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PREFACE

On March 31, 1974, the Environmental Protection Agency issued a regulation
governing noise emissions from medium and heavy trucks, That regulation was issued under
Section 6 of the Noise Conirol Act of 1972,

This document presemis and discusses the buckground data used by the Agency in
setling the standards contained in the regulation. Presented here is o comprehensive
exposition on the most up-to-date available information on the environmental, techno-
logical, and economic aspeets of medium and heavy truck noise,
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Section 1

INTRODUCTION

STATUTORY BASIS FOR ACTION

Through the Noise Control Act of 1972 (86 Stat. 1234), Congress established a
national policy *‘to promote an ¢nvironment for a! Americans free from noise that jeop-
ardizes thejr health and welfare.” In pursuit of that policy, Congress stated, in Section 2
of the Act, “that, while primary responsibility for control of noise rests with State and
local governments, Federal action is essential to deal with major noise sources in com-
merce, control of which requires natiopal uniformity of treatment. “As part of that essen-
tial Federal action, subsection 5(b)(1) requires the Environmental Protection Agency
(EPA), after consultation with appropriate Federal agencies, to publish o report or series
of reports “identifying products (or classes of products) which in his judgment are mijor
sources of noise.” Further, Section 6 of the Act requires the EPA to publish proposed
reguiations for each product, which is identified or which is part of a product class identi-
fied as a major source of noise, where in his judgment noise standards are feasible and fall
into various categories of which transportation cquipment (including recreational vehicles
and refated equipment) is one.

Pursuant to subsection 5(b)(1). the Administrator has published a report which
identifles new medium and heavy irucks as a4 major source of noise [ 1}, As required by
Section 6, EPA shall prescribe regulations on the noise emissions from new mediunm and
heavy trucks which are *‘requisite 1o protect the public health and weliare, taking into
account the magnitude and conditions of use of new medium and heavy trucks, the degree
of noise reduction achicvable through the application of the best available technology, and
the cost of compliance.”

[n October 1974, EPA published proposed regulations on new medium and heavy
trucks[2]. Interested parties were given opportunities to participate in the final regulations
by submitting comments on the proposed regulations, Comments were made in the form
of written responses in Docket ONAC 74-1 and in Public Hearings held on 19-20 February
1975 in Atlington, Virginia and on 27 February 1975 in San Francisco, California. Discus-
sions of the public comments are continued in Appendix A.

After the effective date of a regulation on noise emissions lrom a new product,
Section 6 of the Noise Control Act requires that no State or political subdivision thercofl
may adopt or enforce any law or regulation which sets a limit of noise emissions from such
new product, or components of such new product, which is not identical to the standard
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prescribed by the Federal Regulution, Subsection 6{¢)(2), hawever, provides that nothing
in Section 6 preciudes or denies the right of any State or political subdivision thereof to

establish and enforce controls on environmental noise through the licensing, regulation or
restriction of the use, opergtion or movement of any product or combination of products.

The noise controls which are reserved to State and locul authority by subsection 6(2)(2)
include, but are not limited to the following:

1, Controls on the manner of operation of products

2, Controls on the time in which products may be operated

3. Controls on the places in which products may be operated

4, Controls on the number of products which may be operated together

5. Controls on noise emissions from the property on which products are used

6. Controls on the licensing of products

7. Controls on environmental noise levels

To assist EPA in enforcing regulations on noise emissions from new products, State
and Iocal authorities are encouraged to enict regulations on new products offered for sale
which are identical to Federal regulations.
OUTLINE AND SUMMARY OF BACKGROUND DOCUMENT

Background informution used by EPA in developing regulations limiting the noise
emissions from new medjum and heavy trucks is presented in this document. An outline

and summuary is given below,

Section 2 — The Truck industry. General information on medium and heavy truck,
their manufacturers and users are contained in this section,

Section 3 ~ Baseline New Truck Noise Levels, The method of measurement of noise
emissions from medium and heavy trucks used in obtaining most of the data on the new
truck noise levels presented in this document is discussed in Section 3. Noise levels for
existing new medium and heavy trucks is presented. A summary of current State and
local regulations on new medium and heavy trucks is given,

Section 4 — Health and Welfare. This seetion discusses the benelits to be derived from
the various regulatory options, It discusses the concepts of fractional noise impact, the
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procedures for computing the reduction in average tralfic noise levels and equivalent num-
ber of people impacted by urban traffic noise. Annoyunce resulting lrom an individual
truck passhy is also presented.

Section 5 — Technalogy. This section provides information on the noise control
technology required to bring trucks into complisnce with not-fo-exceed regulatory levels
of 83, 80, 78 and 75 dBA. A discussion of the noise reduction stchievable through the
application of the best available technology is provided in Section 5.3, Criterion for
determining the levels to which trucks can be quicted are set forth and are evaluated with
respect to the lead time necessary to produce complaint vehicles,

Section & ~ Cost of Compliance. This section provides estimates of the cosis to bring
medium gasoline, heavy gasoline, medium diesel and heavy diesel trucks into compliance
with not-to-exceed regulitory levels of 83, 80, 78 und 75 dBA, Estimates of changes in
fuel and maintenance cost caused by noise control treatments are also presented.

Section 7 ~ Economic Analysis. This section examines the impact of different regula-
tory options on the reduction in truck sales, employment and supplies of quict engines and
noise treatment hardware, The economic impact on the trucking industry, consumer prices
and different sectors of the nationad economy are also considered.

Section 8 — Enforcement. This section discussed Assembly Process Testing as the
printary methed of assuring that the new trucks will contorm to the regulation, The various
enforcement actions open to EPA are also stated, should they be needed when o manutac-
tuter is found to be producing noncompliant vehicles.

Section 9 — Envirommental Effects. For this section, the effects of truck noise
regulations on air and water pollution, solid waste disposal, energy and naturil resource
consumption and land use are considered,

Appendix A = The Docket Analysis. Appendix A examines in detail all of the
written public comments submitted to Docket ONAC 74-1 and presented in Public Hearings
in Arlington, Virginia and San Francisco, California, Public comments are summurized and
organized according to contributor. Analyses of comments on issues in the following arcas
are given,

®  Benefits (o public health and wellare

&  Noise control {echnology

& Cosis of compliunce

®  Costs versus bepefits

®  Economic impact
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®  Test procedure
®  Enforcement
®  Classification
Action taken in response to public comment on each jssue is discussed.

Appendix 8 — Predictions of traffic population mixes used in estimating benefits to
public health and welfure are presented and discussed,

Appendix C — The clasticity of demand for medium and heavy trucks is considered.,

Appendix D — The estimated costs of compliance are given in terms of 1975 dollars.

Appendiv E — The computer mode! used to determine total costs for different regula-
tory options is discussed. Computer printouts lor all options considered by the Agency are
presented.

Appendix F ~ The net operating income is defined.

Appendix G~ The method for computing the economic impact on a specific sector
of the trucking industry Is discussed.

Appendix £ - Estimates of the costs of testing are presented.

Appendix I — Summary of Fan Clutch Field Tests,
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Section 2

THE TRUCK INDUSTRY

Of the major means by which goods are trnsported, Table 2-1 implies that trucks are

not the least expensive; yet, because of convenience, trucks account for over 80 percent of

the total dollars spent on moving domuestic freight.

The cost per ton-mile (approximately 17 cents) is considerably more expensive than
the cost (approximately 1.5 cents per fon-mile) for shipping by rail, the next lurgest car-
rier of goods. However, as can be jnierred from Table 2-1, trucks on the average carry
more goods over shorter distances, and provide a flexibility that cannot be achieved by
other modes of transportation,

Over the period 1967 to 1972, total new truck soles increased 1.3 timoes as Fast as the
gross national product; new heavy truck sales increased more than 2.5 times as fast { 1.
The trend over the past severil years has been for more goods to be moved by truek, Itis
expected that this trend will continue and that each year there will be more trucks on the
nation’s freeways, highways, and city and residential streets,

Table 2-1
Domestic Freight Tranportation Market, 1970

Mode Taons Ton-Miles Revenue Dollars
Transportation

Millions | Percent Millions Percent | Millions | Percent

Truck....,. 1684 34,2 $412,000 187 | $69,084 81.3

Rail ....... 1,572 32,1 771,000 348 11.869 | 14.0
Water®.. ... 867 17.6 595,000 26.9 1,902 2.3
Pipetine . ... 790 16.1 431,000 19.5 1,396 1.6
Air... ..., 3 0.0 3,400 0.1 720 8

Total .,.... 34,916 100.00 | $2,212,000 100.0 | 584,971 100.0

*Includes Domestic Deepsea, Great Lakes and Inland Waterways,
Source: Transportation Facts and Trends, TAA Quarterly Supplement, April 1973,

2-1

- - SR . - e i gttt = e




rEr e e et pema

[N ————

GENERAL DESCRIPTION OF MEDIUM AN} HEAVY TRUCKS

Medium and heavy trucks are defined s trucks with a gross vehicle weight ratings
(GVWR) greater than 10,000 pounds. Tlere is o wide runge of types of medium and heavy
trucks, At one extreme of the velicte chareteristics are gasoline-powered 2-nxle single
vehicles with 4 tires and GYWR of less than 13,000 pounds. At the alher extreme there
are 1 1-axle combination vehicles with 42 tires, turbocharged diesel engines and a gross
combination weight rating in exceess of 130,000 pounds.

Medium and heavy trucks can be deseribed in terms of the following attributes: the
GVWR, the major use, the number of axles, the type and size of enpine, and the style ol
the cab,

Designation in terms of GVWR Tor medivm and heavy trucks has been defined by the

Motor Vehicle Manufacturers Association | 2] and is shown in Table 2-2,

Tabe 2-2
Truck Designation by GVWR (Pounds)

GVWR Category GVWR Group Range of GVWR
Medium trucks 1 10,001 - 14,000
{10,001-26,000 1bs) 2 14,001 - 16,000
3 16,001 - 19,500
4 19,501 - 26,000

26,001 - 33,000

Heavy trucks
over 33,000

{over 26,000 1bs)

[= V]

There are three types of truck designs which reflect the major uses for medium and
heavy trucks, A ruggedly built cab-chassis unit for mounting dump beds, concrete mixers,
ete., is often referred to as a construction truck while o light cab-chussis unit for mounting
van bodies, ete., is designated as a delivery truck. A truck-tractor for pulling trailers is
called 2 line-haul truck.

The number of axles by which engine power is transmitled to the road surface can
also be used for truck designation. For trucks with two axles, one of which drives the
truck {us in an automobile), the designation is 2 x 4;i.c., two out of the four wheels (dual
tires count as one wheel) are driving, Similarly, a tundem axle, trugk-trictor is designated
as a4 x 6 and an all-wheel drive truck isand x dora b x 6.

In terms of engine type, trucks can be designated simply as having cither o gasoline
engine or a diesel engine. The horsepower rating of the engine con also be used lor truck
classification purposes.
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Trucks can also be designated by the style of the truck cub. The two main styles of
cabs are the conventional cab (sometimes termed a “fixed™ cab) style and the cab-over
enging (COE)}style. In a conventional cab, the driver sits behind the engine. Conventional
cab styles may be either “short™ {Fig. 2-1) or “Jong™ (Fig. 2-2), depending on the length of
the hood. In the COE style, the driver is positioned above and to the side of the engine,
The COE style may be either “*low™ (Fig. 2-3) or “high"" (Fig. 2-4), depending on the dis-
tance of the deck, or floor, of the cab above the ground.

DISTRIBUTION OF TRUCKS BY CATEGORIES

A statistical analysis of the census data on the characteristics and uses of the truck
population in the United States, which was collected and made avallable to EPA by the
Bureau of the Census, provides an estimate of the total truck population in the United
Statesin 1972, The total truck population with GVWR in excess of 10,000 poundsin 1972
was estimated to be 3,533,000 trucks. The distribution of these trucks by GVWR category
and type of engine is shown in Table 2-3 [1].

Table 2-3
Total Truck Population, 1972
GVWR Gasaline Engine Diusel Engine Total
Category Number | Percent | Number | Percent Trucks
Medium . . 2,335,000 98 41,000 2 2,376,000

Heavy....{ 509,000 44 648,000 56 1,157,000

Total ....| 2,844,000 8o 689,000 20 3,533,000

Table 2-4, a breakdown for diesel engine trucks by GVWR for selected years between
1966 and 1972, shows a trend toward fewer medium trucks being powered by diesel
engines and a trend toward increased use of diesel engines for heavy trucks, particularly
the larger GVWR group 6 trucks.

The distribution of new truck production in 1972, according to GYWR category and
group as well as type of cngine, is shown in Table 2-5 [ 1], Over 90 percent of the new
trucks produced pre used in domestic truck transportation,
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Table 2.4
Percent of Diesed Trucks to Total Trueks by Catepories
for Selected Years, 1966-1972

Medium Trucks Heavy Trucks
Year : G;/WR Grol;p - Total GSVWR Grot(:D Total
1966 0% 0% 1% 3% 4% 5% 19% 24%
1968 ¢ 0 0 2 3 4 21 25
1970 0 0 0 3 3 4 28 32
1972 ¢ 0 ¢] 1 1 3 30 33

Source: MVMA 1973 Motor Truck Facts.

Table 2-5
New Truck Production, 1972
GVWR Gasoline Engine Diesel Engine Total

Category Number | Percent Number Percent Trucks

Medium 227,263 o8 5,045 2 232,308

Heavy 41,994 23 138,044 77 180,038

Total 269,257 65 143,089 35 412,346
GVWR
Group:

1 44,221 100 0 V] 44,221

el 9,397 98 215 2 9,612

3 26,330 100 3! 0 26,371

4 147,315 97 4,789 3 152,104

5 25,364 65 13,563 35 8,927

6 16,630 | 12 ] 124481 ] 88 141,111

Total 269,257 65 143,089 35 412,346
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TRUCK MANUFACTURERS

The number of new trucks produced by the major truck manufacturers in 1972 are

shown in Table 2-6 [1]. Four truck manulacturers, General Motors (incleding its

Chevrolet Division), Ford, international Harvester and Dodge, produce almost 98 percent
af all medium trucks and approximately 60 percent of the heavy trucks.

The financial characteristics of the parent companies of the major truck manuficturers
is shown in Table 2 7 [11. Of thesce parent compinies, the five that are considered large,
have sales and assets in excess of §1 billion; two have sales or assets between 3500 mittion
and $1 billion; and four smaller companies have less than 3100 million in sales and assets.

Table 2-6
Number of New Trucks by Manulucturer, 1972

' Truck Medium Trucks Heavy Trucks
Manufacturer | Gusoline | Diesel Totul | Gasoline Dicsel Total
Chevrolet 53,722 135 | 53.857( 1,602 3,696 5,298
Diamend Reo 37 - 37 1,044 3,207 4,251
Dodge 45,042 278 | 453200 3,623 1,480 5,103
FWD 4 8 12 301 606 907
Ford 63,544 | 3,010 | 66,554 13952 18,824 | 32,776
GMC 25,568 446 | 26014 8126 16,017 | 24,143
IHC 39,064 | 1,165 | 40,229 12,230 29,311 41,541
Mack 0 0 0 25 26,331 | 26,356
White 0 0 3 753 21,854 | 22,607
Others 282 0 282 338 16,718 17,056
Total 27,263 | 5,045 | 232,308 | 41,994 | 138,044 | 180,038

2.9
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Table 2-7

Financial Characteristics of Truck Manufacturer's
Parent Company, 1972 (5 Millions)

Parent Company ol Net Net
Truck Manufacturer Sules Income | Assets Worth Comnents

General Motors Corporation | §30,435 | $2,163 [S518,273 S1E683 | Truck producing divisions are Chevrolet and
GMC.

Ford Motor Compuny 20,194 870 11,034 5961 | For year ended 10/31/72,

Ciurysler Corporation 9,759 221 5497 2489 | Truck producing subsidiury is Dodge
Trucks, Inc.

International Harvester 3,527 87 2,574 1,198

Company

The Signal Company (Mack) 1,481 41 1,328 653 | Truek producing subsidiary is Mack, Including
Brockway, o Division of Mack, had consoli-
dated sales of $713 million and net income of
$35 million. -

White Motor Corporition 943 9 573 222 1 Truck producing divisions are Autocur, White,
Fieightliner and Western Star. Total truck
suales of these groups were $61 1 million with
carnings of $27 million in 1972,

Pacaar, Inc, 505 30 268 170 | Truck producing subsidiaries are Kenworth
and Peterbilt, On and off-highway trucks
produced by Peterbill, Kenworth and Dart
represents about 75% of sales.

Dismond Reo Trucks, Inc. 83 7 30 5

Hendrickson Manofacturing 44 Not 23 15 [ Sales include trucks, special truck equipment,

Co. Available and truck modifications,

FWD Corporation 28 0.4 25 6 | Sales primarily trucks, year end 9/30/72.
FWD is o subsidiary of QOewen Corporation,
and investment company,

Oshkosh Truck Corporation 22 0.3 14 7 | Sales primarily trucks.
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MOTOR TRUCK USERS

A listing of the major users of trucks to move goods is given in Table 2-8 [3]. As
shawi, the agricultural industry is the Jargest user of medium trucks and for-hire industry

is the largest user of heavy trucks.

Table 2-8

Distribution of Trucks by Major Users, 1972

Mujor User of Trucks Medium Heavy Total
Agriculture 32.5% 10.3% 26.3%
Wholesale and retail trade 19.8 18.3 194
Construction 1.1 19.1 13.4
For-hire 6.3 30.6 134
Services 9.5 2.5 *7.5
Personal transportation 9.0 1.0 6.7
Manufacturing 3.0 8.5 5.0
Utilities 3.4 1.9 29
Forestry and lumbering 1.7 3.6 23
Mining .6 1.9 1.0
All other 3.0 23 2.1
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Section 3

BASELINE NEW TRUCK NOISE LEVELS

The baseline noise levels for different truck categories as well as the test procedure
used to determine the noise levels are presented in this section.

TEST PROCEDURE USED

The most widely used test in the United States for measuring noise levels for medium
and heavy trucks is the Socicty of Automotive Engineers (SAE) Standag@l 1366b test
entitled “Exterior Sound Level for Heavy Trucks and Buses.” In April 1973, the test was
revised, making it an SAE Standard (J366b) rather than an SAE J366a Recommended
Practice. The mujority of the truck noise level data in this document was meusured using
the SAE J366a recommended practice test procedure. No significant changes in the test
procedure were made in this SAE J366b revision, Accordingly, the previous new truck
noise level data based on J366:a are used herein as the baseline noise levels for current
production trucks. A briel description of the SALE J366b test procedure follows.

The test site for performing the SAE J366h exterior truck noise level test is illustrated
in Figure 3-1. A microphone is Jocated 50 feet from the centerline of the truck passby.
The truck approaches the acceleration point with the engine operating at about two thirds
of maximum rated or governed engine speed, At the acceleration point, the accelerator is
rapidly and Fully depressed. The truck enging must reach the maximum rated or governed
RPM within the end zone of the accelerttion lane. Several runs are performed in different
directions und the average of the two highest A-weighted sound levels, which are within
2dBA of each other and measurced on the noisiest side of the vehicle, are reported. During
the test, the truck never exceeds 35 mph, Since tires are relatively quiet at low speed, the
J366 test results are primarily an indicator of engine-reluted noise, whicl includes noise
from the cooling fan, air intake, engine, exhaust, transmission, and rear axle.

NOISE LEVELS FOR NEW TRUCKS

Ahistogram of the noise levels of new diesel trucks, measured according to the SAE
J366 test procedure, is shown in Figure 3-2 [1]1. For the totul of 384 diesel trucks mea-
sured, the mean noise level was 84.7 dB(A) with a stundard deviation of 2.24 dB(A), The

trucks measured included trucks from the eight truck manufacturers which produced
approximately 85 percent of the new diesel trucks sold in 1971, Not included in this total

3!



are experimental trucks sucl as those developed under the Quiet Truck Program of the
Department of Transp rtation or those trucks developed by various truck manufacturers
without government sponsorship,

End Zona in Which

To Reach Max,
. Rated RPM
Acceleration
Point 100 Ft,
60 Ft. —’l Acceleration
Vehicla Path = 60 Ft. = R\ Lane P
NN
§ gy i W Z r'4 X
l“.
50 Ft “ 3 100 F
' s, o t.
100 Fr. ‘c.. * Radius
Radius
Microphone
Microphone Point
Moasuremoent
100 Ft. Araa
Radius

Figure 3-1. Test Site for SAE Standard J366b

Data on the noise levels of new trucks with gasoline engines are presented in the histo-
gram shown in Figure 3-3 [1]. For the total of 18 trucks measured, the mean Jevel was
83.5 dB(A) with a standard deviation of 2.35 dB{A). The difference between the mean
noise level of gasoline and diese! powered new trucks is 1.2 dB(A).

A cumulative distribution of the new diesel truck noise levels is shown in Figure 3-4 |1].

Approximately | percent of newly manufactured 1973 trucks produce 80 dB(A) or less, 30
pereent produce under 83 dB(A), und 86 percent produce less than 86 dB(A). Several new
trucks did produce noise levels in excess of 90 dB(A).

Histagrams of the noise levels measured for new gusoline-powered medium and heavy
trucks are shown in Figure 3-5 [1]. The mean noise level for medium trucks appears to be
less than 2 dB(A) lower thian the mean noise level for heavy, gasoline powered new truceks.
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Figure 3-2. Histogram of New Diesel Truck Noise Levels
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Total Trucks: 18
Mean Level: 83.5dB(A)
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Figure 3-3. Noise Level Histograms ol Gasoline-Powered Trucks

STATE AND LOCAL REGULATIONS

Summaries of existing State and local reguilotions on new medium and heavy trucks
that will be precmpted by Federal regulations are given in Tuble 3-1. Note that some States
{California and Marylund) have required medium and heavy trucks to meet an 83 dBA
standard since us early o5 1975. Although the Federal 83 dBA regulation is more stringent
due to a tighter enforcement program, manufacturers have been supplying medium and
heavy trucks which comply with an 83 dBA regulation.
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Figure 3-5. Noise Level Histograms ol Gasoline-Powered Medium
and Heavy New Trucks
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Standards {dBA) Measured at 50 Feet

Table 3«1
State and Local Noise Regulations on New Medium and Heavy Trucks

Year
State and Localities ]97'2
or |1973 [1974 | 1975 (1976 | 1977 | 1978 {1979 | 1980 | 1981 { 1983
earlier
California |, .., . uiiensns 88 86 83 80 70
Colorado e 88 86
Florida ,,,,........ e 86 83 80 75
Maryland | ... e 86 B3 80 75
Minnesota |, ., ..., 88 86
Nebraska e e 88 86 84 g0
Nevada L 88 26
Oregon .. L 86 | 83 80
Pennsylvania ., ..., . 0vi'se.s 90
Washington 86
Barrington, llinois* 88 86 |, 84 75
Boston, Massachusetts ..., 88 86 84 75
Chicago, Minois .., U 86 84 75
Des Plaines, linods, , . ,,...... 86 84 75
Grand Rapids, Michigan .., .. 88 86 84 75
Madison, Wisconsin, ., ,........ 88
Cook County, Minois | . .. 86 84 75

All standards based upon SAE J366 test procedure.
*Standurds measured at 25 feet,
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Section 4
PUBLIC HEALTH AND WELFARE BENEFITS FROM REGULATIONS

INTRODUCTION

The Environmental Protection Agency (EPA) has proposed [1] noise emission regula-
tions on new medium and heavy trucks, The proposed regulations specify not-to-exceed
levels of 83 dBA in 1977, 80 dBA in 1981, and 75 dBA in 1983, as measured according
to the SAE J366b test procedure, and are intended to control engine-related truck nosse,
Tire noise will be the subject of separate, future regulations,

Predictions of both costs and benefits involved are required to define the tradeofTs for
various options for the regulatory levels. In this analysis, predictions of the potential health

and welfare benefits for a range of possible regulatory programs of new truck noise emissions

are presented. Costs of compliance and economic impact for different regulatory programs
are discussed in sections 6 and 7, respectively.

Because of inherent differences in individual responses to noise, the wide range of
traffic situations and environments, and the complexity of the associated noise ficlds, it is
not possible to examine all traffic situations accurately, Thus, in this predictive analysis,

approach taken to determine the benefits associated with the truck noise regulation is,
therefore, statistical in that an effort is made to determine the order of magnitude of the
population that may be affected for each regulatory option. There may exist some uncer-
tainties regarding individual cases or situations. However, such effects cannot be completely
accounted for; thus, a statistical approach is necessary.

Measures of Benefits to Public Health and Welfare

. The phrase public health and welfare, as used here, includes personal comfort and well-
i being as well as the absence of clinical symploms such as hearing damage.

Reducing noise emitted by trucks will produce the following benefits [28]:

®  Reduction in average traffic noise levels and associated cumulative long-term im-
pact upon the exposed population.

e  Fewer activites disrupted by individual (single-event) truck passby noise.
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®  Agsociuted reduction of noise in truck cabs, which should reduce annoyance,
speech interference, and possible hearing damage.

Predictions of vehicle noise levels under various regulatory options are presented in
terms of the energy-average of the peak noise levels associated with a continuous sequence of
passbys. The passby noise levels are weighted according to traffic populations or mixes before
averaging. Reductions in averape of the passby noise levels from current conditions (i.e.,
with no noise emission regulations) are presented for 14 regulatory options on new medium
and heavy trucks, both with and without reductions in the noise emission rom other
traffic noise sources, Projections of the population impacted as well as the relative
reductions in impact from current conditions are determined from reductions in
average passby noise levels.

