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SUMMARY

The actualreductionin traffic noiseexposurelevel for a given

control measure can be conceptually considered a function of: the poten-

tial level reductionof the control, its applicability,the extent of its
enforcement, and the effectiveness of its enforcement. A survey of the

"_ availableliteratureyielded a reasonableamountof informationregarding
the potential level reductions of control measures, a limited amount of

-- informationregardingthe observedexposure level reductionsof control

measures, and virtually no information regarding the applicability of con-

trols, the extent of enforcement, or the effectivensa of enforcement.

-] EPA's NationalRoadwayTrafficNoise ExposureNodel (NRTNEM)was usedas

a means of estimatingthe benefitsof variousstateand localsurface

transportationnoisecontrolmeasuresfor the year 1985. Somewhat coarse
simulationsof the variouscontrolsgave the followingresults:

i Various low speed vehicle noise control measures, applied

nationwide,roughlyhalvedof the surfacetransportation

I noiseimpact.

a Upperestimatesof high speed vehiclenoisecontrol

,_ measures(snowtireregulationsand roadwaysurface

treatment)yieldedroughlya 2/5 reductionin impact.
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_. m The exclusionof noisyvehiclesfrom residentialareas,

._ appliedto c'itieawith greaterthan50,000 peoplepopu-

lation, has a potential for the reduction of impact by

'] about I/4,

m Motorcycle enforcement resulting in the partial to total

_] eliminationof modifiedmotorcycleshas the potential

for reducing impactbetween1/5 to i/4.

• Reducinglocalspeedlimits,in citiesof greaterthan

50,000 people population, was estimated to yield a maxi-

mum impact reductionof I/5,

i More stringent speed limit enforcement for highways, on

_] a nationwidebasiswas estimatedto have a maximumbene-

fit of about 1/5 impactreduction,

Recommendationsfor futurework includerefiningNRTNEMitselfto more realisti-

cally describe vehicle behavior at intersections, refining the simulations

themselves to yield more accurate estimates (e.g,, considering snow tire controls
.-J

only for "snow states" and their exclusion only for summer months), and the

I simulation of simultaneous multiple complementary controls. Finally, any

estimates must be considered in the light of reasonable expectations for the

"_ aoolicability, effectiveness and the extent of enforcement of control measures,

Ir tne absence of a data base for these parameters, sensitivity tests should be

-- conducted,

)
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I. INTRODUCTION

With the passageof the Quiet CommunitiesAct of 1978, the Con-
I

-- gressclearlyindicatedthe desirethat the objectivesof the Noise Con-

trol Act be achievedprimarilythroughprogramsimplementedon the state

ano local levels. However,the benefit to the public health and welfare

of state ane localnoise controlprogramshas never been thoroughly

studiedor systematicallyassessed, Quantificationof these benefitswill

oe included in the Five Year Plan which is expected to be submitted to

_j Congressin March Ig8O.

_. The purposeof this report is to documenta preliminaryassessment

of the potentialbenefitsto the publichealthand welfareof state and

local surface transportation noise control programs. The objective of this

effortis to preliminarilyquantifythe potentialimpactreductionbenefitsof

"_ a varietyof noise abatementmeasuresfor vehicletrafficnoise in the"

year 1985. The benefits will be quantified using output 'Fromthe National

- Roadway Traffic Moise Exposure Model (NRTNEM) and will be described in

-- terms of the reductionin Level_leightedPopulation(LWP)with respectto

overall annoyance.

LWP is a measure of the severity of noise impact which considers

-- both extent(the numbersof peopleexposed}and intensity(thelevel of ex-

oos_re). As it is usedhere,.itis basedon the day-nightsound level,Ldn.
It is defined as:

Pi

LWP = iX _ (Ldni - BS)

"" l-l
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where: Pi is the populationexposed in level interval,Ldn , and 55 dB is the

maximum day-nightlevel identifiedby EPA as prerequisite_o protectingthe

'; welfare of exposedpersonswith an adequatemargin.

_ The noise controlmethodsthat are availableto state and local en-

"" forcement officials fall into five general categories:

f 'I i Operationalregulations." i+..

i a Vehicle regulations

_.,I m Drivereducation

o Laneusecontrol

-" e Roadway design.

Operationalregulationsrestrictthe operationof the vehicleto
reduce its noise emissions. They may includerequirementsthatvehicles

be operated in such a way as not to exceeda given emissionlevelpri-
-_ msrily thoughlower vehicleaccelerationrates or vehiclespeed reductions.

Operationalcontrolsmay take the formof more stringentspeed limiten-

J forcementor lowerspeed limitsin localities. Anotheroperationalcon-

trol is the partialor completeexclusionof noisy vehicletypes in certain

localities.

_. Vehicleregulationsobtain benefitsby requiringthe actual

quieting of the vehicle itself, This may consisteithermaintenanceof

= vehiclesto their stock acousticalperformancelevels(suchas by inspection/

maintenanceprogramsor mufflerenforcementprograms)or improvementof

vehicle levelsby the retrofitof quietercomponents(suchas more effective

'mufflers).Vehicleregulationsmay also includeprohibitionsof snowtires

during the summermonths when they are not necessary.

-:I Drivereducationconsistof sensitizingvehicleoperatorsto the

noise emissioncharacteristicsof their vehicles. It is a voluntaryform _

7 of noise controlby encouragingdriversto effect lowernoise emissions.

Land use controlsachieve reductionsin impactsby the segregationof sensl-

i] tlve populations(i.e.. residentialareas)away from roadkvays.However, _/,,_',,_)_:'_

this controlwould be only beneficialwith respectto new residential_-Y'//,_',_"I"

developmentsor new highwayconstruction. Impactsmay also be reducedby ,'; ,_ ",

I-2
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changes in roadwaydesignsuch as the constructionof barriersor the utili-

"_ zationof naturaltopographyor greaterright-of-waywidth to limitpropagation

"" to sensitiveareas. Improvedintersectiondesign to yield more constant

velocity trafficflows (suchas separatedgrade crossings,improvedtraf-.
.... fic signalsequencing)will reducethe noise due to acceleratingvehicles.

Roadway surfacetreatmentsin conjunctionwith a standardizedtire tread

... designmay be appliedwhichwouldyield reductionsin tire/roadinteraction

noise.

The actualnoiseexposurelevel reductionobtainedfrom a control

._ may be consideredconceptuallyas a functionof:

- a Grgss levelreductionobtainablethroughthe control-- the

reductionin emission levelobtainedwhen a noise control

.'_ is implementedto a vehicle,such as when a stockmuffleris

restoredto a vehiclewith a previouslydefectiveexhaust

_ system

a Applicabilityof the control-- the percentageof vehicles

_ for which a controlwill be relevant,for example,the per-

centage of vehicles with defective exhaust systems

] ,a The extentof enforcement-- the percentageof stateser

_._ localitieswhich are implementinga controlor the percentage

of roadwaymileagefor which roadwaydesignnoise controls

are constructed

__ : Effectivenessof Enforcement-- the degreeto which offending

vehicles are removed from the traffic mix by controls requir-

ing active enforcement.

