insulation program should be _nltlat_d only if" I!

(|) the public';s willing to he!10 pay f"or _mprovements to thelr own homes i!

•(note that'as shown in Table A-9e the city government is expected to incur only

cbout 4 percent oF the total cost oF thls coun_ermecsure) and (2) a high

degree of' expenc_l_'ureon noise control is desired and possible. If"a

building insulation program is desired, Ihe noise eptlmi':c_t;¢ns f.er 19_0

;1
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and |9B8 indicate that" the f'ollow_ng areas deserve ;n[tial attention:

|. Resldences near Hanover Streei" (cells BI and B3)

2. Resldences along garbage truck mutes - Bayard Street and Rote Avenue

(cells R5 and RT)

ReducHon of"/',,Iaise [mo.-ct's Due to r:'xoend[tures

F;gure A-16 shows the relaHonship between cost expencffhsre and percent

reducffon of the na_se _mF:act ;ndex" for the 1980 Allentown analys_s. Th;s relatlon-

_ip clearly _ndTaotesthat after a certain paint, the cost of addltlonal benef_ [s

much h;gfler than before. This po_nt corresponds to a total dlsoeunted cost to society

of abcur 1. ! m_ll;on dollars, equ;volent to an expenditure at"about $100,000 annually.

Theossoc;cted discounted cost to the c[ry of' Allentown (from now to [nfTn[ty) would

ba about O.S_mElt[on dollars, or o_,out $82,000 annually. This represents about o

• |/3 reduction a/" the pre'_ent cnHc_pated Allentown annual budget, _nd[caHng that

in the f'uturee a somewhcat"reduced budget Irornoise control could be zcceptabie from

• tEa coSt'eFfectivene_,st=ndpo;ni'.

O

The b,_o[se impact _'ndex(b,/II) _se measure of' the _mpact of' noise on a aommun;ty.
.6, tEresbold af [m_,'t (NH' = g) _sde/'Tned for each land use type for both day and
night norse levelst and a o,_mpiete. Tmpaot (NIl = 1.0) is def;ned to be 20 dB above
tease tErashold.v_lues.
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Tot=| Expend;turo on CQuntermeasures ($ M_llion)
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., APPENDIX B

Program Operation and Data Flaw Process

B-1 General Overview of Program Flow

It is assumed that the reader _sfamiliar with the terms and concepts presented in

Volume I- the NOIZOP User's Guide.

The initial functions of the program are to accept input data and to establish the

necessary parameters for proper data processing. Figure B-I illustrates the subprogram

linkage associated with each of the program ocdewords. The reader may refer to Volume ll-

Program Listlngs- for a description of each subroutine. Figure B-2 shows the subrouHne

linkages of the actual " " "optaml,.ahon process. The remainder of this section will describe the

general data flow during that optlmizaffan process. The succeeding sections in this appendix

will describe in more detail the indlvidual processesthat occur. The variables in the equations

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

The optimization process is controlled by a supervisory subroutine (OPTIM) which

O l exomlnes the components of the NIl (Noise Impact Index) gradient vector* in determining

the path of o_imum expendlture allocatlon among the countermeasures. Starting with the

user-defined initial expenditure scenarlo, the program will compute the current Nil and the

current gradient vector. The largest component of the gradlent vector indicates the counter-

measure which is currently the most oost-effeatlve. The peogramwill allocate additional

funds to that countermeasure and calculate the resultant Nil and the new gradient vector.

Thls process is repeated, increasing the expenditures among the countermeasures one at a

time, until the total budget has been expended.

Generally, subroutine O PTIM controls the evaluation of independent expenditure

scenarios. The remainder of"the program simply calculates the Noise Impact Index and the

gradient values aocordlng to the expenditures on each of the countermeasures. After OPTIM

has doclded on a new set of expenditures, the remainder of the program is entered again to

evaluate the new scenario, unaware of any information regarding the previous set of' expendi-

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

_Mathematloallyt the gradlent vector may be thought of as the vector whose components
consist of the partial derivatives of Nil with respect to the countermeasure expenditurest
of which there may be up to 20.

B-1
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Figure 8-3". C)perarlonalFio_'of C)ptlrnizaffonDecision Process,SubroutineC3PTTM.
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,,%
_-" The index and gradient calcu{ation processis controlled by a secondary level

subroutine- ×NOIM. This routine controls the logic oF all subsequent Functionsincluding

the suboptirnlzatlon of stationary source and path-receiver countermeasures (see Sections B--2,_-3).

XNOIM _nltiates three independent/:asses of"countermeasure application through

all the cells. The first passthrough the cells is used in the suboptlmizction of the stationary

sourcecountermeasure. 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 stof;onary source countermeasure options utilizing an appmxlrnation oF path-recelver

benefit:; (see Section 8-3).

The second pa_ through the cells is used in the suboptimlzatlon oF tha p_h-

receiver countermeasure. The other counterme_ures are again appl;ed and, together with
• *._ •the results Fromthe Firstpass(stationary source subept_ml-atlon), the patentlol benefits oF

eachpath-recelver option are calculated.

i O The third passagain applim countermeasure Types 1-15 along with the optim[zed
rmults For stationary source and path-recelver countermeasuresobtained in the first two

p:x_as. This pass through the cells calculates the components oF the gradient vector and

the Noise Impact Index. Figure, ,%4 shows tha logical operation oFsubrouffne XNO[M.

"_ B..5
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- B-2 SuE)optimization of Stationary Source Countermeasures

The stationary source countermeasure lists six alternative options (see Table 2-3,

Volume 1)which may be implemented at each stationary source. The program will dec;de

which option, if ony_ to apply to each stationary source. The actual procedure involved

;n this dec;sion is described in this section.

The basis of' the suboptimlzatlon process is a cast/benefit analysls which consists

of compuHng the potential benefit of each alternative option at each source together with [

the nssoc_ated casts. The end product af this analysis is an ordered list of cast/benefit ' i

ratios, the most cost-effective opHons being at the top of the list. The program will proceed

to implement the countermeasure alternatives, starting at the top of the list, until the funds

allocated to the stationary source countermeasure ore exhausted. Note that the allocated

Fundsmay be zero, in which case no alternatives are implemented and the generated llst is

usedonly Forgradient evaluation.(Seatlon B-5). Note _'lsa that after this suboptimization some

O stationary sources may hove countermeasures applied to them and some may not.
One segment of the cost/benefit analysis calculates the potential benefit" of each

countermeasure alternative at each stationary source. The benefit parameter is the number

of people no longer adversely affected by noise with the implementation of that option. Note

that this parameter ;s summed over oil cells that are affected by the stationary source in

question. Before the benefit parameters can be accurately evaluated, the effects of the

other countermeasure types (Types 1 through 15) must be known. These other countermeasures

have been applied by the time the program oan_iders the stationary source countermeasure.