The reduction in the energy-average of the passby levels for a mix of vehicles in traffic
does not adequately describe the annoyance produced by a single truck passby for all
situations, since the average noise level tends to average out the disruptive und annoying
peak noise level produced by a single passby. In addition, annoyance frequently depends
on the activity and location of the indjvidual, As an additions! measure of benefits,
noise Tevels that produce annoyance or interference in eight activity/location scenarios are
compared to the noise levels rom single passbys for trucks that are regulated at different
levels. Truck passby distances from an observer at which annoyance or interference with
activities oceur are calculated for regulated trucks. These distances-are compared to
distances determined for existing trucks, af'ter correcting appropriately for propagation and
building transmission losses,

Regulatory Options

Predictions of traffic noise reductions and the population impacted are presented for
both freeway and urban street traffic conditions under the 14 regulatory options shown in
Table 4-1. For predictions of health and welfare benefits with concurrent reductions in
emission from new automobiles, motorcycles, and buses, an effective date for the regulations
of January 1, 1976, is assumed, In addition, the EPA Interstate Motor Carrier Regulations
apply to all trueks as of October 1, 1975

Outline of Section 4

The predictions of the reduction in average passby noise levels and the population impacted are
contained in tlte following discussion. Both freeway (high speed—55 mph) and urban street
({low speed—27 mph) traffic conditions are treated, and the sum of the number of people
impacted is given, The traffic mixes used in this discussion are presented jn Appendix B,
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Tatde 4-1
Regulatory Options for Medium and Heavy Trucks

Not-to-Exceed Regulatary Level — JdBA
Regulatory Opticns CY1978 | CY]982 CY1984 CY 1980 CY 1988

A 83 80 | 75 - ~
B 83 80 - 75 -
C 83 80 78 - -
D 83 - 78 — ~
I 83 80 - - -
7 43 - 80 - -
G 83 - - - -
H - - - - -
[ 83 - 80 - 15
J 83 - - 75 -
K 83 80 75 (gas)

78 {diesel}
L 83 80 75 (gus only)
M 83 80 75 {medium)

78 (heavy)
N 83 30 75 (medium only)

In the next discussion, predictions of clanges in annoyance or interferences with activi-
ties resulting from different regulatory levels are determined for a range of different activity/
location sitpations.

Reduction of in-cab noise levels is discussed in the final portion of this section.

REDUCTIONS IN THE IMPACT FROM TRAFFIC NOISE

Prajections of reductions in average traflic passby naise levels are presented for scenarios
of both urban street traflic, where the average vehicle speed is assumed to be 27 mph, and
freeway traffic, where the average vehicle speed is assumed to be 55 mph. Note, however, that
the benefits accrued from the regulatory programs for new tricks considered here will be less for
freeway traffic than for urban street traific for the following reasons:

o The number of people exposed to freeway trafiic noise is less than the number of
people exposed to urban street traffic noise.

¢ The reductions tn trafTic noise fevels resubting from the regulations on new trucks
will be less in freeway traffic than in urban street traffic,

As depicted in Figure 4-1, the number of people currently exposed to outdoor noise

levels that are greater than Lgn = 55 dBA dominated by urban street traffic noise is signifi-
cantly higher than the number exposed to freeway traffic noise (93.4 million as opposed to

43
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4.9 million). Thus, reducing urban street traffic noise will bencefit significantly more

55

a1 6.9
- 25 1.8
% [—L:n Q .-‘.-2
&5 70

50 75
L gn (d8)

people than will similar reductions in freeway traffic noise,

The new truck regutations considered are bascd on truck noise emissions measured in
accordance with the SAE J366b test procedure. In the SAE J366b test procedure, truck
noise emissions are measured with the truck speed less than 35 mph and the truck engine
fully loaded. Since, in general, engine-related noise emissions increase with engine speed

and load, and noise generated by tires increases with vehicle speed, the SAE J366b test

procedure is designed so that maximum engine-related noise levels are measured. The noise

generated by tires under SAE J366b test conditions is significant. Therefore, the new
truck regulations considered here should have little effect in reducing truck tire noise.

At freeway speeds, truck tires contribute significantly to the overall passby noise levels,
Therefore, the reduction of engine-related noises produced by the new truck regulations will

be partially masked by tire noise in freeway traffic., Because vehicle speeds are lower in
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urban street traflic, tire noise contributes less to the overall noise emissions,  Thus, redue-
tions in overall fruck noise levels by lowering engine-related nolse emissions will be less al-
fected by tire noise.

Reduction of tire notse levels will be necessary before the benefits from new truck
regulations can be fully realized in freeway traffic. The EPA has expressed its intend to
reguiate tires in the future [17,

Description of Traffic Noise Impact

To perform the analysis described in this discussion, a noise measure is utilized that
condenses the information contained in the noise environment into a simple indicator of
quantity and quality of noise. This measture correlates well with the overall long-term effects
of noise on the public iealth and wellare [ 2] and was develeped as o resull of the Noise
Control Act of 1972, which required EPA to present information ont noise levels “requisite
to protect the public health and wellare with an adequate margin of safety.”

EPA has chosen the equivalent A-weighted sound level in decibels as its general
measure for cnvironmental noise [3]. The general symbol for equivalent level is ch, and
its basic definition js:

1 taopit
ch=1010gm<t1_tl- J't —f,%l-dt). (41
1

where ty — 1, is the interval of time over which the levels are evaluated, P(t} is the time
varying magnitude of the sound pressure, and Py is a reference pressure, standardized at 20
micropascal. The Lc,l'wil! be used to describe traffic noise emissions. When expressed in

terms of A-weighted sound level, Ly, the equivalent A-weighted sound level, Leq, is defined
as;

1 t
Lyy=10logrg ——— . b IOILA(UHO] s dt
b -1 ty

In describing the impact of noise on people, the measure ealled the day-night sound
level {Lnp) is used. This is & 24-hour meusure with a weighting applied to nighttime nojse
levels to account for the increased sensitivity of people to intruding noise associated with the
decrease in background noise Jevels af night, The Lgn is defined as the equivalent noise level
during it 24-hr period, witiva 10-dB weighting applied to the equivalent noise ievel during the
nighttime hours of 10 g, to 7 aum. This may be expressed by the foliowing equation (3] :

4-5
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Lay = 101og,o L [15 (10Ltlf'0) +9 (men“ ‘0)“0)] @2)

where Ly is the daytime equivalent level obtained between 7 aum. and 10 pum, and Ly, is the
nighttime equivalent level obtained between 10 pan, and 7 aum.

Urban Strect Teaffic Noise

Two averages are taken to predict the average noise level from urban street traftic, First,
an energy averuge is taken of the noise emissions from several passbys of each type of noise
source. Next, the average traflic noise level is then computed by energy averaging the derived
pussby levels for each vehicular source, after appropriate weighting for the number of cach
type of vehicle in urban traffic.

Vehicle noise Jevels in urban street traffic
The following noise sources are considered in modeling urban street traffic noise:
®  Noise treated and untreated automobiles, matoreycles and buses

& Medium and heavy trucks that are unregulated, regulated by the Interstate Motor
Carrier regulations and regulated by not-to-exceed levels of 83, B0, 78 or 75 dBA.

For 4 population of instantancous noise levels observed at equally spaced time mtervals
that has a normal (Gaussian) distribution, the energy-average ol the noise levels over time (see
equation 4-1) is given by [3, 4]

Leg = Lio +0.11502 (4-3)

where Lgg is the median noise Jevel and v I8 the standurd deviation. It is assumed that the
distribution of roadside passhy noise levels lor each type of vehicle is approximated by a normal
(Gaussian) distribution and thar there is o steady stream of closely spaced pussbys, This
assumption permits calculation of the energy-average of the passby noise levels from medion i
passby noise levels in a manner similar to the computation of Lyq in Equation 4-3; that is

LU=L50 +0‘|]502 (4-4)
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where Ly is the energy-average of the passby levels, Lgg is the median level and o is the
standare deviation of vehicle passby noise levels, As Equation 44 demonstrates, vehicle
passby noise depends on both median leve) and the variability of these levels. The median

levels and standard deviations used for cach type of noise source in computing the traflic noise

levels are given in Table 4-2.

Table 4-2
Assumed Passby Noisc Levels for Vehicles in Urbqn Street TrafTic

Urban Street -- 27 mph
dBA
Type of Vehicle Lso o Ly
1. Heavy Trucks '
(a) Unregulated 85.0 3.7 86.6
(b) Interstate Motor Carrier Regulations 82,0 3.0 83.0
(c) 83 dBA New Truck Regulation 77.3 2.0 77.8
(d) 80 dBA New Truck Repgulation 14.6 2.0 75.1
{e) 78 dBA New Truck Regulation 73.0 2.0 73.5
(f) 75dBA New Truck Regulation 70.8 2.0 71.3
2. Medium Trucks
(a) Unregulated 77.0 3.7 78.6
(b) Interstate Motor Carrier Regulations 77.0 3.7 78.6
(c) 83 dBA New Truck Regulation 77.0 2.0 77.5
(d) 80 dBA New Truck Regulation 74.6 20 75.1
(e) 78dBA New Truck Regulation 73.0 2.0 73.5
(f) 75 dBA New Truck Regulation 70.8 2.0 71.3
3. Automobiles
{a) Untreated 65.0 3.7 66.6
(b) Treated 61.0 2.0 61.5
4. Buses
(a) Unireated 79.0 3.7 80.6
(b) Treated 75.0 2.0 75.5
5, Motorcycles
(a) Untreated 82.0 3.7 83.6
(b) Treated 78.0 20 78.5

The data in Table 4-2 demonstrate that regulating the noise emissions from vehicles
lowers the median noise levels as well as the variability of the noise levels within each
vehicle class. This is because all the vehicles within each class are subject to the same regula-
tory level, which tends to decrease the spread in the noise levels,
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Median Noise Levels for Trucks
Levels for Current Trucks

Since most medium trucks are powered by gaseline engines and most heavy trucks by
diesel engines {5], medium trucks are generally quieter than heavy trucks. Therefore,
medium and heavy trucks will be treated separately,

In asurvey of truck noise emissions [6] trucks were classified by number of axles rather
than vehicle weight or engine type. A median level of about 76 dBA was reported for trucks with
two axles in speed zones less than 35 mph when measured at grassy sites 50 ft from the street,

A characteristic of many urban street sites, however, is a hard surface between the truck
and the observation point. A hard surface will usually increase the observed truck noise
levels over those that would be expected at a grassy site. Some medium trucks have more
than two axles and, therefore, were grouped with trucks having higher reported median
levels, Given these factors, it isassumed that medium trucks at typical sites will emit a
median level approximately | dBA higher than that reported for two-axle trucks near grassy
sites. Thus, a level of 77 dBA observed at 50 £t was selected as the median noise level for

medium trucks.,

A median level of approximately 84 dBA measured at a distance of 50 ft over grassy
areas Is reported for trucks with 3 axles af speeds less than 35 mph [6]. Because many urban
sites have hard surfaces between the truck and observer, a median level of 85 dBA is selected.

Levels for Regulated Trueks

The Intesstate Motor Carrier regulations are in-use standards specifying maximum per-
missible noise emissions for old and new medium and heavy trucks. At low speeds, the
regulation states that the roadside levels penerated by trucks shall not exceed 86 dBA. This
regulation will not significantly impact medium trucks that currently emit a median level of
77 dBA. However, the current median roadside level for heavy trucks is approximately 85
dBA. Therefore, so that most heavy trucks can comply with the Interstate Motor Carricr
regulations, o median level of 82 dBA has been assumed,

The median roadside passby levels for repulated raw trucks will actually be below the
specified regulatory levels (or the following reasons:

&  Trucks will be designed and built with medizn test noise levels below the not-to-ex-
ceed regulation levels, so that most of the trucks of o given model will comply
with tlhe regulation.

8  Less noise is produced under tyrical road operating conditions than under test
conditions,
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e  There are differences between roadside sites and test sites so that the observed
noise Jevels will often be fower at roadside sites,

Since the regulations preseribe levels not to be exceeded, trucks must be designed and
built so that the measured levels will finll below the preseribed level. I the desired median
level is set two standard deviations below the regulatory level, 97,7 pereent of the trucks
should be below the regulatory level.

In the selective enforcement anditing procedure in the regulations, 10 percent
of the tested vehicles are allowed to excecd the regulitory level, so thit a median level
two standard deviations below the regulatary level should be low cnough for compliance, if
design tolerances and uncertainties in measured levels are jgnored. Available nojse conrtrol
technology for trucks does not permit u designer to conlidently hit u median noise level
goal exactly { 7], That is, some uncertainty should be related to the variation in the
noise levels,

A design tolerance, or safety factor, on the median level of one standard deviation is as-
sumed, Therefore, 2 median level of three standard deviations below the regulatory level is
assumed sufficient to account for design tolerances and variations in noise levels from differ-
ent trucks of one configuration, The standard deviation of noise levels measured from 30
nominally identical trucks tested at the same site, with the smme instrumentation and in ac-
cordance with SAE J366b test procedures, was approximately 0.5 dBA [8]), Therefore, a
level upproximately 1.5 dBA below the regulatory level should be adequate to compensate
for design tolerances and variation in the noise levels,

Measurement uncertainties associated with the test site and measurement instrumenty-
tion will be approximately 1.0 dBA. Thus, a median level of 2,5 dBA below the regulatory
level should be sufficient to account for variations in noise emissions and measurement un-
certainties. The 2.5-dBA factor is in agreement with most of the comments recceived from
truck manufacturers in response to the proposed regulations.

The SAE J366D test procedure is designed to measure maximum engine-related noise,
However, because the engine will not always be at maximum load and speed for trucks in
urban street traffic, observed noise levels for typicul operating conditions on urban streets
will be lower than the levels measured in accordance with the SAE 1366b test procedure,
The average difference between the noise levels measured according to SAE 1366b pro-
cedure and the levels measured during typical city startup conditions for 15 heavy diesel
trucks is approximately 1.0 dBA [9]. However, little data is available regarding the differ-
ences between SAE J366b measured noise levels and the passby noise levels of the tested
trucks cruising at speeds of less than 35 mph. In addition, little data exists regarding driving
cycles of trucks to show the amount of time trucks are accelerating or cruising,
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For predicting typical roadside noise Jevels, cruising trucks are assuned to emit levels
3.0 dBA below the SAE J366b noise level, Further, it is assumed that trucks cruise 80
percent of the time and accelerate 20 percent of the time while in urban street traflic,
Weighting according to this assumption on the driving cycle, the average roadside level for
trucks is estimated to be 2.5 dBA below the median SAL J3660b test Tevel,

In the test procedure required in the EPA proposed regulations, a hard surface between
the truck and measurement polnt is required. Many roadside sites have grassy surfaces be-
tween the truck and an observer 50 ft from the truck passby. Therefore, some of the noise
will be absorbed by the soft grassy surface, so that the observed noise levels will be lower
than the levels that would be observed at sites similar to the required test site. The differ-
ence in the noise levels observed at sites with concrete or sealed asphalt between the trucks
and the observer and the levels observed at sites with grass between the trucks and the ob-
server fs approximately 2 dBA [9]. By assuming that about half of the urban street sites
have a soft surface, the median level of the observed neise emitted by trucks jn urban street .
traffic will be approximately 1.0 dBA below those observed at test sites for the same trucks i
and operating conditions.

By considering all of the preceding factors, the median noise level of the engine-re-
lated noise 50 1t from an urban street is assumed to be 6.0 dBA below the regulatory level,
The 6.0 dBA represents 2 summation of the following factors:

o  Designing 2.5 dBA below the regulatory Ievel.
&  Typical operating conditions producing noise levels 2.5 dBA below the test noise levels.
& A reduction of 1,0 dBA due to differences in test and roadside sites,

The data in Table 4-2 for the medinn level of regulated new trucks are the energy sum
of engine-related noise and tire noise. The tire noise is assumed to have a level of 66 dBA at
50 ft for speeds of 27 mph, whicl is representative of ribbed tires [10]. )

Median Noise Levels for Automobiles

A median roadside noise level of 65 dBA is given in Table 4-2 for untreated auto- ;
mobiles with speeds below 35 mph as observed at 50 {t from the centerline of the automobile
passby. This level represents the average of the following published survey data: 68 dBA
[11], 68 dBA [12], 644 dBA [13], 61.4 dBA [14], 62 dBA [15], and 64.2 dBA [16].

The lowest of these fevels (61.4 dBA) is the average of the noise emitted from eight new
automobiles operated at a constant speed of 35 mph [ 14]. Sclection of 61 dBA as a median
passby level for new nolse-treated automobiles was based on the assumption that treating
automobiles will lower the median level of new automebiles operated on urban streets to the
current average level for new automobiles operiting et constant speed. This is one of the
quietest of normal operuting conditions,
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Median Noise Levels for Buses

The 79-dBA median level for untreated buses, shown in Table 4-3, represents the
average noise emission level for buses operating in urban street traffic [17], This level is 2
dBA higher than the medizn level assumed for medium trucks and 6 dBA lower than the
median level assumed for heavy trucks. Treated new buses are assumed to have passby
levels of 4 dBA lower than untreated buses, This reduction in passby levels for buses is
identical to the reduction assumed for automobiles,

Median Noise Levels for Motoreycles

The 82-dBA median level for untreated motocycles, shown in Table 4-2, represents
the average level for motoreycles operating in urban street traffic [17], This level is 3 dBA
below the median level assumed for heavy trucks, s assumed that treating new motor-
cycles will reduce rodside levels by 4 dBA, which is identical to the reductions assumed lor
automobiles and buses,

Standard Deviations 1

The average of the standard deviations for the roadside noise levels from teucks at
speeds of less than 35 mph is approximately 3.9 dBA [6]. The California Highway Patrol
found a 2.8-UBA standard deviation for trucks cruising at speeds less than 35 mph [12]. A
standard deviation, 4.0 dBA, is given by Qlson [13]. The average standard deviation for
trucks calewlated from the preceding data is 3.6 dBA. For automobiles, a standard devia-
tion of 3.7 dBA was reported by the California Highway Patrol [18]. For motorcycles,
valucs of 4.4 dBA [19] and 3.0 dBA (20) have been reported. Averaging these values gives
3.7 dBA as a representative standard deviation for motorcycles. From this data, it appears
that the standard deviation of typical readside noise levels daes not significantly vary lor
different types of motor veliicles, Thus, a typical standard deviation of 3.7 dBA is assumed
for all untreated vehicles,

For regulated new trucks, a standard deviation of 2.0 dBA is assumed. This value is
higher than the expected 0,5-0BA stundard deviation of SAE J366b measured noise levels
because it also includes the effects of variations in operating conditions and roadside site
characteristics. By assuming that the standard deviation for the roadside noise levels of
regulated trucks is 2.0 dBA, only the noise levels exceeding the median level by more than
three standard deviations would be higher than the regulatory level, since the median road-
side level is ussumed to be 6.0 dBA below the regulatory level,
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Thus, assuming that the noise levels for trucks do not change with truck age, only a
small percentage (less than 0.1 percent) of the regulated trucks would be capable of produc-
ing noise levels above the regulatory level and, therefore, would have been out of compliance
with the regulations when they were new,

A standard deviation of 2,0 dBA is also assumed to apply to new noise-treated automobiles,
motorcycles, and buses. Since the Interstate Motor Carrier regulations are applicable to both
old and new trucks, a larger variation in roadside noise levels is anticipated for trucks
complying with these regulations than for the trucks complying with the new truck regula-
tions, Thus, a standard deviation of 3.0 dBA is assumed for heavy trucks regulated by the
Interstate Motor Carrier regulations. Note that this standard deviation is higher than the
2.0 dBA standard deviation assumed for trucks subject to the new truck regulations and is
lower than the 3.7 dBA standard deviation assumed for unregulated trucks.

Reduction of average urban street teaffic noise levels

From the figures regarding traffic population percentage in urban street traffic pre-
sented in Appendix B and the gverage passby noise levels given previously, average passby
noise level for urban street traffic noise levels (L'a) may be computed using the following equation
- . L-i
Ly = 101logs zi v 10H -5)
where v; is the fraction of the 1otul traffic population for the ith type of noise source (see
tabies in the Appendix B) and L‘ﬂ is the average passby noise level for the ith type of noise
source (see Table 4-2).

The reduction in the average passby noise levels relative to existing average passby noise
fevels are presented in Tables 4-3 and 4-4 for the years 1978, 1982, 1984, 1986, 1991, and
2001, for each of the regulatory programs for new trucks given in Table 4-1, In Table 4-3,
it is assumed that sutomobiles, motorgycles, and buses are not treated so that the new truck
regulations are supported only by the Interstate Motor Carrier regulations, The effectiveness
of the Interstate Motor Carrier regultions will decrease as a larger portion of the trucks become
subject to new truck regulations that reduce the noise emissions to levels below the levels
specified in the Interstate Motor Carrier regulations, In Table 44, it is assumed that new
truck and Interstate Motor Carrier reguliations are supported by treatment of new automabiies,
molorcycles, and buses, thut reduce their roedside noise levels by 4 dBA.

For the purposes of these computations, it is assumed that the totsl population of urban
street vehicles remains constant. This assumption should have little impact on the relative
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Table 4-3
Reduction in Urban Street Traflic Noise — Without Reductions
in Noise from Automobiles, Motoreyeles and Buses

Reduction in Average Noise — dBA at 50 Ft

Calendar Year
Regulatory
Option 1978 1982 1584 1986 199] 2001
A 07 1.2 1.6 2.1 27 3.0
B 0.7 1.2 1.6 1.9 26 3.0
C 0.7 1.2 1.6 2.0 24 2.6
D 0.7 1.2 1.4 1.8 2.4 2.6
E 0.7 1.2 1.6 1.9 22 2.3
F 0.7 1.2 1.4 1.7 2.1 2.3
G 0.7 1.2 14 1.4 1.6 1.6
H 0.7 0.7 0.7 0.7 0.7 0.7
I 0.7 1.2 1.4 1.7 24 3.0
J 0.7 1.2 1.4 1.4 24 29
K 0.7 1.2 1.6 2.0 2.6 29
L 0.7 1.2 1.6 2.0 2.6 2.9
M 0.7 1.2 1.6 2.0 2.6 29
N 0.7 1.2 1.6 2.0 2.6 29

magnitudes of urhan street traffic noise levels, because the average noise levels for all of
the regulatory programs will be affected equally by changes in total vehicle population.

Reduction in nolse impact from urban street traffic

To assess the impact of traffic noise, a relation between the changes in traffic noise
just discussed and the responses of the people exposed to the noise is needed, The responses
may vary depending upon previous exposure, age, sociocconomic status, political coliesive-
ness, and other social variables, In the aggregate, however, for residential locations, the
average response of groups of people is related to cumulative noise exposure as expressed in
a measure such as Lgy. Forexample, the different forms of response to noise, such as hear-
ing damage, speech or other activity interference, and unnoyance, were related to ch ar
Lgp in the EPA Levels Documeni [3]. For the purposes of this study, criterin based on Ly
presented in the EPA Levels Document are used. Furthermore, it is nssumed thar if the
outdoor level of Ly, = 55 dB, which is identified in the EPA Luevels Document as requisite
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Table 4-4

Reduction in Urban Sireet Tralfic Noise - Wilth i 4 dBA Reduction in Noise from

Automolbiles, Molarcycles and Buses

Reduction in Average Noise — dBA at S0 FL

Regulatory Culendar Year
Option
1978 1982 1984 1986 |04l 2001
A 1.1 2.5 3.7 5.0 6.3 7.1
B 1.1 2.5 37 4.6 6.2 7.1
C 1.1 25 3.7 4.8 5.8 6.3
b 1.1 25 33 4.4 5.7 6.3
E 11 25 37 4.6 5.2 5.5
F 1.1 2.5 33 4.2 5.1 5.5
G 1.1 2.5 33 38 4.0 4.1
H 1.1 1.9 24 17 27 2.7
I 1.1 2.5 33 4.2 5.7 7.0
1 1.1 2.5 33 3.8 5.8 6.9
K 1.1 2.5 3.7 4.9 6.2 6.9
L 1.1 2.5 3.7 4.9 6.2 6.8
M 1.1 2.5 3.7 4.9 6.2 6.9
N 1 25 37| a9 6.2 6.8

to protect the public health and welfare, is met, no adverse impact in terms of general an-

noyance and community response exists,

The intelligibility of sentences (first presentation to listeners) drops to 90 percent when
the level of the noise environment is increased approximately 19 dB above the level iden-
tified in the EPA Levels Document and te S0 percent when the level is increased approxi-
maiely 24 dB. The intelligibility of sentences (known to listeners) drops to 90 percent when
the level is increased approximately 22 dB above the identified level and to 50 percent when
the level is increased approximately 26 dB [5]. Thus, since normal conversation contains
a mixture of some new and some familiar material, it is clear that when the level of environ-
mental noise is increased more than 20 dB above the identified tevel, the intelligibility of
conversational speech deteriorates rapidly with each decibe! of increase. For this reason, a
level 20 dB above the identified level is considered to result in 100 percent impact on the
people exposed. For environmental noise levels that are between 0 und 20 dB above the
identified level, the impact is assumed to vary Hnearly with fevel; ie., a 5-dB excess constis
tutes a 25 percent impact and & 10-dB excess constitutes a 50 percent impact.
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A similar conclusion can be drawn from the community redetion and annoyance data
contained in Appendix B of the Levels Document [3). The community reaction data show
that the expected reaction to an identifiuble source of intruding noise changes from “none”
to “vigorous™ when the day-night sound level increases from 5 dB below the level existing
without the presence of the intruding noise to 19.5 dB above the level before intrusion, Tiws,
20 dB is a reasonable value to associate with a change from O to 100 percent impact. Such
a change in level would increase the percentage of the population that is highly unnoyed by
40 percent of the total exposed population [3]. Further, the data in the Levels Document
suggest that within these upper and lower bounds the relationship between impact and level
varies linearly; that is, a 5-dB excess (60 Lg,) constitutes o 25 percent impact and o 10-dB ex-
cess (65 Lyp) constitutes a 50 percent impact,

For convenience of calculation, percentages of impact may be expressed as Fractional
Impact {F1}. A Flof 1.0 represents an impact of 100 percent, in accordance with the fol-
lowing formula; '

]
20 (L-55) for L > 55

Fl = ) {4'6)
0 for L < 55

where L is the observed or measured Lyy of the environmental noise. Note that Fl can
exceed unity for exposures greater than Ly, = 75 dB.