I
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-, II, LITERATUREREVIEW

]
The primary focus of the literature review was to ascertain the

motentlal source noise level reductions that various state and local sur-

1 face transportationcontrolmeasuresmay achieve. These grossdecibelre-

-_ ductlons are the basis for the developmentof the scenarios. NRTNEMis

--- utilizedto performthe actualcalculationsof the effectivenessof each

control measure, Relatively little informationwas found which enables

one to quantify the applicability or effectiveness of these various control-l
_t measures, Tllereare only a handfulof localitieswhich havewell estab-

lished orogramswhere resultsare readilydiscernible, The following

material brieflyreportsthe relevantfindingsof the literaturesearch
for eacr controlmeasure, Table 2,1 summarizesthe literaturesearchand

reviewfindingsalongwith the decibelvaluesutilizedas input to the

NRTNEM.
.4

_ew ProductNoise EmissionLimits: The State of Florida,Depart-

ment of EnvironmentalRegulationfound thata 3 dB truck noise sourcere-

-I ductionyielded a 1 dB Leq reductionalong the highway. Accordingto the
Bureau of Motor Carrier Safety truck noise levels decreased by 3 dBA between

1970and1975,

Operational Noise Emission Limits: R,E. Burke after surveying

] seven states, reportedthat noise levels dropped 1.6 dB due to truck noise

J enforcement using a pass-by test, C._J,Dietrich, et alia, after reviewing

': 2-I
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,- TABLE 2.1

SUMMARY OF POTENTIAL SOUND LEVEL REDUCTIONS
RESULTING FROM STATE AND LOCAL SURFACE

• .,_ TRANSPORTATIONCONTROLS

i_i ControlNeasure Reference Sound Level NRTNEM Input
: i (appearingat Reduction SoundLevel

i-_ theendofthis (dBA) Reduction

,) chapter) (dBA)

NewProductNoise[ EmissionLimits

trucks State of Florida 1-3 1,25, 2,B

] trucks U.S. DOT,BMCS 3
OperationalNoise

EmissionLimits
trucks Burke 1.6 1,25, 2,5
autos Dietrich 3-6 2,4

-" trucks Dietrich 2-3 1.2B,2,5
._. motorcycles Dietrich 4 2,5,5,0

- OperationalRe-
1 strictions-

-- StringentSpeed
Limit Wyle Lab 2-3 (a)

Operational Re-
strictions-
Reduce Speed
Limits Hellweg 3 (a)

OoerationalRe-
strictions-

-- ReduceAccelera- .._//_.,-,'_
tien Rates , .J

.-. autos Hillquist _-12_ ....._- 2,4trucks Hellweg "'

._ autos Hellweg 4autos Plotkin 2,B-6.2
trucks Plotkin 1.8
autos Lenenan 8

_" 2-2
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TABLE2.1

(Continued)

-- ControlMeasure Reference Bound Level NRTNEMInput
._ (appearingat Reduction Sound Level

the endof this (dBA) Reduction
chapter) (dBA)

Time/AreaRe-

strictions
_,. trucks Schomer 4 (b)

trucks BBN 2.6-6.9

.] VehicleRegula-
tion-Retroflt

, trucks BBN 1.6-3.4 1.25,2,5
autes Lenenan l 2

VehicleRegula-tion-Muffler
Enforcement

-I autos BBN I-6.5
motorcycles Olson I-5 2.5, B

VehicleRegula-

_j tion-
Tires Rentz 3.5-5,0 2,5

-] Thrasher 2-4

Roadway Design-

-I Barriers BBN 7,5-13,9

Roadway Design-

SurfaceTreat-ment Lawther 2-4 2,5
Thrasher ..I-I.7_ ,., _ _ z

] Hillquist C.3-]0_=_- -_ //" ,_/,.e :-;Z.,/y_,/ :_(,.,

C_ I alterr°adwaytrafflcmil_age data pervehlcle s_eed and readweytype,-{ alter the vehiclefleet mix percentagesby urban place size and
.. functionalroad_vaytype.

'2!
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;'_ current information,found that vehiclein-use regulatorynoise limits

! generally aim for a source noise reduction of 3-6 dBA for automobiles,

: . 2-3 dBA for trucks, and 4 dBA for motorcycles.

Operational Restrictions -- Stringent Speed Limit Enforcement:

"! Accordingto the EPA BackgroundDocumentfor the bus regulation(Report

r_ No. 550/9-77-201),a majorityof trucksexceed the nationalmaximumspeed
:o!. limitof 55 mph (e.g.,in California72% of trucksin 1976). This indicates

there is significant leeway for more stringent enforcement than there is

_.! currently. Wyle Labs found that motor vehicle sound levels can be character-

ized as increasing with vehicle speed according to a relationship given by:

_j L,= 32 log (S)

where S is the vehiclespeed.
J

Operational Restrict.ions -- Reduo#d Speed Limits: The same rela-

tionshipstatedabovewould apply to reducedspeed limits. Hellwegfound! that between1973 and 1974,when speed limitswere reducedfrom 70 to 55 mph,

soundlevels dropped3 dBA along the highways.
Operational Restrictions -- Reduced Acceleration Rates: A 5 to

12 dB differentialwas observedbetween steadystatecruiseand wide-open-
: I

-J throttleaccelerationsound levelsfor 1971 V-8 GeneralMotorsautomobiles

accordingto Hillquist. Hellwegfound that, for trucksoperatingin

Illinois,accelerationsound levelsare 4 dB higherthan low speed cruiseon

urban streets. Similarly,automobilesgenerate_eu,d levels4 dB louder

when accelerating up a grade. Plotkin utilizes 4.5 dB sound level increase
due to acceleration for automobiles (with a range of 2.6 to 6.2 decibel for

"highto low horsepower-to-weightratios). For trucksPlotkinuses a 2.8 dB

differential for the acceleration mode. Lenenan performed controlled noise

monitoringtests on 20 automobilesand found approximatelyan 8 dBA differ-
ential betweenpartialand full throttleaccelerationfrom a stop to 30 mph.

:( Time-Area.Restrict!ons: Schemerfound approximatelya 4 dB day-

night soundlevel reductionon a ruralsection of an interstatehighwayin

!_I lll.inoisdue to the absenceof trucks. Bolt, Geranek,and Newmansimulated
w the effect that e diversionof trucktrafficmight have on noise levelsde-

F' pendingupon the percentageof trucksnormallyusing the roadway. If 5

2-4
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' percent of the trafficconsistedof trucks,a 2.6 dBA noise levelreduction

may be expected. If 10 or 20 percentof the trafficis trucks,a 4.3 or 6.9
:-_ dBA sound level reductionmay be expectedrespectivelyby their exclusion.

-_ VehicleRegulation-- Retrofit: A 1.6, 2.5, or 3.4 dB traffic
-' noise reduction is possible via retrofittingall existing heavy trucks for

! . _ maximum noise reductionpracticalwith currenttechnologyaccordingto a

,.I simulationperformedby BBN. The rangedepends upon the percentageof trucks

along the roadway: 5, 10 or 20 percent. Lenenanoutfittedseveralautomo-
-?

biles with a specially designed "super muffler" which reduced exhaust noise__

levels by 10 dBA, but only achieved I dOA reduction of total vehicle sound

I levels.
.J

Vehic.leRegulation-- MufflerEnforcement: Bolt, Beranek,and

j Newman found Eugene, Oregon's muffler enforcement program can achieve a I-6.5
dBA reduction in automobile source noise levels for eight cylinder vehicles.

Olson's measurements of two motorcycle types indicate that a I-B dB reduc-
_J

tion may be achieved. According to data from the California Highway Patrol,

operationalenforcementwillreduceby half the percentof vehiclesin vio-

lation.