The path-receiver alternatlve which was selected far each cell For the expenditure scenario

calculated during the previous step in the aptimi=otion analysis is also assumed to apply agoln.

This is equivalent to performing the first two steps of the iteratlve processwhich is required

to simultaneously optimize the two interrelated subjects. This procedure ;s necessary because

the transfer function may nor be linear in all defined regions and the potential benefit must

be limited by the actual number of people that are still adversely affected otto.: the implement-

ation of the other countermeasure types.

i B-8
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In actualltyt cost/beneflt ratios For eight countermeasure alternaHves are calculated !

as shbwn in Table 8-I below. Note that the fTrst four coincide wffh the first Fouroptions !

in Table 2-3, Volume I. II

Table B-1 t
f

C_t/Benefit Ratios Calculated During the !
Stationary Source Subopfimlzation Process '

Benefit Countermeasure Alternative
Parameter

1 A minimum source.reduction.

2 A.maximum source reduction,

3 h'llminatlon of night operat'ans.

O 4 _[mination of tho source,

5 EJimination of night oparatton_ if a minimum reduction was in effect.

6 E]iminatlon of night operations if a mmcimum reduction was in effect'.

7 A minimum roduation if night operations were ellminatod.

8 A maximum radu_icn if night operations were eliminated.
, , , , ,,

Benefit parameters 1 and 2 are calculated by using the simple energy reduction

Formula

- P,_'D
'T

NL=OL. 10

whore

NL -- Noise energy remaining after treatmentt

OL _ Noise energy before treatmentt

RED _ Decibel reduction from the treatment.

.,..d

i
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•_'_ The transfer function is entered usingOL and NL, and, together with the

impacted population, the difference in adverse effect is computed. This procedure is

cumulative over oil cells - both do); and night- affected by the particular stationary

source.

Benefit parameter 3 is calculated by simply summingthe remaining number of

adversely affected people in each night cell affected by the source.

Item 4 is like 3, exce_ that both day and night cells are considered.

The benefits of items 5 and 6 are computed by subtracting the benefits of items

I and 2, respectively, from item 3. This procedure is performed only for night cells. Thus,

the incremental effect of eliminating the night operations is obtained.

Parameters 7 and 8 ore calculated by summingthe benefits of items 1 and 2,

respectively, over the day ceils alone. In thismanner, the incremental baneflts'are

computed.

O The beneRt values are then converted to cost/benefit ratios by considering the

casts associated With these measures. Cast_ for items I through 4 are input directly; costs

• For items 5 and 6 are the same as far item 3; and items 7 and 8 me the same as for items

1 and 2, respectively.

The cost/benefit ratios For items 1"-4are then placed in a separate llsr and sorted

in ascending order. The mostcost-effective options (those with the greatest benefit for the

least cost) appear at the top of the llst. Given the total expenditure allocated to the

stationary' source cauntermeasuree the next step is to spend that money in the mast cast-

effective manner, This is aceomplished by proceeding through the list of cast/beneflt

ratios, beginning at the top, noting the costsof each, and noting which options, if any,

have _eviously been applied to each source. The necessity for the latter will become

apparent in the following paragraph.
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.t'_ Many compllcatians 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 sourcer the c,'_t/benefit ratio previously

calculated Fora minimum reduction is not correct. The program method is to replace the

ratio for the minimum reduction alone with the costpoenefft ratio for a minimum reduction

with night operations ellminated- alternative number seven in Table t_-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 ITst of cast/benefit ratios (including the

inserted ratio) is reranked ta verify that the inserted ratio is still the next mast cost-efFeative

option ta implement (i.e., has not moved down the llst). If it is, then the option applied to

stationary source number six would be identified as number five in Table 2-3, Volume I-- a

combination of two independent countermeasures, elimination of night•operations and minimum

rcductlan. These complications are the reason for the calculation of cast/benefit ratios

O numbers5 through 8 li_ted in Table B-1,
Nat all complications are as easily handled as just d_crlbed. Table B-2 summarrzas

ithe methods for resolving all complications that can arise. Note that these complications are

due to the irnplamentat_on of multiple options on one statianccy source. Before any option is Ii

implemented, the program will check whioh options, if any, have previously bean applied to I|

the source, t

The final result of the suboptimizatlon processis a llst of option numbers as shown in i:

Table 2-3, Volume I, each of which correspond to a defined stationary source. The actual

application of the selected countermeasure option for each source, where the decibel reduction i:_

is finally registered, takes place after this llst has been compiled (Section B-4). +i

+ +t
++
t+
+
+,,

C

+
i
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Table B-2

-- Methodsof Solution For All Meaningful CasesWhich Can AriseDuring the
.Optional Expenditureof FundsOn Statianary SourceCountermeasures

(underscorednumberscorrespondto option numbersdescribed in Table 2-;3, Vo[. I)

PreviousOption Allowed AdditionalOptionsand
Applied ToThis Source MethodFor Eva{uotlngPorentlalBenefit

O(noth|ng) ' . 1-4 No modificationto straightforwardprocedure.

I 2 EecOrnF_te¢o_t/benefit (S/B) ratio accordingto

sBC/B max. red. mln. r_*

max. red. " Bmln. red.

wheretee individual costsandbenefit, are
extractedfromtheIndlvlduel cDst./benolrltr_'tlo|.

,m

3_._ Usecmt/L_nefit ratio number5 in TableB-I

4 R_.omFUte¢_t/benafit ratio accordingto

C/_ - Selim. source"'$mln.. red.
B_lim. sour©_"Brain. red.

2_. 3_. Ule cmt_a*neF_tratio number6 in Table 0-1i

4 ' C_ = Sellm. loUrco" _max. red.
" _ Be|lm. Iource max. red,.