The magnitude of the impact associated with a given level of traffic noise (LE;n) may
be assessed by multiplying the number of people exposed to that level of traffic noise by the
fractional impact associated with the level us follows:

Phq = (FIDP;, (4-7)

where Pﬂl is the magnitude of the impact an the population exposed o traffic noise Ldln
and is numerically equal to the number of people, all of which would have a fractional
impact equal to unity (100 percent impacted). Flj is the fractional impact associated with
a day-night noise level of Ldf1 over 55 (B, and Py is the population exposed to this level of
traffic noise.

When assessing the total impact associated with traffic noise, the observed levels of
noisc decrease as the distance between the source and receiver increase. The magnitude of
the total impact may be computed by determining the number of people exposed at each
tevel and summing over the resuiting impacts, The total impact js given in terms of the
equivalent number of people impacted by the following formula;
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Peq = ‘z]: B+ F, (4-8)

where Flj is the fractional impact associated with L{lnund P; is the population associated
with Ljp,. In this study, the mid-level of each 5-dBA sector of levels above Ly, = 55 ¢B will
be used for LYy, in computing Peq.

The change in impact associated with regulations on the noise emissions from traffic
vehicles may be assessed by comparing the magnitude of the impacts, both with and without
regulations, in terms of the percent reduction in impact (A), which is caleulated frotn the fol-
lowing expression:

[Pog (before) = Pey (after)] .
Peq(before)

(4:9)

A=100

The population figures (P;) in Equation 4-7 are based on a survey in which the total popula-
tion exposed to outdoor noises of Ly, above 53 dB was estimated {rom measurements
taken at 100 sites throughout the United States [21]. The sites were selected fur cnough
from freeway traffic and airports so that thesce sources of noise were not significant contri-
butors to the measured outdoor noise levels, Thus, urban street traffic was a dominant
noise source for cach of the survey sites. Results from this study are given in Table 4-5.

Using the data contained in Table 4-5, a Peq for existing trafiic conditions of 34.6
million is caleulated, as shown in Tuble 4-6, The Pegs associated with the previously calcu-
lated reductions in the average passby noise levels for urban street traffic presented in Tables
4-3 and 4-4 are predicted by shifting (reducing) the values of L in Table 4-5 by the average
passby noise reduction of interest and performing computstions simitar to those shown in
Table 4-6. In following this procedure for estimating Peg, it is assumed that

#  Reductions in the average passby noise level in urban street traffic wiil produce
equal reductions in the Ly for the outdaor noise.

®  The population in urban areas will remain constant.

The projected values of Pyq for urban street traffic noise are presented in Tables 4-7
and 4-8 for the years 1978, 1982, 1984, 1986, 1991, and 2001, for cach of the regulatory
programs for new trucks given in Table 4-1. The results, as depicted in Table 4-7, pertain to
the noise rediictions presented in Table 4-3, in which no noise treatment of new auvtomobiles,
motorcycles, and buses are assumed, Likewise, the results in Table 4-8 pertain to the noise
reductions presented in Table 4-4, in which the new (ruck regulations are assumed 1o be
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Table 4-5

Distribution of Urban Population at or Greater Than a Specified Ly,

Lan Cumulative {in Millions of People) Lin Cumulbitive (in Millions of People)
55 93.427 70 6,853
56 87.665 71 5,155
57 81.237 72 3.826
58 74.222 73 2776
59 66.738 74 1.963
60 58,997 75 1.347
61 51.234 76 0,889
62 43.668 17 559
63 36.542 78 332
64 30.061 79 .187
65 24.320 80 .03
66 19.352 81 039
67 15,200 82 012
68 11,791 83 002
69 9.046 84 0

complimented by a 4 dBA reduction in passby noise levels {from automobiles, motoreycles,

and buses,

Freewny Traffic Noise

The same methodology used to predict reductions in the average passby noise in urban
street traffic noise is used to predict reduclions in freeway traffic noise Jevels,
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Table 4-6

Calculation of Equivalent Number of People Impacted by Urban Strect Traffic Noise

P°PUI""°“ Exposed to | popytation Expused to I..evcls Fractional Impact | Equivalent Number of
Ll ‘“ Higher Betwacn Ldnlnnd L% to Mid-Level Peaple Impacied
Ll L FY; FIP|
{millions)

55 934 344 0,125 4.3
60 59.0 1.7 0.375 13.0
65 243 17.5 0.625 10.9
70 6.8 5.5 0875 4.9
15 1.3 1.2 1.125 1.4
80 0.1 0.l 1.375 0.1

(Peq= 3.6 million)

Vehicle noise levels in freeway traffic

The following types of noise sources are included in the freeway traffic noise prediction

model;

Noise — treated and untreated automobiles.

Unregulated medium and heavy trucks.

Medium and heavy trucks regulated by the Interstate Motor Carrier regulations.

Medium and heavy trucks regulated at not-to-cxceed levels of 83, 80, 78, or 75
dBA as measured in accordance with SAE J366b test procedure.

The assumed median noise levels, standard deviations, and average passby noise levels
for cach type of noise source are given in Table 4-9. The average passby noise levels are
computed using Equation 4-4,

Median Nolse Levels for Trucks

For purposes of predicting freeway traffic noise, medium and heavy trucks are grouped
together. The median level for medium and heavy truck passbys is apptoximately 85,5 dBA
when the average speed is 57 mph [6]. The Interstate Motor Carrier regulations ate assumed
to lower the median passby level for existing trucks by 1.0 dBA. The median levels for
trucks subject to new truck regulations are computed by adding tire noise levels at 55 mph to
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Table 4-7
Equivalent Number of People impacted (Pgq) by Urban Street Traffic Noise —
Without Reductions in Noise from Autonobiles, Motorcycles and Buses

Poq — Millions
Calendar Year
Regulatory Option 1978 1982 1984 1986 1991 2001
A 314 29.3 27.6 25,6 23.3 22,0
B 314 293 216 264 23,5 22,0
C 314 293 21.6 26.0 24.4 23.5
D 314 203 284 26.8 244 23,35
E 314 293 216 26.4 252 24.8
F 314 29.3 284 273 25.6 24.8
G 314 29.3 28.4 284 27.6 27.6
H 314 314 N4 | 314 314 314
I 314 293 284 27.3 24,4 220
J 314 293 284 28.4 244 22,5
K 3l4 203 27.6 260 23.5 22,5
L 314 29.3 27.6 26.0 235 22.5
M 314 29.3 7.6 26.0 23,5 22,5
N 314 29.3 27.6 26.0 235 2.5

the median levels for engine-related noise from trucks cruising in urban street traffic, The
engine-related median noise level is assumed to be 6.5 dBA below the regulatory level.

The 6.5 dBA factor includes 2.5 dBA for designing below the regulatory level, 3.0
dBA for differences in testing and typical cruising conditions, and 1.0 dBA for differences
in test and typical roadside sites. An 81-dBA median tire noise level is assumed [7], cor-
responding to the peak level observed at 50 ft for a single unit (two-axle) loaded truck
with half-wormn tires passing by at 55 mph [10]. No corrections for the differences in test
and roadside sites are assumed for tire noise, since most of the tire noise is generated at
points near the road surface, so that the noise suffers few reflections from the surface be-
tween the truck and observer,

Median Nolse Levels for Automobiles
A median roadside noise level of 75 dBA is givenin Table 49 for untreated auto-

mobiles in freeway traffic observed at 50 ft from the centerline of the automobile passby.
This level is an average computed from the following levels as reported in studies on
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Equivatent Number of People Impacted (P,_.q) by Urban Street Traffic Noise —
With a 4 dBA Reduction in Noise from Autemobiles, Motorcycles and Buses

Table 4-8

Pey ~ Millions
Calendar Yeur
Regulatory Option 1978 1982 1984 1986 199] 2001
A 29.7 24.0 19.7 154 12,0 9.9
B 29,7 24.0 19.7 17.0 12.3 9.9
C 29.7 24.0 19.7 16.3 13.4 12.0
D 29.7 24.0 21.0 17.5 13.6 12.0
E 29.7 24.0 19.7 17.0 15,0 14.1
F 29.7 24.0 21.0 17,9 15.2 14.1
G 297 24.0 21.0 19.4 18.7 18.4
H 29.7 21.3 244 233 23.3 233
I 297 24.0 210 17.9 13.6 10.2
] 29.7 24.0 21.0 194 13.4 10.5
K 29.7 24.0 19.7 15.7 12.3 10,8
L 29.7 24.0 19.7 15.7 12.3 10.8
M 29.7 24.0 19.7 15.7 12,3 10.8
N 29.7 24.0 19.7 15.7 12.3 10.8
Table 4-9
Assumed Passby Neise Levels (dBA) for Vehicle in Freeway Traffic
Freeway — 55 mph
Type of Vehicle Lso a Ly

1. Medium and Heavy Trucks
{a) Unregulated 85.5 3.5 86.9
(b) Interstate Motor Carrier Regulations 84.5 30 85.5
(c) 83 dBA New Truck Regulation 82.3 2.0 82.8
(d) 80 dBA New Truck Regulation 81.7 2.0 82.2
(e) 78 dBA New Truck Regulation 81.5 2.0 82.0
(f) 75 dBA New Truck Regulation 81.2 2.0 81.7

2. Automaobiles

(a) Untreated 75 35 76.4
71 2,0 71.5

(b) Treated

420

T e b e b



PP eV

i, i ot

automobile passby levels in freeway traffic: 74.2 dBA [11], 78.9 dBA [12], 78.6 dBA [22],
73dBA 13}, 7TL5dBA [13]),and 72,6 dBA [18]. Assunting that the median level for
treated new automobiles will be at least as low as the lowest of the reported values, a

median level of 71 dBA is used for treated atttomobiles,

Standard Deviations

Astandard deviation of 3,5 dBA given in Table 4-9 for untreated vehicles in free-
way traffic is taken from the sane study [ 18] that reported a stundard deviation for
passby noise of 3.7 dBA for vehicles in urban street traffic. For treated vehicles, a stan-
dard deviation identical to those used for urbin street noise is used (or {reeway naise levels.

Reduction of average freeway traffic noise levels

From the traffic population pergentage data for freeway truffic given in Apperidix B
and from the average passby noise levels given in Table 4-9, the average passby noise level
for freeway traffic noise levels (I:u)ure computed using Equation 4-5. Reduction of the
average passby noise levels from average passby noise fevels for existing freeway traftic are
presented in Tables 4-10 and 4-11 Tor the years 1978, 1982, 1984, [986, 1991, and 200!
for each of the regulatory programs given in Table 4-1. In Tuable 4-10 it is assumed that
automobiles are not treated. Thus, the new truck regulations are assumed to be comple-
mented onjy by the Interstate Motor Carrier regulutions. In Table 4-11, it is assumed
that new truck and Interstate Metor Carrier regulations complemented by neise (reatments
on new automobiles, which will reduce their passby noise levels by 4 dBA.

For purposes of predicting the impact of freeway traffic nojse, the total vehicle popu-
lation is assumed to remain constant, This assumption is anticipated to have little effect on
the predictions, since changes in the total vehicle populations should have an equal effect on |
all of the predictions shown in Tables 4-10 and 4-11, '

Reduction in noise impact from freeway traffic
The equivalent number of people impacted (Ppq) by freeway traffic nolse is computed
using Equation 4-8. The population exposed to different levels of freeway noise, expressed

in terms of Lyy,, is estimated from predictions of noise levels as a function of distance and
population densities near freeways.

4-21

R e e e e sttt rmeeine oy 8 et iR



Table 4-10

Reduction in Freeway Traffic Noise — Without Reductions in Noise from Automobiles

Reduction in Average Noise — dBA at 50 Ft
Culendar Year

Regulatory Option 1978 1982 1984 1986 1991 2001
A 0.7 1.2 1.5 1.7 2.0 21
o 0.7 1.2 1.5 1.7 2.0 2.1
C 0.7 1.2 1.5 1.7 1.9 20
D 0.7 1.2 1.4 1.6 1.9 2.0
E 0.7 1.2 1.5 1.7 1.8 1.9
F 0.7 1.2 1.4 [.6 1.8 1.9
G 0.7 1.2 1.4 1.6 1.7 1.8
H 0.7 0.7 0.7 0.7 0.7 0.7
| 0.7 1.2 1.4 1.6 1.9 2.1
J 0.7 1.2 1.4 1.6 1.9 2.1
K 0.7 1.2 1.5 1.7 2.0 2.1
L 0.7 1.2 1.5 1.7 2.0 2,1
M 0.7 1.2 1.5 1.7 2.0 2.1
N 0.7 1.2 1.5 1.7 2.0 2.1

For existing freeway traffic, the distances (in miles} from freeways at which different
noise levels occur are computed according to Equation 4-10, Equation 4-10 was derived from
the data shown in Figure 4-2, which was derived from design data for freeways [28].

Li,=30-3010gd; (4-10)

Differences in the distances (Adj) for levels above Ldp = 55 dB and 5 dB apart are computed.
In computing Adj, & minimum distance of 70 ft (0.013 mi) is used, since it is assumer! that
there are no residents closer than 70 ft from f{reeways. Assuming that

1.

2,

There ure 8000 miles of freeways in urban areas (237,
People are exposed on both sides of freeways,

The average population density in residential urban areas is 5000 people/mi®
[24], and

One-half of urban areas are residential,

RS TS



Table 4-11
Reduction in Freeway Traflic Noise With a 4 dBA Reduction in Noise [romy Automobiles

Reduction in Average Noise — dBA at 50 Ft
Calendar Year
Regulatory Option 1978 1982 1984 1986 1991 2001
A 1.0 235 35 4.3 4.8 50
B 1.0 235 3.5 4,2 4.8 5.0
C 1.0 2.5 3.5 4.3 4,7 4.8
D 1.0 2.5 34 4.2 4,6 4.8
B 1.0 2.5 3.5 4.2 4.6 4.7
F 1.0 2.5 34 4.2 4.6 4.7
G 1.0 2.5 3.4 4.0 4.3 4.4
H 1.0 1.8 2.2 2.6 2.6 2.6
I 1.0 25 34 4.2 4.7 5.0
1) 1.0 25 3.4 4.0 . 4.7 5.0
K 1.0 25 3.5 4.3 4.8 5.0
L 1.0 25 3.5 4.3 4.8 5.0
M L0 2.5 3.5 4.3 4.8 5.0
N 1.0 2.5 3.5 4.3 4.8 5.0

the Jollowing equation is used to caleulate the number of people living within 5 dB sectors

above Lgp = 55 dB near freeways:
P; = Ad;(8000) (2) (50003 (0,5),

which equals 40.0 (Ad;) million people.

(4-11)

Using Equations 4-10 and 4-11 to caleulate Peg for existing freeway traffic results in a
value of 2.72 million, as shown jn Table 4-12. Using data on the population exposed to different
levels of cutdoor noise derived from measurements of outdoor noise taken near freeways {211, a Peq
of 2,77 million was computed, which is In agreement with the value computed in Table 4-12,

Predictions of Peq associated with the reewny traffic noise reductions presented in
Tables 4-10 and 4-11 are computed lollowing the methodology just discussed, with the fol-

lowing modification of Equation 4-10:

Liy—5=30-30logd;,
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DISTANCE FROM RIGHT-QF-WAY (MILES)
Figure 4-2, Noise Environment Adjacent to Urban Freeway.

where § represents the reduction in the average passby noise levels in [reeway traffic of interest
and di’ is the distance from the freeway where the leved Lin - § occurs, The predicted values
of Peq for [recway traffic are presented in Tables 4-13 and 4-14 for cach of the regulatory
options for new trucks given in Table 4-1. The data included in Table 4-13 are derived from
the noise reduction data in Table 4-10, in which it is assumed that automobiles are not treated.
The resulis presented in Table 4-14 are derived from the noise reductions given in Table 4-11,
in which the new truck regulations are assumed to be supported by noise treatment of new

automobiles,

Total noise impact from urban street and freeway traffic

The total noise impact in urbun areas due to urban street and freeway traffic is de-
tived by adding the equivalent numbers of people impacted by urban street and by freeway
traffic noise. Combining the data contained in Tables 4-7 and 4-12 yields the total nolse
impact shown in Table 4-15 for different regulatory programs on new trucks, when it s
assumed that the noise emissions of other types of vehicle are not reduced.
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Table 4-12
Caleulation of Equivalent Number of People (In Millions)
Impacted by Freeway Noise

i Population Exposed to Levels
d:'=10 30-6-Ly, Between Lidn and Lifh! Fractional Impact | Equlvalent Number of
! 30 Adi’ | 10 Mid-Level People Impacted
L (miles)? (millions)? FI, FI,P;
55 0.147 0.047 1.88 0.125 0.24
60 0.!00 0.032 1.28 0.375 0.48
65 0.068 0.022 0.88 0.625 0.55
70 0.045 0.014 0.56 0.875 0.49
15 0.032 0.010 0.40 1,125 045
80 0.022 0.007 0.28 1.375 0.38
85 0.015 0.002 0.08 1.625 0.13
90 0.013 - - ) = —
Pog =272

1Stop dj*at 70 ft = 0.013 i,
3, = Ad[(8000 mi of freeway) X 2 sides X (5000 people/mi?) X 0.5 = 40X 108 Adj.

Tuble 4-13
Equivalent Number of People Impacted (ch) by Freeway
Traffic Noise — Without Reductions in Noise from Automobiles

Peq ~ Millions
Calendar Year
Regulatory Option 1978 1982 1984 1986 1991 2001
A 2.56 2.40 2,32 2,29 2.21 219
B 2.56 240 2.32 2,29 2.21 2.19
cC 2,56 240 2,32 2,29 2.23 2.21
D 2.56 2.40 2.35 2.30 2.23 2.21
E 2.56 240 2,32 2.29 2.25 223
F 1.56 2.40 2.35 2.30 2.25 223
G 2.56 2.40 235 2.30 2.29 2,25
H 2.56 2.56 2,56 2.56 2.56 2.56
| 2.56 2.40 2,38 2.30 2.23 2.19
J 2.56 2,40 235 2.30 2.23 2,19
K 2.56 2.40 232 2.29 2.21 2.19
L 2,56 2,40 232 2,29 2,21 2,19
M 2,56 2,40 2,32 2.29 2.21 2,19
N 2.56 2,40 2.32 2.20 2,21 2.19
4.25



Table 4-14
Equivalent Number of People Impacted (Peg) by Freeway
Trulfic Noise —~ With a 4 UBA Reduction in Noise from Automobiles

Py - Millions

Calendar Year
Repulatory Option 1978 1982 1984 1986 199 2001
A 2.49 2.10 .86 1.73 1.65 1.62
B 2.49 2.10 1.86 1.75 1.65 1.62
C 249 210 1.86 1.73 1.66 1.65
D 2,49 210 1,92 1.75 1.68 1.65
E 2.49 210 1.86 1,75 1.68 1.65
F 2.49 2,10 1.92 1.75 1.68 1.65
G 249 2,10 1.92 1.79 1.73 1.71
H 249 2,25 217 2,08 2.08 2,08
I 2.49 2,10 1.92 1.75 1.66 1.62
1 249 2.10 1.92 1.79 1.66 1.62
K 2.49 210 1.86 1,73 1.65 1.62
L 249 210 1.86 1.73 1.65 1.62
M 2.49 210 1.8G 1.73 1.65 1.62
N 2.49 2.10 1.86 1.73 1.65 1.62

Assuming that the noise emissions from vehicles other than medinm and heavy trucks
are reduced by 4 dBA, the tolal noise impact due to both wrbun street and freeway traffic is ob-
tained by summing the data in Tables 4-8 and 4-14 to yield the results shown in Table 4-16,
The percent reductions in the Pyq for existing urban traffic (37.3 million) in Tables 4-15 and
4-16 are given in Tables 4-17 and 4-18, respectively. For a graphic comparison, the results
in Tables 4-17 and 4-18 are plotted in Figures 4-3 and 4-44. For the calendar years 1984,
1986, 1991, and 2001, the total population in urban areas exposed to different outdoor
traffic noise levels is given for each option in Figures 4-5 through 4-8.

Increasing the lead time by 2 years (regulatory option A to B, or E to F) produces
losses in benefits of approximately 1 to 2 percent in 1991, Larger incresses in lead times
(regulatory options A to I) produce higher losses in benefits of 2.9 to 4.5 percent in 1991,
Dropping the 75-dBA regulation (regulatory option A to E) shows losses of 6.1 to 8.8 per-
cent jn 1991. Relaxing the 75-dBA reptlation to 78 dBA (reguistory option A to C)
produces about half these losses (2.9 ta 4.0 percent) in 1991, The reloxation of the 75-dBA
regulation to 78 dBA yields Josses similar to the losses associated with the longer lead times
in option 1. Dropping the 80-IBA regulation (regulatory option E to G) results in losses of
6.7 to 9.9 percent in 1991, which are slightly higher than the losses assoclated with dropping
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Table 4-15
Total Equivalent Number of People Impacted (ch) by Urban Traffic Noise
(Urban Street or Freeway) — Without Reductions in Noise from Nontrucek Vehicies

Py — Millions

Calendar Year
Regulatory Optlion 1978 1982 1984 1986 1991 2001
A 34,0 31.7 29.9 27.9 25.5 242
B 34.0 313 209 287 25.7 24.2
C 340 317 19.9 283 26.6 257
D 340 31.7 30.8 29.1 26.6 25.7
E 340 31.7 209 28.7 274 27.0
F 34.0 31.7 30.8 29.6 27.8 27.0
G 34.0 317 30.8 30.7 299 29.8
H 34.0 34.0 34.0 34.0 34.0 34.0
1 34.0 31.7 30.8 29.6 26.6 242
J 340 317 30.8 30.7 26.6 24,7
K 340 317 299 28.3 25.7 24.7
L 34.0 31.7 299 28.3 257 24.7
M 340 317 299 28.3 25.7 247
N 34.0 31.7 299 28.3 257 247

the 75-dBA regulation. Eliminating the 80-dBA regulation in regulatory option C to produce
option D results in small losses in benefits (0,0 percent to 0.5 percent) in 1991, Total losses for
regulatory option D relative to option A are 2.9 to 4.5 percent in 1991, Eliminating the 80-
dBA regulation in regulatory option B to produce option J results in losses of 2.4 t0 3.2
percent in 1991, These losses are larger than the losses associated with the elimination of the
80-dBA regulation from option C, '

Because medium gasoline trucks are regulated at 75 dBA in 1983 in regulatory options
K, L, M and N and they comprise a majority of the medium and heavy truck population in
low speed traffic, the benefits for these options are nearly the same as the benefits for
option A, Forexample, losses in benefits of 0.5 to 0.8 percent occur for option K, L, M
and Nin 1991.

ACTIVITY INTERFERENCE BY INDIVIDUAL (SINGLE-EVENT) TRUCK PASSBY NOISE

The activity interference produced by noise from single events depends upon the type
of activity in which the observet is engaged as well as the location of the observer. For
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Table 4-16
Total Equivalent Number of People Impacted (Pyq) by Urban Traffte Noise
{Urban Street or Freeway) — With a 4 dBA Reduction in Noise from Nontruck Velicles

Poq — Millions

) . Calendar Year
Regulatory Option 1978 1982 1984 1986 1991 2001
A 322 26.1 216 17,1 13.6 1.5
B 2.2 26.1 216 18.8 13.9 1.5
c n2 26.1 21.6 18.0 15.1 13.6
D 32.2 26.1 229 19.3 15.3 13.6
E 322 26.1 216 18.8 16.7 157
F 322 26.1 29 19.7 16.9 15,7
G 322 26.1 29 21.2 20.4 20.1
H 32.2 29.5 26.6 254 254 254
! 32.2 26.4 229 19.7 15.3 11.8
) 32.2 26.1 229 21.2 15.1 2.1
K 32.2 26.1 2.6 17.4 13.9 12.2
L 2.2 26.1 21.6 17.4 13.9 124
M 322 26.1 21.6 17.4 13.9 12,2
N 32.2 26.1 216 17.4 13.9 124

purposes of this analysis, interference with aclivities caused by single events is assumed to
occur when the noise level exceeds by 10 dBA the maximum acceptable ambient noise level
for the specified octivity [3]. Acceptable ambient noise levels for different indoor and
outdoor activities have been identificd {5]. Thus, to characterize the unacceptability of
single-truck passbys, it is necessary to determine the minimum acceptable distance from
truck passbys to an observer at which the truck noise levels are 10 dBA above the acceptable
ambient noise level for specified activities, for both unregulated and regulated trucks.