E VehicleRegulation: Snow tiresare 3.5 to 5.0 dBA louderthan

straight rib tires according to Rentz. Thrasher cites a similar range of

-] 2 to 4 dBA at one point and 3 dBA at another for the maximum observeddiffer-
-_ ence between snow tires and conventional pattern tires (depending upon pave-

_ ment texture). Old worn tiresmay be up to 4.5 dBA louder than new tires

depending upon the roadway surface and tire type according to Rentz.

_) Roadwa_Design -_ Barriers: The effectivenessof roadsidebarriers

'_ depends upon their construction, placement, height, distance and relative

_: elevationof the receptor. Bolt, Beranek,and Newmansimulatedthe noise

( level reductionthat is possiblefor varioushighwayconfigurations.They

calculatedthat a 7.5 to 13.9dBA reductionis possiblewith barriersranging

_] from 10-20 feet in height,0-20 percent
truck traffic and 100-500 feet dis-

tance from the traffic for the receptor. Plotkin and Kohli also estimated

)_I the'potentialeffectivenessof barrierson Federalhighwaysdependingupon

barrier heightand trafficflow rates.

.g
2-5
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RoadwayDesign-- SurfaceTreatment; Surfacetreatmentand tire

designare the two sides of the "tire"noisegeneration. Lawtherreports

"'_ that certainsurfacetexturescan be a 2-4 dBA quieterfor automobilesthan

other surfaces. Thrasher found that only 1-1,7 dBA can be gained for trucks.
Hillquist notes a range of 3-10 dBA for different surface textures.

I

]

]
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Ill. NATIONALROADWAYTRAFFICNOISE EXPOSUREMODEL

]

The NationalRoadwayTrafficNoise ExposureModel (NRTNEM)is a
simulationtool for estimatingthe noise exposureof the United States

-] Douulationfrom roadwaytrafficnoise sources. NRTNEM'sbasic function

is so estimatenoise exposuresand impactsgiven specifiedinformationsuch

as motor vehiclenoise emissionlevels,populationinformation,and motor

vehicleactivityprofiles. NRTNEMencompassesthe noise source characteris-

tics, sourcepopulation,sourceactivityand location,noise attentuation

characteristics, and the receptors' location and density. The structure

of the NRTNEM is such that several of these data elements are Jointly

ratner tnan independently defined.

NRTNEMis structuredprimarilyto estimatenoise exposuresfrom

motor vehicle operations by assuming specified vehicle noise emission levels,

vehicle growth rates, and population growth rates. The purpose of this

stuoy required a somewhat different set of independent variables. A brief

description will follow explaining the structure of NRTNEM and some limi-

j tatlonsencounteredin its applicationto this purpose.

There are three basic setsof data bases which are manipulatedby

] computational algorithms in order to calculate population and vehicle growth
for future time periods and noise exposure from one or more roadways. The

I - three fundamentaldata sets are:

J

3-I
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m population data

j_ e roadwayandtrafficdata

a vehicledata.

The base year for the model'scalculationsis 1974. It is capableof calcu-

" fatingnationalnoise exposuresover a fortyyear time spanto the year

-- 2014.

J
POPULATION DATA

The baselinepopulationin 1974 consistsof 216.7millionpeople..J

There are 152.52millionwhich are categorizedas residingwithineight
urban place size classesand 64.18 millionpeoplecategorizedas livingin ,

I
rural areas with an assumed uniformpopulationdensity. The eighturban

_lace sizes are each furthersubdividedInto four populationdensitycate-

gories. Using FederalHighwayAdministration(FHWA)data,the population
L

was allocatedto appropriateroadwaytrafficconditions. The FHWA data base

_ was furtherparsedaccordingto a functionalroadwayclassificationwhich

incorporatesthe averagepopulationdensityadjacentto the roadway,the i

average travelspeed by populationplacesize, and the distributionof road-
J

way mileageand travel. The populationplace sizea and densityclassi-

ficationsare indicatedin Table 3.1. The NRTNEMuser has the option:o
specifyvariouspopulationgrowthratesbased upon the Bureauof the Census

-- projections, Populationgrowthratesfor particularpopulationplace sizes

can be specified,but the total populationgrowth)'atemust conformto the

censuo projections,

- ROADWAYAND TRAFFICDATA

The roadway mileage, configuration, and travel data is structured

-- around a functional roadway classification. The basis for this classifi-

cation is the type of service performedby the roadway. The two basic

characteristicsof this roadway serviceare:

- m Degreeof vehicularaccessto adjoiningland usesmodel

e Ease of vehiclepassage.

_'I Six'classesof roadwaytypes are utilizedin the model:

3-3
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e Interstates

"7 a Highways
-o

a Major arterials

m Ninor arterials
m Collectors

-_ a Local streets.

"_ Tlienation's3,686millionmiles of roadsare allocatedaccordingto this

-_ roaoway classificationand populationplace size. The quantityof Daily

.4 VehicleMiles Traveled(DVHT)for each roadwaytype and populationplace size

was also extracted from FHWA data. The Average Daily Traffic (ADT) is esti-

mated by dividingthe DVMTby the numberof roadwaymiles per category.

Table 3.2 displaysthe distributionof roadwaymileage,ADT, and DVMT by popu-
-3

l'ationplace sizeand roadwaytype. Fiveaveragetravel speed rangesare

also utilizedto furthersubdividethe distributionof roadwaymileagedata

oy oopulationplacesize and density. The averagetravelspeed categories
are indicated below.

Average Speed Range AverageSpeed
Travel Index, L

.ass than25 mph 20 mph 1

25 =o 35 mph 30 mph 2
35 mpn to 45 mph 40 mph 3

45 mar to 50 mph 50 mph 4

Greater than 50 mph 60 mph 5

Table 3.3 is representative of the data contained in the highway mileage

matrix. A "roadway factor" is included in order to account for the roadway

mileagethat passesthroughoccupiedland. This roadwayfactor is defined
only to the levelof aggregationof placesize, regardlessof population

'_ densityor travelspeeds. The fractionof roadwaymileagethroughoccupied
, $

land is shown in Table 3.4.

'_ Furthergrowthin ADT is assumedto be proportionalto the growthF_
in the vehiclepopulationand distributeduniformlyacrossall roadway

-_ types. Averagetravelspeedis also assumedto remainconstant despitein-

-J creasingADT overtime.

3
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" TABLE3.2

DISTRIBUTION OF ROADWAY MILEAGE, AVERAGE
,-, DAILY TRAFFIC (ADT)AND DAILY VEHICLEMILES

,; TRAVELED (DV_IT)BY PLACESIZE (J) AND ROADIVAYTYPE (K)

,.It.

- ._ " ,_
, ,,, . ,
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q

7
.i TABLE3.3

ROADWAYMILEAGEDATA

]
I0=1

7
_. HIGH .POPULATION DENSITY AREAS

K-1 2 .3 4 5 6

#--!. i'3,...... I, ........._, 2, Z, _O,2 :)9, 2, "/, 3, 3, O,
.3 .... b_,"....... O, ..... I,-----0,, --07 0, ' "

7 4 21, I, 6, 2, 2, O,
_j 5 2-(_; _ . 2t 8, ,_l ,_, 0,' "

d 17, " 2, ,tOt 5_ 3t O,

_J 8 I0. It 9. 21, 2. O_
9 '-2"b"SbS_-"----_02Sg,.....73107, 73"9"31";J" D'_'3-4b,' 0-_----

7

ID=2

MEDIUM TO HIGH POPULATION DENSITY AREAS

K-I 2 3 4 5 6

;=i 2_3, 26, ;t,7, '42, 38, C_
-- = _" B_, "'&',---- 2"0",' 8, _, 0,

3 4_, 2, 10, 3, _, C,_
4 "'%37-, 2_, ......._0, 57. 'i9, "0-.
5 9_, 7 , 3"I, 1O, Ii , 0
e _9, b, ........33", "-% 9, "0,_....

