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SUMMARY

' The actual reduction In traffic noise exposure level for a given
control measure can be conceptually considered a function of: the poten-
tial level reduction of the control, its applicability, the extent of {ts
enforcement, and the effectiveness of {ts enforcement. A survey of the
available 1iterature yielded 2 reasonable amount of information regarding
the potential leve) reductions of control measures, a 1imited amount of
information regarding the observed exposure level reductions of control
measures, and virtually no information regarding the applicability of con-
trols, the extent of enforcement, or the effectivenss of enforcement,
EPA's National Roadway Traffic Noise Exposure Model (NRTNEM) was used as
a means of estimating the benefits of varfous state and local surface
transportation nofse control measures for the year 1985, Somewhat coarse

simulations of the various controls gave the following results:

. Various low speed vehicle noise control measures, applied
nationwide, roughly halved of the surface transportation
noise impact.

] Upper estimates of high speed vehicle noise cantrol

measures (snow tire regulations and roadway surface
treatment) yielded roughly a 2/5 reduction in impact.



L I

R Y B N

. The exclusion of noisy vehicies from residential areas,
applied to cities with greater than 50,000 people popu-
lation, has a potential for the reduction of impact by

- about 1/4, : :

(] Motorcycle enforcement resulting in the partfal to total
eliminaticn of modified motorcycles has the potential
for reducing impact between 1/5 to 1/4.

s Reducing local speed 1imits, in cities of greater than
50,000 people population, was estimated to yield a maxi-
mum impact reduction of 1/5,

] More stringent speed 1imit enforcement for highways, on
a nationwide basis was estimated to have a maximum bene-
fit of about 1/5 impact reduction.

Recommendations for future work include refining NRTNEM ftself to more realisti-
cally deseribe vehicle behavior at intersections, refining the simulations
themselves to yield more accurate estimates (e.g., considering snow tire controis
only for "snow states" and their exclusion only for summer months), and the
simulation of simultaneous multiple complementary controls., Finally, any
estimates must be considered in the 1ight of reascnable expectations for the
applicability, effectiveness and the extent of enforcement of control measures,
In the absence of a data base for thesc parameters, sensitivity tests should be
conducted,

1
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1. INTRODUCTION

With the passage of the Quiet Communities Act of 1978, the Con-
gress clearly indicated the desire that the objectives of the Neoise Con-
trol Act be achieved primarily through programs implemented on the state
and local levels. However, the benefft to the public health and welfare
of state and local noise cantrol programs has never been thoroughly
studied or systematically assessed. Quantification of these benefits will
te included in the Five Year Plan which is expected to be submitted to
Congress in March 1980,

The purpose of this report is to document a preliminary assessment
of the potent{ial benefits to the public health and welfare of state and
laca?l surface transportation noise control programs. The objective of this
effort 1s to preliminarily quantify the potential {mpact reduction benefits of
a variety of noise abatement measures for vehicle traffic noise in the

‘year 1885. The benefits will be quantified using output from the National

Roadway Traffic Moise Exposure Model (NRTMEM) and will be described 1in
terms of the reduction in Level Weighted Population (LWP) with respect to
overall annoyance.

LWP is a measure of the severity of noise 1mpact which considers
both extent (the numbers of people exposed) and intensity {the level of ex-
posure). As 1t 1s used here, it is based on the day-night sound level, Ldn'
It 1s defined as: b

LWP = % o (Lgn, = 55)

e

1-1
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where: P1 is the population exposed in level dinterval, Ldn , and 65 dB is the
maximum day-night level fdent{fied by EPA as prerequisite %a protecting the
welfare of exposed persons with an adequate margin.

The noise control methods that are available to state and local en-
forcement officials fall into five general categories:

. Operational regulattons
a Vehicle regulatiens

¢ Driver education

® Lane use control

¢ Roadway design.

. Operational regulations restrict the operation of the vehicle to
reduce its noise emfssions. They may include requirements that vehicles

be operated fn such a way as not to exceed a aiven emissfon Jevel pri-
marily though Tower vehicle acceleration rates or vehicle speed reductions.
Operational controls may take the form of more stringent speed limit en-
forcement or lower speed 1imits 1n locaiities. Another operational con-
trel 1s the partial or complete exclusion of noisy vehicle types in certain
localities.

Vehicle regulations obtain benefits by requiring the actual
quieting of the vehicle itself. This may consist either maintenance of
vehicles to thefr stock acoustical performance levels (such as by inspection/
maintenance programs or muffler enforcement programs) or improvement of
vehicle levels by the retrofit of quieter components (such as more effective

‘mufflers). Vehicle regulatfons may also include prohibitions of snow tires

during the summer months when they are not necessary.

Driver education consist of sensitizing vehicle operators to the
noise emission characteristics of thefr vehicles., It is a voluntary form
of nojse control by encouraging drivers to effect Tower nofse emissions.
Land use controls achieve reductions in impacts by the segregation of sensi-

tive populations (i.e., residential areas) away from roadways. However, ., "
this control would be only beneficial with respect to new residential ‘j"/'¢ 5’~J “f
developments or new highway construction. Impacts may alse be reduced by '

ad

f
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changes 1n roadway desfign such as the construction of barriers or the utili-
zation of natural topography or greater right-of-way width to 1imit propagation
to sensitive areas. Improved intersection design to yield more constant
velocity traffic flows (such as separated grade crossings, tmproved traf--

fic signal sequencing} will reduce the noise due to accelerating vehicles.
Roadway surface treatments 1n conjunction with a standardized tire tread
design may be applied which would yield reductions in tire/road interaction
noise.

The actual noise exposure level raduction obtajned from a control
may be considered canceptuaily as a function of:

] Gross level reduction obtainable through the control -- the
reduction in emission level obtained when a noise control
is {mpiemented to a vehicle, such as when & stock muffler is
restored to a vehicle with a previously defective exhaust
system

. Applicability of the control -- the percentage of vehicies
for which a control will be relevant, for example, the per-
centage of vehicles with defective exhaust systems

. The extent of enforcement -- the percentage of states or
1ocalities which are implementing a control or the percentage
of roadway mileage for which roadway design noise controls
are constructed

0 Effectiveness of Enforcement -- the degree to which offending
vehicles are removed from the traffic mix by controls requir-
ing active enforcement.