Activity Interference Levels

Three activities are considered in this analysis: normal conversation, thought process,
and sleeping. Acceptable ambient noise levels for these activities, both indoors and out-
doors, are shown in Table 4-19. For activities indoors, noise attenuation due to transmission
through exterior structures is considered for both opened and closed windows, With win-
dows closed, an attenuation of 25 dBA is assumed, and with windows open, 4n attenuation
of 15 dBA is assumed [5, 25].
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Table 4-17
Percent Reduction in Tatal Equivalent Number of People Impacted by Urban Traffic Noise
(Urban Street or Freeway) — With a 4 dBA Reduction in Noise from Nontruck Velicles

' Calendar Year

Regulatory Option 1978 1982 1984 1986 1991 2001
A 8.8% 15.0% 19.8% 25.2% 31.6% 35.1%
B 8.8 15.0 19.8 23.0 31 351
c 8.8 15.0 19.8 24.1 28.7 311
3] B.8 150 174 220 18,7 3l
E 8.8 15.0 19.8 23.0 26.5 276
F 8.8 15.0 17.4 20.6 25.5 27.6
G 8.8 15.0 174 17,7 19.8 211
H 8.8 8.8 8.8 8.8 8.8 8.8
| 88 15.0 17.4 206 28.7 35.1
J 3.8 15.0 17.4 17,7 28.7 338
K 8.8 15.0 19.8 241 31.1 33.8
L 8.8 15.0 19.8 24.1 3.1 33.8
M 8.8 15.0 19.8 24.1 311 338
N 8.8 15.0 19.8 24.1 311 33.8

Maximum Activity-Interference Distances

In this context, Maximum Activity-Interference Distance is the distance between a truck
producing noise and an observer, when the truck passhy produces a noise level at the observer
that is 10 dBA in excess of the acceptable levels for various outdoor or indoor activities
specified in Reference 5. By assuming that the noise level from an individual truck decreases
6 dBA with each doubling of distance, the maximum activity-interference distance (dmy)
is computed from the following equation:

L; —201og_‘;-%‘- = L, +Ny+10aBA=L¢ 413)

where Lj is the truck passby noise level ut 50 1t, L, is the acceptable noise level given in
Table 4-19, Ny is the noise attenuation for indoor situations and L is the activity-interter-
ence level,

Activity-interference distances from truck passbys are determined only at low speeds
(urban street). The differences in the noise levels for unregulated and regulated trucks at

high speeds are small enough that little differences in activity-interference distances are ex-
pected for trucks in freeway traffic.
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Table 4-18
Percent Reduction in Total Equivalent Number of People Impucted by Urban Traffic
Noise (Urban Street or Freeway) — With a 4 dBA Reduction in Noise From Nontruck Vehicles

Calendar Year

Regulatory Option 1978 1982 1984 1986 1991 2001
A 13.7% 30.0% 42.1% 54.2% 63.5% 69.2%
B 13.7 30.0 42.1 49.6 62.7 69.2
C 13,7 300 42.1 31.7 59.5 63.5
D 13.7 30.0 38.6 48.2 59,0 63.5
E 13.7 30.0 42,1 496 55.2 57.9
F 13.7 30,0 38.6 47.2 54.7 51.9
G 13.7 30.0 38.6 43.2 45.3 46.1
H 13,7 20.9 28.7 319 31.9 319
I 13.7 30.0 38.6 47.2 59.0 68.4
J 137 30.0 38.6 432 59.5 67.6
K 13.7 30.0 42.1 53.4 62.7 67.3
L 13.7 30,0 42,1 534 62.7 66.8
M 13.7 30,0 421 53.4 62.7 67.3
N 13.7 300 42.1 534 62.7 66.8

Table 4-20 shows the median passby noise levels for low speed trucks. For existing
trucks and trucks subject to the Interstate Motor Carrier regulations, the median levels
given in Table 4-2 are weighted according to the truck population of 1 percent heavy and 6
percent medium trucks, For trucks subject to not-to-exceed new truck regulatory levels of
83, 80, 78, and 75 dBA, the median pussby levels for aceelerating trucks are used in coim-
puting the levels given in Table 4-20. That is, the engine-related noise levels are assumed to
be 4.5 dBA below the regulatory levels, The 4.5 dBA difference includes 2.5 dBA lor design-
ing below regulatory levels, 1.0 dBA for differences in test and typical acceleration conditions
and 1.0 dBA for differences in test and typical roadside sites. The median truck passby
levels shown in Table 4-20 are derived by adding a 66-dBA tire noise level to the engine-re-
lated noise, The level used for the 83-dBA trucks is the weighted average of the levels de-
rived for accelerating heavy and medium trucks. Predictions of the 10, 1,and 0,1 percen-
tiles for truck passby levels are computed from the median levels by assuming that the
levels have a Gaussian distribution with a standard deviation of 1.5 dBA. A standurd devia-
tion of 1.5 dBA for accelerating trucks is selected so that the differcnee in the median road-
side level and regulatory level is equal to three standard deviations,

Using the passby truck noise levels contained in Table 4-20 and the acceptable activity-
interference levels contained in Table 4-19, the maximum activity-interference distances for
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Freeway) -- Without Reductions in Noise from Nontruck Vehicles

20

the eight situations are computed using Equation 4-12. Figures 4-9 through 4-14 present
the largest distances over which disruption of activities occurs, Because homes are assumed
to be situated at least 70 ft from the centerline of the truck passby, data depicted in
Figures 4-9 through 4-14 are truncated at 70 ft.

Obsemitlon of the results in Figures 4-9 through 4-14 indicates that the distances
requisiie to preclude activity-interference should be reduced almost in half by the
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Interstate Motor Carrier Regulations, The changes in the distances with reductions in the
new truck regulatory levels diminish for levels 80 dBA and below. Results for trucks at
high speed and cruising trucks at low speeds will show smaller differences in the maximum
distances for new trucks regulated at levels below 83 dBA,
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IN-CAB NOISE

Reductions in extetior truck noise are expected to produce reductions in the noise
inside the truck cab. These expected reductions in in~cab noise should reduce the threat

55-60

60-65 6570 7075 75-80  80-85
OUTDOOR TRAFFIC NOISE LEVEL (L 4, )

to operator hearing damage and should decrease disruption of

Speech communication
Reception of warning signals
Listening to music or a radio.
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Figure 4-6, Urban Papulation vs Qutdoor Traffic Noise Level in 1986

In addition, reductions in the noise in the cabs of new trucks will decrease the effort
required to comply with Bureau ol Motor Catrier Safety noise exposure regulations,

Existing In-Cab Noise Levels

The equivalent noise levels estimated using measured data taken near the operator’s
right ear in three heavy diesel trucks with the windows closed under normal operating
conditions [9] are 84, 88, and 86 dBA over periods of about 9, 7, and 11 hours, respectively.
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In-cab noise levels for gasoline trucks are expected to be lower by approximately 5 dBA
or more, These data indicate that levels inside most mediun and heavy trucks will probably
be higherthan thelevel of Lag(gy = 75 dBA identified by EPA as requisite to protect hearing [3] .

I-Cab Nolse for Quieted Trucks

With the following relations, it would be possible to estimate the average interior noise
levels under normal operating conditions for quieted trucks with known SAE J366b exterior
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&  Relation between exterior noise levels measured in accordance with the SAE
J366b test procedure and interior noise levels observed during tests.

@ Relation between interior nolse levels observed under SAE J366b test conditions
and levels under normal operating conditions,

SAE J366b exterior and interior levels

Data taken concerning exterior and interior hoise levels for heavy trucks operated in
accordance with the SAE J366b test procedure are plotted in Figure 4-15. Most of the data
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Table 4-19
Noise Levels from Individual Truck Passbys That Interfere With Activitics

Individual Truck Masshy
Acceplable Outdoor Noise Noise Levels That
Ambient Noise Reduction | Annoyance | Interfere With Activities
Siluation Level (1,) (N,) Criteria a1 50 Fr (L)

Normal conversation

Indnots — windows closed 60 dBA 25 dBA 10 dBA 95 dBA
Normal conversation

Indoors — windows open 60 dBA 15 dBA 10dBA 85 dBA
Thought process

Indoors ~ windows closed 45 dBA 25 dBA 10 dDA 80 dBA
Thought process

Indoors — windows open 45 dBA 15 dBA 10 dBA 70 dBA
Sleeping

Indoors — windows closed 40 dBA 25 dBA 10 dBA 75 dBA
Stecping

Indoors ~ windows open 40dBA 15 dBA 10 dBA 65 dBA
Normal conversation

Outdoors 60dBA 0dBA 10 dBA 70 dBA
Thought process

Qutdoors 51dBA G dBA 10dBA 61 dBA

Table 4-20
Percentile Noise Levels for Individual Truck Passbys
Percentile Passby Noise Levels
Teuck Type Lso Lio [ Loy a

Existing trucks 83.5dBA 88,2 dBA 91.8dBA 94,9 dBA | 3.7dBA
Interstate motor carrler trucks 78.2dBA 82.0dBA 84.9 dBA 87.5dBA | 3.0dBA
83 dBA regulated trucks 77.2dBA 79.1 dBA 80,5 dBA 81.8dBA | 1.5dBA
80 dBA regulated trucks 76.0 dBA e .(IBA 79.3 dBA 80.6 dBA 1.5 dBA
78 dBA regulated trucks 74.2dBA 76.1 dBA 77.5 dBA 78.8 dBA 1.5 dBA
75 dBA regulated trucks 71.8dBA 73.7dBA 75.1 dBA 764 dBA | 1.5 dBA

in Figure 4-15 are for existing unquieted trucks [9] and show little correlation between ex-

terior and interior levels. Only three of the datn points in Figure 4-15 are for quieted trucks.

The reduction in the exterior noise levels for the Freightliner DOT Quiet Truck from 88 to
75 dBA was accompanied by a reduction in the interior noise level from 93 to 74 dBA {26],

v i g B b, b s
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Figure 4-10. Maximum Activity-Interference Distances for Thought
Process Indoors With Windows Closed
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Figure 4-12. Maximum Activity-Interference Distances (or Sleeping Indoors
With Windows Closed

4-39

- e Ao h o mm A b AR it ST P i - i ST T L e . i A T = e 4



SLEEPING~INDOORS-WINDOW OPEN

1800

1GDDF

- - —_

2 8B &

=3 o o
T

6oop

INTERFERENCE DISTANCE

MAXIMLM ACTIVITY —

400

F T

200

BDDl-

- | L L

O————3 EXISTING TRUCKS
Ov— =0 [NTERSTATE MOTOR
CARRIER TRUCKS
A—— A B3 dBA TRUCKS
Zr-= = =+A 80 dBA TRUCKS
O———0 78 dBA TRUCKS

b= == — ~ 0 76 dBA TRUCKS

1
Lo 4L Lo,
PERCENTILE TRUCK NOISE LEVELS

Figure 4-13, Maximum Activity-Interference Distances for Sleeping Indoors

With Windows Open

THOUGHT PROCESS-QUTDOORS

2000~

E
n
F 3
(=]
1=}
T

[
2
[ =4
(=]
T

12000

MAXIMUM ACTIVITY —
INTERFERENCE DISTANC

400 (=~

16001

[+

Q

=]
I

a0 EXISTING TRUCKS

0-———20 INTERSTATE MOTOR
CARRIER TRUCKS

A B3dBA TRUCKS

An— — & 80dBA TRUCKS

O———-0 78 dBA TRUCKS

O ——w 1 76 dBA TRUCKS

200

Lo L Lo
PEACENTILE TRUCK NOISE LEVELS

Figure 4-14, Maximum Activity-Interference Distances for Thought Process Qutdoors

4-40



84
L © FREIGHTLINER DOT QUIET TRUCK {REF 26) h
. 921 | o WHITE MOTORS DOT QUIET TRUCK (REF 27)
= A UNQUIETED TRUCKS (REF )
2 gof -
] a
& 8al- & , L8 o -
w A A
a A
& 86|
2 s
g 84 - o A
8
w
5 e2l ..
5
2 A
& 8o -
& o
“ ya} -
76} o N
[o]
74 L X ! ] ! \ 1 ] 1 l 1
77 74 16 78 80 &2 &4 86 B8 60 92 04 06

INTERIOR SAE 4365b NOISE LEVEL ~ WINDOWS CLOSED (dBA)

Figure 4-15. Exterior and Interior Noise Levels Observed Under
SAE J366b Test Conditions

On the White Motors DOT Quiet Truck, the reduction in exterior noise from 84 to 79 dBA
produced a reduction in interior noise from 92 to 78 dBA [27]. However, a further
reduction in exterior noise from 79 to 76 dBA resulted in an increase in the interior noise
level from 78 to 90 dBA [27). Therefore, data from the DOT Quiet Truck Program does
not show a good correlation between exterior and interior noise levels.

Interior SAE J366b levels and levels for normal operating conditions

On the average, the interior levels under SAE 1366b test conditions were found to be
approximately 1 dBA higher than the interior levels observed with the engine at maximum
speed (high idle) and the truck stationary [9]. On three heavy diesel trucks, the interior
level at high idle was approximately 4 dBA higher than the average level observed under
normal operating conditions [9]. These limited amounts of data indicate that the interior
level under SAE J366b test conditions is approximately S dBA higher than the average
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in-cab noise level under normal operating conditions. Applying this 5-dBA factor to the three
interior noise levels given in Figure 4415 for the quieted trucks shows that in two cases the
average interior levels under typicul operating conditions would probably be less than 75

dBA.

In-Cal» Noise Levels for Regulated Trucks

The paucity of data from which relations between exterior and interior noise levels
can be drawn prevents relinble estimates of the in-cab noise levels for medium and heavy
trucks complying with the EPA regulations. However, the data indicates that some redue-
tions will result rom decreuses in exterior noise,
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Section 5
TECHNOLOGY

COMPONENT NOISE CONTROL

The most significant of the truck components contributing to total truck noise levels
at low speeds are the engine, fan, intake, and exhaust. The relative importance of cach of
these sources varies according to the truck model and type of truck operation. This section
describes noise abatement techniques for reducing the component source levels,

Engine

Internal combustion engines convert the chemical energy of fuel to mechanical energy
through the controlied combustion of fuels in a cylinder, The motion of ¢ngine components
and the sudden increase in cylinder pressure occurring during combustion excites the engine
structure, causing vibration of the external surfaces and attendant sound radiation. The
magnitude of the radiated noise depends more on engine type and design than on engine
size or power {11},

Gasoline-fueled engines tend to be quieter than diesei-fucled engines. The reason is that
in present production diesel engines, the combustion forces are greater especially in the mid
to high frequencies where resonant structural modes are present in the engine.

Possible noise control treatments include modifications to the engine and modificu-
tions to control the path of engine structural noise radiating to the exterior, The choice of
methods depends on the degree of noise reduction required, cost, lead time, and any associ-
ated penalties in performance.

Reduction of combustion-related noise is partjcularly desirable for diesel engines.
However, reducing this noise by reducing combustion power would also entail a reduction in
engine autput power, An slternative approach is ta smooth aut the rapid rise in pressure
[1]. One mothod is to control the fuel delivery rate, but with present production toler-
ances in the Injection system this would be difficult, Another method is to use a turbo-
charger on 4-stroke diesel engines. Turbocharging increases peak cylinder pressures while
decreasing the rate of pressure rise. Still another technique is to redesign the combustion
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Figure 5-1. Engine Noise as 4 Function of Horsepower

chamber and injector spray pattern [2]. At present, all these solutions are being tested by
the major cngine manufacturers, One major manufacturer is phasing out of production all
naturally aspirated engines und replacing them with turbocharged models.

Control of machinery-related forces {e.g., oscillating pistons slapping the eylinder
walls [31)in present engines is aimed primarily at changing or reducing the structural
response of the engine, Investigators are experimenting with better ways to support the
piston in the cylinder and are trying to obtain better balance and closer tolerances in pro-
duction engines. This technique (in combination with turbocharging) was used by one
manufacturer to reduce the overall noise of a dicsel-powered truck to 75 dBA.
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Several engine manufacturers are presently marketing engine quicting kits that at-
tenuate engine structural noise by altering its tronsmission path. Depending on the particu-
lar quicting kit and truck configuration, enginenoise reduction ranges from 0 to 4 dBA,
with most kits providing about a 2 to 3 dBA reduetion, The kits generally consist of covers
for the sides of the engine block and oil pan,vibration isolation of the valve covers or ir-
intake manifolds and crossovers, and possibly, damping treatment on sheet metal covers [4].
Thicn {5] reports that a close-fitting enclosure extending over the entire engine structure
provided about 15 to 20 dBA reduction in engine noise. Discussions with one major engine
manufacturer indicated that such enclosures could reduce the overall truck noise by 10to 15
dBA. However, the engine manufacturers also indicated that these enclosures are not
presently acceptable for production utilization because problems with cooling and service
access have yet to be reselved,

To obtain the lowest possible overall truck noise level, most engine manufacturers
appear to prefer an enclosure built into the truck cab rather than fitted onto the engine.
Under DOT contracts, three truck manufacturers (International Harvester, White and
Freightliner) have investigated enclosure designs for cab-over engine trucks. The enclosures
involved a tunnel configuration with the cooling (an at the enciosure entrance, Air flows
through the enclosure and around the engine, exiting through openings in the rear of the
enclosure. The partial engine enclosure reduced engine noise on the Freightliner truck by
10,5 dBA [8]. On the International Harvester truck, the partial enclosure reduced engine
noise by 7 dBA. The difference between the reductions for the enclosures used on the Freight-
liner and International Harvester trucks may be partly attributed to the use of thicker layers
of absorption material on the Freightliner enclosure. The use of a partial enclosure allowed
an overall noise reduction for the White Motors truck of over 10 dBA [6].

Fan

Truck cooling fans have been designed with primary emphasis on purchase price
rather than on aerodynamic efficicney or noise abatement. Accordingly, most fans have
been made of stamped sheet metal blades riveted to a hub that is turned by means of a belt
and pulley arrangement connected to the engine. The fans tend to be small and operate at
high speeds leading to high noisc levels, since fan noise generation is proportional to fan
speed. The fan cross-section Is not acrodynamically shaped, and the blade pitch angle
olten does not vary with radius as it should if it is to properly develop uniform flow through
all portions of the radiator. {n order to minimize tractor length, it appears that manufac-
turers tend to squeeze the fan between the engine and radintor. Under favorable conditions,
the fan would move air axially; in the usttally cramped engine compartment, the flow is
mostly radial, with a nonuniform velocity distribution,
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Noise data for various truck fans are shown in Figure 5-2 us o function of engine fly-
wheel horsepower, The brackets on the five points in the 300 to 400 hp region designate
limits of uncertainty resulting from 0,5 dBA levels of uncertainty in the measurements used
to estimate the fan noise levels, Fan noise on gasoline-powered trucks tends to be nearly
equal to levels on diesel-powered trucks because the greater heat rejection of the com bustion
process in gasoline engines is compensated for by higher surface arca-to volume ratios,
Neither cub type nor engine power appear to have a significant effect of diesel-powered
truck fun noise.

The control of fan noise must be viewed in terms of total cooling system design,
Some noise reduction can be achieved by modifying the radiator, radiator shutters, fan
shroud, and fan, Radiator design is closely related to fan performance and noise, Radiators
designed with low aitfllow requircments allow the use of slower turning and, thus, quieter
fans, The amount of noise reduction achievable through modifications to the radiator de-
pends on the initial design, but even well-designed cooling systems can often be quicted by
2 to 3 dBA through modifications to radiator design [7].

‘Thermostatically controlled shutters are used on many trucks to regulate air flow
through the radiater. The primary purpose of the shutters is to prevent cold water from
overcooling the cngine. Shutters significantly influence fan noise. When the shutters are
closed and air flow to the fan is substantially reduced, the fan blades stall and generate more

noise.

Shrader and Page [7] report a § dBA increase in fun noise as a result of closed shutters.
One manufacturer reported approximately @ 2 to 3 dBA increase in total truck noise when
shutters were closed. Several manufacturers feel that shutters could be replaced by thermo-

stats and bypass tubing.

The fan shroud, which ducts air from the radiater to the fan, is important in maximiz-
ing fan effectiveness and preventing recirculation of hol air buck through the radiator.
Shrouds that do not channel this air smoothly into the fan can lead to stalled blade tips
with an attendant increase in noise. Shrader and Page [7] claim that improved shroud
designs can produce a 3 to § dBA reduction in fan noise levels,

The fan itself can often be changed to reduce noise. One of the most effective changes
is to increase fan diameter and decrease fan speed, A 2- to 3-inch increase in fun diameter
typically allows a 3 to § dBA reduction in noise for a constant volume flow rate. The
extent that the fan dinmeter may be increased is limited by the configuration of the radiator
and essential struetural members of the truck.

5-4

A b ko i e o o



[ile}

" !
w |

65

on
o
]
—1——8-0-—io

i

SOUND LEVEL. aB{A], re 20 MICROPASCALS

B0

200 300 400 500
NET FLYWHEEL HORSEPOWER

I AANGE OF CONFIDENCE FOR
10.5 dB MEASUREMENT ERRORS

& COE DIESEL QO GASOLINE

G  CONVENTIONAL DIESEL

Figure 5-2. Truck Fan Noise Levels as a Function of Engine Horsepower

The Cab Over Engine (COE) tractor js particularly suitable for a large, slow fan. Be-
cause of the large, blunt front on the COE, the forward motion of the truck tends to develop
a high pressure rise in front of the radiator that supplements the flow created by the fan,
With this type of cab and a large radiator with a frontal area of 2,000 square inches,
Freightliner was able to use & 31-inch fan to reduce the fan noise level by 14 dBA [8].
The fan (thermostatically controlled) operates for about 1 percent of the time. For the re-
mainder of the time, the forward motion of the truck is able to force sufficient cooling air
through the radiator, On the White Motors truck, fan noise was reduced by 6 to 8 dBA by
replacing the original 28-inch fan with a 30-inch an of better design [6], International
Harvester reported changes in a noise level of 3 dBA by using fans of the same size but of
different design ['_J‘l.
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The data in Figure 5.2 indicates that many funs generate less than 80 dBA,
Those that are noisier can be replaced by a slightly different fun model and fanfengine speed
ratio. Reduction of fan noise of 74 d BA should be possible with the use of better radiator,
fan, and shroud designs without increasing fan or radiator size, Levels cap be reduced to 64
dBA with {arger radiator cores, larger and slower fans, careful design of fan shrouds, and a
thermostatically controlled fan clutch that is phiased with a shutter thermostat to prevent
fan operation while the shutters are closed,

The Department of Transportation {DOT), during its Quiet Truck Program, has inves-
tigated many cases of thermostatically controlled radiator fan clutch systems, These systems
require the fan to operate only when the extra cooling is needed; the fan does not operate
when sufficient rame-air is provided by the forward motion of the truck, or if the truck engine
is not heavily loaded.

Data shown in Appendix | demonstrates the time that the fan actoally does operate,
[t shows that, for the on-off units, the annual average total fan-on time is less than 3 per-
cent, For both types of clutches the annual average significant time on (from a noise point
of view) is below | percent.

Intake

Air intake systems supply truck engines with the continuous flow of clear uir needed
for fuel combustion. These systems can range in size and complexity from a simple air
filter mounted on top of a carburetor to an external air filter with ducts leading to the
engine and a cab mounted snorkel unit. Noise is generated by an unsteady flow of airinto
engine cylinders. Supercharged engines with Rootes blowers also exhibit tones associated
with the lobe-passage frequency of the blowers. Turbochargers tend to smooth flow ir-
regularities associated with cylinder charging,

The majority of aitintake systems have noise levels less than 72 dBA with a few as
low as 57 dBA [9]. Itisexpected that few trucks will require air intake system treat-
ment to comply with nol-to-exceed regulatory levels of 83 or 80 dBA. To comply
with a 78 or 75 dBA regulatory level, it may be necessary to add an air intake silencer, A
6 dBA reduction in air intake noise was reported by International Harvester for an air intake
silencer [10].
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Exhaust

Exhaust outlet noise emanates from the exhinust system terminus and is gencrated by
the pressure pulses of exhaust gases from the engine. Shell-related exhaust noise consists
af radiation from the external surfaces of the pipes and mufflers of the exhaust system. It
is generated by two mechanisms, the transmission and subsequent radiation of engine vibra-
tian to the exhaust system and the transmission of internal sound to the exterior of the pipe.

Hunt et al, [14] found that the source levels of unmulfled outlet noise for diesel engines
can range from 82 to 105 dBA at 50 feet, with the levels from 2-stroke diesel engines about
10 dBA higher than the levels for 4-stroke diesel engines. The exhaust noise levels for
present exhaust systems given in Table 5-1 are detived from data presented by Hunt et al,

Table 5-]
Exhaust Noise Levels for Present Exhaust Systems
Diese] Engine Average Level Lowest Level
Naturally aspirated, 4-stroke 79.4 dBA 71 dBA
Turbocharged, 4-stroke 80.2 dBA 70 dBA
Naturally aspirated, 2-stroke 84.0 dBA 77 dBA
Turbocharged, 2-stroke 82.5 dBA 76 dBA

[13] and Donnelly ¢t al. [9]. For 4-stroke diesel engines, exhaust systems are available
which reduce exhaust noise to below 73 dBA. The exhaust systems with the lowest noise
levels are not always the most costly [14]. For 2-stroke diesel engines, the present exlaust
system noijse levels are 2 1o 5 dBA higher on the average than for 4-stroke diesel engines. All
of the levels reported by Hunt and Donnelly for 2-stroke diesel engines are above 75 dBA.

Since exhaust gases pass through turbochargers, some additional attenuation of exhaust
noise is expected. Attenuation on the order of 5 to 10 dBA have been reported. The data
in Table 5-1 indicate that present exhaust systems on 4-stroke diesel engines do not take ad-
vantage of the additional attenuation provided by turbochargers.