• 3_ I__ Lbe¢mt/benetlt mtlo number? in Table B-l

•. 2 L_ecmt/benefit ratio numberg in Table B-]

' C./B _el_m. source" S*lim. n|_ht
4 m ' BB -- . •

elim. source ,hm. mght

4 NOTHING

5 2 BubscrlF_numbersrer_" to C/B rat|_ in Table 0-I

$max. red. " Stain. red,

• - _ = BB- B7

4 C/5 = Sellm. murco" ($ellm. night + Stain. red.)
B4 - (B$","8I)

. i i i

4 C/B " Selim. source" ($e_;m.night + $mex. red. )
6. _ B4" (_6 "_e2)

i
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©
B-3 Suboptlm;zctloo of' Path-Recelver Countermeasures

The suboptim[zation af the path-receiver countermeasure options (see Table 2-4,

Volume I) proceeds much in the samemanner as For the stationary source countermeasure.

However, since there are more alternative_, 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 re.suitingC/B ratios• The benefits are in units of people no

longer adversely affected. In addition, the benefits are evaluated with the other counter-

measure types in effect, including the result of the optimized stationa1"ysource countermeasure.

Bghteen benefil_parameters are calculated For each cell. Inaddition, the first

six are used in the calculation of C/B ratios For rank ordering before the actual s_lectlon

process begins.

0
1. Minimum soundproofing is applied in a. stralghtforward manner to all ceils using

the following energy reduction Formula:

-RED

NL=OL'[' T+(1-T)" 10_]

where

NL = Resulting energy level,

Ok = Energy level before soundproofing,

T = Fraction of time spent outdoors (i.e., when soundproofing is ;i
' effective, this value is dependent an land use type and on day J

,,ridn ght), II
RED = Decibel reduction from the soundproofing; this value rsalso _j

dependent on land use type.

The resulting energy' level is then entered into the transfer Function end compared ta the

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

WYI. g II.ADO RATO R I E$

I



..

cell is obtained by multiplying the area for soundproofing in square Feet (input in the

master data set) by the cast per square foot far this grade of soundproofing at thls type of

cell (residential or commercial). The benefit parameter is summed over the day and the

night version of this cell.

2. Medium soundproof;rig is similar to minimum soundproofing.

3. Maximum soundproofing ;s 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:

-ART. ER

RE = SL*(10 10 /

where

O RE = Remainder of the noise energy after erection of the barrier,

SL = Noise energy from the noise source being attenuated,

ArT = Decibel attenuation of the barrier on a standard source (see Secffon 2.4t
Vol. X),

r:P. = Effectiveness ratio for the current noise source.

The above formula is applied to each source level individually; the results _e then summed

to obtain the total remaining noise energy.

For the purposes af preparing C/B ratios, all benefits of o 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 associated with that barrier. The ;ndividual barrier

benefits,at every cell location affected by o barrier are, _n addition, stored separately for

later use. As always, benefits are in terms of people no longer adversely affected.

5. High barriers, are handled in the same way as are low barriers. Note that the

_,2 secondary cells far a high bottler may be different Promthe secondary cells for

the c_sociatecl low barrier. Since the program can allow only one barrier to affect : :

B-14

WyLI_ LAnOnATORIJ_S

h

I



a cell, and since a secondary cell may be affected by more than one barrier

location, the program will select the barrier location which is the most effective

el" each cell. This selection is repeated ;ndependenfly 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 cancerned.
J

6. Relocation can be treated two ways at the user's option (see Section 2.5r Vol. I). i
The benefits are either corrected for the region into which people would be

moved, or uncorrected, in the latter case, the benefit is all the people in the I

cell who are adversely affected. All cell locations may be subject to relocation.

The parameters listecl in Table B-3 ere not used in the calculation of cost/benefit

ratios but are used in the event that more than one of the above countermeasure alternatives

are to be applied to the same cell location.

0 Table. B-3
Incremental Benefit Parameters Used'In

Path-Recelver CountermeasureSuboptlmi:¢atlon

i i

Incremental Benefit
Parameter Number Incremental _enefit Parameter

m im

7 Minimum soundproofing if low barrier in place.

8 Medium soundproofing if law barrier in place,

9 Maximum soundproofing if low barrier in place.

10 Minimum soundproofing if high barrier in place.

11 Medium soundprooRng if high barrler in place.

12 Maximum soundproofing if high barrier in place.

13 Low barrier if minimumsoundproofing in place.

1,4 Low barrier if medium soundproofing in place.

15 Low Barrier if maximum soundproofing ;n place.

,._ 16 High barrler if minimum soundproofing in place.

_-J 17 High barrier if medium soundproofing in place.

18 High..barrier _fmaximumsoundproofing in place..
a
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-- Table 8-4 summari:_s :'he situations that can arise when combinatorial or

replacement countermeasure airernatlves are applied to the same ceil. An example of"a

replacement is the application of"a higher grade oFsoundproofing at e cell where a

lower grade was implemented prevlously.

,r

C)

,4
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Table 13-4

Program Techniques For Path-Receiver Countermeasures

(under_¢orednumbersrefer to countermeasureoptionsas listed in Table 2-4, Val. _)

PreviousOption Allowed Additional Options and
Appfied To Method For Evaluating Potential 5enefitThis Cell

0._.(nothing) 1-6 Straightforward Procedure(note that 4 and 5 will only occur
for the primary ceil of a barrier, in which case we must
chock those options already implementedat the secondary
cell locations and adjustthe cost/be_eFit ratio acaardingly
before performing the reranking operalion which verifies
that the adjusted cast/beneflt ratio is still the mo_tcost-
effective).

1. Indicate thai the option is implementedat the cell(s)
In question.

2. Reglster the cost of the option.
3. Save benefit achieved for each affected cell.

The following casesall require the aboveas a minimum.
The descri_lons will refer to the I' ' re thai must be
followed beEore the above t._'.reostel:s ore implemented.

2 Recamputethe co,r/benefit (S/B) eccordtng to

C/B = _med.sFwf. ,- _min.sprF. |

O mad.sprf, min.spr'_.

_m Smln.sprf.3 C/B= ax.sprf._ 6 .,
max.s/xf, mln.sprf .

4 This will occur for primer/ cells only. Determine wh_r hm _
m been done to each secondczrycell (mu_t be soundproo_nge

relo_'..ationwor nothing In this specific cme)..Use the
Qpproprioto incremental benefit peramaters(7-18) in
Table _ (z_ro benefit IFrelocation) to determine the
total benefit at the secondery col[ (so) [ocatlons of building
this barrier at the primary cell. Add that total to pc_'amet_
no. 13 fge the primary cell to obtain total benefit.