1-3
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I1. LITERATURE REVIEW

' The primary focus of the literature review was to ascertain the
potential source noise Tevel reductions that various state and local sur-
face transportation control measures may achieve. These gross decibel re-
ductions are the basis for the development of the scenarios. HRTNEM is
utilized to perform the actual calculations of the effectiveness of each
control measure. Relatively 11ttle {information was found which enables
one to quantify the applicability or effectiveness of these varfous control
measures. There are only a handful of Tocalities which have well estab-
1ished programs where results are readily discernible. The following
material briefly reports the relevant findings of the Titerature search
for each control measure. Table 2.1 summarizes the literature search and
review findings along with the decibel values utilized as input to the

NRTNEM.

New Product Noise Emission Limits: The State of Florida, Depart-
ment of Envirommental Regulation found that a 3 dB truck noise source re-
duction yielded a 1 dB LEq reduction a2long the highway. According to the
Bureau of Motor Carrier Safety truck noise levels decreased by 3 dBA between
1970 and 1975.

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

seven states, reported that noise levels dropped 1.6 dB due to truck noise
enforcement using a pass-by test. C.W. Dietrich, et alia, after reviewing

n
]
—



TABLE 2.7

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

Contral Measure Reference Sound Level NRTNEM Input
{appearing at Reduction Sound Level
the end of this (dBA) Reduction
chapter) (dBA)

L4 ) g 9

LGN R G |

£

L1

R—

(.

—3 L

{

(3

S

New Product Noise

Emission Limits
trucks State of Florida | 1-3 1.25, 2.5
trucks U.S. DOT, BMCS 3

Operational Neise
Emission Limits

trucks Burke 1.6 1.25, 2.5
autos Dietrich 3-6 2,4
trucks Dietrich 2-3 1.25, 2.5
motorcycles Dietrich 4 2.5, 5.0
Operational Re-
strictions-
Stringent Speed
Limit Wyle Lab 2-3 (a)
Operational Re~
strictions-
Reduce Speed
Limits Hellweg 3 (a)
‘Operational Re-
Etricﬁgns-1 .
educe Accelera- .
tion Rates ““&j'/jflla,y/
autos Hillquist bel2> e 2,4
trucks Hellweg 4 et
autos Hellweg 4
autos Plotkin 2.6-6.2
trucks Plotkin 1.8
autos Lenenan 8

LM T B A Car e e
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TABLE 2.1
(Continued)

Control Measure Reference Sound Level NRTNEM Input
{appearing at Reduction Sound Level
the end of this (dBA) Reduction
chapter) (dBA)

Time/Area Re-

strictions

trucks Schomer 4 (b)
trucks BBN 2.6-6.9

Vehicle Regula~

tion-Retrofit

trucks BBN 1.6-3.4 1.26, 2.5
autos Lenenan i 2

Vehicle Regula-

tion-Muffler

Enforcement

autos BBN 1-6.5
motarcycles 0lson 1-5 2.5, 5
Vehicle Regula~
tion-
Tires Rentz 3.5-5.0 2,5
Thrasher 2-4
Roadway Design-
Barriers BBN 7.5-13.9 -
Roadway Design-
" Supface Treate
ment Lawthﬁr %-? , /2.5 . ,
Thrasher =17 sl A A #
Hi 11 quist N

Ea} alter roadway traffic mileage data per vehicle speed and roadway type.
b) alter the vehicle fleet mix percentages by urban place size and
functional roadway type.

2-3
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current information, found that vehicle in-use regulatory naise 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:
According to the EPA Background Document for the bus regulation {Repert
No. 550/9-77-201), a majority of trucks exceed the nattenal maximum speed
limit of 55 mph (e.g., in California 72% of trucks in 1976). This indicates
there is significant leeway for more stringent enforcement than there is
currently. MWyle Labs found that motor vehicle sound levels can be character-
ized as increasing with vehicle speed according to a relatfonship given by:

Le 32 Tog (S)
where S is the vehicle speed.

Qperational Restrictions -- Reduced Speed Limits: The same rela-
tionship stated above would apply to reduced speed 1imits., Hellweg found
that between 1973 and 1974, when speed 1imits were reduced from 70 to 55 mph,
sound levels dropped 3 dBA along the highways.

Qperational Restricticns -~ Reduced Acceleration Rates: A 5 to
12 dB differential was cbserved between steady state cruise and wide-open-
throttle acceleration sound levels for 1971 V-8 General Motors automobiles
according to Hillquist. Hellweg found that, for trucks operating in
I1linois, acceleration sound levels are 4 dB higher than Jow speed cruise on
urban streets. Similarly, automcbiles generate sound levels 4 dB louder
when accelerating up a grade., Plotkin utiiizes 4.5 dB sound level increase
due to acceleration for automobiles {with a range of 2.6 to 6.2 decibel for

'h1gh to low horsepower-to-weight ratios). For trucks Plotkin uses a 2.8 dB

differential for the acceleration mode. Lenenan performed controlled noise
monitoring tests on 20 automobiles and found approximately an 8 dBA differ~
ential between partial and full throttie acceleration from a stop to 30 mph.

Time-Area Restrictions: Schomer found approximately a 4 dB day~
night sound level reduction on a rural section of an interstate highway in
I114nois due to the absence of trucks. Bolt, Beranek, and Newman simulated
the effect that a diversion of truck traffic might have on noise levels de-
pending upon the percentage of trucks normally using the roadway. If 5

2-4
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percent of the traffic consisted of trucks, a 2.6 dBA noise level reduction
may be expected, If 10 or 20 percent of the traffic 1s trucks, a 4.3 or 6.9
dBA sound level reduction may be expected respectively by their exclusion.

Vehicle Requlation -- Retrofit: A 1.6, 2.5, or 3.4 dB traffic
noise reduction is possible via retrofitting all existing heavy trucks for
maximum noise reduction practical with current technology according to a
simulatfion performed by BBN. The range depends upon the percentage of trucks
along the roadway: 5, 10 or 20 percent. Lenenan outfitted several automo-
biles with a specially designed “super muffler" which reduced exhaust noise
levels by 10 dBA, but only achieved 1 dBA reduction of total vehicle sound
levels.

Vehicle Regulation =- Muffler Enforcement: Bolt, Beranek, and
Newman found Eugene, Oregon's muffler enforcement program can achieve a 1-6.5
dBA reduction in automebile source noise levels for eight cylinder vehicles.
Olson's measurements of two motorcycle types indicate that a 1-5 dB reduc-
tion may be achieved. According to data from the California Highway Patrol,
operational enforcement will reduce by half the percent of vehicles in vio-
lation.