Almost 21l of the noise control efforts in the trucking industry have centered on the
diesel truck, Consequently, little information is available on exliaust source levels for
gasoline trucks. Muffled exhaust noise levels of about 80 dBA have been measured on present
gasoline trucks, This is similar to the present muffled levels for 4-stroke diesel engines (See
Table 5-1), 1t is expected that the exhaust treatments required to bring gasoline trucks into
compliance with noise emissions regulations will be similar to treatments required for the
4-stroke diesel engines,
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Noise contral techniques for exhaust noise consist of muffling exhaust outlet noise,
sealing exhaust leaks, and using double-wall construction on pipes and mufflers to reduce
exhaust shell noise, Exhaust systems with high backpressure wiil increase the work the
engine must expend for pushing exhaust gases out of the exhaust port resulting in the de-
gradation of overall engine performance, A comparison of the backpressure developed by
several muffler systems shows that some guiet systems have the same backpressure as noisicr
ones. There are systems available, therefore, that have low nutffled exhaust noise levels that
do not degrade engine preformance.

In the DOT Quiet Truck Program, several exhaust system noise treatments proved ef-
feetive in redocing exhaust outlet and shell noise. The use of stuck silencers and larger
muffters reduced the exhaust owtlet on the Freighttiner DOT Quiet Truck from 82 (BA to
70 dBA [12]), Sealing exhaust Jeaks reduced exhaust shell noise from 75 dBA to 71 dBA
[8]. Themanifold mulfler used had an insertion lass of approximately 7 dBA.

The use of larger wrapped mufflers on the Intemational Harvester DOT Quiet Truck
reduced the exlaust noise from 83 dBA to 72,5 dBA [10], The International Harvester truck
was the only truck in the DOT Quiet Truck Program to have a 2-stroke diesel engine pro-
ducing, in gencral, more exhaust noise than the 4-stroke diesel engines. Most of the exhaust
noise from the quieted exhaust system on the International Harvester truck was the exhaust
shell noise which was not reduced below 72 dBA, The use of double wall piping (where the
two walls were in contact with each other) was found to be ineffective by Internationgl Harveste.
in reducing shell noise. Isolating the walls from cach other would probably improve the re-
duction of pipe shell noise, '

On the White Motars DOT Quiet Truck, the exhaust noise was reduced from 76 BA "I
to 67 dBA with a larger muffler [6]. Stack silencers and exhaust resonators were found to i
be ineffective on thé White Motors truck,

TOTAL TRUCK NOISE CONTROL

The component noise control measures described may be combined in a variety off
ways to meet specified limits for overall truck noise. In general, the noise control strategy
is determined by the source level of the noisiest and most difficult-to-control component,
usually the engine. Gasoline and diesel trucks are discussed separately because of the dif-
ference in their engine source levels.

The combinations of source levels suggested for achicving specified overall truck levels

are intended to be representative of practical examples. In some cases, a manufacturer may
prefer to have one source level higher and another lower than sugpested, As required in the
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new truck noise ernission regulations, in order that the noise emission levels from most trucks
ol a single configuration are below the regulatory level, component levels are selected so

that the median overall truck noise level wilk be at least 2 to 3 ABA below the regulatory
level,

83 dBA Regulatory Level

Present production medium and heavy dicse) trucks display the following ranges of
measured source levels (in dBA)Y under prescribed test conditions:

Engine Fan Exhaust
75-85 75-85 75-85
All manufacturers are currently able to reach an 86 dBA overall level with ofi-the-
shell hardware with apparent concentriation on quieting the noisiest production trucks
first. Thus, trucks having engines with source levels of 80 to 85 dBA have quieter fans and
exhaust systems than trucks with quieter engines,

The source levels measured in gasoline trucks are (in dBA)

Engine Fan Exhaust
75-17 80-85 80

Table 5-2 shows one combination of source Jevels that will yield a production line truck

Table 5.2
Component Source Levels for an 83 dBA Regulatory Level

Component Noisc Level, dBA

Engine 77

Fan 73

Exhaust 73

Airintake 72

All others 70

Total 80,6

that generates an overall noise level of less than 80.6 dBA, The use of better-designed, slower
turning fans with shrouds, the best mufflers presently being produced, and available engine
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quicting kits should be sufficient to bring all but the noisiest diesel trucks into compliance with
the 83 dBA regulatory level. Far the noisiest of the presently available diesel engines, neise side-
shields may be required.

For gasoline trucks, modifications to the cooling lan and use of better available mufTlers
should be sufficient for compliance to a 83 dBA regulation. No engine treatment is needed.

80 dBA Regulatory Level

Compoenent source levels which will bring trucks into compliance with the 8¢ dBA regulatory
level are shown in Table 5-3. In most diesel trucks, the required noise treatment of the cooling system
will include larger slower-turning fans, fan shrouds and thermostatically controlled fan ¢lutches, On
most diesel trucks advanced exhaust mufflers will be needed that are similar to those demonstrated
in the DOT Quiet Truck Program but not presently being mass-produced. Engine noise side shields
and an underpan shouid be adequate to reduce the noise from most presently available diesel
engines to 74 dBA. The noisicst of the presently available diesel engines may require partial engine
enclosures. However, the Jead time for the 80 dBA repulation should be adequate to allow engines

Table 5-3
Component Source Levels for an 80 dBA Regulatory Level

Component Noise Level, dBA
Engine 74

Fan 70
Exhaust 69

Air intake 69

All others 70

Tatal 77.5

to be quieted so that the partial enclosures will be eliminated, Side shields should be adequate
to ailow gasoline trucks to comply with the 80 dBA repulatory level,

Additional cooling systen treatment of the fan, fan shroud and/or radiator can be used to
reduce fan noise from 73 to 70 dBA for the 80 dBA regulatory level. To reduce exhaust noise to
69 dBA, longer, more advanced muffiers should be sufficient.
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78 dBA Regulatory Level

In Table 5-4, the component levels suggested for i 78 dBA regulation are given.  Addi-
tional engine noise treatment, such as larger side shields and underpans, can be used to reduce
engine noise an additional 2 dBA from the engine noise design level used Tor the 80 dBA
regulatory level.

Larger fans and radiators with engine-mounted shrouding should be sufficient to reach
cooling system nolse levels of 64 dBA or below, The same exhaust system treatments dis-
cussed under the 80 dBA regulatory level apply here. Air intake silencers can be employed
to reduce air intake noise to 65 dBA or below,

75 dBA Regulatory Level
Table 5-4 shows & combination of component levels that will produce a truck which

complies with a regulatory level of 75 dBA,

Table 5-4
Component Source Levels for it 78 dBA
Regulatory Level

Component Naise Level, dBA
Engine 71

Fan 64
Exhaust 69

Alr Intake 65

All Others 70

Total 75.6

Additional engine noise treatment is necessary to reduce the engine noise level given in
Table 5-4 for a 78 dBA repulatory level to the level given in Table 5-5 for a 75 dBA regulatory
level, Most existing diesel engines will require engine enclosures and special engine mounts to
achjeve engine noise levels of 68 dBA. The noisiest of the existing diesel engines will need
quiet kits in addition to enginc enclosures. However, medifications to diesel engines is expec-
ted to lower engine nofse enough that the use of both enclosures and quiet kits will not be
necessary for a 75 dBA regulation. For gasoline trucks, side shields and an underpan should
be sufficient to reduce engine noise to 68 dBA or below,
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Exhaust system treatments necessary 1a reach levels ol 65 dBA or below for most
tricks include manilold mufflers, advanced muffers, nufiler jackets and double-wall
exhazust piping.

Silencers an the air intake should be mlequate to reduce the air intake noise on diesel
trucks to low enough levels so the truck can comply with the 75 dBA regulatory level, All
sources other than the engine, fan, and exhaust will be 65 dBA or below with transmission
noise treated by the engine enclosure, Tire noise should be below 65 dBA under test condi-
tions and the noise from the rear axle below 60 ABA on most trucks, ‘

Table 5-5
Component Source Levels fora 75 dBA Regulatory Level

Component Noise Level, dBA

Engine 68

Fan 64

Exhaust 65

Air intake 65

All others 65

Total 72.6

BEST AVAILABLE TECHNOLOGY

The Noise Control Act requires that in setting noise emission standards for products
distributed in commerce, the administrator take into account the level achievable through
application of the “best available technology.” The term *best available technology” is
not defined. Based upon caselaw precedent relating to identical or similar Janguage under
other statutes, EPA believes that this term, us applied to the mass production of quiet
products, refers to levels which can be achieved by application of conventional techniques
and materinls. Further, these levels need not be levels routinely achieved by products already
on the market, At the same time, they cannot be levels EPA has arrived at by crystal ball

inquiry.

Accordingly, as applied to new medium and heavy trucks, EPA believes that the level
achievable through application of the best avallable technology is the level which it can be
reliably predicted, through the exercise of sound engineering unalysis, that assembly line

trucks of a1l classes subject to the standard will be able to meet by the effective date,
through application of currently known noise attenuation techniques and materials.
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On this basis EPA has determined that, given a lead time of 8 years, the not-to-exXceed
regulatory level achievable by application of' the best available technology is 75 dBA. The
sources of truck noise have been isolated, and have been found to be reducible in even the

noisicst trucks to levels which, when combined, will result in a truck which produces 72.9 dBA.

The techniques used for reducing to these levels are commeonly known, and are applicable to
all clusses of medium and heavy trucks. Furthermore, the noise reduction applicalions can be
readily integrated into the assembly line process, Finully, the 2,1 dBA margin beyond the 75
dBA regulatory level is sutficient to account for the design tolerance necessary in translating
to a population of mass-produced trucks,

The achicvability of the 75 dBA regulatory ievel has been demonstrated by the DOT
quicet truck program, where one manufucturer successfully built 0 72 dBA truck which has
been operating in regular line-haul service for over one year. This truck applies the conven-
tional quieting techniques discussed by EPA in developing these standards, the sume kinds of
applications which EPA has said are transferable to the general truck population. Moreover,
this experience has shown that a previously noisy truck can be quieted withoul impairing
its performance capabilities or its utility to the user.

Engineering Information

The design of quiet trucks involves the application of established acoustical principles.
The body of this type of information is large and, since truck quieting is relatively new,
enough time has not yet elapsed for this reservoir of knowledge to be properly topped, The
future should bring additional quieting techniques not presently available. It is necessary,
however, to confine the discussion to methods utilized today, Over the years information
has been collected on mufflers, fans, and transmission of sound through barriers, which can
be applied to the truck noise reduction problem. The most recent and directly applicable
data was obtained in the DOT Quiet Truck Program. In this effort, quicting techniques were
studied and applied to an existing model truck. Analysis of component test data show that
the major noise sources in a truck (tested according to SAE-366b) can be reduced to the
levels in Table 5-6, The individual sources are briefly discussed,

Table 5-6
Major Truck Noise Components

Level dBA
Source (366b Test) Reference
Engine 65 [8]
Fan 64 (8}
Exhaust 70 [8] [10]
All Other 66 (8], {10]
Total 729
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Engine noise treatment

The noise level of a heavy-duty diesel engine currently in production is around 75 dBA
[15])s0 that the techrology exists to design and build diesel engines with noise levels of
75 dBA, With 4 75 dBA engine, the use of a partial enclosure providing a noise reduction of
10,5 dBA [11] will give engine noise fevels around 64,5 dBA. Full enclosures and two-stage
engine mounts are avitiluble techniques and have been applied {o reduce engine noise lrom
8410 59 dBA [11], These techniques could be used to reduce the noise jevels from all other
engines to levels below 65 dBA, The technology required to redesign truck cabs to accom-
motlate engine enclosures and additional cooling for the enclosed engine is solved routinely.
It involved routine engineering design, such as enlarging cab space und rearranging equipment,

Fan noise trealment

The instailation of a larger, slower-turning, well-designed fan has been demonstrated to
reduce fan noise from 83 to 64 dBA [11]allowing the truck 1o comply with the 75 dBA
regulation,

Exhaust noise treatment

On a 4-stroke diesel engine, the exhaust outlet noise was reduced to 61 dBA using a
manifold muffler and larger exhaust mufflers [11]. The exhaust shell noise was reduced to 68
dBA using available muffler jackets and pipe joint scals [B]. On a 2-stroke dicsel engine,
the outlet noise was reduced to 64.5 dBA and the shell noise to 72 dBA without wrapping
the exhaust piping | i2). Wrapping the exhaust piping has been shown to reduce exhaust
shell noise by more than 4 dBA [10], Therefore, the technolopy has been demonstrated
that will bring exhaust noise levels down to 70 dBA for both 2- and 4-stroke diesel engines.
Gasoline engine exhaust noise treatment is similar to 4-stroke diesel engine exhaust treat-
ment.

Treatment of other sources of noise

Other noise sources include tires, transmission, rear axles and air intakes, Ribbed tires,
on the Freightliner DOT Quiet Truck, had o noise level below 61 dBA under test conditions
[8]. The noise level from the rear axle was measured at approximately S8 dBA [8]. The
treatment of noise from transmissions is included in the engine enclosures. Air intake silen-
cers have been used to reduce air intake noise ta below 63 dBA [10], [8]. Therefore, the noise
from sources other than the engine, exhaust, and fan can be reduced to 66 dBA or below
using demonstrated technology.
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Summary

On the basis of individual source levels, the discussion indicates that a total level of
72,9 dBA or less is achievable. Fora “not to exceed™ standard of 75 dBA, this leaves a
margin of 2.1 dBA or more, which should be adequate to account for variations in noise
levels from trucks of a single configuration and measurement uncertainties,

Demonstration (The 72 dBA Truck)

The Freightliner Corporation has built 2 heavy diesel truck using the discussed tech-
nology and the overall naise fevel reduced from 88 dBA ta 72 dBA [10]is low enough to
comply with the 75 dBA regulatory level allowing for a tolerance of 3 dBA. This 72 dBA
truck has completed 100,000 miles of linchaul service. It was employed in normal fleet
operations for aperiod of 1 year. No unusual maintenance problems were observed and the
noise abatement components have performed generally quite well [13], It should also be
noted that the introduction of the noise reduction hardware produced no odditics in the
appearance of the truck. To the casual viewers, it appeared no different from other trucks.

Applicability of Quieting Techniques
A carcful review of the Freightliner acoustical treatment indicates that all of

the techniques employed on this truck are transferrable to other trucks, if appropriate
roufine engincering precautions are observed.

Mass Production

All of the elements involved in the noise reduction system are conventional structures.
Some of the noise reduction items are:

Larger, slower-turning fans,

Fan clutches

Wrapped exhaust system piping, and
Engine enclosures.

If the truck and the production process are properly designed, trucks containing the
required nocise treatments should be mass-producible,
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Time Allowed for Design Cycle

The shortest time interval considered for the achievemeni of a 75 dBA level is 8 years.
The General Motors Corporation in their docket submission of April 10, 1974, included a
detailed bar chart iliustrating the steps in noise control development and the production
cycle. The total time span of the cycle is 4 years. International Harvester has stated in their
docket submission that any major redesign takes 2 and 3/4 years. On the basis of GM's and
IH's statements, it is reasonable to deduce that they (and other manufacturers) would be
able to meet the required level inside the 8-year time period allotted by the regulation.

A somewhat more extensive discussion of the “lead time™ question is given in refer-
ence 12,

Conclusjons

Perusal of the preceding text reveals the criteria presented carlier are satisficd. Therefore,
it is concluded that technology is available to permit the design and mass production of
trucks complying with a 75 dBA regulation jnside the shortest prescribed time interval
considered (i.e., 8 vears).
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Sectjon 6
COSTS OF COMPLIANCE

In complying witlt noise emission regulations on medium and heavy trucks, increases in
cost will be accrued by the truck userin the following areas:

1. Increases in truck prices, and
2, Increases in truck operating costs

Estimates of the increases in truck prices and increases in operating costs associated with
noise treatment are considered in this section,

The estimales given are estimates of the costs of compliance with not-to-exceed regula-
tory levels. [19] In deriving the estimates presented, estimates given in the BBN Report No.
2710 [1]and the background document for the proposed regulations [2]are revised to
include the following:

1. inJormation made availabie since the publication of the BBN Report No, 2710 and
the background doctument lor the proposed regulations.

2.  Costs of compliance with a 78-dBA regulatory level, that were included in some of
the regulatory options considered by EPA in response to public comments on the
proposed regulations.

INCREASES IN TRUCK PRICES

Tabie 6-1 gives the anticipated customer price increases associated with the reduction
of noise levels from the engine, fan, exhaust, and air intake to levels below those given at the
top of the table. The key lor the noise treatments in Table 6-1 is given in Table 6-2, The
estimates of price increases are given in terms of 1973 dollars and are based on cost ¢sti-
mates presented in the DOT Quiet Truck Program, manufacturers® estimates of the costs for
similar noise treatment hardware, and, when hardware is currently in production, list
prices. All of the component noise levels in Table 6-1 are design levels low enough to allow
medium and heavy trucks to comply with not-to-exceed regulatory levels, Except where
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noted, all noise levels are with the truck operated in accordance with the SAIZ J360b test
procedure at a site with @ hard surfice between the truck and measurement point,

Because the cost for quicting trucks is largely dependent on the initial engine and ex-
haust noise levels, derived from the enging model used in the truck, Table 6-1 has been
organized according to engine model instead of truck model. The range of engine noisc
levels are given for cach engine model with the engine inside the truck cab and at maximum
speed and load.

The design levels Tor cach regulatory level were selected to minimize the costs, Because
engine noise is usually more costly to reduce, design levels have been selected for the engine
that arc higher than the levels for other sources. For the 80- and 78-dBA regulatory levels,
it was found that the costs for some engine models could be appreciably reduced by select-
ing one of the two sets of design levels given at the top of Table 6-1.

Finally, to provide additional insight into the relative impact on the increase in purchase
price associated with each regulatory level, Table 6-1 shows the approximate percentages of
the total truck population comprised of medium or licavy trucks powered by the indicated
engine mode] [2]. In estimating the percentages for medium-duty engines, it is assumed that
heavy-duty engines are used only in heavy trucks.

NOISE CONTROL TREATMENTS AND COSTS
Coullng System

Since the noise from untreated cooling systems will depend on the configuration of the
truck cab and engine compartment, the treatment associnted with each engine model in
Table 6-1 will be different for different truck models, Therefore, the average of the noise
reductions required to reach the design level is used in estimating the required fan treatment
and associated costs in Table 6-1.

A fan noise level of 73-dBA is suggested for the 83-BA reguiatory level. In order to
reach this level, fan noise treatment #1 is given in Table 6-1. The average of the fan noise
levels as reported in the DOT Quiet Truck Program [3], IS] - [6] and Appendix C of BBN
Report No., 2710 [1] is 78-dBA. Therefore, on the average, o feduction in fan nojse of
approximately 5<1BA should be required to achieve the 73-dBA design level. Reductions of
6- to 8-dBA were obtained on the White Motors DOT Quiet Truck by improving the fan and
fan shroud design {3]. The price increase for these design substitutions is estimated at $10.

i I. Ten doliars is not unreasonable becuuse the fan and fan shroud used in the final (64-dBA) cooling

system treatment on the Freightliner DOT Quiet Truck produced a price increase of §13.50 [7].
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Tuble 6-1
Estimated Increase in Prices For Medinm and Heavy Trucks whiclh Comply with Not-to-Exceed Noise Emission Regulations
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Table 6-2
Key 1o Noise Treatments and Costs Tor TABLE 6-1

. Coile for DPescription of Smi:s:iﬂvcl
SYSTEM Tn?'a‘::;‘:m Naise Cangral Treatment Increase in Truck Purchase Price of Mobe
lteduvtion

Fan al Improved fan and fan shrood design, § 10 - Desipr substitutes for simidar equipment. 73 dHA
“‘Thermastatically conteotled fanclateh SLIO - Dhesign sighatitutes (810) plus net Increase for replacing
on heavy tracks 1o sllow remaval of radiator shutters with fan clutch 15 100).
radiator shuteers,

a2 Advanced sysiem with in:r_mwd fan $ 25 « Ncl price increase for replacing radiator, G and fan T dHA
design, G shroud and radiator design. shiroud with ones of inproved deslgn.
Includes fan cluteh en heavy trucks. $125 « Impraved rad {ator, fan and Fan shroud (525) and Fan cloach (3100),
LE] Best system posuble uting svaitable $ 30« Rudiator, fan and fan shrowd of improved design ($25) and 64 0BA
technology ; includes larger radiator lagger fap and radiator (3251,
which requises redesigned cab on $125 - Radistor, larget fan and fan shroud of impraved design (525}, and
heavy trucks. and fan clutch (5100}, Costs for larges radistor and redes
_ signed cab are fncluded in cub treatment 43 or dd4
$200 « Radistar, fan and fan shroud of improved design (§25), larper
fan and radiasor ($25), redesigned vab ($50) and fan cluich ($100}.,

Exhaust bi Best of presently available muditers $35.75 - Nef price Increase fos replacing existing mufflers. Depends on 73d0A

and? seals for exhaust leaks, unih[Red noise bevcl; on 4-sizoke enpines $25-50 and on Lstrake

engines 3715,

bl Advanced mufflees hetier than present- $50.150 «+ On 4-stroke engines; fict inerease for advanced muiflers, twice 69 dliA

Iy available on $-stroke engines; increased for best available mufflers {52525, depends on

manifuld muffler and best of uvailable unmufTled notse level.

}nufﬁ:}{s on l‘..‘-i{rokc engindt, Seals

or exhauat Jeaks.

) ! ) $260-360 « Advanced mufflers ($50-150) depending on unmuftled noise
5t bl . &

»l 'r.ie;csh;és;;)rn :[:sl,l‘ulc': :;lrfnmnamc 1evel}, manifold mufiter ($550), muffler jeckets ($30) mnd 5 duA

mufllers, exhaust seals, double-wall insulated double-wall exhaust piping (§30).

piping and muffler wiapping. For diesel trucks, add 85 for exhaust gas seals.

Engine el Engine quicting kits « close fitling $150-275 - For Digsel engines, estimates based on engine manu facturers’ 1-34DA
cavers and lsolated or damped. vices for availuble kits. Noise Reduction
exI&rior pirs - supplied by engine $100 - For Gasoline engines.
manufacturer.

Cab dl Underhaed treatmen, such as acoustle $100.200 - For Diesel trucks; based on truck manufacturers’ estimates. 2 dBA
abserbing muterfal, side shiclds and . Depends on needed noise reduction; 2-JABA (5100) and 4dHA
recirculating pancls. ($200}.

$50-100 - For Gasoline trucks,
d2 Underhaod treatment and anderpan. $400-500 « For Diesel trucks;undeshood teatment {$100-200) plus underpan 5-9dDA
(3300}, Noise Reductlon
$278-325 - For Gasoline trucks,
d3 Partial topen front and back) engine $850 - Partial engine enclosurs {§775) and speciad engine mounts (375), 10-11 UBA
encloture and special engine thoualt. Includes costy for lazger radiator and redesigned cab, Nolse Reduction
dé Full engine enclosure snd special $1075 - Average of tfruck manufaciurers’ estimates For full engine 12-15 dBA
ergine mounts. enclosure ($775.1300) and apecial engine mounts ($75), Nousa Heduetion
Includes costs for larger radintor and redeslgned cub.
Alr | el Imprave air intake design $ 5 - Design substitute for similur equipment, 69 dBA
Intake 2 Air intake sitencer and improved al $ 30 - Alrintake silencer ($25) and design substitute for similar 65 dBA

equipment {35).




On trucks equipped with radiator shutters, the Fan usushy stalls when the shutters are
closed, increasing fan noisc levels. With a thermostatically controlled fan clutch, the radiator
shutters can be removed, The change in truck price for replacing the radiator shutiers and
conventional fan hub with 2 fan clutch is 896 [7]. Adding tie cost for replacing the fan and
fan shroud with ones of better design gives un approximate price incredse for fan treatment
al of $110, Currently, radiutor shutters are not widely used on medjun trucks, therefore,
the costs of fan clutches are not included in price increases for medium trucks,

For the 80-dBA regulatory level, fan treatment 42 s used in Table 6-1 to reach 4 design
level of 70-dBA, In fan treatment 32, an improved radintor is added to fun treatment al to
reduce the noisc level from 73-¢BA to 70-dBA. Using a radiator with the same frontal arca
but more heat transfer area should be adequate to provide the 3-dBA of additional fun noise
attenuation [8). The addition of an improved radiator, such as the serpentine type used in
automobiles, should not increase truck prices significantly. Production costs {or a serpentine
radiator should be similar to those for a tube and fin radiator, which Include the costs of
some hand assembling. In some trucks, it may be possible to optimize the fan-to-radiator
distance to achieve nearly the same reduction in fun noise [8). An estimated price increase
of 525 for replacing the fan, fun shroud, and radiator with ones of better design is used for
fan treatment a2 (Table 6-1). For heavy trucks, the cost of $100 for a fan clutch is added.

A design level for fan noise of 64-dBA is seleeted for the 78~ and 75-dBA regulatory
level. With the attenuation provided by engine noise shicltds, the use of o weil-designed fan
shroud and larger slower-turning fan should be adequate to achieve a 64-dBA fan noise level
[5]. The larger fan wiil require a larger radiator in most trucks, A $25 price increasc is
given for replacing the existing radiator with one with a larger frontal arca, For medium
trucks, the radiators are usually small enough so that larger radiators can be used without
requiring enlargement of the engine compartment. In addition, a far smaller than the 31-
in-diameter fan used on the Freightliner DOT Quiet Truck should be adequate for most
medium trucks, since the cooling requirements are usually less than those for hieavy trucks.
Therefore, the total price increase for fan trextment a3 in medium trucks is $50, which
includes the costs for cooling system design substitutions and a larger radiator.