Slow ha.-..C/B,,
'. 513 _"_8low bet,

where AB is used to signify appropriate inctementc_lbenefit
I_rametc-fF determined by entering this table independently _j
for each secondary cell. "I

Shi_h bat.

C/B" B16" _'_Bhigh b_r' !i
Sreloo. - $m;n.sprf.

•--' 6 .ClB-, - B

reloc, rain.sprf.
IF th|s option ;s ;mplemeeledt tb_ cast of soundproofingis
added back to the available total.

f
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/' Table _.4 - Continued

"f"_ (underscorednumbersrefer to countermeasureoptionsas listed in Table 2-4, Val. I)

_" Previous Option Allowed Additional Options and
Applied To Meihed For Evoluoting Potential Benefit

This Cell

S
:2 3 C/B= max.spef. $med.sprf.

Bmax.sprf ." Bmed.sprf.

$1owbar,

C/B=514÷._=Biow_,.

thigh bar.

.5 C/5 = B17 +_c_,Bhlgh bar.

6 C/B "$rela=. " $med.sprf.
5r_;_=. - Bmc.d.:qxF"

Slew bar.
3 4 c/r_ = 5 "

_ 15 + _c"Biow bar.

0 s . Shi ,,
'518 "e_ _"high bar,

. Sr_loo.- Sm=.=,f" .
6 C/B _"relgc." Bm=x.sprF.

_ $ubscrlFenumb_'srQf_ to in_rementa]J=ensfltpmametenin Table E-3

C/5 _'Sm|n. s_f'.

C/B : Seed. s_'f. ! i2 I,

• $

• 3 C/B =, max. sF_-F, t
59

Sh|gh bar. " Slow bar. i i

5 C/B : 5h_gh bar. " Blow bar. _'_c _'Bhlgh bee. t
|The incremental benefit at the secondary'ceils is

dependent on options previously implemented there.
!

"'_ 6 Relocation of a primary cell removesthe barrier and, thus,
_,j m the benefit of the barrier on every affected cell. If the

=urrent ceil is itself secondary, the summmionterm ;snor
used and c0st of the barrier is zero.

Sreloc." Slow her.
C/B = 5 " "'

' reloo. " Blew bar. "_ _Blow bar.



f;bJo -4LC;.t r,uoa
"' (underscorednumbersrel'er to countermea',ureoptionsas listed in Table 2-4, Vol. |)

PreviousOption Allowed Add;tlonal Options and
Applied To 'Method Far Evaluating Potential Benefit

,1_'_ This Cell
_s

5 I C/B = Smin. sprf.
m _ B10

-,, Smed. serf.

3 C./B - $mctx.serf.
fi12

i .

,' Sreloc. " _;gh bar.

C/'B m nreloc. - Bhigh bar. "_c_Bhigh bar.

6__ NOTHING

7 2__ C/B-; Sm_l._prf. " $._i..s_.
B8 - 67

- _. ,_ Shi_lh bar. " Slow bar.

5_.. r,./_ B16 " _13 _'_c_BhiOh bar.

St,lot. - ($1ow.._'.÷ $m1..s=r. )
6 C_'_grela¢. _7" Blow bar. sc reo¢.

TEe incremental benefit ef relocation at the secondary
ellis i, dependent upon any soundproofingthat may be
thee@(we know the low barrier exists).

$
B 3_. C/n - max. sF_"F." $med. sf=-F.

B9" _B

_,,. _i_hba_." SIP*bet.
5. _'/" BI7 ._ 814"_'_Bh.gh bar.

6 c,'_- _l._. "($1owba,.*Sm_.=,_.)
Breloc. " 38" l_lew bar. "_ _'Breloc.

- Sh
•,..,_ 9 5 t"/P. = ;,qh bar. " Slow bar.

_ "' - BIB _ B15 "e_&hlgh bar.

$ -($ *$ )
t'/n reloc, low bar. max. sWF.

6 -'"= B -B -_ -_'_B "
i.... r.e|oc. 9 low bar, s_ reloco

i • B-19



.... - Table 13-4 . Continued

(underscorednumhersrefer to countermeasureopllans as listed in Table 2-4, Vol. 1)

PreviousOplion Allowed Additional Optlons and
•_ Applied To.• This Cell 'Method For Evbluatlng Poteni'ial Benefit

10 2 C/B= _med. sprf. " Stain. sprf.
m B| 1 _ B10

Smox. sprf. " Smln. sprF.3 C/B =
-- 512- 510

6 C/B : Steloc. " ($mln. sprf. 4- ._igh sprf.)
Bralo=. " BI0" Bhlgh bar. -_ ABreloc.

• " 11 3 C/fie SmcLx.s_f. " Srned. sprf.
_ B12" BI I

S,lo=."(S,,_d.,r_. ÷'shushba,.)
6 C/B=fireloc.'B11" mgnoc:. =¢ romc.

B_.._ -2:_.B ,

12 6 c/B- Sr°l°=""(s=,. ,_. 4.Shush_.)
Br=|o¢. " B12- nhlgh bar. sc relo¢.

0

1

I
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B-4 ApplicaHon 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 Volume ! for a more qualitative description o£ each

countermeasure. Countermeasure Type 20 refers to path-receiver treatments.

Type 1 Frequency Reduction or Rerouting

NL1=oL1•(1- FI
F

0 where

NL 1 = Resulting energy level f'romunrerouted posltion,

NL2 = Resulting energy level from rerouted position,

OL 1 = Energy level Fromsource to be rerouted_

OL 2 = Energy level Fromsource if all operations were rerouted,

F = Fraction of opcrations to be rerouted (this is the countermeasure variable).

If the countermeasure is a simple frequency reduction, the NL 2 equation is not applicable.