Vehicle Regulation: Snow tires are 3.5 to 5.0 dBA louder than
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 observed differ-
ence between snow tires and conventional pattern tires {depending upon pave-
ment texture), 01d worn tires may be up to 4.5 dBA Touder than new tires
depending upen the roadway surface and tire type according to Rentz.

Roadway Design -- Barriers: The effectiveness of roadside barriers
depends upon their construction, placement, height, distance and relative
elevation of the receptor. Bolt, Beranek, and Newman simulated the noise
Jevel reduction that is possible for various highway configurations. They
calculated that a 7.5 to 13.9 dBA reduction is possible with barriers ranging
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 alsc estimated
the' potential effectiveness of barriers on Federal highways depending upon
barrier height and traffic flow rates.

2+5
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Roadway Design -- Surface Treatment: Surface treatment and tire
design are the two sides of the "tire" noise generation. Lawther reports
that certain surface textures can be a 2-4 dBA quieter for automobiles than
other surfaces. Thrasher found that only 1-1.7 dBA can be gafned for trucks,
Hillquist notes a range of 3-10 dBA for different surface textures.
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ITI. NATIONAL ROADWAY TRAFFIC NOISE EXPOSURE MODEL

The National Hoadway Traffic Noise Exposure Model {NRTNEM) is a
simulation too) for estimating the noise exposure of the United States
population from roadway traffic ncise sources. NRTNEM's basic function
is to estimate noise exposures and impacts given specified information such
as motor vehicle nofse emission levels, poputation Information, and motor
vehicle activity profiles. NRTNEM encompasses the noise source characteris-
tics, source papulation, source activity and location, noise attentuatfion
characteristics, and the receptors' location and density. The structure
of the NRTNEM 15 such that several of these data elements are jointly
rather than independently defined.

NRTNEM 1s structured primarily to estimate noise exposures from
motor vehicle operations by assuming specified vehicle nofse emission levels,
vehicle growth rates, and population growth rates. The purpose of this
study required a somewhat different set of independent variables. A brief
description will follow explaining the structure of NRTNEM and some Timi-
tations encountered in 1ts appiication to this purpose.

Thers are three basic sets of data bases which are manipulated by
computational algorithms in order to calculate population and vehicle growth
for future time periods and noise exposure from one or more roadways. The
three fundamenta) data sets are:

3-1
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] population data
(] roadway and traffic data
] vehicle data,

The base year for the model's calculations fs 1974, It is capabie of calgu~
lating national nofse exposures over a forty year time span to the year
2014,

POPULATION DATA

The baseline population fn 1974 consists of 216.7 million people.
There are 152.52 mi1lion which are categorized as residing within eight
urban place size classes and 64,18 mil1ion people categorized as 1iving in
rural areas with an assumed uniform population density. The efght urban
place sizes are each further subdivided into four population density cate-
gorfes. Using Federal Highway Administration {FHWA) data, the populatian
was allocated to appropriate roadway traffic conditions. The FHUWA data base
was further parsed according to a functfonal roadway classificatien which
incorporates the average population density adjacent to the roadway, the
average travel speed by population place size, and the distributicn of road-
way mileage and travel. The populatfon place sizes and density classi-
fications are indicated in Table 3.1. The NRTNEM user has the option to
specify various population growth rates based upon the Bureau of the Census
projections, Population growth rates for particular popuiation place sizes
can be specified, but the total population growth rate must conform to the
census projections,

ROADWAY AND TRAFFIC DATA

The roadway milteage, configuration, and travel data is structured
around a functional roadway classification. The basis for this classifi-
cation is the type of service performed by the roadway. The two basic
characteristics of this roadway service are:

. Degree of vehicular access to adjoining land uses model
] Fase of vehicle passage.

S{x classes of roadway types are utilized in the medel:
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' Interstates

o Highways

[ Major arterials
) Minor arterials
’ Collectors

(] Local streets.

The nation's 3.586 mi11ion miles of roads are allocated according to this
roadway classification and population place size. The quantity of Daily
Vehicle Miles Traveled (DVMT) for each roadway type and population place size
was also extracted from FHWA data. The Average Dafly Traffic (ADT) 1s esti-
mated by dividing the DVMT by the number of roadway miles per category.

Table 3.2 displays the distribution of roadway mileage, ADT, and DVMT by popu-
latton place size and roadway type. Flive average travel speed ranges are

also utilized to further subdivide the distribution of roadway mileage data

by population place size and density. The average travel speed categories

are indicated below.

Average Travel Speed Range Average Speed Index, L
Less than 25 mph 20 mph 1
25 to 35 mph 30 mph 2
35 mph to 45 mph 40 mph 3
45 mph 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 miieage
matrix. A "roadway factor" fs fncluded in order to account for the roadway
mileage that passes through occupied land. This roadway factor is defined
anly to the level of aggregation of place size, regardless of population
density or travel speeds. The fraction of roadway mileage through occupied
land 15 shown in Table 3.4.

Further growth in ADT s assumed to be proportional to the growth

in the vehicle population and distributed uniformiy across all roadway
types, Average travel speed is ziso assumed to remain constant despite 1n-

creasing ADT aver time.
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TABLE 3.3
ROADWAY MILEAGE DATA
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TABLE 3.4
FRACTION OF ROADWAY MILEAGE THROUGH OCCUPIED URBAN LAND

Population Place Size, Index J
K 1 2 3 4 5 6 7 8 9
1 0.764 0.764 0.764 0.7064 0.764 0,764 0,656 0.656 1.000
2 g.7:8  0.738 0.738 0.738 0.738 0,738 0.G79 0.579 1.000
3 0.866 0.B66 0.B66, 0,866 0.B66 0.866 0.843 0.843 1.000
4 0.845 0.845 1.845 0.845. 0.845 0.845 0.849 0.642 1.000
5 0,852 0.852 0,852 0.852 0.B52 0,852 0.867 0.867 1.000
6 0.52 0.882 0,852 0/852 0,852 0.852 0.867 0.867 1.000
J 15 Peopulation Place Size Index

K 1s Roadway Type Index

3-7
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The distribution of vehicle fleet mix by roadway type, place size,
and vehicle type is defined in the NRTNEM data base by the matrix FLOMIX,
A base year distribution for 1974 is already established as part of the model.
This mix 1s shown 1n Table 3.5. The medel adjusts this mix in future years
based upon the sales forecast for each vehicle type for a particular future
year. Roadway configurations are assumed to be homogensous among types of
roadways with a uniform 12 foot Tane width,

Yehicle operating characteristics are defined by the percent of
time each vehicle type 1s operating on a roadway type in a particular mode.
There are four operational modes:

) Acceleration from idle

. Deceleration from cruise

. Cruise

(] Idle.