On heavy trucks, where cooling requirements are usually greater, original equipment
radiators are larger than on medium trucks. For a square radiator, a frontal area of 1200
sq in should be adequate to sccommodate the larger fan in treatment a3. This fronfal arca
represents an average increase in radiator size for heéfavy trucks of approximately 200 sq.
in. On the Freightliner DOT Quiet Truck, the net increase in cost for the 2000-sq-it radi-
ator over the cost for the standard 1200-sq-in radiator was estimated by Freightliner as
approximutely $150. Bascd on this estimate, an increase in frontal arca of about 200 sq
in would increase the price of a truck by $37.50. To accommodate an increase in radiator
size on most heavy trucks some madifications to the cab wili be required to provide
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additional frontal area. The increase in price for the larger radiator and the cab which had
room for i larger radiator and engine on the Freightliner DOT Quiet Truck is $300 [7]. Sub-
tracting $150 for the Jurger radiator yields a price increase of $150 for the larger cab, However,
since only the ront part of the caly will need to be modified and radiators smaller than the
one used in the Freightliner truck will prebably be sufTicient, the increase in price for this
cib modification is $50. Adding the costs lfor design substitutions, u larger rdiator and lan
clutch brings the total price increase to $200 for treatment a3, On heavy trucks where
partial or full enclosures are required for treatment of engine noise, the cost for the larger
radiator and additional space in the truck cab is included in (he cost for cab treatment. The
costs for the larger radintor js included with the costs for cab treatments d3 and A4, where
applicable, since larger radiators will be required to provide additional cooling for enclosed
engines, In these cases, the price increase of $125 is used for fan treatment u3.

[n estimating the costs for fan treatments, it is assumed that fans equipped with
thermostatically-controlled clutches will be required to be on during testing, 11 the fun clutch
is permitted to be disengaged during testing, then the costs for fan treatment (other than for
fan clutches), can be avoided,

Exhaust System

An exhaust system noise level of 73-dBA is given jn Table 6-1 for the 8341BA regulatery
level. In order to reach this level, exhaust system noise treatment bl is used, The noise
levels for exhaust systems with the best muffiers currently being manufactured are 73-dBA
or below [1]. The retail price for these mufflers range from about $40 to $80, Incremental
prices for $25 to $50 are used for replacing the existing mufflers with the best mufflers
currently being manufactured, A price increase of $50 is used for the 4-stroke diesel engine
models which have higher unmufiled exhaust noise levels. The unmuffled noise levels for
2-stroke diesel engines are about 10-dBA higher than the unmuffled levels for the 4-stroke
engines [1]. Therefore, more attenuation of exhaust noise will be required on 2-stroke
engines in order to reach the 73-dBA design level. Mulflers, which are similar to the mufflers
used on the International Harvester DOT Quiet Truck should provide sufficient attenuation
to reduce exhaust noise level to 73-dBA or below [9], Since the mufflers used in treatment
al on 2-stroke engines provide more attenuation, their costs will probably be higher than the
costs for muftlers on 4-stroke engines which reduce exhaust noise levels to 73-1BA. Theretor,
the Increase in truck price of §75 is given for treatment a3 for 2-stroke engines. To reduce
noise from exhaust leaks, exbaust gas seals are used in treatment al on dieset engines, The
price increase for exhaust seals should be approximately $5 (7].

An advanced system (Code b2) should be needed to reduce exhaust noise to the design
level of 69-dBA for the 80- and 78-dBA regulatory levels. This treatment will probably
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involve the construction of langer, wider mufflers, possibly with double wall construction to
reduce shell noise. The cost of these mufflers will probably be more than the costs of the
best available mufflers. For purposes of estimating the price increases in Table 6-1, the
incremental price increases for the best available mulfers (Code b1) are doubled and

treated as conservative (i.c., high) estimates. The rationale is that mufflers typicatly provide
10-20 dBA attenuation. While two mufllers in series will not provide twice the attenuation
ol one, 4-10 dBA of additional attenuation can be expected [1]. Accordingly, the price
increase estimates for Code b2 are $50-150.

A desipn level of 65-dBA for exhaust noise is given in Table 6-1 for the 75-dBA reguia-
tory level, In order to reach this level, a manifold muffler, muoiller juckets, and insulated
double-wall exhaust piping are added to the mufflers used in Code b2, The manifold muffler
used in the “Final Sclection™ exhaust system on the Freightliner DOT Quiet Truck reduced
the exhaust noise level from 70 to 65.5-dBA [5]. The manuficturer’s cost for a manifold
muffler is estimated at $100 [7], Using a scaling factor of 1.5, the estimated price increase
for a manifold muffler is $150. Price increases of $30 are used for the muffler jackets [7],
and $30 for insulated double-wall ¢xhaust piping. Using these estimates, the price increases
given in Table 6-1 for Code b3 are obtained by adding $210 to the price increases for the
advanced mufflers (Code b2),

Engine and Cab

in order to determine the reduction of engine noise needed to reduce the engine level
to the given design noise level, the difference between the engine noise design level and the
highest of engine noise levels given for each engine model is determined. By using the highest
of engine noise levels, the noise treatment used in Table 6-1 should be adequate to reduce

the noise from all engines of a given model enough to allow trucks to comply with the given
regulatory level,

Engine quicting kits are available for many diesel engines. These kits consist of close-
fitting covers and isolated or damped exterior panels. The estimated prices for these kits are
based on prices quoted by engine manufacturers and range from $100 to $275. When the
total required cngine noise reduction is less than 3 dBA, underhood treatment (Code di)
is used since it is Jess costly. Engine quiet kits are used in some cases to obtain an additional
2-3dBA attenuation avoiding the need for the more costly underpan or providing additional
attenuation beyond the 15-dBA for full engine enclosures,

One truck manufacturer estimated that the increase in truck price for the application

of underhood treatment will be about $100 [1] for a truck equipped with a diesel engine.
This price is used to achieve the 2-3 dBA of engine noise attenuation, When noise reduction
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of 4-dBA is required for diesel engines larger side shields may be needed, In this cuse, an
eslimated price for Code d1 ol 3200 is used in Table 6-1. The $200 is the price increase for
“Shields™ only [5], plus a price increase for “Interior Cab Treatment,” [3}.

Because gasoline engines have half the side surface area as dicse] engines, the size of
the engine side shields needed to provide the same noise attenuation for gaseline engines will
be about half the size of the shields used for diesel engine noise, Accordingly, the price
increases for treatment d] of $50-100 (estimated for smaller shield size) are used for gasoline

engines,

An underpan between the truck frame rails, acting as a barrier to engine noise radiated
from underneath the truck cab, is added to the underhood treatment (Code d1) providing
total engine noise reduction of 5-9 dBA [10}. Based on the Freightliner DOT Quiet Truck
[5], the price increase for the underpan is estimated at $300 as shown in Table 6-3, An
underpan of about 5 feet in length is used in making this estimate since a 5-foot underpan
should be adequate to cover the {ength of the engine (Table 6-9) so that engine noise reduc-
tions of 4-9 dBA cun be achieved. As shown in Table 6-3, the 3300 estimate is added to the
price estimates (or the underhood treatment (Code d1) arriving at estimated prices of $400
to $500 for the cab treatment d2. A price increase of $400 is used for engine noise reduc-
tions of 5-6 dBA and $500 for 7-9 dBA noise reductions.

Since gasoline engines are, in genetal about a foot shorter than diesel engines {Table 6-9),
obviously the underpans used on gascline trucks will be about | foot shorter, Using the
same procedure as in Table 6,3, price increases for treatment d2 of $275 to $325 is derived

for gasoline trucks.

When engine noise reductions of 10-15 dBA are needed, special engine mounts and a
partial or full enclosure is used (Table 6-2). A partial enclosure, (open in front and back),
is used with special engine mounts {(Code d3) to obtain 10-11 dBA of ¢engine noise reduc-
tion [5]. The increase in truck price with special engine mounts and a partial enclosure is
cstimated at 3850 [7]: This estimate includes the costs for a cab with a larger engine com-
partment which may be necessary to accommodate the engine enclosure and for a larger
radiator to provide additional cooling for the enclosed engine. A full engine enclosure and
special engine mounts (Code d4) are used in Table 6-1 when 12-15 dBA of attentuation is
required. Price increases for full enclosures will depend on the initital truck cab configura-
tion. The estimated price increases for full engine enclosure made by truck manufacturers
range from $775 to $1300 [11. For purposes of estimating the increases in truck prices,
the average of the estimated price increase of $1,000 is used for full engine enclosures, The
price increase of 375 for special engine mounts [7]is added to the price increase for full
enclosures to obtain the estimated price increase of $1075 for Code d4, For the 75-dBA
regulatory level, two engine models require attenuation of 15 dBA or more. For these
engines, an enging quieting kit (Code c1) along with a full enclosure (Code d4) are used.
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Tahle 6-3
Estimation of Price In¢rease for Cab Treatment 42 on Diesel Trucks

Cab Treatment d2 Purchase Price
Partial enclosure with Y-foot underpan and side shields . . . . . 773
Side shields . . 267*
9-foot underpan (difference of | and 2, above) 306
5-foot underpan (5/9 of 3, above) 300
Side shields ($100-$200) and 5-foot underpin o $400-5500

* The side shields used on the Freightliner DOT Quict Truck were part of the partial enclosure

which enclosed the engine and transmission and were therefore larger than the engine side
shields called for in treatments d1 and d2 in step 5.

Air Intake

Of the 34 air intakes tested on diese] engines, a majority had noise levels below 72-dBA
[13]. Therefore, noise treatment should not be necessary for trucks complying with the
83-dBA regulatory level, However, some treatment may be necessary for the other regula-
tory levels, A design level of 69-dBA for the ajr intake noise should be low enough to allow
most trucks to comply with the BD-dBA regulatory level, Replacing the rain cap on the air
intake opening with one of better design reduced the air intake noise on the international
Harvester DOT Quiet Truck from 72- to 69-dBA [9], Thus, it should be possibie to quict

most existing systems by replacing equivalent parts with parts of a better desipn (Code e1),
The price has been estimated at §5.

For the 78- and 75-dBA regulatory levels, a design level for air intake noise of 65-dBA
is used in Table 6-1. In addition, it was found that by reducing the air intake noise to 65-
dBA on some trucks complying with the 80-dBA regulatory level, a savings could be realized
by relaxing the required engine noise treatments, An air intake silencer should be sufficient
to provide the additional 4-dBA of attenuation [9] needed to reduce air intake noise to
65-UBA or below, An average estimated price of $25 is used in Table 6-1 for air intake
silencers, so that the total estimated price increase for Code e2 is $30. In some eases, air

intake noise can be reduced to 65-BA or below at a savings by using i non-snorkle uir
intake [T}
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Other Sources

The noise from sources other than the engine, fan, exhaust, and uir intake (such as
transmissions, tires, and rear axies) should combine to generate i noise level of less than
70-dBA without treatment, Transmission noise fevels for medium and heavy trucks are
approximately 70-dBA or below. Maximum transmission noise levels of 68- to 70-dBA ure
teported for the White Motors DOT Quiet Truck {31, using measurement positions at the
same distance (30 feet) specified in the SAE J366D test method, but at different orienta-
tions relative to the truck. The transmission noise levels reported for the International
Harvester DOT Quiet Truck were below 70-dBA [6], while the truck was in the measure-
ment zone defined for the SAE J366b test procedure, Therefore, few truck transmissions
should requite noise treatment in complying with the 83-, 80- or 78-dBA regulatory levels.
For the 75-dBA regulatory leyel, the treatment of transmission noise is included in the
partial or full enclosures used to treat engine noise. Henee, the levels of the “other sources™
category is reduced to 65 dBA, In cases where enclosures were used in Tuble 6-1 to comply
with the 78-dBA regulatory Jevel, the reduction of transmission noise produced by the
enclosure is included in the design levels. In one case, the savings associnted with the use of

a partial enclosure instead of a full enclosure was realized,

The level of noise from ribbed truck tires at SAE J366 test speeds (below 35mph) are
approximately 65-dBA or lower [41. On the Freightliner DOT Quicet Truck, o tire noise
level of 62-dBA was measured [5). On the International Harvester DOT Quiet Truck, the
tire noise was 65-dBA or below [6]. Therefore, tires should not need treatment in order for
trucks to comply with any of the repulutory levels considered in Table 6-1.

For the rear axle, the noise level reported for the Freightliner DOT Quiet Truck is
58dBA [5]. No noise treatment for the rear axle is included in the estimates of increases

in truck prices,

AVERAGE TRUCK PRICE INCREASES

The average price increases for medium and heavy gasoline and diesel trucks are given
at the bottom of Table 6-1. In computing the average price increases for diesel trucks, the
price increase associated with cach engine model is weighted by the percentage of total truck

population for each engine model.

The average truck prices for 1973 presented in Table 6-4 can be obtained by multiply-
ing the 1972 prices [2] by the ratio of wholesale prices for trucks of 1.016 [16].

6-10

T i et a2 i

o



Using average truck prices for 1973 [2], presented in Table 6-4 and the average increases

in truck prices in Table 6-1, the percent increases in truck prices are computed for ench truck
type. In computing the averages of price increases for all trucks for each regulatory level,
the truck price increuases are weighted according to truck population figures {27,

Tuble 6-4
Percent Increases in Truck Prices due to Noise Emissions Regulations

oty | e | I | o wit G Regultony Leve
Price | Population | w3454 | goapA | 78dBA | 75dBA
Medium gasoline . . .| § 5,836 55.1% 0.6% 3.1% 5.6% 11.4%
Heavy gasoling, . . .| §11,613 10.2% 1.2% 2.4% 4.1% 7.0v%,
Medium diesel . . ., .| § 7,360 1.2% 5.8% 11.8% | 14.4% | 22
Heavy diesel. . . . .| 525,608 33.5% 1.5% 2.8% 3.8% €3
Average for all trucks . - - 1.0% 3.0% 4.9% 9.2,.

The price increases in Table 6-1 should be considered as conservative or worst-case

estimates for the following reasons: s,
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The demand for some of the noisy diesel engines should decrease. Manutacturer B
has indicated that the sales of their noisiest engine has already begun to decrease
{14]. In addition, the increased demand for quieter engines will encourage design
changes to quiet engines, A decrease in the population of noisy engines will reduce
the average price increases given in Table 6-1,

Most of the estimates of price increase are based on data given in the DOT Quiet
Truck Program. In this program, existing heavy diese! trucks were quicted with-
out using major cab or engine modifications; this approach leads to greater costs
than would be incurred if such modifications were incorporated in the early
design stages. Where cost data was not available, conservative (i.e., high) estimates
were made. In addition, cost savings resulting from improvements in noise con-
trol technology were not considered.

Savings due to high volume production of noise control hardware, probably
necessary to meet the demand generated by noise emission regulations on trucks,
has been ignored.
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The sensitivity of estimations of truck price increases to the above assumptions is
briefly explored.

Projections of Truck Prices with Improved Technolagy
and Reduction in Production Costs

There are several arcas where improvements in the noise reduction technology demon-
strated in the DOT Quict Truck Program muay occur in the production ol new trucks comply-
ing with noise emission regulations. One of these arcas is the reduction of engine noise by
modifying the ¢ngine itself. Modification of the engine was outside the scope of the DOT
Quiet Truck Program.

It should be possible to reduce the noise levels from all diesel engines to 77-dBA and
the levels from all gasoline engines to 75-dBA without significant increases in manufacturing
costs perengine. Truck pasoline engines are presently available which have noise levels of
75-dBA. A heavy-~duty diesel engine is currently manufactured with an average noise level
of approximately 77-dBA. This engine is given in Table 6-1 as the turbocharged heavy-duty
diesel engine from manufacturer D. This engine model comprises over 4 percent of the
truck diesel engine market and is priced comparable to noisjer engines of similar sjze,

By assuming that all diesel engine noise levels are 77-0BA and all gasoline engine noise
levels are 75-dBA, the average price increases given jn Table 6-5 can be derived by applying
the same procedure used in deriving the average increases presented in Table 6-1,

If, in addition to the assumption that engines can be quieted, it is assumed that the costs
of noise control hardware currently in production (e.g., fan clutches and exhaust mufflers)
will be reduced by 10 percent as a result of increased production and the costs of hardware
not currently in production (e.g., manifold mufflers, and cab side-shields and underpans)
will be reduced by 50 percent when demand forces full production, the increases in the
truck prices given in Table 6-1 are obtained.

The above assumiptions used in estimating the price increases given in Tables 6-5 and
6-6 are not based on published information on past experience in quieting trucks, but repre-
sent projections of possible applications of available technological principles in the produc-
tion of quict trucks and predictions of (uture cost reductions. Therefore, these estimated
price increases are not supported by published data on noise treatment costs, as are the
estimated price increases given in Table 6-1. However, the estimated price increases in
Table 6-1 are conservative and the price increases given in Tables 64 and 6-5 indicate the
savings which may be achieved by quieting engines and degree to which the estimated price
increases in Table 6-1 may be overstated.




Truck Price Increases with Fan-Off Compliance Testing

On trucks equipped with fan clutches, the fun shounld be turned off a jarge percentage
of the time during normal operation, so that the contribution to environmental noise from
the fun would be significantly reduced. If trucks equipped with fan clutehes are permitted
to be compliance tested with the fans off, then these trucks can be designed with the
assumption that there will be no hoise contribution rom the cooling system, Eliminating
the fan noise in the design levels given at the top of Table 8-}, raising the engine noise
design levels by 1 dBA, and using only a $100 fan clutch as the most costly cooling system
treatment, the price increases in Table 6-1 can be reduced to pive the average price increases
presented in Tuble 6-7. The largest savings occur for heavy trucks which will use fan clutches

Table 6-5
Estimated Increases in Prices for Regulated Trucks,
Assuming that all Engines can be Quicted*

Type of Regulatory Levels

Truck 83dBA 80dBA 78dBA 75dBA
Medium Gasoline . .. $ 10 §i30 $230 % 540
Heavy Gasoline .., .. 110 230 380 690
Medium Diesel...... 63 256 515 891
Heavy Diesel ,...... 170 370 677 1055

*Dicsel = 77dBA, and gasoline = 750 A

Table 6-6
Estimated Increases in Prices for Regulated Trucks,
Assuming that all Engines can be Quieted and Manufacturing
Costs will Decrease with Increased Production

Type of Regulatory Levels

Truck 83dBA 80dBA 78dBA 75dBA
Medium Gasoline , ., . $ 9 $90 $l6l $368
Heavy Guasoline ..,.. 99 180 276 484
Medium Diesel ...... 57 171 344 511
Heavy Diesel ....... 153 271 318 636
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Table 6-7
Estimated Increases in Truck Prices Assuming
Fan-Off Compliance Testing

Regulatory Levels
Type of
Truck 83dBA 80dBA 78dBA 75dBA
Medium Gasoline .. . . § 35 5180 3 330 $ 665
Heavy Gasoline ., ... 125 255 380 715
Medium Diesel . . . .. 426 850 i059 1624
Heavy Diesel ....... 356 589 860 1363

even if testing is done with the fan on. If for reasons other than noise reduction trucks are
equipped with fan clutches before the effective date of the 83-dRA regulatory level, then
the net price increase for fan clutches (3100} can be saved on heavy trucks.

CHANGES IN OPERATING COSTS

Noise treatments affect the operating costs of medium and heavy trucks by (1) ching-
ing the truck performance which affects the rate of fuel consumption, and (2) changing the
ease and amount of required maintenance,

Costs of Changes in Rates of Fuel Consumption

In this section, the changes in fuel costs per truck-mile are predicted for cach engine
madel, regulatory level, and noise treatment by:

.

L.

Estimating the changes in truck operating properties produced by noise treaxtments
which affect the rate of fue} consumption,

Estimating the sensitivity of the rate of fuel consumption to the changes in truck
properties, and

Multiplying the product of the changes in truck operating properties and the
fuctors of fuel] consumption sensitivity by average fuel costs,
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Changes in Truck Operating Properties

Table 6-8 shows the estimates of the changes in truck tare (empty) weight, exhaust
backpressure and required accessory power for cach of the noise treatments used in Table 6-1,
The derivation of these estimates are described.

Cooling System Treatments
Design Substitutes (Code al)

This cooling system treatment involves the substitution of the existing fan and fan
shroud with ones of better design, so that the fan speed can be reduced without loss in
volumetric air flow, The change in weight is negligible. Medium trucks are assumed not to
use fan clutches. Without fan clutches, the average power saving for medium diesel trucks
is estimated at 5 hp. The maximum power savings with fan and fan shroud substitutions,
other than fan clutches, for the trueks in the DOT Quiet Trucks Program were approximately
5.5 hp [3], [7] and [9). For medium diesel trucks, the maximum savings should be Fairly
close to the average savings, since diesel engines are designed to run close to maximwm rated
speed at all loads, For medium gasoline trucks, the lower power requirements ure assumed
to cause the average specd to be approximately 75 percent of the rated speed, yiclding
approximately half the power savinpgs (2.5 hp).

The only available data on fan power requirements relate to diesel engines. To estimate
the requirements for gasoline engines, it should be noted that two competing effects occur
in going from diesel to gasoline engines. The net heat rejection into the block for gasoline
engines is higher than that for diesel engines [11]. On the other hand, the surface area-to-
volume ratio is higher for gasoline engines, us well as the clearances between the engine and
surrounding structutes, -These lead to higher heat rejection effectiveness for gasoline
engines [11]. [t is therefore assumed that for r given rated engine horsepower, cooling
fans on gasoline and diesel engines require the same power input.

For heavy trucks, {an clutches are used to replace radiator shutters. The extra weight
of the fan clutch hub Is spproximately 20 pounds, but this is almost exactly balanced by the
weight of the removed shutters [7]. Because the fan clutch should be disengaged most of
the time {12], virtually all of the power needed to drive the fan will be saved. The power
requirements for the fan reported in the DOT Quict Truck Program for heavy diesel
trucks with engines at the governed speed of about 2100 rpm were between 17 and
19.5 hp [8] ond [7]. Since both gusoline and diesel engines are typically operated at
speeds near 2000 rpm, the average power savings with the fun off should be npear the maxi-
mum power requirements reported in the DOT Quiet Truck Program. Therefore, the
average power savings with fan clutches is assumed to be 15 hp for heavy tmcks.
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Table 6-8
Change in Physical Properties of Trucks with Noise Treatments

Increase in Deciease in Accessory
Intrease in Exliust Power Requirements
Noise Truck Weight fack
Treate Pressure Medium Truck
ment Gasoline Diesel ar Alr Intake Heavy
Code Descriplion Teucks Truvks Restriction [ Gasoline | Diesel Teuck
(Founds) | (Pounds) {Inches of (hy) (hp) (hp)
4O
4 b
Btroke | Stroke
ul Fan design substitutes without
Tan clutch 1] ] - D] s 5 -
Fan design substitlutes with
fan clutch 0 0 - - - - 15
! a2 | Advanced system without
' fan clutch 0 0 - - 4.5 9 -
. Advanced system with fun
! clutch 0 0 - - - - 15
a3 Best available lechnology sys-
tem without fan cuteh 10 10 - - [ 12 -
! Best uvailable lechnology sys.
' tem with fan clutch 10 10 - - - - 15
bl Best availuble mulflers 25 25,50 o1 0 [1} - ~ -
1002
b2 Advanced mufQlers 50 50,100 or 0 2 - - -
: 150€2)
b3 Bust availuble technology
! system 135 135,145 or 2 J20 - - -
235(2)
el Engine quict kit §2 25 - - - - -
aj Underhood treatment und side
shields a5 55 - - - - -
d2 | Treatmentd] with underpan 60 120 - - - - -
a3 Partiol engine enclosure - 500 - -~ - - -
d4 Full engine enclosure - 500 - ~ - - -
el Adr intuke deslgn substitutes 0 0 ) 0 - - -

¢2 Air intake silencer and desipn
substituies 0 0 0 0 - - -

(1) The treatment has no effect or is not used on this type of truck,
{2) Depending on unmulficd level - highest weight for 2-stroke dlesel engines.
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Advanced System (Code a2)

This treatment consists of improvements in the fan, fan shroud and mdiator design to
reduce the fan speed without reducing volumetric air flow. Improvements in the fan, fan
shroud and radjator designs, and optimization of radiator-to-lfan distance are included in the
treatment, Inecreasing the fan size enough to require a larger radiator is not included in this
treatment, On medium trucks, a fan clutch is not used. The power savings on medivm
diesel trucks is expected to be nearly 9 hp [8]. On mediwm gasoline trucks, half the savings
(4.5 hp) is used in Table 6-7, Asdiscussed above, the fan clutches on heavy trucks should
provide a power savings of about 15 hp without significantly increasing the weight of the
truck,

Best Available Technology (Code a3)

The principat feature of this treatment is a larger fan which should require & radiator
with a larger frontal area, The increase in weight for the larger radiator should be small (Jess
than 11 pounds, [ 5]}, since the increase in frontal area is nccompaniced by a decrease jn radia-
tor thickness. A value of 10 pounds is given in Tuble 6-8. Without the fan clutch, the power
savings for medium diesel trucks should beabout 12 hp [12]. Haif the savings is assumed for
medium gasoline trucks, The fan clutch on heavy trucks should provide power savings of
nearly 15 hp.

Exhaust System Treatments
Best of Currently Avatlable Mufflers (Code b1}

This treatment consists of replacing stock mufflers with currently available mufflers
which provide the highest noisc attenuation. The net increase in weight for the mufflers used
on the Freightliner DOT Quict Truck was approximately 50 pounds (7}, Therefore, for
#-stroke engines with unmuffled noise levels similar to the Freightliner truck, a net increase
in weight of 50 pounds is given. A net increase in weight of 25 pounds is used for 4-stroke
engines with lower unmuffled noise levels. Since the unmuffled noise levels for 2stroke
diesel engines are higher than the Jevels for 4-stroke diesel engines, larger heavier mufflers
will probably be needed to achieve the same muffled exhaust noise level, The mufflers used
on the 2-stroke diescl engine in the Intemational Harvester DOT Quiet Truck were 130
pounds heavier than the original equipment mufflers (9], However, these mufflers pro-
vided more attenuation than needed for treatment b1, Therefore, the mufflers for treatment
bl on 2-stroke diesel engines slioutd be lighter. Accordingly, a net increase in weight of 100
pounds is given in Table 6-8,
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A comparison of the backpressures developud by several systems shows that systems
with mufflers whicl provide higher noise attenuation have nearly the same backpressure as
systems with mufflers which provide less attenvation [1]. Therefore, insignificant increases
in backpressure are expected for exhaust systems with the best available mufflers {Code bi).