Type 3 Reduction of Nighttime Operations

NL=OL'(1-F)

where

NL = Remalnlng energy after frequency reduction,

OL = Energy before any reduction,

F = Fraction of night operation to he 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 ofNighttlme Activity to Day, or Daytime to Night

If the countermeasure variable specifies a shifting of nighttime activity to day,

then the following expressionsare used:

For daytime cells,

NL= Ok • (I + l_R " PT)forP_I

NL = CL • PT for R=-I

For nighttime cells,

NL=OL. (1 - PT)

0
If the countermeasure variable speaiR_ c shifting of daytime activity to night,

then the following expressionsare used:

For dcytime cells,

NL=OL _' (1 - PT)

For nighttime cells,

NL cOL. (1+-_- • PT) for RiCO

NL=OL • PT for R--0

where, forall equations

NL = Resulting energy after transfer,

OL = Energy before transfer,

i ' "-- R = Fraction of noise energy during n ghtt=me parred, before countermeasure

appl i¢_'iont
PT = Fraction of noise energy to be transferred (this is the countermeasure

variable).

B-22
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"'_'_'_ Type 10 Fixed L Reduction to a Portion o6 the Source Populatlon
eq

NL=OL. I- PCNT. 1- 10 10

where

NL = Resulting energy level after treatment,

eL = Energy level before treatment,

PCNT = Fraction of source population to be treated (this ;s the countermeasure
variable),

DB = Decibel reduction from the treatment.

Type 12 Overall Leq Reduction
-DB
-1-0"

NL=OL. 10

0 where

NL = Resulting energy level,

eL = E_ergy level before reduction,

DB = Decibel reduction (this is the countermeasure variable).

• Type 15 Fixed k_ Reduction to an Exclusive 'Po_ian of the Source Population

Succmsive countermeasures of this type applying to the same source affect only

that portion left" untreated byany previous countermeasures of this type.

:. NL=CL-OL- PCNT • +10 10

whare

NL = Resulting energy level,

CL = Current energy level (NL after previous Type 15 ¢ouatermeosure),

eL = Original energy level (before any Type 15 countermeasures)#

,,- FCNT = Fraction af sources to be treated (!his is the countermeasure variable)t

DB = Decibel reduction from the treatment.
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Note the following constraint:

I_NT i <
I

Over all Type 15
Countermeasures
On This Source

Type 18 Stationary Source Countermeasures

Once the optimized llst of individual source-option combinations has been dater-

mined (see Section B-2), the actual reduction in the source levels may be accomplished.

Options 1 and 2: Minimum and Maximum Noise Level Reduction

The reduction is appiied equally among day and night ael]s according to: '

-RED

0 NL=OL.lo
where

NL = R_ulting energy level,

OL = Original energy levelt

RED = Decibel reduotion.

Option 3: Elimination of Night Operations

Th!s is accomplished by eliminating all the noise energy from the source at

each =fleeted night coil location. Tho_e c_=li¢defined over the daytime

period ram=in unaffected.

Option 4: Elimination of the Source

This is achleved'by ellminating all the noise energy from the source at each

affected cell, both day and night.

:v)
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Options 5.and 6: Elimination of N!ght Operati,ons and Minimum or Maximum
Reduction

Realized by applying Option 3 to the affected night cells in conjunction with

Options 1 or 2 at each corresponding day cell.

The countermeasures are applied in order of increasing countermeasure type. It

is important that the rerouting countermeasure be performed first so that any other counter- I
T

measure which applies to the rerouted source has those results available. Note that the

stationary source countermeasureswere optimized previously using a preliminary appHcation

of the other countermeasures. This preliminary applica1"ion was for the specific purpose of

stationary source suboptimlzaticn and constituted the first passthrough the cells as described

in Section 1_-I.

Type 20 Pa.th'ReceiverCountermeasures

O When the program _scompiling an optimized list of path-receiver countarmeczsures
among the ;'ellst it is also saving the beneflts of those options on a cell-by-cell basle.

These benefits are expressed in terms of the number of people no longer adversely affected

by noise and are obtained from the cost/benefit ratios and benefit parameters associated

with the particular option.

The actual application of the countermeasure occurs when the Nil is being

evaluated. The N[! is calculated by summing- on a cell-by-cell basis- the number of

people who remain adversely affected after the application of countermeasure Types I

through 18. For each cell, the benefit of the path-receiver countermeasure option

implemented, if any, is subtracted from the remainder figure last mentioned to obtain the

net number aF people who are still adversely affeetec_ by the noise climate. The grand sum
I

: of this net figure over all the cells is then divided by the total population to obtain the NIl.

1 1_.25
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.i

c_ls(eri- 8Fr;)
Nil =

TPOP

where

NIl = Noise Impact ll_dex,

PR. = Number of people who rema;n adversely affected _n this cell
i after the application of countermeasure Types 1 through 18,

BIT. = Benefit of the path-receiver countermeasure chosen For th_s call,
I

TPOP = Total population oFtha community.

0
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[3-5 Gradient Evaluatian

The gradient is calculated to indlcatet at the current point, the slope of the

Noise Impact Index (1',11I)hyper_urf'ace farmed by the countermeasures (see Figure 2-9,

Volume I, Far a three-dlmensional illustration re_ultlng 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 NIl

that will result if' an additional dollar is spent on that countermeasure alone. In actuality,

the gradient is bnsed on a fixed increment (net one dollar) and then normalized to one

dollar.

For countermeasure Types 1 through 15, the grad;eat is indeed calculated

by comparing the.effectiveness of the countermea._ureat the current expenditure level and

the eff'eetlveness of that" same countermeasure at the current" expencl[ture level plus the

gradient stepsize amount. Far the stationary source and poth-r_elver countermeasures--

Types 18 and 20t respectlvely- the gradient is based on the next-mast-cast-effective

O countermeesure option t._at would be implemented if sufficient funds were allocated to

that countermeasure. In that case, the gradient expression takes on the Following form:

1
;. GRAD i =_'_

• I

where

GRAD. = Gradlent magnitude of the i th countermeasure,i

CBR = Cost./'oenefit ratio associated with the countermeasure alternative
that would next be implemented (cost of alternative is in dollars
and the benefit in terms of people),

TPOP" = Total population, of"oil the calls.

There is a eompllcation that arises with the stationary source gradient value. Since

the suboptlmlzatlon of the stationary source countermeasure_ usesthe effectiveness of the

path-receiver measuresof _he previous expenditure scenario, the stationary source gradient

.-- value as calculated using the above expression is only an approximation. Should this

II I"See Seotlon B-2, third paragraph, page B-.q. _i
/
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approximation be Phelargest of"all countermeasure types, the program will automatically

initiate a pseudo-expendlture evaluation which includes the next stationary sourae 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 assuredto be correct since the path-receiver measureswhich are used as on

approximation are the actual measuresthat were calculated during the evaluation of the

previous expenditure scenario. Note that the approximate gradient value will always have

a larger magnitude than the actual value- i .e., the approximation is calculated using a

larger potential benefit of people adversely affected.