Table 3.6 is a representative for the percent time per mode and roadway type
for a particular vehicle type. Specific data only exists for four generali-
zed vehicle types and two generalized roadwey classes.

VEHICLE DATA
There are four overall categories of vehfcles included in NRTNEM.
These four categories are:

(] Light vehicles (passenger cars and 1ight trucks)
o  Trucks (medium and heavy)

. Buses (intercity, transit and schoo?l buses)

° Motorcycles {unmodified and modified).

These overall categories are further subdivided aleng specific design
characteristics into fourteen classes. The complete 1ist of vehicle classes
is shown in Table 3.7. The distribution of vehicle types, and survival
patterns are derived from historical data. Future sales projections are
supplied in the data base or can be altered by the model user.

. Normally NRTNEM will incrementally implement a new product standard
via the sales growth of new vehicles and the attritfon of old
vehicles over time. In this case 1t 1s assumed that state and local control

3-8
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TABLE 3.5

PERCENTAGE VENICLE MY IN TRAFFIC FLOW
BY PLACE "SIZE AND FUNCTTONAL ROADWAY.CLASSIFICATION
BASELINE CONDITIONS
URBAN PLACE SIZES: Over 2M; 1M-2M; 500k-1M

VEHICLE TYPE ROADWAY TYPE (INDEX K}
1 2 3 4 5 6

Light Vehicles 87.62 87.62 91.82 90.49 80,47 95.76

Medium Trucks  2.11 2,11 3.06 4,31 3,61  1.16
Heavy Trucks  9.17 9,17 4.03 3,11 3.82 0.99
Intercity Buses 0.00 0.00 0.0D 0.00 0.00 0.00
Transit Buses  0.10 0.10 0.10 0.50 0.50 . 0.50
School Buses 0.00 0.00 0.00 0.10 .10 " 0.10

" Unmodified '
Motorcycles 0.88 0.88 0.88 1.32 1.32 1,32
Modified ‘
Motorcycles g.12 0.12 0.12 0,18 0.18 0.18

100.00 100.00  100.00 100,00 100.00 100.00

URBAN PLACE SIZES: 200k-500k; 1h0k—200k: 50k-100k
ROADWAY TYPE (IMDEX K)
2 3 4

1 5 6

Light Vehicles 87.64 87.64 81,84  90.69 90,567 95.96
Medium Trucks 2.1 2.1 3,05 - 4.31 3.61 1.1¢
Heavy Trucks 8.17 9.17 4.03 3.11 3,82 0.99
Intercity Buses 0,00 0,060 0.00 0.00 0.00 0.09
Transit Buses 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

Hatorcycles 0.88 0.88 0.88 1,32 1.32 1.32
Modified .

Motorcycles 0.12 0.12 0.12 0.18 0.18 0.18

105,00 100,00  100.00  100.00 100.00  100.00

NOTE: Some columns do not add up to exactly 100 because of rounding,

3-8
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TABLE 3.5

PERCENTAGE VEHICLE MIX IN TRAFFIC FLOW BY PLACE
SIZE AND FUNCTIONAL ROADWAY CLASSIFICATION BASELINE CONDITIONS

UREAN PLACE SIZES:
ROADWAY TYPE (INDEX K)
2 3. 4

VEHICLE TYPE

(Continued)

20k-50k; 5k-25k

_ 5 6
Light Venicles 87.72 87.72 91.82 90,39 90,37 95,66
tedium Trucks 2.11 2,11 3.05 4,31 3.4l .16
Heavy Trucks 9,17 9,17 4.03 3.1 3,82 .99
intercity Zuses 0.00 0.09 .6.00 0,00 0.00 N
Transit Buses 0.00 0.00 0.00 .20 0,20 0.20
Schoal Buses 0.00 0.00 _ 0.06 0.50 0.50 0,50
Urmodified

Hotorcycles 0.08 0.88 0.88 1,32 1,32 1,32
jodified :

fotercycles 0.12 0.12 0.12 0.18 0.18 0.12

100.00 - 100,00 160,00 10C.00 100.00 100,05
RURAL AREA
‘ROADWAY TYPE (INDEYX K)
pl 2 3 4 5 5

Light Vehicles 78.71 78.71 85,81 88,26 93,32 8&.75
t=dium Trucks 2.74 2.74 3.80° 4,39 0.56 0.41
Hzavy Trucks 16,16 16.16 8.2¢ 5,14 3.91 0.65
"Intercity Buses 0.20 0.20 0.20 0.00 0.00 0.00
Trensit Euses 0.00 0.00 0,00 0.00 U, 6o 0.0D
S.hool tusas 0.20 ‘0.20 0.2C 0.70 0.70 .70
Unmodified

Haotorcycles 0.83 0.38 (.88 1.32 1,32 1.32
Madifisd

Motarcycles g.12 0.12 0.12 0,18 0.18 0.18

100,00 100,00 100,00  100.00 00,00 100,00

NOTE:  Sun2 coluning co not add up to cxactly 103

310
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TABLE 3.6

PERCENT OF TIME IN OPERATING MODE -~ VEHICLE TYPE:
8 CYLINDER, GASOLINE~ENGINED, AUTOMATIC-TRANSMISSIONED, PASSENGER CAR
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TABLE 3.7
T? CLASSIFICATION OF VEHICLE TYPES USED
- BY THE NATIOMAL ROADWAY TRAFFIC NOISE EXPOSURE MODEL
P
Al
r? Inden, I Vlehizle Type Tngingering Characteristics|
) 1l Passenger Car 8 cyl. Gasoline Engine
7 Automatic Transmission
- 2 Passenger Car 6 cyl. Gasolina Engine
- Automatic Transmigsicon
:
~ 3 Passenger Carx 6 & 8 cyl. Gasoline Engine
s Manual Transmission
- 4 Passenger Car 4 cyl. Gasoline Engine
- ' and Light Truck Automatie Transmission
o 5 Passenger Car 4 ¢yl. Gasoline Engine
- and Light Truck Manual Transmission
i " 8 Light Truck 6§ & B cyl. Gascling Engine

[ S SO R B
Lo

10

% N

LE 11 Transit Buses

- 1z School Buscs

o

= 13 Unmodified

o Motoreyceles

Cd :

s 14 Modified
lotorcvecles

Passcnoer
and Light

Medium Truchk

LHeavy Truck

Intercity Buses

Car
Truck

{(CVWR +26,000 1b)

Diesel Engine

Two Axle (GVWR +10,000 1l

Three or meore Axles

IR
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measures will effectively have an immediate impact. In order to implement

this effect with NRTNEM, the user has to invoke a sieight of hand. The

method involved 15 to instruct NRTNEM to implement the contrel measure in

1957, the initiaiization date for the historical data base. The control

measure will st11] be incrementally fmplemented but the vehicle fleet will

have been nearly completely replaced by the critical year 1985, Table 3.8 {ilus~
trated the percentage of vehicles surviving as a function of age.