Advanced Mufflers ( Code b2)

For exhaust treatment b2 on 4-stroke engines, the weight increase of twice the increase
for trentment b1 is given in Table 6-8, For exhaust treatment b2 on 2-stroke diesel engines,
50 pounds is added to the weight increase of treatment b1, These increases in weight should
result from the use of larger heavier mufflers than used in treatment b1,

For treatment b2 on d-stroke engines, the backpressure is not expected to increase
significantly over the backpressure for treatment bl, since larger muftlers will be employed.
However, an increase in bacrpressure for 2-stroke diesel engines similar to the 2-inch increase
for the “'Final-Selection™ exhaust system on the Freightliner DOT Quiet Truck [7] is
expected. !

Best Available Technology System (Code b3)

In going from treatment b2 to b3, a manifold muffler, double-wall exhaust piping and
muffler wraps are added. The net increase in weight for the manifold muffler is S0 pounds
[7], and the muffler wraps 20 pounds [7]. The net weight increase for the double-wall
exhaust piping is estimated at 15 pounds. Therefore, a total of 85 pounds is added to the
weight increases for treatment b2 in estimating the weight increases for treatment b3, The

‘weight increases in Table 6-8 for treatment b3 are nearly cqual to the weight increases of

140 and 160 pounds reported for the exhaust system with a manifold muffler used on the
Freightliner DOT Quiet Truck [7].

The increase in backpressure of 2 inches of H, O is given in Table 3-8 for treatment b3
on 4-stroke engines. This is similar to the increase in backpressure for the “Final-Selection”
system uscd on the Freightliner DOT Quicet Truck [7]. For 2-stroke dicsel engines, increases
in backpressure of about 20 inches of H, 0 are expected, These increases are similar to the
increases produced by the mufflers used on the International Harvester DOT Quiet Truck
9], The addition of double wall piping and muffler wraps should not increase back préssure.
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Engine Treatmenis
Engine Quiet Kits (Cade i)}

The engine quiet kit used on the Freightliner DOT Quiet Truck increased the truck
weight by 20 pounds [7]. On the White Motors DOT Quiet Truck, the engine quiet kit
weighed 25 pounds [3}. Thus, a conservative estimate of the average increase in the weight
of diesel trucks with the addition of guiet kits is 25 pounds. For gasoline engines, no com-
mercial kits are presently available. Because gasoline engines have approximately half the
surface area of diesel engines (see Table 6-9). the weight for quiet kits for gasoline engines
is estimated at 12 pounds.

Cab Treatmenis

The cab treatments consist of baffles and panels attached to the cab structure to pro-
vide shielding from engine noise. The first two treatments (d1 and d2) are designed to baffle
only the engine block. Therefore, the size and weight of these treatments will depend on the
size of the engine. Since there is a significant difference in the size of diesel and gasoline
engines, separate estimates of weights for treatments d1 and d2 will be given for diese! and
gasoline engines. The other treatments (43 and d4) are not used on trucks with gasoline
engines, so that weight estimates arc given only for diesel trucks,

Underhood Treatment and Side Shields { Code d1)and Underpan (Code d2)

The rationale for deriving the weights of treatments d1 and d2 is as follows [11].
First, the dimensions of a typical engine block were obtained from catalog information, Then,
the dimensions of the smallest rectangular prism were obtained which would enclose the
engine on its sides, top and bottom were estimated, These dimensions are given in Table 6-9.
This prism Includes the turbocharger where appropriate, but not the air intake, The dimen-
sions of this prism ate multiplied by a factor of 1,5 to allow for clearances and overhang at
the ends. On the basis of the Freightliner DOT Quiet Truck design, the underhood treatment
was assumed to cover the top of this prism and one-third of the side area, Similarly, side
shields were assumed to cover one-sixth of the side area, and the underpan was assumed to
cover the bottom of the prism and the lower one-third of the side area, The remaining one-
sixth of the side area was assumed to be taken up by the frame mils. By this means, the
dimensions of the underhoad treatment, the side shields and the underpan given in Table
6-9 were established,
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To obtain weights, the area of the underhood treatment, which should require no
structural members, is multiplied by an area density of 1-Ib/ft? to account for the installa-
tion of sound absorbing materials [7). This procedure gives the weights shown in Table
6-9. From Table 6-9, rounding the weights up to the nearest 5 pounds, the weight esti-
mates given in Table 6-8 for treatments d1 and d2 can be obtained.

Engine Enclosures ( Codes d3 and d4)

Engine enclosures should not be required on gasoline trucks to comply with regulatory
levels of - 75-dBA orabove, The weight of the partial enclosure on the Freightliner DOT
Quict Truck was 455 pounds [7], including the weight increase for a cab with a larger
engine compartment. The full engine enclosure on the Freightliner DOT Quiet Truck in-
creased the truck weight by 463 pounds [7]. These weight increases are rounded {o the
nearest 50 pounds to allow for additional structural modifications which may be required in
trucks with conventional cabs,

Table 6-9
Dimensions and Weights for Cab Treatments d1 and d2

Diesel Engine (Overall Engine Dimensions: 50" long x 50" high x 30" side){!?

Treat ment Area (ft?) Density (Ib/1t?) Weight (Ib)
Underhood 33 1 33
Side shields 9 2 18
Underpan 33 2 66

Total 117

Gasoline Engine (Overall Engine Dimensions: 35" long x 30" high x 25" wide) @

Treatment Area (ft*) Density (1b/11%) Welght (1b)
Underhood 16 1 16
Side shields 4 2 8
Underpan 16 2 32
Total 56

(1) Source: Cutaloginformation from Cummins and Cakspillar
(2} Soutce: Chrysler catalog informution
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Alr Intake Trearments
Design Substitutes ( Code e 1) and Silencer (Code ¢2)

On the International Harvester DOT Quict Truck, it was possible to apply treatment to
the air intake without increasing the air intake restriction, On the Freightliner DOT Quict
Truck, a reduction in the air intake restriction was reported for the quieter non-snorkle air
intake. No air intake treatment was needed on the White Motors DOT Quict Truck, There-
fore, on the avernge, treatments of air intake noise should not decrease engine performance.
Increases in truck weight with air intake treatments are expected to be negligible.

Effect of Noise Treatment on Rates of Fuel Consumption

The change in the rate of fuel consumption (in gallons per mile) are given in Tables 6-10
pet unit increase in truck weight, exhaust backpressure and accessory horsepower (1], Both
4-stroke and 2-stroke engines have approximately the same sensitivity to exhaust backpres-
sure [15]. To determine the change in the rate of fuel consumption for each noise treatment
presented in Table 6-2, changes in truck weight, exhaust backpressure or accessory power,
(given in Table 6-8), are multiplied by the appropriate coeflicients jn Table 6-10. The
products are summed for cach treatment to yield the results presented in Table 6-11,
Following the procedure used in Table 6-1, the data in Table 6-11 can then be used to com-
pute the average changes in the rates of fuel consumption given in Table 6-12, By comparing
the rates of fuel consumption given in Table 6-11 with the mies in Table 6-12, it can be

Table 6-10
Effect of Truck Properties on Rate of Fuel Consumption

Increase in Fuel Consumption

Per Unit Per Unit Per Unit
Increase in Increase in Increase in
Type of Truck Weight Backpressure Accessory ‘
(GPM/1) (GPM/mtl,0) | Power (GPM/hp) !
Medium gasoline, 3.25x10%6 0 3.5x107
Heavy gasoline . . 3.25x106 0 1.9x1073
Medium diese! . 1,77x106 3.6x10°% 1.9x10°3
Heavy diesel. ... 1.77x10 1.5x10% 1.0x]107




T

Tuble 6-11

Effect of Noise Treatment on Rate of Fuel Consumption

Change in Rate of Fuel Consumption (Gallons/Mile)

Noise Medium Heavy Medium Heavy
Treatment Gasoline Gasoline Diesel Dicsel
al -8.75x107 | -2.85x10°2 | -9.5x10® | -1.50x10~
a2 -1.58x107% | -2.85x10~% | -1.71x10"* | -1.50x10-2
a3 -2.1x107 -2,85x10~2 | -2.28x10°% | -1,50%10-2
bl 8.1x108 8.1x10-5 4.4%10-5 4.4x10-5
8.8x107% 8.8x10°8
1.8x10°4 1.8x10™%
b2 1.6x10-4 l.ex1o™* 8.8x 107 8.8x1073
1.8x10°% 1.8x10°*
2.6x10-4 56x107%
b3 4.4x10™ 4.4x10°* 3. 1x 10+ 5.4x10™4
4.0x10-4 63x1074
4.9x10% 3.4x10~°
cl 3.9x107% 3.9x1073 4.4x10°% 4,4x10"1
d1 8.1x10-5 8.1x10°S 9.7x107% 9. 7x107%
d2 2.0x107 2.0x10"4 2.1xi0™ 2.1x10°*
d3 - - g.8xio™ 8.8x10~4
d4 - - 8.8x10~4 8.8x10+4
el 0 0 0
c2 ) 0 0

treatments.
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Changes in Fuel Costs

By multiplying the figures in Table 6-12 by fuel costs per gallon and annual truck
mileage, the change in annual fuel costs can be determined. Using the average fucl costs
per gallon for 1973 and the average annual mileages given in Table 6-13 (1], the savings
in average annual fuel costs given in Table 6-14 are determined,

Noise emission regulations on (ritcks will encourage the use of more ¢fficient fans and
fan clutches. However, other considerations, sich as fuel savings, arc also factors presently en-
couraging the use of more efficient fans and fan clutches and will probably continue to en-
courage their use in the absence of noise emission regulations, Therefore, to credit all of the
savings from mote efficient funs and Fitn clutches on all trucks 1o noise emission regulations
may not be realistic. If credit for the suvings I'rom more efficient fuans and fan clutches is not
taken, the change in average annual fuel costs given in Table 6-15 are computed.

Table 6-12
Estimates of Changes in Rates of Fue] Consumption

I Changes in Rate of Fucl Consumption (Gallons/Miles)

Type of Truck 83dBA 80dBA 78dBA 75dBA

Mediun gasoline , -8.7x10"° -1.56x10"? | -2.08x10% | -2.04x10°2
Heavy gasoling ., | ~2,84x1072 | ~2,83x107% | -2.83x10™? | -2.79x10-?
Medium diesel .. | 9.4x10~ | -1.62x1072 | =2,19x10"? | -2.15x 10~
Heavy diesel .. .. [ -147x1072 | <1,44%102 | ~1.42x10™2 | -1.24x1072

Since the assumptions used in deriving the truck price increases in Tables 6-3, 6-6 and
6-7 do not effect fan treatments and the power savings from fan treatments are the dominant
factor in determining the changes in fuel costs given in Table 6-14, these assumptions are not
expected to significantly impact fuel costs. Therefore, the fuel costs given in Table 6-14
and/or derivable from Table 6-12 can be used with price increases in Table 6-5, 6-6 or 6-7.
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Table 6-13

Annual Mileage and Fuel Prices by Type of Truck

Annual Mileage

Fuel Price

Type of Truck (103 mijyn ($/gal)
Medium gasoline . .. .. 10 0.50
Heavy gasoline .. .. .. 18 .50
Medium diesel....... 21 30
Heavy diesel . ,...... 54 30

Table 6-14

Estimates of Changes in Average Increases in Annual Fuel Costs,
Including Savings from More Efficient Fansand Fan Clutches

Regulatory Level

Type of Truck

83dBA 80dBA

78dBA 75dBA

Medium gasoline .., .
Heavy gasoline, .....
Medium diesel ......

Heavy dicsel .......

5(44) 5( 78)
(256) {253)
( 39) (121
(238) (233)

5 (104 5 (102)
(255) (251)
(138) (135)
(230) (201)

Table 6-15

Estimates of Changes in Average Increases in Annual Fue] Costs,
Excluding Savings from More Eflicient Fans and Fan Clutches

Regulatory Level

Type of Truck 83dBA BOdBA | 78dBA 75dBA
Medium gasoline | $0 $ 1 1 $3
Heavy gasoline...... | 2 2 6
Medium diesel ., ... . 2 6 6 10
Heavy diesel...,,.... 4 10 12 4l
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CHANGES IN COSTS FOR MAINTENANCE

Changes in costs for maintenance will probably occur as a result of the addition of
engine noise shields or enclosures, and improved exiaust systems, No appreciable changes
in maintenance costs are expecied for treatment of cooling system or air intake noise. The
added maintenance cost for fan clutches is expected to be offset by the decrease in main-
tenance cost for the removed radiutor shutters.[7]. Estimates of the changes in annual
maintenance costs are shown in Tuble 6-16 for each exhaust, engine and cab treatments,
The derivations of these estimates are described below.,

Exhaust System Treatments

The changes in maintenance costs given in Table 6-16 for exhaust system (reatments are
based on replacing the mufllers three timesin 8 years [1]. For diesel trucks, eredit for the
labor savings of 3 man-hrfyr, at an hourly rate of $10 und for $25 per year savings in material
costs associated with the use of exhaust gas seals [ 7] is subtracted from the increased main-
tenance costs attributed to muffler replacements.

Engine and Cab Treatments

The estimate in Table 6-16 for the engine quiet kit is based on an increase in maintenance
labor of 1,25 man-hrfyr at $10 per man-hour and $60 costs per year for additional matetials.
These nre the estimates given for the quiet kit used on the Freightliner DOT Quict Trucks [7].
No increase in maintenance costs are given for the underhood treatment and side shields
used on the Freightliner truck. For the partial enclosure, an increase in labor of 6 man-hirfyr,
is estimated. For the full enclosure, 32 man-hr/yr of increased maintenance labor is reported.
No added material costs were required for maintenance of either type of enclosure [7],
Using a labor rate of $10 per man-hr., the increased maintenance costs given in Table 6-16
are obtained, Increases in maintenance costs similar to the costs for the partial enclosure are
used for treatment d2, since the removal of the underpan in both treatinents should be the !
souree of most of the maintenance costs, !
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Tuble 6-16
Changes in Annual Maintenance Costs Caused by Noise Treatments

Noise Change in Annual
Treatment Description Maintenance Costs
Medium | Heavy | Medium | Heavy
Gisoline | Gasoline Diesuel Diesel
bl Best available mulflers ‘ 509 319 $(46) | 5(38)
b2 Advanced mufilers 19 35 (36) (17
b3 Best available technology system 38 76 (n 21
cl Engine quict kit 72 72 72 72
dl Underhood treatment and side shields 0 o 0 0
d2 Treatment d1 with nnderpan 60 60 00 60
d3 Partial engine enclosure - - 60 60
d4 Full engine enclosure - - 320 320

The average changes in maintenance costs can be derived using the same procedure used
in Tabie 6-12 for estimating the ¢changes in rates of fucl consumption. Instead of the changes
in rates of fucl conswmption, the annual changes in maintenance costs in Table 6-16 are used.
The results are presented in Table 6-17. When credit for the savings in maintenunce costs for
exhaust pas seals are not taken, $53 is added to the costs given in Table 6-17 for diesel trucks.

The total change in maintenance costs on the Freighitliner DOT Quiet Truck during
112,000 miles of linehaul service was $250 [17]. With an average annual mileage of 54,000
miles, the average change in maintenance costs would be $120/year, This figure is lower
than the estimate given in Table 6-17 for heavy diesel trucks that comply with the 75-dBA

regulatory level.

Average Annual Operating Costs

By adding the average annual maintenance costs in Table 6-17 to the average changes in
annua! fuel costs presented in Table 6-14, the average changes in annual aperating costs in
Table 6-18 dre obtained. Using the results for changes in fuel costs in Table 6-15, where savings
from more efficient fans and fan clutches are not included, the average changes in annual

- operating costs given in Table 6-19 are obtained,
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The average operating costs for Class | Common Carriers ol general reight are $0.129
per truck mile [20]. This cost estimate includes costs for fuel, tires and tubes, repairs and
service, but it does not include state and federal fuel taxes, Using the average annual mileage
figures in Table 6-13, one cun compute the estimates of the average annual operating costs
per truck given in Table 6-20. The percent increases in the operating costs, when credit for
savings from noise treatments is not taken, are computed from the average annual operating
costs and the changes in operating costs in Table 6-19, In computing the averages of the
percent changes in operating costs, we weighted the percent changes in operating costs accord-
ing to the truck population figures in Table 64,

Estimates of Changes in Annual Maintenance Costs

Table 6-17

Changes in Annual Maintenance Costs

Regulatory Level
Type of Truck 83dDA 800BA 78dBA 75dBA
Medium gasoline . 5 9 §19 § 9l § 98
Heavy gasoline . ..... 19 (38 110 136
Medium diesel ,..... { 6) 25 195 21
Heavy diesel, . ...... (20} 32 85 180
Table 6-18

Estimates of Changes in Annuitl Operating Costs, Including Savings
from More Efficient Fans, Fan Clutches and Exhaust Gas Seals

Repulatory Level

- S At g e b g o 4 M st e o e m e e =

i

Type of Truck 83dBA 80dBA 78dBA 75dBA
Medium gasoline .... | $( 35) $(54) $(13) §C ¥
Heavy gasoline .. ... (237) 217 (145) (115)
Medium diesel . ..... { 65) { 96} 57 142
Heavy diesel, ....... (258) (20D (145) (21
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Table 6-19

Estimates of Changes in Annual Operating Costs, Excluding Savings
from More Efficient Fans, Fan Clutches and Exhaust Gas Seals

Regulatory Level
Type of Truck 83dBA 80dBA 7BdBA 75dBA
Medium gasoline ....[ § 9 $ 20 5 9 $ 101
Heavy gasoline .. .... 20 40 112 142
Medium diesel .. ..., 51 86 256 342
Heavy diesel ....... 39 97 152 276
Table 6-20

Percent Increases in Operating Costs Due to Noise Emission Regulations

Average Annual Percent Increase in Operating Costs
Type of Truck Operating Costs | Without Credit for Savings from More Efficient
Per Truck Fans, Fan Clutches, and Exhaust Gas Seals

83 dBA 80 dBA 78 dBA 75 dBA

Medium gasoline. . .| § 1290 0.7% 1.6% 1.1% 7.8%
Heavy gusoline , ... 2322 0.9 1,7 4.8 6.1
Medium djesel , , ., 2709 1.9 3.2 9.4 12.6
Heavy diesel, . . .. 6966 0.6 1.4 2.2 4.0
Average of all - 0.7% 1.6% 5.2% 6.4%

tTICKkS o s o s s v s

Total Increase in Truck User Costs

The total change in costs to the user of a truck which complies with noise emission
regulations can be expressed in terms of the present value of the changes in the costs incurred
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during the life of the truck. In computing the present value of the total change in costs per
truck, we discounted the changes in the costs attributed to noise treatments during each year
of the truck life at a specified rate of return according to the following equation [7].

m AR
c= % ~—in Lo (D
n=q (I+)

where,

Cis the present value of the total chunge in costs per truck,
&Ry, is the change in costs in the nth year of the truck life,
m s the total life of the truck in years, and

iis the rate of return on invested capital.

In equation (1) 2Rg is the increase in purchase price, &Ry, n =1, 2, - -, m-] is the change
in annual operating costs (¢ negative value of &Ry indicites savings), and &Ry is the change

in annual operating costs minus the resule value of the noise treatments on the truck after
the pth year of service.

In computing the present value of the total change in costs per truck, we used the
following assumptions,

1. The average life of trucks is 10 years [2]; thus, m=10 in equation (1), At the end
of 10 years, the value of the noise treatments is zero.

2. During the 10-year life, the average annual mileages for each type of truck is as
presented in Table 6-21 [2].

3. For the trucking industry, the rate of return on capital before taxes is 10 percent
[18). Thus,i=0.} in equation (1).

With the above assumptions, the present values given here are changes in the total costs or
savings before taxes over the life of the truck.

In Tabie 5-22, the present value of the total change in costs per truck for regulated
teucks is presented with fun-on testing and credit for costs and savings for more efficient
fans, fan clutcltes and exhaust gas seals included, If credit for more efficient fans, fan
clutches and exhaust gos seals is not inciuded, the present values of tie total change in costs
per truck in Table 6-23 can be computed. The present vajues given in Tables 6-24 and 6-25
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assuming fan-ofT testing permitted are estimated by subtracting the Jdifferences in the price
increases in Tables 6-1 and 6-8 from the present values given in Tables 6-22 and 6-23.

With the average truck prices in Table 6-4, the estimated operating costs of $0.129
per truck mile [20], and the annual truck mileages in Table 6-21, one can use equation (1)
to estimate the present value of the total costs per truck; e.g., for medium gasoline trucks
— $16,779, heavy gasoline trucks — $28,384; medium diesel trucks — $23,760, and heavy
diesel trucks — $67,628. The results in Tables 6-22 through 6-25 cun be compared to
these estimates of total costs to indicate the refative increase in costs per truck associated
with noise emission regulations,

Table 6-21
Average Annual Truck Mileage

Age of Medium Heavy Medium Heavy
Truck Gasoline Gasoline Diesel piescl
(Years) (103 miles) | (103 mites) | (103 miles) | (103 miles)

) 23 33 30 73
2 .. . 20 29 27 67
K 16 25 24 61
4 .. 13 21 22 35
- 11 18 19 S0
6 ... .. . 10 16 17 45
Y 9 15 15 40
. 8 13 13 37
S 7 12 12 34
1 ¢ J 7 10 11 31

Table 6-22
Present Value of Total Change in Costs per Truck with Fan-On Testing
and Credit for Costs and Savings for More Efficient Fans,
Fun Clutches and Exhaust Gas Seals

Regulatory Leve!

Type of Truck 83dBA 804dBA 78dBA 75dBA
Medium gasoline ....... § 283 $ -365 $ 7 $ 402
Heavy gasoline ...... ... -1594 -1333 -690 -162
Medium diesel ......... 33 286 1422 2512
Heavy diese] ........., -1169 -489 111 1346
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Table 6-23
Present Value of Total Change in Costs per Truck with Fan-On Testing
and Without Credit for Costs and Savings for More Efficient Fans,
Fan Clutches and Exhaust Gas Seals

Regulatory Levels

Type of Truck 83dBA 80dBA 78dBA 75dBA
Mcdium pasoline . ....... § 80 3 280 $ 848 $1243
Heavy gasoline . .......,. 149 403 970 1494
Medium diesel .......... 724 1373 2475 3595
Heavy diesel . .. .. ..... .. 511 1180 1729 3018

Table 6-24

Present Valpe of Total Change in Costs per Truck with Fan-Off Testing
and Credit for Costs and Savings for More Efficient Fans,
Fan Clutches and Exhaust Gas Seals

Regulatory Levels

Type of Truck 83dBA 80dBA 78dBA 75dBA
Medium gasoline ......,. $ 283 [ §-365 | 5 7 § 402
Heavy gasoline .. .. -1604 -1357 =700 -262
Medium diesel .......... 33 271 1422 2512
Heavy diesel .. .......... -1200 615 -5 1255
Table 6-25 !

Present Value of Total Change in Costs per Truck with Fan-Off Tcsfing
and Without Credit for Costs and Savings for More Efficient Fans,
Fan Clutches and Exhaust Gas Seals

Regulatory Level

Type of Truck 83dBA | 80dBA | 78dBA | 75dBA [
Medium gasoline ........ § 80 $§ 280 $ 848 $1243
Heavy gasoline .. ....... . 139 377 870 1394 ;
Medlum diesel .......... 724 1348 2475 3595 |
Heavy diesel ........,... 480 1054 1613 1 2924 -
6-31
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Section 7
ECONOMIC IMPACT

This section considers the economic impact of alternate standards and the impact of
the time phasing of these standards. Section 6 has atready considered the cost per truck,
In assessing the fmpact of 83-, 80-, 78-, and 75-dBA regulatory levels, examined are the ex-
pected demand reductions and total cost for the adjusted sales volume for cach of the four
levels (Price and Quantity Impacts); impaet upon truck manufacturers and major suppliers
{Impact on Truck and Engine Manufacturers); and, the impact of price and operating cost

" changes on comon carriers and other truck-using sectors (Impact upon Truck-Freight Com-

panies and Financial Impact on the Trucking Industry).

PRICE AND QUANTITY IMPACTS

Price and quantity impacts are given for cach successively more stringent noise stan-
dard. In each cuse, the price increases are for the year of proposed cnforcement over the
1973 levels. Demand reductions are based on an assumed demand elasticity of -0.7* for
all truck types. Tables 7-1 and 7-2 give the reduction in number of units sold and adjusted
sales forecast for the first year for cach proposed standard. The impacts of the various stan-
dards are discussed separately, first, on an initial cost and demand-reduction basis, and then
in terms of operating costs, As will be seen, the greatest impuct is on the medium diesel
truck market; this, however, is the smallest of the four markets being considered.

Initin! Costs and Demand Reductions®

Prices used were arrived in Section 6 using a markup of 1.5 x manufacturing cost.