In the event that the oppl;catlon of the extra stationary souraa meC2surecauses a

change in the path-receiver benefits, the a_uat NIl difference technique usedwith the

_eudo-evaluation will ensure the accuracy of the gradient value.

• If the stationary source countermeasure using the oesrected gradient is found to be

O Ires effective than another countermeasure, the program will search the other gradients that

were calculated before pseudo-evaluation. The pseudo-evaluation does not calculat,"

gredient_ for the other countermeasure types.

If it is found that the next-most-c_t-effeat_ve countermeasure option (either for

the stationary source or path-receiver countermeasure) casts more than the total budget balance

far all countermeasures, the gradient value will then be based on the next item in ._he list

that allows us to remain within the budget. It is conceivable that even an option further down

the list may be mare cast-effectlve 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.
++

Far countermeasure Types I- 15 the gradient value is computed uslng an energy

reduation ratio, defined as follows:

./
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RR = '--_gE
r

where !

RR = Energy reduction ratlot

E = Source noise energy remaining after countermeasure applicatlon
g including gradient stepSiZe expenditures (this is called 'extra'

application below),

E = Noise energy remaln[ng after countermeasureapplication

r excluding gradient stepsize expenditures; i.e., that energy !

calculated in the last step.

countermeasure may apply to two sourcest e reduction ratio is computed for i
Since eGoh

each countermeasure on each affected source, A reducHon ratio of 1.0 indicates no _1

reduction and hence no benefit, t I

IThe reduction ratio concept is important because it maintains the same decibel 1.

value independent of the magnitude of the energy level. Therefore, we need not be |i
0 '

coneennedwiththeorderlnwhlchthocountermeasuresareapplled. Since the cppllcation il
of the countermemur _, is cumu|at!vet that is-more than one countermeasure may affect ! i

1

same source-- the ratio concept will result in the calculation of the scm_ correct ifthe

decibel reduction value independent of the current magnitude of the energy From the

affected source.

After all the reduction ratios have been obtained, the program must convert the

information to benefits in terms of"people. The following expression indicates how the

energy reduction ratio is used to compute the energy value For entry into the transfer
function.

2

i=1
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where

RLVI. = Total energy remaining at the cell with extra appl[catlon of the jth
J countermeasure (the other countermeasure_ are in effect at their

regular expenditure levels)_

EXP= Total energy remaining at the cell due to appllcatlon of all the
countermeasures at regular expenditure level r

XN.. = E_ergy from the ith source affected by the jth countermeasure,U

RP,..= _ergy reduction ratio f'or the jth countermeasure on the }th source.
.!J

The RLVL. value is used to compute the number of people adversely affected in each cellJ
location with the extra application of the .[th countermeasure. This value is summedover

all cells with the results separated Foreach countermeasure.

The benefit parameter mustalso include the actual benefit that would be obtained

from the path-recelver measure (if any) in effect at the cell in que_tlon with the extra amount

spent'on the countermeasure in question. The absolute benefit of the path-recelvermeasure,r--,

_,-,_ in terms of people, ot a cell location would be different if additional funds were spent on

any countermeasure. The difference is computed and coesldered in the calcu)otlon of the

gradient benefits.

The expression used to calculate the gradient values is:

PEO - DPEO - PADV. - DPPR.
GRAD. = , t

e G$ • TPOP

where

GRAD. = Gradient value far the ith countermeasure.
I.

tee = Total number of people adversely affected by noise in the community
after the appl;catlon of countermeasure Types 1-18 at their ollecated
expenditure levels.

DPEO = Total number of people in the community that would no longer be
adversely affected by noise if the selected path-receiver countermeasure
options were implemented.

PADV i = Total number of people adversely affected w_th an extra amount spent
. l on the ith countermeasure. The extra amount is given by GS.
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DPPR. = Total numberof people who would no longer be adversely affected
1 due to path-recelver countermeasureswith an extra amount spent on

the ith countermeasure.

GS = The gradlent stepsize in dollars. This _sthe extra amount that is spent
on each countermeasure, one at a time, in evaluating the potential
beneRts.

TPOP = Total population of the ¢ammunity.

Note that the calculation of the Noise Impact Index us= three of the above variables: e:

NH = PEa - DPEO
TI_3P

O

•. *

%

b
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APPENDIX C

Varlable DescriptionsFor CommonBlocks

Thissectionconsistsof a list of the commonblocks in NOIZOP. In the succeeding

discussioneach block is briefly describedfollowed by the variables, which are listed and

defined- with their dimensions- in the order in which they appear in the block.

/ AUXOUT / _ Containsinformationregardingthe optional auxiliary print file.

LAUX A logical variable that is "rrue if the secondaryshort form output

(also called "auxiliary file") is to be created; Fa I sq if thisFile
is not desired.

LAUXUN TheFortran logical unit"numberof the device to which the auxiliary

file is to be output. Thls variable hasno meaningif I.AUX is Fols_.....

/ BARDEF/ _ The commonblock that contains parametersusedForbarrier caiculatlons.

BAT(2,21) An array of barrier effecHvenessratlc_ for the 20 possiblesourcesand

two barrier heights. The extra t_volocationsare not prmently used.

NPZ(100) Call |dentificatlon for the pHrnarycell cmsooiatedwith eachof

100 possiblebarrler locations. Given zone number, NZ, and cell

number, NC, for the primary cell of the I th barrier, then

NPZ(I) = NZ. 1000+ NC

NSEC(6, 100) Relatesprimary internal cell location numberfor a barrier to each of

the internal cell locatian numbersfor each af three possibleso=ondary

cells. Indices 1-3 refer to the cell loaotlon numbersfor the secondary

cells for o low barrier height; indiees 4-6 refer to cell locationsfor a

.- high barrier height. While the secondarycells are usually the samefor

'-_ both barrierheights, there maybe instanceswhen they are not.

c-1 I
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/ CELDAT / _ Contains mastof the elements of the master ceil data set. There

is an allowed maximum of 200 cells.