The baseline vehicle noise emission data are empirically defined
from a sample of controlled field measurements. Vehicle noise levels are
specified by vehicle type, operational mode, and vehicle spead. Each
vehicle type has sixteen equivalent levels, Leq' and standard deviations dee
fintng 1ts noise emissfons.  Several sets of potential new source regulatory
noise emission Jevels are exhibited in the NRTNEM documentation, but speci-
fic future noise emission levels are user defined. An example of the base-
line vehicle neise emission data is shown fn Table 3.9 and Figure 3.1 for
an 8 eylinder, gasoline-engined, automatic-transmissioned passenger car. RNo
tabulation or deseription of the standard deviation values used in the
mode] was found in its documentatidn.

NRTNEM makes a number of simplifying assumptions to permit the
computation of cumutative exposures on a nationwide basis:

] Traffic 1s uniformly distributed over all vehicle lanes.

s Cruise speed is the same for all vehicle lanes for any given
segment of roadway.
s Headway (i.e., vehicle spacing} 1s constant.

N Roadways appear infinitely straight relative to the recefver.
: S ' " yato

LR B
Pk

. Daily traffic flow s constant((1nc1ud1ng weekends);ﬁ

] Daytime (7 am to 10 pm) traffic always constitutes B7 percent
of the total traffic flow.

SOUND PROPAGATION

The propagation of the roadway noise entails the final link fn the
calculation of the nofse exposure to the population. The Generalized Adverse

3-13
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TABLE 3.8

PERCENTAGE OF VEHICLES SURVIVING AFTER X YEARS

_ ¥Yehicle
X
Years

Less than 1
to 2

Tt Pud

N = O AD 00~ O U 2 L3 R e
ekt et oo ot
00000000000
B2 b o 0 D £ =) U $a LD
W= O

13 to 14
14 to 15
15 to 16
16 to 17
17 to 18
18 to 19
18 to 20
20 to 21
Greater than 21

Percentage of
Passenger Cars
Surviving

100.00
99.98
99,90
99.60
88.77
96.83
93.07
B6.77
77.56
65.70
£2.14
38.34
25.83
15,75

8.57
4.10
1'68
0.57
0.00
0.00
0.00
0.00

3-14

Farcentage of
Trucks
Surviving

100,03
100.00
99.96
99,27
57.11
83.29
87.83
£0.09
72,72
63.64
54,02
44,24
34.89
25.76
17.80
11.13
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.FIGURE 3,1. BASELINE VEHICLE NOISE EMISSIONS (1974): TYPE 1 VEHICLE

3-16

RS s i § e g i 1

RIS,



G

TS TR T R g ey Rt g o AT SR

-

[

Ll

r
i

i

-
B )

5 |

portion of NRTNEM uses different 1ine source attenuation functions for high,
medjum, and low density population areas. Figure 3.2 presents these sound
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
type and city size. The noifse exposure from secondary roadways upon a re-
ceptor 15 also considered.

The output of the General Adverse Response portion of the NRTNEM is
numbars of people and level-weighted people (LUP) exposure to roadway noise
above a day-night level of 55 dBA for both the current or baseline period
and future periods. Table 3.10 displays simple outputs from the model.

The width of the decibel bands is specified by the user.

MODEL AND DATA LIMITATIONS

NRTNEM was not specifically designed to perform the analyses for
which this task was undertaken. Nevertheless, the model {s fairly readily
applied to the problem of defining the benefits of state and local surface
transportation controls., A major limitation is not inherently the model
but the paucity of available information that is required for exercising

the model’'s numerous data input specificatfons. Complementary data bases, that

can utilize the full power of the model, which need to be developed are:
. Vehicle fleet noise deterioration

] Vehicle population and roadwazy data bases
as a function of states and/or localities

. More refined data basae for time in oparational mode by
vehicle type
] A vehicle noise data base which differentfates by vehicle
component noise source emissions.
Operationat changes to the NRTNEM codes which would enhance its usefulness

are:

. Capability to model more accurately represent vehicle behavior at

intersections (e.g., Tnciude varfable vehicle spacing and
exposure time effects)

37
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Abf11ty to incorporate additional vehicle categories

A method for changing the level of service an roadways as
ADT grows

A data base for potenttal land use and population density
changes

Means to permit immedfate and complete benefits due to an
abatement strategy

Tire/roadway texture noise generation algorithm

Noise propagation functions which account for roadside
barriers and street canyon effects.

3-20



SO S U SR VY B T

i

-3

e

{3

.

Ld

L

IV. SIMULATION OF SCENARIOS

Seventeen potential state and local surface transportation noise
contro? measures were identified. Three potential control measures were not
analyzed. Tha national effectiveness of roadside barriers was previously
analyzed and there fs no suitable means of utfilizing NRTNEM for this pur-
pose at this time. The analysis of land use controls was foregone since the
focus of this analysis is on the short -un and land use controls would not
be effective by 1685. NRTNEM is not currently amenable to the analysis of
intersection design due to the definition of the vehicle noise Tevels for
acceleration and cruise for automebiles, :

EPA's goal of implementing noise control measures ip the 400 lar-
gest localities and the 40 most populous states was considered in the de-
valopment of the simulations. U.S, Census data indicate the 40D most popu-
lous citfes essentfally consist of all cities of populatfon greater than
50,000 persens, Simulations invelving roadway mileage and/or average daily
traffic (ADT) were defined only for place sizes greater than 50,000 people
since population (place size and population density), roadway mileage, and
ADT are jointly defined in NRTHEM via a three~dimensional matrix. However,
this Joint definition precludes readily defining effects by states since
gach state, sven the least populous or traveled, wiil include & mix of
place sizes,

Eleven cases were formulated in order to analyze the remaining con-
trol measures. The first case established 1974 baseline conditions. The
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second case entitled "Baseline 1985", estimates the national noise exposure
given current natfonal trends including the implementation of the Interstate
Motor Carrier noise regulation and the medium and heavy truck regulation but
without any state or local controls. Cases one and two are designed to simu-
late the effect of state and local regulations implemented nationwide which
involve:

Vehicle noise emission 1imits
Vehicle noise Jabeling
Driver education

Lower acceleration rates
Retrofit and inspection.