? _5, 3, 32, 8, 9, O,S ---_;" 5, --'_ l'," I'3. ""f4w "0, --
9 0p O, O& O, O, O.

I-
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"J TABLE 3.4

FRACTIONOF ROADL4AYMILEAGETHROUGHOCCUPIEDURBAN LAND

]

PopulationPlace Size, Index d

K 1 2 3 4 6 6 7 8 9

1 0.764 0.764 0,764 0.764 0,764 0.764 0,655 0.656 1.000
2 8.738 0.738 0.738 0.738 0,738 0.738 0.079 0,079 1.000

3 0.866 0.866 0.866 0.866 O.BG6 0.866 0.843 0.843 1.000

4 0.845 0.845 0.845 0.845 0.845 0.845 0.849 0.649 1.000
5 0.852 0,852 0,852 0.852 0.85Z 0.852 0.867 0.867 l.OOO

6 0.852 0.8_2 0,852 0/852 0,852 0.85Z 0.867 0.857 1,000

d is PopulationPlaceSize Index

K is Roadway Type Index

]

q
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The distributionof vehiclefleetmix by roadwaytype, place size,

" and vehicletype is definedin the f_RTNEMdata base by the matrix FLOMIX, '

A baseyear distributionfor 1974 is alreadyestablishedas part of the model,

This mix is shown in Table 3.5. The model adjusts this mix in future years
based upon the sales forecastfor each vehicletype for a particularfuture

year. Roadway configurations are assumed to be homogeneous among types of

roadwayswith a uniform12 foot lane width,

7 Vehicleoperatingcharacteristicsare definedby the percentof
-_ time each vehicle type is operating on a roadway type in a particular mode.

There are fouroperationalmodes:

-] e Accelerationfrom idle

-] i Decelerationfrom cruise
._ e Cruise

m Idle.

Table 3.6 is a representativefor the percenttime per mode and roadwaytype

_ for a particularvehicletype. Specificdataonly existsfor four generali-

: zed vehicletypes and two generalizedroadwayclasses.

VEHICLEDATA

There are four overallcategoriesof vehiclesincludedin NRTNEM,

These four categoriesare:
a Light vehicles (passenger cars and light trucks)

- e Trucks(mediumandheavy)

- m Buses (intercity,transitandschoolbuses)

e Motorcycles(unmodifiedand modified),
These overallcategoriesare furthersubdividedalong specificdesign

-T characteristicsinto fourteenclasses. The completellst of vehicleclasses

is shownin Table 3.7. The distributionof vehicletypes,and survival

,_ patternsare derivedfromhistoricaldata, Future salesprojectionsare

_ suppliedin the data baseor can be alteredby the model user,

"I NormallyNRTNEMwilI incrementallyimplementa new productstandard
b

- via the salesgrowth of new vehiclesand the attritionof old

vehiclesover time. In this case it is assumedthat state and local control
"!"l_3JB
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TABLE3.5

" PERCENTAGE VEIIICLEH!X IN TRAFFIC FLOW
BY PLACE'SIZEAND FUNCTIONALROADHAY.CLASSIFICATION

OASELIIIECOIIDITIONS

URBAN PLACE SIZES: Over 2H; IH-2H; BOOk-lM

J VEHICLE TYPE ROADIVAYTYPE (I_'OE×K)
I 2 3 4 5 6

Light Vehicles 87.62 87.62 91.82 90.49 90,47 95,76
I

Medium Trucks 2.11 2.11 3,05 4.31 3.61 1,16

Heavy Trucks 9.17 9.17 4,03 3.11 3,82 0.99

IntercityBuses 0,00 0,00 0.00 0.00 O,OO 0,00

TransitBuses 0.!0 0.10 0.I0 0.50 0.50 O.SO

SchoolB.uses 0.00 0.00 0.00 0.10 0.10 0.10

Unmodified
Notorcycle_ O.88 0.88 O.BB i.32 I,32 I,32

Hodified_Qtorc.ycles 0,12 0.1.2 0.12 0,!8 0,18 0,18

ioo.oo 1oo.oo  oo.ooIoo.oo 1oo.oo:0o.00

-. URBAN PLACE SIZES: 200k-500k; lOOk-2OOk;50k-100k

ROADUAYTYPE (INDEX K)
1 2 3 4 5 6

-" Light Vehicles 87.64 87.64 91.84 90.69 90.67 95.96

tlediumTrucks 2,11 2.11 3,0S . 4.31 3.61 I.]6

-- Heavy Trucks 9.17 9.17 4.03 3.11 3.82 0.99

IntercityBuses 0,00 0,00 0.00 0.00 O.OO 0,00

TransitBuses 0,04 0,04 0.04 0.30 0.30 0.30

School Buses 0.04 0,04 0.04 0,10 0.10 0.10

_ Unmodified
tlotorcb,cles 0.88 0,88 O.BB 1.32 1,32 ].32

Nodified
-/ Hotol.c_,cles 0.12 0.]2 0.12 0,]8 0,18 0.18

....7 10.0 100,00 I00.O0 100,00 IO0.O0 100.O0

-)
i

_i NOTE: Somecolumnsdo not add up to exacC]j,]00 :,ecauseof rour,_ino.
J
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"- TABLE3.5

PERCENTAGE VEHICLE MIX IN TRAFFIC FLOW BY PLACE

.._ SIZE AND FUNCTIONALROADWAYCLASSIFICATIONBASELINECONDITIONS
(Continued)

URBAN PLACE SIZES: 251:-50k; 5k-25k

VEHICLE TYPE ROADIIAYTYPE (I_OEX l')
I 2 3. 4 5 6

.,_ Light Vehicles 87.72 87.72 '91.92 90.39 90,37 95.66

HediumTruc_:s 2.11 2,1! 3.05 4.31 3.61 1.16

_I Heavy Truc}:s 9.17 9,!7 4.03 3.11 3,82 0.99

iil'.erc_ty P.uses O.O0 0,00 0.00 0,00 0.00 O,O0

Transit Buses O.Og 0.00 0.20 0,20 U,_O
0.00

School E!use_ 0.00 O.OD 0.00 0.50 0.50 0.50

Ul_modi f! ed
"_ IIotorcycles 0,08 0,88 0.88 I _ _ _,_ .._2 1,32

ModifiediL_torcxcles 0.12 0,12 0,12 0.18 0.]8 0,}8

100.00 100.00 100.00 100.09 100.00 100.00

C'_ RI]RALAREAS

-- .ROADUAYTYPE (IHDEX K)
.-, 1 2 3 4 5 6

-- Light Vehicles 79.71 79.71 85.81 88.26 93.32 96.75

,-_ _odium Trucks 2,74 2.74 3.$0 4.39 0.56 0.41

-- Heavy Trucks IE.16 16,16 8,99 5.14 3,91 0.65

,_ "IntercityBuses 0.20 0,20 0,20 D.O0 0,00 0.00

-- Transit_uses 0.00 0.00 0,00 0,00 U.00 D.O0

,-_ S.h_ol Cuses 0.20 0.20 0,20 0.70 0.70 u,70

Unmodified
_Iotorcycles 0._8 0.$8 O.Sg 1.32 1.32 1.32

:',._ifind
H_torc.vcles 0.!2 0.!2 0.12 0,18 0.18 0.'._

( ]00.00 200.00 I00.00 100.00 _OO.OO i00.00

NOTE: _,,,._"'#I'4_column_ do r',otadd up to exactly !09 because of rc,i_I+dii_9

-J 3-I0
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!