ID(200) Contains the cell _dentificction number For internal use. IfNZ

is the zone number and NC is the cell "number, then the ID of

the lth cell is given by

IO(I) = NZ • I000 + NC I

ICP_T(200) Contoins three parameters packed into one variable. IF the

I th cell has lower bound criterion level, LC (an integer), land

use type, LU, and a day-night indicator, IDN (0 Forclay, 1 for

night), then

ICRIT(1)= LC --1000 + LU • 10 +IDN

0
VPOP(200) This array holds ¢orrect_ population figures for each of the

coils. The population is corrected For the time period over

which the cell is defined. Inputpapulct;on is factored by

15/24 Foro day cell and by 9/24 For a night cell.

VAL(200) Costsfor relocation For each cell. The input value is entered

in thousands of dollars but is converted to dollars before being

plaaed in this array.

ENERGY(20,200) An array of noise source ¢ontribution levels in energy

'. units from each of the 20 possible sources for eaah cell.

IND(20,200) Countermeasure manipulation indicators for each cell.

Up to 20 such indicators are allowed.

ICON(20) An array of elements', that determines whether or not the I th

source is to be considered in the computation of the baseline

case Noise Impact Index.
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RUMZ(200) Total Floor area Fo_"each cell in square Feet. This value is

used in the caiculatlan of soundproofing casts.

TPOP Total corrected populaHon For the community.

BI The baseline case Noise Impact Index.

NCELZ The total number of ceils defined during input. A daytime cell

is counted as different from a nighttime cell.

t:

/ CMDF_.F/ _ Contains countermeasure deRnltion data. Up to 20 countermeasures

may be defined.

MT_. P(20) Countermeasure type codes for each defined countermeasure.

See Table 2-5 of the User*s Guide (Volume I) for c listing of allowed

types.

O KR(20) A list of countermeasure numbers sorted in ascending order of

countermeasure type codes.

NSORS(2,20) An array of source numbers (up to two) affected by each

countermeasure.

I.CD(.2,20) An array of indlcotar numbers (up to two) used by each

countermeasure,

NCM The actual number of defined countermec:Sures.

/CRITL/ _ The common block that contains parameters used in evaluating the

adverse effect tran,fer function.

UPBND(15,2) This array contains 100 percent adversely affected noise levels

For each of the 15 possible land use categories and each of the two time

periods over which a cell may be defined, day or night. See Table 2-7

of the User*s Guide For o listing of default program values.

I
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ISH The transfer Functionshape indicator. ISH may range fromone to

five. See Figures 2-9 through 2-12 in the User's Guide for an

illustration of each function type.

BLG The transfer function bulge parameter. Thi_ variable correspondsto

'!r" in Figures 2-9 through 2-12 in the User's Guide.

/ EXPENS/_ Contains the variables which define the cost data associated with

each of the countermeasures.

COSDTA(8,2,20) An array containing data paints of countermeasure variable

venus cost. COSDTA([, I, J) contains up to eight countermeasure

varlablesfortheJthcountermec_ure. COSDTA(T,2, J) contalns up

to eight corresponding costs ;n dollars.

t_ COSTB(2,100) Contains barrier castsfor each of 100 barrier locations.

Costs for two barrier halghts are stared- low and high, respectively.

COSS(4,20) Stationary source countermeasure casts for each of

20 :tationary sources.

CO55(1,1)-Cost far o minimum noise reduction of the ! th

stationary source.

COSS(2,I) - Cost for a maximum noise reduction. i
COSS(3, I)- Cost to eliminate nightt,me operations of' the I

• I
! th source. '

: CO$5(4,1)-Cost to eliminate the Ith source.

CMTN(20) T.he minimum allowable expenditure on each of the counter-

measuresin dollars.

.._ Ch,_AX(20) The maximum allowable expenditure. This variable defines the -

upper spending limits.
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.CC)STS(20) The current expenditures on each of the countermeasures.

COSP(3,2) Soundproofing costs in dollars per square Foot of floor area.

Costs are given For three grades of soundproofing 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-

memure cost Functions can be defined.

/ GRADIE / _ Used to make available data concerning the countermeasure gradient

calculation.

GRAD(20) Contains the current countermeasure gradient vector. One

gradient component is calculated For each countermeasure.

l,_kk(20) This array is used to indlccte when the spending limit has been
reaoh_ on a countermecL_uro.

DELTA This is the gradient stapsize.

COSNSS The cost of"implementing the ncxt-most-cost-efFectlva stationary

source countermeasure option.

COSN PR The cost of implementing the next-mast-cost-effective path-

receiver countermeasure optlon.

FIUDGET This _sthe total budget Forall the countermeasures.

/ PATIOS / Contains benefit parameters For evaluating the suboptimlzaticn of the

F_th-recelver countermeasure options.

PRCB(18,200) An array indicating the benefit, in terrr_ of people no longer

adversely affected by noise, for each of 18 path-recelver counter-

measure situations (see Section B-3). These benefits ore calcul_cd

For each call number.
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- C.NPR(18,200) Like PRCB, but calculated For each cell IocaHon; day and

night cells have been camblned 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 cells.

/ RBSPAT / Holds various parameters which are also used in evaluating path-

.receiver countermeasures.

IDX(200) Contains cell identification Forall physical cell locations in the

community. The values stored are equivalent to ID in / CELDAT /

but day and night cell identifications are not repeated.

1OPT(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 people adversely affected by noise in each

O physical cell location before the implementation of any path-receiver

countermeasure.

DPAN(200) Serves a dual function (at different points ;n the program).

DPAN storm percent adversely affected data in eoah physical cell

location |n the same fashion as PAND storm numbersof people.

Su_equently, DPAN is used to hold d_fferenccs in people adversely

affected in each cell location due to the application of a path-receiver

countermeasure.

ANOYD(200) Storm differences in people adversely affected by noise in

each cell number after the application of = path-receiver ¢oonter-

measure. DPAN storm this information by cull location.

IDS(1200) Contains information on how data are stored in array DOLPER. IF

NCL is the physical cell location number of a cell For which a path-

.- raoeiver cast/beneflt ratio is stored in DOLPER, and IX is the
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_' correspondingoption numberfor this cost/beneflt ratio, then,

for arbitrary index I, I

IDS(1)= NCL • I00+ IX ,_

Therefore,IDS(1)indicateswhichcelllocationendoption

correspondsto the I th cast/benefit ratio in DOLPER.