Case one represents a reascnably achievable goal while case two is
probably close to the maximum practical 1imit using these methods. The as-
sumed noise source level reductions are as follaws:

LEVEL REDUCTION {dBA)
VEHICLE TYPES CASE 1 CASE 2
Light Vehicles 2 4
Trucks and Buses 1.28 2.5
Motorcycles 2.5 5.0

. Cases one and two are modeled by shifting the mean vehicle noise emission

level for all vehicle speeds and operating modes less than 45 miles per hour,
This method of portraying the noise emfssion change may cause a bias in the
shape (kurtosis and skew) of the vehicle noise distribution rather than &
shift of the central tendency.

Cases three and four perform a similar alteration to the vehicle
emission levels but confine themselves to vehicle speeds of 45 miles per hour
and greater. These cases are destgned to reflect the potential noise re-
duction that may be achieved through snow tire or pavement treatments of a
two and four decibel reduction respectively. The results of both these cases
significantly averestimate the potential benefits. The sound level reductions
were applied nationwide and for all seasons. Clearly snow tire regulations
will only affect the northern portion of the country and only during about
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half of the year. Enforcement effectiveness will undoubtably be less than

complete, Roadway surface treatments are not reasonably justified for all

roadways with average vehicle speeds over 45 miles per hour. Therefore, the
results from these two cases must be considered upper bounds.

NRTNEM's data base aggregates all fifty states. Given more time
and resources, & more precise disaggregation could be performed in order to
ascertain the effect on the forty most populous or traveled states,
Reliable information on the percentage of vehicles or roadways that may
reasonably be affected by such actions was not found fn the Titerature search.

Case five 15 designed to reflect local area regulations restricting
or prohibiting medium and heavy truck traffic along minor arterials, collec-
tors and local streets. This control measure is applied only to localities
with 50,000 population or larger. An arbitrary percentage decrease in truck
traffic of fifty percent was chosen. An accurate assessment would need to
assess the feasibility and impact of restricting truck traffic on local roads
and rerouting it zlong other corridars.

Lases six and seven follow a similar moedeiing implementation as case
five. The percentage of modified motorcycles in the vehicle fleet is
arbitrarily reduced by fifty percent and one hundred percent for cases six
and seven respectively. Presumably a stringent enforcement program could
achieve the first goal and the second level would indicate an upper bound.
These cases are also analyzed solely for cities greater than or equal to
50,000 people population.

Cases eight and nine are designed to assess the potential effective-
ness of reducing lecal roadway speed 1imits and more stringently enforcing
highway speed 1imits respectively. Case eight was implemented by arbitrarily
reducing all the sixty and fifty miles per hour collector, minor arteriel,
and major arterial roadway mileage to fifty and forty miles per hour speed

.1imits for cities greater than or equal to 50,000 people populatien, We also

shifted one half of the roadway mileage from forty to thirty miles per hour
for local roads and collectors for cities greater than or equal to 50,000
peopte population. (There were no sixty-mile-per-hour local roads,)

4 realistic assessment of the effectiveness of reducing Jocal roadway speed
1imits will require information on the effectiveness of posting and enforcing
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the reduced speed 1imits and the feasibility of 1mposing such constraints
upon the roadway network,

Case nine assumes no vehicle will cperate at speeds in excess of
fifty miles per hour on highways across the whole country, Past experience
with the fifty-five mile per hour speed limit belies the 1ikeiihood of such
an accomplishment. Case nine must be considered an upper bound reflecting
the theoretical benefits that may be achieved given certain conditions are
met.

Section V will summarize the findings of this study.
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V., ESTIMATED BENEFITS OF CONTROLS

' The reductions in Level Weighted Populations {LWP) were estimated
for various state and local surface transportation noise control measures
using the simulations described in Chapter IV. These simulations should
be considered as preliminary estimates and/or maximum estimates of the
potential benefits of the contrel due to limitations of:

. Data available with which to describe the control measures
s Limitations in NRTNEM in its existing form.

Data to quantify the applicabiiity of the controls, the extent of
enforcement, and the effectiveness of enforcement is not available. Con-
sequentiy, no correction for these parameters is included for the simula~
tions of noise emissfon 1imits, labeling, retrofit, inspection/maintenance,
muffler enforcement, driver education, and the more stringent highway speed

"1imit enforcement control measures. These factors are given effective as-

sumed values for area restrictions, motorcycle enforcement, and reduced
local road speed Timits,

NRTNEM assumes the vehicle emission levels are normally distri-
buted., MNon~stock or defective vehicles are not explicitly addressed in the
standard data base emission levels but are included in the vehicle type/
operating mode distributions except for modified motorcycles, In cases )
through 4, involving changes in vehicle noise emissions levels, the changes
are represented as shifts in the mean of the distribution. This represen-
tatien is inaccurate for controls which address defectives within the
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vehicle traffic mix {noise emission limits, Tabeling, inspection/maintenance,
and muffler enforcement). Where defectives occur in the traffic mix, the
correct representation consists of two distributions, one for the nonde-
fective vehicles of that type and one for the defective vehicles of that

type, The effect of the control would then be to reduce the population of

the defective vehicle population with a resulting decrease in the numbers

of vehicies at high sound leveils but with the majority of vehicles at moderate
and Jow sound levels unaffected.