: TABLE3.7

,i_ CLASSIFICATION OF VEHICLE TYPES USED
i _'_ BY THE NATIONALROADWAY TRAFFIC NOISE EXPOSUREMODEL

iI Index, I Vehicle Type Engineerinq Characteristics

i 1 Passenger Car 8 cyl. Gasoline Engine

'!3 Automatic Transmission
i 2 Passenger Car 6 eyl. Gasoline Engine

AutomaticTransmission

J
3 Passenger Car 6 & 8 cyl. Gasoline Engine

i _ t.lanual Transmission

4 Passenger Car 4 cyl. Gasoline Engine
and Light Truch Automatic T_ansmission

'_ 5 Passenger Car I 4 eyl. Gasoline Engine
and L_ght Truck _4anual Transmission

6 Light Truck 6 & 8 cyl. Gasoline Engine

7 Passenger Car Diesel B_,ginel and Light _'ruck

!] B Medium True}: Two Axle (GV_'_R_I0,000 lb)

i 9 }iea%_ Trueh Three or more Axles(G_';R >26,000 ib)

l0 Intereity Buses

ll Transit Buses

12 School Buses

13 Unmodified
Motorcycles

j ,14 t.:o_ified

_otoreyc!es
'] • ,

m
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, measures will effectivelyhavean immediateimpact. In order to implement

._ this effectwith NRTNEM,the user has to invokea sleightof hand. The

; method involvedis to instructNRTNEMto implementthe controlmeasure in

1957, the initializationdate for the historicaldata base. The control

C:i measurewill still be incrementallyimplementedbut the vehiclefleetwill

• have beennearlycompletelyreplacedby the criticalyear 1985, Table 3.8 illus-

: i. i .] trated the percentageof vehiclessurvivingas a functionof age.
l

The baselinevehiclenoise emissiondata are empiricallydefined

"_ from a sampleof controlledfieldmeasurements. Vehiclenoise levelsare

specifiedby vehicletype,operationalmode, and vehiclespeed. Each

_] vehicle type has sixteenequivalentlevels,Leq, and standarddeviationsde-
fining its noiseemissions. Severalsets of potentialnew sourceregulatory

noise emissionlevelsare exhibitedin the NRTNEM documentation,but speci-
fic futurenoiseemissionlevelsare user defined. An exampleof the base-

-_ line vehiclenoiseemissiondata is shown in Table 3.9 and Figure 3.1 for
] an 8 cylinder_gasoline-engined,automatic-tranemissionedpassengercar. No

tabulationor descriptionof the standarddeviationvaluesused in the

model was foundin its documentatidn.

NRTNEMmakes a numberof simplifyingassumptionsto permitthe
I

computationof cumulativeexposureson a nationwidebasis:

-_ i Trafficis uniformlydistributedover all vehiclelanes.

m Cruise speed is the same for all vehicle lanes for any given

F1 segmentofroadway.
J

o Headway (i,e.,vehiclespacing)is constant.

Roadways infinitelystraight to thereceiver.
a appear relative

a Daily trafficflow is constantii(includingweekends).! "'' i'_!_h

1 o Daytime(7 am to I0 pm) trafficalwaysconstitutes87 percent
I ofthetotaltrafficflow.

I_ SOUND PROPAGATION

i' ') The propagationof the roadwaynoise entailsthe final link in the
calculation ef the noise exposure to the population. The Generalized Adverse

3-13
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_! TABLE3.9

"- BASELINEVEHICLENOISE ENIBSIONDATA
_j TYPE1,PASSENGERCAR

8 CYLINDER GASOLINE ENGINE AUTOMATIC TRANSMISSION
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I I i'+ ,_ l l I 1 I
.L-. ..... ,J......... .I ... i ..... .1...... I ..... J

.J

-- 3-15



: _ ACCELERATfON
_ "_ _ DECELERATION

CRUISE
, i

,,,e

IO0 ,,.... -* I , _

iA

_ °I

g

J _

Lu 50 - , .... ! I t
20 30 40 50 6o

.VEHICLE SPEED, MILES PER HOUR

FIGURE 3,1. BASELINEVEHICLENOISE EMISSIONS(1974): TYPE I VEHICLE
I

I

3-16
J



-. portion of NRTNEM uses different line source attenuation functions for high,

._, medium,and low densitypopulationareas. Figure3.2 presents thesesound
I
_ level attenuation curves. The distance from the roadway to the nearest

receptors is defined by a matrix of "clear zones" as a function of roadway

I ] type and city size. The noise exposurefrom secondaryroadways upon a re-
ceptorisalsoconsidered.

__ The outputof the GeneralAdverseResponseportionof the NRTNEMis

numbers of people and level-weighted people (LIcP)exposure to roadway noise

above a day-nightlevelof 55 dBA for both the currentor baselineperiod

and futureperiods. Table 3.10displayssimpleoutputsfrom the model.

} The widthof thedecibelbandsisspecifiedby the user.

MODEL AND DATA LIMITATIONS

NRTNEMwas not specificallydesignedto performthe analysesfor

which this task was undertaken. Nevertheless, the model is fairly readily

appliedto the problem definingthe benefitsof stateof and local surface

transportationcontrols. A major limitationis not inherentlythe model

Z v_ but the paucityof availableinformationthat is requiredfor exercising
tl

the model'snumerousdata inputspecifications.Complementarydata bases,that

f_ can utilizethe full powerof the model,which need to be develapedare:
tm

Vehiclefleet noise deterioration

_ i Vehiclepopulationand roadwaydata bases
as a functionof statesand/orlocalities

e More refineddata basefor time in operationalmode by

vehicle type

e A vehiclenoise data basewhich differentiatesby vehicle

componentnoise sourceemissions.

Operationalchangesto the NRTNEMcodeswhich would enhance its usefulness

are:

.J a Capabilityto modelmore accuratelyrepresentvehiclebehaviorat

-, intersections(e,g.,includevariable:ehiclespacingand

_ exposuretime effects)

I
-J 3-I7
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J
._ TABLE 3.10 :

-:, NOISE IMPACTFOR EACH YEAR IN THE TIMESTREAM

i

h......,...........i.............i............i............i.............._............i.............7............7
-'*J i I J _ I i._ :-+' + .,* ,. + I +,li,., J+'* J
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e Abilityto incorporateadditionalvehiclecategories

__ m A methodfor changingthe levelof serviceon roadwaysas
ADT grows

.._ e A data base for potentialland use and populationdensity

changes

._ e Pleansto permitimmediateand completebenefitsdue to an

• abatementstrategy

e Tire/roadwaytexturenoise generationalgorithm

o Noise propagationfunctionswhich accountfor roadsidebarriersand streetcanyoneffects.