DOLPER(1200) Storescost/beneflt ratiosForthe applicationaf each of

the six basicpath-receiver countermeasureoptions (see SectionB-3

at each of the 200 possiblecell locations.

IVRR(12) Path-reaelvercountermeasureoption overridearray. A zero

in the Ith location precludesthat option fromconsideration. Note

that six of the options (shownin Table 2-4, VolumeI) are combinations

of basic aptions.

O' IRP Actual numberof cost/benefit ratios presentin DOLPER. Thet •

extent to which the DOLPERarray hasbeen filled.

NCL The numberof physical cell locations in the mastercell data set.

/ SCRACH/-- A storagesavingcommonblock. It containsdifferent arraysand

variablesat different paintsin the program. A desariptlon by subroutinefollows.

Mostof the variables ore local to eachsubroutinementioned.

BA.RRD (Subroutine)

IZ(4) - Variables into which cone numbersare read Par

barrier definition. Up to four cells per barrierore accepted.

IC(4) - Variables into whichcorrespondingcell numbersore input.

A1(_$)- Attenuation from= low barrier height.

_- A2(4) - Attenuation Promo high borrlerheight.

_' T1(18) - Array containing tttllng infarmatlon.
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CMRD (Subroutine)
i=

TI(18) - Title array.

COSTRD (S.ubroutine)

TI(18) -- Title array.

Ch_l(2O) -- Array used to contai n minimum expenditure on each

countermeasure in thousands of dollars. Used for printout

purposes only.

CN_(20) -- _ko ChiN, but for maximum expenditures.

DISBR$ (Subroutine) (see EQUIVALENCEstatement in Subroutine XNOIM)

KRNK(1200) -- Ranking indmc,,_r,_y for array DOLPER. If

KRNK(8) = 3, then the eigl_'h mostcast-effectlve path-receiver

O countermeasure option is repeesanted by the cast/benefit ratio

¢ontoln_l in DOLPEP,(3).

ECHO (Subroutine)

BUF(22)- Used to convert cell dine from internal _torage to a form

suitable for output. ]

,i
IBUF(20)- BufFer array for printout oFcountermeasure manipulation

indicators. !

I
OPTTM (Subroutine) ti

ICT(20) - Used to replace countermeasure gradients in descending order. !

KS(20) - Ranking index arrayt like KT, for ordering gradients in _ I

,J

t
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- OUTPUT (Subroutine)m

CSTPR(12)-Contains total expenditures over all cells on each of

the 12 path-recelver countermeasure options.

KT(20) - Used in ranking Final gradients in descending order.

KS(20) - Used to indicate if the spending limit was reached on

any of the countermeasures; usedFor printout purposesonly.

PARRD (Subroutine)

1"I(18) -- Title array.

IRDB(3)- Used to input three grades of residential soundproofing.

ICDB(3)- Used to input three gradesof commercial soundprooflng.

• RATRD., (Subroutine)

O TI(18) - TTtle array.
IUS(4).- Used to _npurfour land use codes.

FAC(20)- Used to input 20 noise energy factors.

RELOC and REPCAL (Subroutine)

TVAL(200)- Relocation cost by physioal "ell location.

RPOP(200) -Cell population by physical cell locatlan.

LNDUS(200)-Land usecode by physical cell location.

BENE(18) - (REPCAL only) Working array which stares people-benefits

of the 18 path-receiver sltu=ions before this data is placed in other

arrays. Data here is summedover the day and night versions aF a cell.

CC(12)- (REPCAL only) Corresponding casts for the first 12 path-

raceiver cases (seeSection 8-3).

SEI,.ZON (Subroutine}

•--J BUF(10)- Used to input master cell data cards Type 1-5.
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/ $NDPRF/ This ;s the block that holds the energyreduction ratios associated

with the gradesof soundproofingthat are defined.+ -+

DBI(2) Energyreduction ratios far the first gradeof soundproofingFor

residential andcommercial land uses,respectively.

DB2(2) Like DB1, but for medium soundproofing.

DB3(2) like DB1, but Formaximumsoundproofing.

/ 50RST/ Contains the rifles for the noisesourcesinput at the beginningof

the mastercalf data set.

STITL(8,21) The actual sourcetitles for the 20 sourceswith 8 bytes allocated

Forthe charaaters (A4, for a total of 32 characters). The twenty-first

location is usedto store 'ALL SOURCES'Foroutputpurposesdmcribing

•_ the sourcesaffected by lath-receiver countermeasure.

/ STASOR/ -- Usedto storestationary sourcecountermemurodata.

' SRED(2,20) Holds the decibel reduction levels correspgndingto a minimum 1

and a maximumreduction, respeatlvelys for each of 20 __-'___ible
+/

stationary sources.

INSS(20) An array containing the stationarysourcecountermeasureoption

number(0..6) that the programhasdecided to implementat each stationary

"' source. A zero implies no countermeasurein effect.

I$OVR(6), Stationarysource countermeasureoption override array. A zero in

the ith field precludesthat option from consideration.

N USS Actual numberof stationary sourcesdefined.
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TI(IO) - Used to input countermeasure manipulation indicator titles.

SPANK (Subroutine)

XL(20) - Used to store the contribution to the N[I from each of

the 20 possiblesources Foreach cell.

KR(20) - Ranking index array for ranking the noise sources by

adverse affect.

XTOT(20) -- Like XL, but _scumulative aver all the cells.

SSPEND and XNOIM (Subroutine)

SSCB(Ss20)- Cost/beneflt retlas for each of eight _stationary source

countermeasure cese_ (sea Section B-2) for each of 20 possible

stationary sources.

0 IDSS(80) - Contains information regarding the stationary source cost/

benefit ratios stored in C5. If dK ;.sthe stationary source counter-

measure option number (I-4 only; see Section B-2), and IS is the |i!

source number, then, for arbitrary index I, i ,-
J

ZDSS(Z)=JK• 1000+ZS !I:1

KS(80) -- Ranking index array for array CB. If KS(l)= 15, then _i'__
1

CB(1S) contains the cost/benefit ratio representlng the mostcost- i l

effective stationary source countermeasure option. !!
i,

CB(80) -- Contains cnst/benefit ratios for each of four b=ic stationary {{
t $

source countermeasure options at each of the 20 passlb[e sources, i!

STARD (Subroutine) !i

BUF(18)- Used to input title card. Also used to input stationary source _I_!
i F_

._ countermeasure costs. : !
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