The prohibition of snow tires during summer months will have bene-
fits as a function of seasonal lengths and geographic location. NRTNEM does
not readily allow the modeling of these effects, consequently the effects
of snow tire regulation are substant{iallly overestimated, ‘

In modeling the benefits of area restrictions, medfum and heavy
trucks are excluded from minor roadways (local roads and streets, collectors,
and minor arterials) and added to major roadways (major arterials, freeways
and expressways, and interstate highways). This change effects both the
traffic mix on the roads as well as the average daily traffic (ADT). NRTNEM
does not readily allow the adjustment of ADT selectively by place size.
Consequently, no correction was made for incrementing the traffic on major
roadways by the added traffic received from minor roadways. This effect,
however, is very small since the number of medium and heavy truck vehicle
miles on the minor roadways will be much less than that of the major road-

ways.
Each of the state and local noise control measures was simulated for

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

year, In all scenarios and simulations, the effects of the existing Inter-
state Motor Carrier Regulations and medium and heavy truck new product re=
gulation were included. The results of these simulations are summarized in
Table 5.1 and are discussed briefly in the following paragraphs.

Low Speed Vehicle Noise Emission Controls. These controls are es-
sentially engine noise contrcls, i.e., primarily controls to exhaust sys-
tem and, to a lesser extent, to the intake, cooling fan, and bare engine,

They fnclude:
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i TABLE 5.1
Lol '
ESTIMATES OF BENEFITS OF STATE &
P LOCAL TRANSPORTATION CONTROLS
) (ANALYSIS YEAR: 1985)
i
h RETAtive
g . E Chanue In |
H Impace
! [‘ overall | fiet Lipyoti? B hi
H vera . A eraqraphic
i Irpact E&geflﬁp e Acplication of
; }.muhtion tio. | Control Measure Lep = " ] Sirutatfon Motes
\ Baseline Kane 29.8 - - Hatlonwide - 1
. 1 lioige Emission Limits [ 14.3 15,5 521 Nationwide 1.2
[ Lakeling
. Inspection/Hain-
. tanance
! Muffler Enforce-
| b rant
i | Ratrofit
) briver Educatica
2 Same as Sirulation
1 but rore
"‘E stringent 12,2 12.6 59% Kationwide Upper estimates, 1,2
g 3 Snew Tire Rogu- LT TN
Tatfon 16,2 12,9 432 Lunlunuide ) Upper estimate, 1,1
4 Roadway Surface e T
e Treatment 16,4 1).4 LI tiattonwide Upper estirate, 1,4
H W Area Restriction 2.2 1.8 26t Citfes with >50K 1.5
0 papulation
| 6 Matorcysle Enforce- 2.2 6.6 227 Citins with 350K 1,6
?‘« 9 rent population
E}K 7 Sams a3 Sfrulatten 2.1 7.5 25y Cities with >50K Upper estimate, 1.6
p § but more population
1. stringent
e 8 Redyced Speed 2.3 6.6 22 Citfes with >50K Upper estimate, 1.7
) Limf4s Local peputatisn .
. ! Roads
P9 Hore Stripgent 21,6 .2 2 Hatlonwide Vpper estimate, 1,8
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TABLE 5.1, {Continued)
NOTES

The benefits of existing regulations covering Interstate Motor Carriers
and medfum and heavy trucks are incorproated.

Cases 1 and 2 assume a nationwide reduction of mean vehicle emission
levels through one or more of several means fncluding level street
standards, retrofits, inspection/meintenance and muffler enforcement
and driver education. Case 1 represents a reasonably achfevable goal
while Case 2 is probably close to the maximum achievable. The assumed
level reductions are as follows for all operating conditions 45 mph.

Level Reduction (dBA)
Vehicle Types Case 1 Case ¢
LTght VehicTes 2 4
Trucks and Buses 1.25 2.5
Motoreycles 2.5 5.0

Snow tire regulations would only apply to the northern half of the natfon
during the non-winter months. Case 3 modeled a snow tire regulation

as a 2 dB level reduction for vehicles operating above 45 mph without
taking the geographical, seasonal, and enforcemant effectiveness into
gccog?t. Therefore, these results significantly overstate the potential
enefits.

Roadway surface treatments are only justified economically on a small
proportion of roadways., Case 4 modeied the control measure by assuming
all roadways with traffic speeds of 45 mph or more would recefve treat-
ment and exhibit a 5 dB level reduction. Therefore Case 4 overstates
the realizable benefit of such an actfon, but it does define an upper
bound for the maximum benefit.

Area restrictions were modeled by reducing the percentage of the medium
and heavy trucks operating on &17 Tocal roads for cities larger than
50,000 populatien. An arbitrary percentage decrease of fifty percent
was utilized. An accurate estimate would need to assess the feasib{lity
of restricting truck traffic on local roads,

A motorcycle muffler enforcement program is modeled by assuming a re-
‘duction by one half and a total elimination of modified motorcycle for
cases six and seven respectively. These enforcement compliance per-
centages were chosen arbitrarily and do not necessarily reflect a real-
istic goal, but were applied only to cities Targer than 50,000 population,
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TABLE 5.1. (Conttnued)

This control measure was modeled by arbitrarily reducing the amount of
roadways with 60, 50 and 40 mph traffic to the next lower speed cate-
gory, A reailistic evaluation of this control measure would require a
feasibi1{ty assessment of taking such action on particular raodways.

Stringent speed 1imit enforcement on the nation's interstates and high-
ways could reduce noise exposures by the amount indicated 1f complete
compliance 1s achieved. This effect is modeled by the shifting of all
vehicle operating at =55 mph to the 45 to 54 mph category. These re-
sults indicate the maximum potential benefit achievable with traffic
speeds at <55 mph.
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. Controls addressing the degredation of vehicle acoustical per-
formance {(noise emission 1imfts, labeling, inspection/mainte-
nance, and muffler enforcement)

] Controls which affect reductions in the stock vehicle emission
levels (retrofit -- inasmuch as the distribution of vehicle
emissfon Tevels includes both defectives and nondefectives
the modeling of both retrofit and anti-degredation type noise
controls is effectively the same)

o . Controls which reduce vehicle emissions by changes in vehicle
operation (driver education).

Application of these controls on a natjonwide basis results in reductions
of impact ranging from 52 to a maximum of 59 percent. (The small incre-
mental benefit achieved in the maximum benefit case, which constituted a
doubling of the decibe? level reduction, indicates impact reductions are
1imited by high speed vehicle exposures).

High Speed Vehicle Noise Control Measures, High speed vehicle
notse controls address the tire/roadway interaction noise emissions. The
prohibition of the use of snow tires during non-snow months is estimated
at a 43% reduction. However, this 1s a gross overestimate which does not
consider the geographic and temporal (seasonal) applicability of such a re-
gulation. Effects of roadway surface treatments in conjunction with ap~-
propriate tire tread designs results in quieter tire noise emissions to a
maximum 45% impact reduction when universally applied to all high speed
roadways. The small difference between the snow tire requlation effects
. (assumed as a 2 dB reduction at high speed vehicle operation) and the
roadway surface treatment effects {assumed as a 5 dB reduction in high
speed vehicle operation) fndfcates fmpact reductions are limited by low
speed vehicie operation noise emissions.