]
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IV. SIMULATIONOFSCENARIOS

Seventeenpotentialstate and localsurfacetransportationnoise

centre7measureswere identified. Three potentialcontrolmeasureswere not

"7 analyze_. The national effectiveness of roadside barriers was previously
._]

analyzedand there is no suitablemeans of utilizingNRTNEMfor this pur-

"7 pose at thistime, The analysisof land use controlswas foregonesince the
_. focus of thisanalysisis on the short ,'unand land use controlswould not

be effectiveby 1985, NRTNEM is not currentlyamenableto the analysisof

J intersectiondesigndue to the definitionof the vehiclenoise levelsfor

accelerationand cruisefor automobiles,

EPA'sgoal of implementingnoise controlmeasuresin the 400 lar-

gest localitiesand the 40 most populousstateswas consideredin the de-
H,

velopmentof the simulations. U,S,Censusdata indicatethe 400 most popu-
lous citiesessentiallyconsistof all citiesof populationgreaterthan

'_ 50,000persons, Simulationsinvolvingroadwaymileage and/oraveragedaily

_" traffic (ADT)were definedonly for place sizes greaterthan BD,000people

_', since oooulation (place size and population density), roadway mileage, and

II_ AOT are jointly defined in NRTNEM via a three-dimenslonal matrix. However,

(__ this joint definitionprecludesreadilydefiningeffectsby statessince

_ each state,even the least populousor traveled,will includea mix of

t' plac_ sizes.

11_ Elevencases were formulatedin orderto analyzethe remainingcon-
i trol measures. The firstcase established1974baseline conditions. The

v
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secondcase entitled "Baseline1985% estimatesthe nationalnoise exposure

r-_ given currentnationaltrendsincludingthe implementationof the Interstate

Motor Carriernoise regulationand the medium and heavy truck regulationbut

withoutany state or localcontrols, Casesone and two are designedto simu-

In| late the effectof state and local regulationsimplementednationwidewhich

involve:

ii! _ • Vehiclenoiseemissionlimits

--_ m Vehiclenoiselabeling

;,o_ e Drivereducation

e Lower accelerationrates

e Retrofitand inspection,

Case one representsa reasonablyachievablegoal while case two is

_I probablyclose to the maximumpracticallimit using these methods. The as-

sumed noise sourcelevel reductionsare as follows:

"_ LEVEL REDUCTION(dBA)
VEHICLETYPES CASEl CASE 2

:_ Light Vehicles 2 ' 4

_._ Trucksand Buses 1.25 B.5

_J Motorcycles 2,5 5,0

._ cases one and two are modeledby shiftingthe mean vehiclenoiseemission

level for all vehiclespeedsand operatingmodes less than 45 miles per hour,

: This methodof portrayingthe noise emissionchangemay cause a bias in the

shape (kurtosisand skew)of the vehiclenoise distributionratherthan a

_I _hift of the central tendency,

Cases three and four perform a similar alteration to the vehicle

I'_ emissionlevelsbut confinethemselvesto vehiclespeedsof 45 miles per hour

and greater. These oases are designed to reflect the potential noise re-

'_ duction that may be achieved through snow tire or pavement treatments of a

_" two and four decibel reductionrespectively, The resultsof both these cases

(_ significantlyoverestimatethe potentialbenefits. The sound level reductions
L

'-_ were appliednationwideand for all seasons, Clearlysnow tire regulations

will only affectthe northernportionof the countryand only duringabout

i?
-, 4-2



half of the year. Enforcementeffectivenesswill undoubtablybe less than

._ complete. Roadwaysurfacetreatmentsare not reasonablyjustifiedfor all

i._ roadways with averagevehiclespeedsover 45 milesper hour. Therefore_the

results from these two casesmust be consideredupper bounds.

i },_ NRTNE_I'sdata base aggregatesall fiftystates. Given more time

and resources,a more precisedisaggregationcouldbe performedin orderto

: : _ ascertain the effect on the fortymast populousor traveledstates.

: Reliable informationon the percentageof vehiclesor roadwaysthatmay

i,_ reasonablybe affectedby such actionswas not foundin the literaturesearch.

Case five is designedto reflectlocalarea regulationsrestricting

or prohibitingmediumand heavy truck trafficalongminor arterials,collec-J
tars and local streets, This control measure is applied only to localities

"_ with 50,000populationor larger. An arbitrarypercentagedecreasein truck

traffic of fifty percentwas chosen. An accurateassessmentwould need to

assess the feasibilityand impactof restrictingtruck trafficon localroads

and reroutingit along other corridors,

Casessix and seven followa similarmodelingimplementationas case

five. The percentage of modified motorcycles in the vehicle fleet is

• _m arbitrarilyreducedby fifty percentand one hundredpercentfor casessix

_w and seven respectively. Presumablya stringentenforcementprogramcould

achievethe first goal and the secondlevel would indicatean upper bound.
t_

These cases are also analyzedsolelyfor citiesgreaterthan or eqt_alto

50,000peoplepopulation.

_,_ Caseseight and nine are designedto assessthe potentialeffective-

ness of reducinglocal roadwayspeed limitsand more stringentlyenforcing

highwayspeed limitsrespectively. Caseeightwas implementedby arbitrarily

reducingall the sixty and fiftymiles per hour collector,minor arterial,

I'_ and major arterialroadwaymileageto fiftyand fortymiles per hour speedw,
limits for citiesgreaterthan or equal to 50,000peoplepopulation. We also

_'_ shifted one half of the roadway mileage from forty to thirty miles per hour

for local roads and collectorsfor citiesgreaterthanor equal to 50,000

_'_ people population. (There were no sixty-mile-per-hour local roads,)1
A realisticassessmentof the effectivenessof reducinglocal roadwayspeed

-_ limitswill requireinformationon the effectivenessof postingand enforcing
i

J
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the reducedspeed limitsand the feasibilityof imposingsuch constraints

i upon the roadwaynetwork,

Case nine assumesno vehiclewill operateat speedsin excessof

_! fifty miles per hour on highwaysacrossthe _hole country, Past experience
with the fifty-flvemile per hourspeed 3imitbeliesthe likelihoodof such

an accomplishment. Case nine must be consideredan upper bound reflecting
the theoreticalbenefitsthatmay be achievedgiven certainconditionsare

-_ met.

_' SectionV will summarizethe findingsof this study,

3
L_

J,
t_
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;,,; V. ESTIMATEDBENEFITSOF CONTROLS

1,1 The reductionsin LevelWeightedPopulations(LNP)were estimated
for various state and local surface transportatien noise control measures

i_ using the simulationsdescribedin Chapter IV. These simulationsshould

be consideredas preliminaryestimatesand/ormaximumestimatesof the

I_ potentialbenefitsof the controldue to limitationsof:
i Data availablewith whichto describethe controlmeasures

I_ i Limitationsin NRTNEMin its existingform.

i Data to quantifythe applicabilityof the controls,the extentof. _ enforcement,and the effectivenessof enforcementis not available. Con-
sequently,no correction for these parameters is included for the simula-

_ tionsof noise emissionlimits,labeling,retrofit,inspection/maintenance,
muffler enforcement, driver education, and the mere stringent highway speed

FF limit enforcement control measures. These factors are given effective as-

sumedvaluesfor area restrictions,motorcycleenforcement,and reduced

v') localroad speed limits.

NRTNEM assumes the vehicle emission levels are normally distri-

,-_ buted. Non-stock or defective vehicles are not explicitly addressed in the

standard data base emission levels but are included in the vehicle type/

operatingmode distributionsexceptfor modifiedmotorcycles. In cases lthrough 4, involving changes in vehiclenoise emissions levels, the changes

are represented as shifts in the mean of the distribution. This represen-

tation is inaccurate for controlswhich address defectives_ithin the

_t 5-I



vehicletraffic mix {noiseemissionlimits,labeling,inspection/maintenance,

and muffler enforcement). _Jheredefectives occur in the traffic mix, the

correctrepresentationconsistsof two distributions,one for the nonde-

._ fectivevehiclesof that type and one for the defectivevehiclesof that

._ type, The effect of the control would then be to reduce the populationof

the defective vehicle population with a resulting decrease in the numbers

....I of vehiclesat high sound levelsbut with the majorityof vehiclesat moderate
and low sound levels unaffected,

The prohibitionof snow tires duringsummermonthswillhave bene-

fits as a functionof seasonallengthsand geographiclocation. NRTNEMdoes

not readilyallow the modelingof these effects,consequentlythe effects

of snow tire regulation are substantiallly overestimated,

In modeling the benefits of area restrictions, medium and heavy

trucks are excluded from minor roadways (local roads and streets, collectors,

and minor arterials) and added to major road;rays (major arterials, freeways
L_

and expressways,and interstatehighways). Thischange effectsboth the

r_ traffic mix on the roads as well as the average daily traffic(ADT), NRTNEM

_ does not readilyallow the adjustmentof ADT selectivelyby placesize,

,i Consequently,no correctionwas made for incrementingthe trafficon major

roadwaysby the added trafficreceivedfromminor roadways, Thiseffect,

however, is very small since the number of medium and heavy truck vehicle

_ miles on the minor roadwayswill be much lessthan that of the major road-

ways,

F_ Each of the state and local noise controlmeasureswas simulatedfor

.an analysis year of 1985 and compared to the baseline exposures for that

_ year, In all scenarios and simulations, the effects of the existingInter-

state MotorCarrier Regulationsand mediumand heavy truck new productre-

'_ gulation were included, The results of these simulations are summarized in
_m

Table B.I and are discussedbrieflyin the followingparagraphs,
_a

Low Speed VehicleNoise ZmisslonControls. These controlsare es-

sentially engine noise controls, i.e., primarily controls to exhaust sys-

L tam and, to a lesserextent,to the intake,coolingfan, and bareengine,
They include:

L

5-2
!

I



, I

i

TABLE5,I

ESTIMATESOFBENEFITSOFSTATE&
-I LOCALTRANSPORTATIONCONTROLS
.| (ANALYSISYEAR: _gBS)

Chan_eIn
, l_pact

RC[ •

_;et LWP2-LWPt Rero�rADhlc
. Overall Renef_t RrpIfcat_on of
" I_pact r_ B• ulaIJon no. CO_ltrol Mealure LWP" SIruTatlon Rute$

sellne None 29.R tI4tfonwlde • I

1 _;ohe 2mission Lf_l_s 14.3 15.2 5_% NatlonwfCe 1,2
La_elfng
lnspectlon/Mafn-

ten4nce
HufflerEnforce-

Pen¢
Retrofit
2flYer{duC_tlO_

2 2A_ as SlruIatlon I
l

I Rut Pore

JstrlngeAt 12,2 17,G 59_ I;AtfenwfPe L'pper estimates, 1,2

3 SncwTfre Regu-

Tatlon 16,2 12,9 43_ _'Na_lonwfde _'_ I.Jppere|ttm4_el 1_3
4 Roadway_urfac¢

TreAtment 1R.4 1_.4 45_ t_tfonwfde L'Pper esti_4te. 1,4

5 Area Restriction 22.2 1.6 2E_ Cities Nlth >ROK ]*_
poRulatlall

6 Motorcycle Enforce- 23.2 6.6 22_ Cities with _50K 1,6
• ent poDuIAtfen

l $_t _s 5fruIatfe_ _2,3 7,5 25_ Cities w_tll >_OK Upper estimate, 1,R
but _ore p_pulatfon

stringent

R Reduced2Reed Z3.3 6.6 22_ Cl_fe_ w_th >50K t'pper estimate. 1.7
Limits LO¢_] population
Roads

O Fore S_rt_ge_t 23,6 _.2 _1' Ila[tonwIdn L'pper est_Ie_ I,B
SdeedLinl¢
Enforceren¢

HIoh_a7 ,_ ....

(

I(

i

1

!
I 5-3



@

! TABLE5.1.(Continued)

..I NOTES

-_ l) The benefitsof existingregulationscovering Interstate_otor Carriersand medium and heavy trucksare incorproated.

2) Cases l and 2 assumea nationwidereductionof mean vehicleemission
-_ levels through one or more of several means includinglevel street
.J standards,retrofits,inspection/malntenanceand mufflerenforcement

and drivereducation. Casel representsa reasonablyachievablegoal
-7 while Case 2 is probablyclose to the maximum achievable. The assumed
..I level reductionsare as followsfor all operatingconditions45 mph.

LevelReduction(dBA

VehicleTypes CaseI Casez

LightVehicles 2 4
TrucksandBuses 1.2B 2.5

Motorcycles 2.5 5.0

3) Snow tire regulationswould only apply to the northernhalf of the nation
i during the non-wintermonths. Case3 modeleda snowtire regulation

as a 2 dB levelreductionfor vehiclesoperatingabove 45 mph without
taking the geographical, seasonal, and enforcement effectiveness into
account, Therefore, these results significantly overstate the potential

"_ benefits.

" 7 4) Roadwaysurfacetreatmentsare onlyjustifiedeconomicallyon a small
f proportionof roadways. Case 4 modeled the control measure by assuming

all roadwayswith traffic speeds of 4B mph or more would receivetreat-
ment and exhibit a B dB level reduction. Therefore Case _ overstates

the realizablebenefitof suchan action,but it does definean upper
boundfor themaximumbenefit.

._+ B) Area restrictions were modeled by reducing the percentage of the medium
! and heavy trucks operatingon all local roads for cities larger than

50,000 population. An arbitrary percentage decrease of fifty percent
was utilized. An accurate estimate would need to assess the feasibility

..; of restrictingtruck trafficon localroads.

6) A motorcyclemufflerenforcementprogramis modeledby assuminga re-
duction by one half and a totaleliminationof modifiedmotorcyclefor

-J cases six and seven respectively. These enforcementcompliance per-
centageswere chosenarbitrarilyand do not necessarilyreflecta real-

! istic goal, but were applied only to cities larger than BO,O00 population.

+

i
-)
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TABLE5.1, (Continued)

_i 7) This control measurewas modeled by arbitrarilyreducingthe amountof
roadways v_ith60, 50 and 40 mph traffic to the next lovlerspeed cate-
gory. A realistic evaluation of this control measure would require a

"_ feasibilityassessmentof takingsuchactionon particularraodways.
.._

B) Stringentspeedlimitenforcementon thenation'sinterstatesandhigh-

-_ ways couldreducenoiseexposuresby theamountindicatedif completecompliance is achieved. This effect is modeled by the shifting of all
_' vehicleoperatingat >55mph to the 4B to 54mph category.Thesere-

sultsindicatethemaximumpotentialbenefitachievablewithtraffic
speeds at <BBmph.

-J

]
-1

]
J

-i
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• Controlsaddressingthe degredatlonof vehicleacousticalper-

formance(noiseemissionlimits,labeling,inepection/mainte-

,_ hence,andmufflerenforcement)

e Controlssvhichaffectreductionsin the stock vehicleemission

-._ levels(retrofit-- inasmuchas the distributionof vehicle

emissionlevelsincludesboth defectivesand nondefectivee

.,I the modelingof bothretrofitand anti-degredationtypenoise

controlsis effectivelythe same)
J

.,, m Controlswhich reducevehicleemissionsby changes in vehicle

operation (driver education).