Area Restrictions. The redirection of 50% of the medium and
heavy truck traffic on minor roadways (local roads and streets, collectors,
and minor arterials) to major roadways {major arterials, freeways and ex=
préssweys, and interstate highways) was simulated for all cfties with
greater than 50,000 people population or approximately the 400 Targest
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cities. The benefit of this contro] was approximately & 26% reduction
in impact,

The Elminetion of Modified Motorcycles. Modified motorcycles con-
stitute between 12 and 14 rercent of all motorcycles in the NRTNEM vehicle
type data base depending on roadway type. Local enforcement activities in
¢ities above 50,000 people population halving the incidence of modified
motorcycles result in a 22 percent reductfon in impact. Total eliminatien
of all modified motorcycles results in a 25 percent reductien in impact,
The relatively small incremental benefit from total elimination of modified
motorcycles indicates impact reductions are 1imited by exposures to other
vehicle types.

Speed Limit Controls, The reduction of speed limits on major and
minor arterial and collector type roadways should cause a downward shift
in vehicle speed distributions. Implementation of this measure for popu~
Tation place sizes of 50,000 people or greater will result in approxi-
mately a 22 percent reduction in impact. More stringent enforcemant of the
55 mph speed 1imit on a nationwide basis for freeways and expressways, and
interstate highways will result in approximately a 21 percent reduction in
impact due to high speed vehicle noise.
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VI. RECCMMENDATIONS

' In this section, recommendations for improved benefits estimates
will be discussed. These recommendations will take the form of general ime
provements to the NRTNEM codes, more detailed and accurate simulation inputs,
and simulations describing compeund controls (1.e., the simultaneous implemen-
tation of more than one noise control measure).

The NRTNEM’aocumentation does not indicate any special accommodation
for the behavior of vehicles around intersections is made in the model. A
fundamental assumption of the model is that vehicle spacing remains constant
for a1l vehicle operating modes., This is not representative cof the behavior
of vehicies at intersections since when the flow is stopped the vehicles will
become concentrated. The model also describes acceleration sound levels in
terms of the equivalent sound level over the period of acceleration, Conse-
quently, for 1ight vehicles--which are typically accelerated in part throttle
-- the equivalent sound levels during acceleration are lower than those used
in the model for constant speed cruise, as shown 1n Table 6.1. Apparently no
accommodation is made for the longer exposure time past an observer from an
accelerating wvehicle versus that from a vehicle operating at constant speed,
(It can be shown that a vehicle accelerating at a constant rate from rest to
a given speed will require twice as much time to cover its distance-to-speed
than ‘2 vehicle cruising steadily at that given speed covering the same dis-
tance. As a result, the noise exposure due to the accelerating vehicle will
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TABLE 6.1

COMPARISON OF NRTNEM ACCELERATION AND

CRUISE NOISE EMISSION LEVELS

}/

xi.

Baseline (1974) Yohicle Emission Levals (dB)

0«40 mph ACCELERATION

A5-44 mph CRUISE

1 Vehicle Type Engine Type Humper Cytinders Transmission Type
1 fassenger Car | Gasoline -] Autoratic §3.C 56 .4
2 Passenger Car | Gasoline ] Autoratle 63.7 86,4
k| Passenger Car [ Gasoline 648 Manual £3.9 86,4
4 Passenger Car

4 Light Truck | Gasoline 4 Automatic £5.1 66.3
- Passanger Car

A Light Truck | Gasoline 4 Manual 65,6 66.0
6 Light Truck Gasoline 848 67.6 £9.3
7 Passenger Car

& Light Truck | Diese) £7.5 68,2
8 Medium Truck 16.5 76.4
9 Heavy Truck 82,8 82.!
10 | Intercity Bus 62,3 78.4
11 | Transft Bus aa 1.8
12 | seheol Bus ) 78.4 5.8
13 | Stock Mators

cycle 75.4 4.4
14 | Madified

Motorcycle B3.6 B8.6
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be 3 dB higher by virtue of the doubled time for equal emission leveis and
ignoring other factors such as source directivity). Accommodation of these
considerations is absolutely necessary if intersection design noise controis
are to be simulated. In addition, estimates of all simulations will be more
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-
graphic segregation of the data to allow the description of programs for 1imit-
ed numbers of states. This refinement would affect all those simulations which
do not have any applicability Timits in the results reported herein. (These
include both the low speed and high speed vehicle noise control measures and
the speed Timit effects}, This capability of adjusting on a basis of states
must exist for both vehicle emission levels and vehicle speed data.

The differantiation of the distributions of defective vehicles by
vehicle types is recommended to allow the more precise modeling of the low
speed vehicle noise controls (for noise emission 1imits, labeling, inspection/
maintenance, and muffler enforcement), These control measures address only
defactive vehicles in the mix while not affecting the emissions of those in
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
sensitivity to this consideratfon is also not known,

As was implied in the discussions in Section V¥, the simulations only
addressed individual generic types of control measures implemented singlely.
The estimated benefits of these measures in many instances were limited by
nofse exposure to vehicle operations or types beyond the scope of the parti-
cutar contral measure being considered, A balanced enforcement program would
Vikely address as many of the vehicle types and operating modes as feasible

.to maximize the derived benefits. The following compound control measures .

should be considered:
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8 Low speed vehicle controls in conjunction with high speed
vehicle controls

6 Motorcycle enforcement controls in conjunction with
area restrictions and/or reduced speed 1imits on local roads

. State-implemented controls in conjunction with Tocally-
implemented controils.

A final note im closing: Even with the implementation of the recom-
mendations above, the ability to predict the effects of controls will be limited
by the data base, This is particularly true with respect to the parameters of
applicability, extent, and effectiveness. Not only has information regarding
these parameters been virtually unavailable, but also substantial danger exists
in being excessively optimistic in assuming thefr values, For a control measure
requiring active enforcement to be effective, it must be vigorously and con-
tinuously enforced, Instances of this to date have been rare. As a final recom-
mendation, sensitivity analyses should be performed for ranges of these para-
meters =- applicability, extent, and effectiveness.
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