J Applicationof thesecontrolson a nationwidebasisresultsin reductions

of impactrangingfrom 52 to a maximumof 5g percent. (Thesmall incre-

] 'mentalbenefitachievedin the maximumbenefitcase,which constituteda

doublingof the decibellevel reduction,indicatesimpactreductionsare

3_, limitedby high speedvehicleexposures).

High Speed VehicleNoise ControlMeasures, High speed vehicle

noise controlsaddressthe tire/roadwayinteractionnoiseemissions. The

prohibitionof the use of snow tiresduringnon-snowmonthsis estimated

:_ at a 43% reduction. However,this is a gross overestimatewhich doesnot

considerthe geographicand temporal (seasonal)applicabilityof such a re-

gulation. Effectsof roadwaysurfacetreatmentsin conjunctionwith ap-

propriate tire tread designs results in quieter tire noise emissions to a

I "_ maximum 4B% impact reductionwhen universallyappliedto all high speed

_-_ roadways. The smalldifferencebetweenthe snow tireregulationeffects

,(assumedas a 2 dB reductionat highspeed vehicleoperation)and the
roadwaysurfacetreatmenteffects(assumedas a 5 dg reductionin high

I_ speed vehicleoperation)indicatesimpactreductionsare limitedby low

i speed vehicleoperationnoise emissions.

Area Restrictions. The redirection of 50% of the medium and

heavy trucktrafficon minor roadways(localroadsand streets,collectors,

and minor arterials) to major roadways (major arterials, freeways and ex°

pressways, and interstatehighways) was simulatedfor all cities with

greaterthan 50,000peoplepopulationor approximatelythe 400 largest

I
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cities. The benefit of this control was approximately a 26% reduction

in impact.
.#

The Elminationof ModifiedMotorcycles. Modifiedmotorcyclescon-

stitute between 12 and I_ r,ercent of ell motorcycles in the NRTNEM vehicle

ii" , type data base depending on roadway type. Local enforcementactivitiesincities above 50,000peoplepopulationhalvingthe incidenceof modified

motorcyclesresultin a 22 percentreductionin impact. Total elimination

of all modifiedmotorcyclesresultsin a 25 percentreductionin impact.The relativelysmall incrementalbenefitfrom total eliminationof modified

motorcyclesindicatesimpactreductionsare limitedby exposuresto other

vehicletypes.

Speed LimitControls. The reductionof speedlimitson majorand

J minor arterial and collector type roadways should cause a dowmvard shift

: in vehicle speed distributions. Implementationof this measure for popu-

lation place sizes of 50,000 peeple or greater will result in approxi-

mately a 22 percent reduction in impact. More stringent enforcement of the

5B mph speed limit on a nationwide basis for freeways and expressways,and

interstate highways will result in approximately a 21 percent reduction in

,_ impactdue to high speed vehiclenoise,

. )l

i I
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(_j VI. RECOMMENDATIONS

F_
_!_ In this section, recommendationsfor improved benefits estimates

_ will be discussed. These recommendationswill take the form of generalim-

_d_ provementsto the NRTNEMcodes,more detailedand accuratesimulationinputs,

_:_ and simulationsdescribingcompoundcontrols(i.e.,the simultaneousimplemen-

I_ ration of more than onenoise controlmeasure).

j'

The NRTNE_/documentationdoes not indicateany special accommodation(q

i_ for the behaviorof vehiclesaroundintersectionsis made in the model. A
1

'I:'-iii; fundamentalassumptionof the model is that vehiclespacingremainsconstant
for all vehicle operating modes. This is not representative of the behavior

of vehicles at intersections since when the flow is stopped the vehicles will

i!_ become concentrated. The model also describesaccelerationsound levelsin

I _ terms of the equivalentsound leveleve,-the periodof acceleration. Conse-
quently, for light vehicles--which'are typically accelerated in part throttle

-- the equivalentsound levelsduringaccelerationare lower than thoseused

!_ in the model for constantspeed cruise,as shown in Table6.1. Apparentlyno
accommodationis made for the longerexposuretime pastan observer from an

accelerating vehicle versus that from a vehicle operating at constant speed,

(It can be sllownthat a vehicleacceleratingat a constantrate from rest to

a given speed will require twice as much time to cover its distance-to-speed

T_ than'avehiclecruisingsteadilyat that given speed coveringthe same dis-

tance. As a result,the noise exposuredue to the acceleratingvehiclewill

k_
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be 3 dB higher by virtue of the doubled time for equal emission levels and

ignoringother factorssuch as sourcedirectivity).Accommodationof these

k considerations is absolutely necessary if intersection design noise controls

are to be simulated. In addition, estimatesof all simulations will be more
t

_ accurate with this improvement, although the sensitivity of this effect is not

known at this time.

Refinement of the simulations themselves include more detailed geo-

;_ graphicsegregationof the data to allow the descriptionof programsfor limit-
ed numbersof states. This refinementwouldaffectall those simulationswhich

do not have any applicabilitylimits in the results reported herein. (These
includeboth the low speed and high speed vehiclenoise controlmeasuresand

the speed limit effects). This capabilityof adjustingon a basis of states
_, must exist for both vehicle emission levels and vehicle speed data.

_ The differentiationof the distributionsof defectivevehiclesby

vehicletypes is recommendedto allow the more precisemodelingof the low

i_ speed vehicle noise controls (for noise emission limits, labeling, inspection/

maintenance,and mufflerenforcement). Thesecontrolmeasuresaddressonly

_ defective vehicles in the mix while not affecting the emissions of those in
i_

nominally stock condition. Consequently, the simulations used in this study

underestimated the effects on the noisiest vehicles while attributing level
reductions to many vehicles which are not expected to experience change. The

il:_ sensitivityto thisconsiderationis also not known.

As was implied in the discussions in Section V, the simulations only

addressedindividualgenerictypes of controlmeasuresimplementedsinglely.

The estimatedbenefitsof thesemeasures in many instanceswere limitedby

_ noiseexposure to vehicleoperationsor typesbeyond the scope of the parti-
cular control measure being considered. A balanced enforcement program would

{_ likelyaddress as many of the vehicletypes and operatingmodes as feasible

.tomaximizethe derivedbenefits. The followingcompoundcontrolmeasures

I_ should be considered:

r_
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, a Low speed vehiclecontrolsin conjunctionwith high speed

vehiclecontrols

' a Motorcycleenforcementcontrols in conjunctionwith

area restrictionsand/orreducedspeedlimitson local roads
,|

a State-implementedcontrolsin conjunctionwith locally-

implementedcontrols,
A finalnote in closing: Even with the implementationof the recom-

mendations above, the ability to predict the effects of controls will be limited
by the aata base. This is particularly true with respect to the parameters of

applicability, extent, and effectiveness. Not only has information regarding

_._ these parametersbeen virtuallyunavailable,but also substantialdangerexists

in being excessivelyoptimisticin assumingtheirvalues, For a controlmeasure
,,j requiringactiveenforcementto be effective,it mustbe vigorouslyand con-

tinuouslyenforced, Instancesof thisto datehave been rare, As a finalrecom-

_ mendation,sensitivityanalysesshouldbe performedfor rangesof these para-
meters-- applicability,extent,and effectiveness.
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