83«IBA Regulatery Level

If a regulated level of 83 dBA is established and testing is permitted with the fan ofT,
the average price increase for medium and heavy gasoline-powered trucks will be $35 each —
n 0.6 percent increase over the cutrent price for medium gasoline trucks and $1235 for heavy
gasoline trucks ~ 1.1 percent increase over the current price for heavy gasoline trucks, For
medium and heavy diesel-powered trucks, the average prices will increase by $426 (or 5.9 per-
cent) and 3387 (or 1,5 percent), respectively, The details of the individual elements that
make up these cosis are presented in Tables 6-1 and 6-7 of Section 6.

*Appendlx C,
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Table 7-1
Estimaterd Reduction in Truck Sales due to Noise Control
(First Year of Bach Standard)*

Type of Truck Baseline
Year of Regulatory Total Projection of
Regulation Level Medium Heavy Medium | Heavy Sales (Number
Gasoline Gusoline Diesel Diesel aof Trucks)
1978 83 dBA 875 296 127 1,729 | 3,027 428,594
1982 80 dBA 4,159 526 269 3,748 9,032 478,536
1984 80 dBA 4,894 523 277 3,834 9,528 506,758
1984 78 dBA 8,972 883 345 5,598 | 15,798 506,758
1984 75 dBA 18,079 1,661 530 8,872 ] 29,142 506,758

*Assumes a demand elasticity of -0.7 for sll truck types.
t8ource, [1].

Table 7-2
Forecast Sales Adjusted for Decrease in Demand
Type of Truck
R:?u;-:'g RigelLI?ItOW Medium Heavy Medium | Heavy | Total Number
guiation ¢ Gasoline | Gasoline Diesel | Diesel of Trucks
1978 83 dBA 209,393 38,949 3,009 175966 427,317
1982 80 dBA 215,683 38,250 3,060 |212,51) 469.504
1984 80 dBA 221,764 38,021 3,152 234,293 497,230
1984 78 dBA 217,686 37,661 3,084 232,530 490,961
1984 15 dBA 208,579 36,883 2,899 229,255 477,616

7-2
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Assuming that the demand clasticity for all trucks i5—0.7, these price increments will
result in a reduction in demand of 0.4 percent for medium gasoline trucks, 0.8 percent for
heavyy gasoline trucks, 4.0 percent for medium diesel trucks, and 1.0 percent for heavy diesel
trucks. Table 7-1 shows that adoption of the 83-dBA level would reduce projected truck sales
by 2,932 trucks, This reduction is small compared to the buaseline sales of 417,325 trucks,
Table 7-2 gives the adjusted sales forecast for each category of truck,

It should be noted that the dollar value of sales actually increases, although the number
of units sold declines. The increase in dollar sales is the result of the inclastic demand for

trucks (i.e., elasticity less than one). Discussion on the impact on trucks and engine manu-
facturers will present a more detailed discussion of this point. ’

B0-dBA Regulatory Level

With a regulatory level of 80 dBA, prices will increase above 1973 levels by 3.1 percent
for medium gasoline, 2.2 percent for heavy gasoline, 1.5 percent for medium diesel, and
2.3 percent for heavy dlesel trucks, The price increments (i.e., the differences in cost be-
tween an 83-dBA truck and an 80-1BA) will.be $145 for medium trucks, $130 for heavy
gasoline trucks, $424 for medium diesel trucks, and $233 for heavy diesel] trucks, These
price increases will resuit in the demand reductions shown in Table 7-3.

Table 7-3
Percent Demand Reduction due to 80-dBA Regulatory Level*

Incremental Reduction | Incremental Reduction
Due to Due to
83-«dBA Standard 80-dBA Standurd

Type of Truck Percent Percent
Medium gasoline. , . 0.4 1.7
Heavy gasoline .. .. 0.8 0.6
Medium diesel . ... 4.0 4.3
Heavy dicsel. ., ... . 1.0 0.8

* Assumes a demand elasticity of —0.7
forall truck types.
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The reductions in demand for heavy gasoline trucks will be about 0.6 percent (third of
the reduction for the medium gasoline trucks), Medium diesel trucks will experience a re-
duced demand of more than 6 times that of the heavy diesel truck market, However, for
considerations of impact upon the manufacturing employment or upon the national
economy, the medium diesel truck market is the least important because of its small sales,
Assuniing implementation in 1981, the cumulative reduction in unit sales due to the 80-
and 83-dBA regulutory levels would be 4,694 trucks in the medium gasoline market, 527
in the heavy gasoline market, 265 in the medium diese) market, and 3,312 in the heavy
market — u total Tor both markets of 8,798 trucks below present sules levels, O this
total, 2,932 can be attributed to 83-dBA regulatory level and 5,866 to the 80-UBA level,
Table 7-2 shows the adjusted sales forecasts,

78-dBA Standard

Witlt a 78-BA regulutory level, price increases above 1973 levels will be 5,6 percent
and 3.3 percent for medium and heavy gasoline trucks and 14.4 percent and 3.4 percent
for medium and heavy diesel trucks. The dollar increase in going from 80 to 78 BA will
be 3150 for medium gasoline trucks, $1285 for heavy gasoline trucks, $209 for medium
diesel trucks, and $271 for heavy diesel trucks. The corresponding demand reduetions are

given in Table 7-4.

Table 7-4
Percent Demand Reduction due to 78-dBA Repulatory Level*
Incremental Reduction
- Due to
_ 78«iBA Standard

Type of Truck Percant
Medium gasoline, . . 1.8
Heavy gasoline . , .. 0.9
Medium diesel . ... 2.0
Heavy diesel...... 0.8

* Assumes a demand elasticity of —0.7
for all truck types,

75<dBA Regulatory Level

The incremental cost increase per truck of the 75-dBA regulutory level over the 78-dBA
level will be $335 for both medium and heavy gasoline trucks, $565 for medium diesel

74
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trucks, and $503 for heavy diesel trucks, Another relevant comparison is the incremental
cost between 80 and 75 dBA.

The incremental costs-per-truck of moving from 80 dBA to 75 dBA, then, are $485

for a medium gasoline truck, 3460 for a heavy gasoline truck, $774 for a medium dicse!
truck, and $774 for a heavy diesel truck,

The demand reductions expected to result from the 75-dBA regulatory level are given

in Table 7-5. The incremental demand reduction is for going from an 80-UBA level in 1981
1o a 75«IBA level in 1983,

_ Table 7-5
Percent Demand Reduction due to 75-BA Regulatory Level*

Incremental Reduction
Due to
75-dBA Standard

Type of Truck Percent
Medium gasoline. . . 5.9
Heavy gasoline . . ., 2.9
Medinm diesel . ... 1.6
Heuvy diesel...... 2.5

. * Assumes a demand elasticity of —0.7
for all truck types

" As in the case of the other levels considered, the greatest impact will be on medium
diese! trucks, While the price increase for heavy diesel trucks is larger in absolute terms
than for heavy gasoline trucks, the percentage increase is smailer for heavy diesel than for
all types of gasoline trucks. Thus, the demand reduction is smallest for heavy diesel trucks.

Summary

Table 7-6 summarizes the incremental percentage price increases for each of the four
regulatory levels considered.

In order to obtain the total percentage price increase for any combination of regula-
tions, simply add the percentage price increases for that combination, For example, the

price increases for an 80-, an 83-, and a 78-dBA combination of regulations for heavy diesel
trucks is 3.4 percent.
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Table 7-6
Incremental Price Increuses lor 83-, 80-, 78- and 75-dBA Regulatory Levels

Price Increase (Percent)
Prescnt to 83 dBA to 80 dBA to 80 dRA 1o
Type of Truck 83dBA 80 dBA 78 dBA 75 dBA
Medium gasoline. . 0.6 25 2.5 83
Heavy gasoline . .. 1.1 1.1 1.1 4.0
Medium diesel . .. 5.8 5.7 2.9 10,6
Heavy diesel. . ... 1.4 0.9 1.1 3.0

Operating Costs

The increase in the initial purchase price of a truck is only one component in the
total cost of truck noise control. Noise control will also have an impact on operating costs.
Reasons for changes in operating costs and the levels of these changes were dealt with in
Section 6 on a per truck basis, Here, briefly considered is the magnitude of cost changes as

apportioned over the entire truck population.

The average annual savings in operating costs for the final regulatory level for different
regulatory options are given in Table 7.7 for when credit is taken for savings in fuel costs for
more cfficient fans and fan clutches and for savings in maintenance costs for exhaust gas seals
on diesel trucks. The savings in Table 7.7 are computed by taking the operating costs in Table
6-18 for each of the four truck categories and calculating the weighted average savings per
truck. The maximum savings occur for options G and E; however, there are still significant

savings associated with options C and N.

Total Costs

The totu! cost impact on truck users is estimated first by & component that represents
recovery of the incremental capital invested with interest; and second, one that represents
the increased yearly operating costs. Present value computations were utilized in converting
estimated incremental investments and operating costs {savings) that occurted through 1991
to a common base year of 1978, These present value figures were then converted to uniform
annualized costs by the application of capital recovery costs.* All costs shown in Tables 7-8

*  Uniform annualized cost computation represents a method of recovering an initiol capital investment over a specilied
number of years at o specified rate of return by means of uniform-nnnusl payments, (See Appendix E.)
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Table 7-7
Savings in Average Operating Expenses with Use
of More Efficient Fuans and Fan Clutches

Average Saving per Truck
Weighted for Distribution
Regulatory | of Sales by Truck Category
Option* %)
13}
123
70
19
90

ZrPp0OmO

*The options are described in Table 4-1.

and 7-9 assume that there are no technological improvements in methods for noise control.

In practice, improvements are likely to oceur,

From this point to the end of Section 7 we have adjusted all costs and revenues to
1975 dollars. Tables 1-3 of Appendix D show the new prices used. The factors used for
adjustment are based on the Bureau of Labor Statistics® Wholesale Price Index lor Truck
Prices and Consumer Price Index for Transpartation.

Our discussion in this section concentrates on Options A, C, E and N. Calculations
were however performed for all options, The figures are given in Appendix E. Capital,

Operating and Total Costs for all options can be compared with the revenue figures given
in this section.

InTable 7.8, the totalannual costs are presented for Options A, C, E and N when
credit is taken for the increases in truck prices and savings in fue! and maintenance costs
associated with more efficient fans, fan clutches und exhaust gas seals. The highest annual
costs are shown for Option A and the lowest for Option E, The annual costs for Options
Cand N are similar, with the costs for Qption N lower, When credit for the costs and
savings for fan treatments and exhaust gas seals is taken, the total annual costs given in

Table 7.9 are derived. Savings are shown for all options in every year, except for Option A
after 1989,
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Table 7-8

Total Annual Costs Without Credit for Costs and Savings for
move Efficient Fans, Fan Clutches and Exhaust Gas Seals

{Millions of Dollars)*

Year Option A | Option C | Option E | Option N
1978.,.. 205 20.5 20.5 20.5
1979... 41,0 41.0 41.0 41.0
1980., 61.5 61.5 61.5 61,5
1981., B1.9 §1.9 81.9 81.9
1982.... 1366 | 1366 | 1366 136.6
1983..., 190.5 190.5 190.5 190.5
1984 . ... 3726 2946 2433 2B1.5
1985. ... 552.6 3974 94,8 370.3
1986.... 7304 499.0 3449 456.6
1987 ., 904.4 598.2 393,0 539.7
1988 ., 1,071.2 692.0 436,5 616.6
1989 ..., 1,231.8 7824 478.3 689.6
19%0,, .. 1,384.8 869,1 518.8 758.7
1991 ..., 1,529.8 9516 §57.9 823.5
Uniform
Annualized
Costs 452 317 225 289

*Table 7-8 is extracted from Appendix E where more
detailed information is presented.

7.8
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Table 7-9
Total Annual Costs With Credit for Costs and Savings for
mote Efficient Fans, Fan Clutches and Exhaust Gas Seals

(Millions of Dollars)*

Year Option A | OptionC | Option E | Option N
1978,... -118.2 -118.2 -118.2 -118.2
1979, ... 1271 -227.1 =227 -217.1
1980, ... -325.8 -325.8 -325.8 -325.8
1981.... ~414.6 414.6 ~414.6 -414.6
1982, ... -481.6 -481.6 -481.6 -481.0
1983.... -539.3 -539.3 -539.3 -530.3
1984, ... -466.3 -547.2 -586.7 -500.6
1985.... -385.0 -545.5 -626.4 -573.5
1986.... 2973 | -336.1 6608 | -580.1
1987.... -206.4 -521.7 -691.6 -581.8
1988 , -11%.0 -508.8 -7243 -587.7
1989.... - 33.9 -495.1 -755,2 -592.,5
1990. ... « 46.8 -481.8 -784.7 -597.8
1991, ... 1210 471.2 -814.8 -605.8
Uniform
Annualized
Costs -307 446 -523 -175

*Table 7-9 is extracted from Appendix E where more

detailed information is presented




IMPACT ON TRUCK AND ENGINE MANUFACTURERS

Two factars of concern in considering the impact on truck manufacturers are the over-
all level of economic activity in the truck manufacturing industry (e.g., employment and
output) and the possible increase in concentration within the industry. In general, the regu-
lation of noise levels of new trucks will not reduce the dollar value of sales (Table 7-12)
although the number of units produced will decrease (Table 7-1). Thus, no reduction in
employment is anticipated, but rather a probable increase. Labor/output ratios are given in

Tuble 7-10.
Table 7-10
Labor/Qutput Ratios
Column Column Column
1 2 3
$ Value $ Value $ Value
Added Added Added
SIC Code for Industry per per per
Production Production Production
Man § Man Hours Man Years
3711: Motor vehicle
cars and bodies $3.46 $20.04 $41,487.32
3712: Truck chassis
and trucks $3.30 318.94 $38,511.55
3713: Truck and bus
bodies §2.69 $10.06 $19,795.80
3714:; Motor vehicle
parts and
accessories . §2.53 $13.17 $27.577.50

*Source: Census of Manufucturers 1972,

7-10
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Since revenue dollars are expected to rise in total (due to the increase in prices) addi-
tional man-hours ure likely to be required. I work is subeontracted to parts and accessories
mmanufacturers who use more man-hours per production dollar, employment is in fact likely
to increase more than if additional manulacturing is performed by truck manuficturers,
Column 2 of Table 7-10 shows that to generate $18.94 in the parts and aceessories industry
1.44 (18.94/13.17) man-hours would be required as opposed to { man-hour in the triuck
chassis industry. Employment is not likely to fall as long as two conditions hold,

1. Elasticity of demand is less than an absolute vatlue of one,

2. Laborfoutput ratios are at least as high for parls and accessorics manufacturers as
for chassis and truck manufacturers,

The second concern, the possible increase in industry concentration, also seems unlikely
to occur. Small manufacturers appear to be as capable as large manufacturers of meeting the
proposed standards, This is particularly true for one small engine manufacturer who is
presently producing the quictest dicset engine. Thus, seme small manufacturers do notappear to
have any cost disadvantage for regulations which will take effect in the more distant future
(i.e., 78- or 75-1BA).

Considering the diesel truck market, the changes in market structure brought about by
this regulation will most likely be at the level of the engine manufacturer rather than at the
level of the truck manufacturer. A key element in the cost of noise control (and thus the
price increase in trucks) is engine noise level, Asshown in Section 6, noise levels fromi differ-
ent engines vary widely, Engines that emit high neise levels will require more extensive
treatments, und trucks that use these engines will cost more than trucks using quicter engines.
Thus, truck manufacturess will prefer using engines that are inherently quieter,

It should be pointed out that some engine manufacturers also produce trucks, but a
number of firms produce either trucks or engines. In the diesel market, Mack, General
Motors, * and Internationat Harvester produce both trucks and engines. These three produ-
cers account for 35 percent of the medium diese] trucks, and 55 percent of the heavy diescl
trucks, Thus, a large part of the output in both the medium and the heavy truck markets is
from (itms which purchase engines from outside suppliers. 1t should be noted that General
Maotors sells engines to other truck manufacturers; all three firms offer trucks which have
engines other than the oncs they produce, For example, you can buy an International Har-
vester truck with a Caterpillar engine. Table 7-11 shows the distribution of engine and
truck combinations, and Table 7-12 shows the current distribution of eutput among truck
manufacturers,

*General Motors produces Cheveolet and GMC trucks and Detroit Diesel and GMC truck engines.
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Table 7-11
Suppliers of Diesel Engines Used by Truck Manufrcturers, 1972

Truck Allis- Cater- Detroit Scania
Manufacturers|Chalmers | pillar | Cummins| Diesel GMC e Mack | Perkings | Vabis Total
Chevrolet. . .. - - 308 | 3,388 135 - — - - 3,831

- Diamond Reo - 129 2,038 1,040 - - - - - 3,207
Dodge. ... .. - - 1,046 434 - - - 278 - 1,758
FWD....... - 1 165 448 - - - - - 614
Ford 9,336 4,759 7,739 - - - - - 21,834
GMC - —- 1,255 | 14,599 609 - - - - 16,463
IHC........ - 747 | 11,830 | 14,475 - 2,742 - 628 - | 30476
Mack....... 22 331 2,612 1,584 - - 21,121 - 661 26,331
White ...... 44 779 | 15,513 5,501 - - - - - 21,857
Others. ... .. — 3,736 8,983 | 3,999 - - - - - 16,718
Total 66 15,079 | 48,509 | 53,207 744 2,742 { 21,121 960 661 143,089

Source: reference [1].



Table 7-12
Percent Market Share of New Trucks by Manufacturers, 1972

Truck Medium Trucks Heavy Trucks
Manufacturer Gasoline Diese! Gasoline | Diesel
Chevrolet .. .... 23.6% 2. 7% 3.8% 2.7%
Diamond Reo. .. 02 0 2.5 2.3
Dodge ........ 19.8 5.5 8.6 1.1
FWD ......... * 2 ) 4
Ford ......... 28.0 59.7 33.2 13.6
GMC ... ......, 11.3 8.8 19.4 11.6
IHC ... .o vet, 17.2 23.1 29,1 21.2
Mack ......... 0 0 * 19.1
White . ........ 0 .06 1.8 15.8
Others ..., s . 0 8 12.1

*ess than 0,05 percent.
Source: reference {11,

In the discussion of the impact of the regulation, concentration is on diescl-engine man-
ufacturers rather than truck producers. In the gasoline truck market, firms use primarily
their own production engines. In addition, there are few, if any, cost differentials between
gasoline truck manufacturers,

Section 6 presented the cost per truck for an 83-, 80-, 78- and 75-dBA regulatory level,
These cost estimates were developed for each engine manufacturer, Diesel trucks can be
divided into three categories:

l.  medium trucks using medium-duty engines,
2, heavy trucks using medium-duty engines, and
3. heavy trucks using heavy-duty engines,

These three categories represent three distinct submarkets. In terms of truck sules,
trucks in one category do not generally compete with trucks in another category. For
exumple, heavy trucks used in construction usually have medium duty engines, while line-
houl trucks use heavy-duty engines. The sclection of engine type in a heavy truck is deter-
mined primarily by miles traveled per year.

7-13
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Presently, there are substantial cost differentinls between diesel engine types [4],
The costs of quicting different types will also vary initinlly. As teclinology becomes better
developed, cost-effective methods will be adopted in preference to relatively inefTective
ones. The mix of engines produced in each category will became more cost-elTective as com-
petition between manufacturers encourages implementation of better techniques, Over time,
differentinls between manufacturers of noise control equipment should be reduced. A good
example of this behavior was provided by the costs ol air pollution equipment, where cost
differences between manufacturers were reduced over a period of two or three years,

In addition, though there may be some price differentials (resulling rom noise con-
trol) among trucks using engines from different manufacturers, the high degree of product
loyalty among truck purchasers will minimize any shifts. An additional factor militating
against large-scale shifis s that the producer of (he quictest heavy-duty dicsel engine presentiy
produces very few truck enpines, accounting for less than 0.5 percent of current heavy-duty
diesel engines for trucks. Thus, a small reduction in demand for engines produced by other
manufacturers and a corresponding increase in demind for the quictest engine, would cause
alarge relative increase in demand for the quict engine. However, the magnitude of the
shift would be small in terms of the entire market,

In the medium-duty engine market, the major disadvaniage would be suffered (at the
83-BA regulatory level) by one manufacturer. This particular manufacturer produces a
number of engines which would be used as substitutes for the noisiest engine, Also, given
the lead times and this manufacturer’s strong position jn the market, it scems likely that it
can and will reduce the noise level from this engine or develop a new engine to replace it.

In terms of the overall impact on truck manufacturers, Tables 7-1 and 7-2 showed the
number of tricks for the baseline and an adjusted sales Forecast (with noise control). Al-
though these tables indicated that the number of trucks sold will deerease as a result of
higher purchase prices when noise control equipment is added to trucks, the dollar value of
sales will actually increase, Table 7-13 gives dollar values for first-year sales o the 83-, 80-,
78-, and 75-dBA regulatory levels and Table 7-14 gives buseline sales. Actual increases in
sales ate $39 million in 1978 (with an 83-dBA level}; 864 million in 1982 (with an 80-dBA
level): $68 million in 1984 (with a 80-dBA level); $100 million (with o 7§-dBA level);
and $154 million (with a 75-dBA level) in 1984,

The most probable outcome will be an increase In cmployment as a result of noise con-
trol. If approximately the same amount of Iabor is required to produce a dollar of output
of noise-control equipment as is now required to produce o dollar of sutput in the truck
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Table 7-13
First-Ycur Sales of Trucks (Millions of 1975 $) under Adjusted Forecast of Demand
with Cost of Noise Controls®

Type of Truck
Year of Noise Medium | Heavy |Medium { Heavy | Total Sales
Regulation Standard Gasoline |Gasoline | Diese]l | Diesel (§ Billions)
1978... 83-dBA 1,489 554 28 5,534 7.605
1982...| B80-dBA 1,572 550 30 6,744 3.896
1984 ... B80-ABA 1,616 547 k1| 7,435 9.629
1984 ... 78-dBA 1,626 547 31 7456 9.660
1984,..| 75-dBA 1,642 551 32 7.490 9.715

4Adjusted demand computed from buseline figures. See Reference 1,

Table 7-14
Sales of Trucks (Millions of 1975 $) under Bascline Forecase? of
Demand at Original Cost Without Noise Control in the First Year of the Regulation

R T wwrans

i Type of Truck

i Year of Medium Heavy Medium | Heavy | Totai Sales
t Regulation | Gasoline | Gasoline | Gasoline | Diesel | ($ Billions)
i

1

! 1978, .. 1,474 552 28 5512 7.566

§ 1982... | 1,558 545 29 6,700 8.832

! 1984, , 1,602 542 30 7,387 9.561

23¢e Relerence 1,
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industry, then the regulation will stimulate employment. As Table 7-10 shows the output/
labor ratio (or noise-control equipment is at least the same as the present output/labor ratio
for the truck manufacturing industry. Items such as fan clutches, engine enclosures, and
exhaust muffiers have physical characteristics similar to other present truck components
and are produced in a similar manner.

Euch of the proposed levels may have certain unique impacts or potential impacts, and
should be considered scparaiely,

Since the proposed 83-dBA regulatory level becomes effective in 1978, the current stump
in truck manufacturing may have some relevance to the cconomic impact, 1t might be expected
that small manufacturers would be particularly affected, as they have less access to capital
markets and are less able to bear the cost of new equipment. However, for some of these smaller
companies, such as FWD, Auto Car, and Western Star, sales performance was as good or better
in 1975 than in 19748, The larger manufacturers such as General Motors and Mack have
been hit particularly hard with sales declines.*

For those regulations scheduled to take effect in 1982 and beyond, the current reduc-
tion in truck sales affecting the ability of truck manufacturers to finance noise-control in-
vestment would not be expected, nor would the slump be expect ta persist to 1982, In
fact, the economy is now showing signs of recovery. Of course, a shori-run cyclincal
downturn may occur during any period; this type of event can usually be predicted only
one or two quarters in advanee.

Thermostatically controlled funs will be introduced to meet the 83-dBA regulation and
will also be used under the 80-dBA regulation. Therefore, possible supply problems
should be considered. Thermostatically controlled funs are expected to be used in about
50 percent of all truck production (i.c., for most heavy trucks). This corresponds to a demand
of about 207,000 thermostatic fans and represents a production rate of about 17,000 fans
per month. It is believed that fan manufacturers can increase fan production capacity to
meet these demand levels within a lead time of about 1 year,

For redesign and/or manufacturing of special components necessary for the 78- or 75-

_ dBA level, the lead times proposed (i.e., 8 to 10 years) are adequate to ensurc 2 smooth

transition to meet these standards.

*The kess severe decline In siles of small fizms reflects the specialized nature of thelr product, The markets for
specialized vehicles havo been [ess severely impacted by the curzent cconomic sturnp,
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IMPACT UPON TRUCK-FREIGHT COMPANIES
Current Status of Trucking Industry
Tonnage hauled and earnings for 1975 are expected to fall below the depressed levels of

1974, Production cutbacks and inventory adjustments have led to a sharp decline in truck
tonnage since 1973 (Figure 7-1), The volume of freight transportation is closely tied to the

INTERCITY TRUCK

180 - TONNAGE T]ee
160 |- —160
140 |- 140
120 | —120
FRB INDUSTRIAL 100

100 = PRODUCTION INDEX ]
QUARTERLY o

80 - -

] ] | ] ! ! ] |

1969 1970 1971 1972 1873 1974 1975
{1967 = 100}
Source: American Trucking Associations
Figure 7-1. Intercity Truck Tonnage
economy (Figure 7-2). Relative to other sectors of the transpertation industry, however,
trucking has experienced an increase. In 1973, motor carrier revenues accounted for
55.4¢ of every dollar spent for transportation, but this increasing share of transportation
business hus only partly offset the effects of the economic downturn.
Traffic-related costs represent a substantial percentage of trucking ex penditures, When

traffic falls, therefore, these costs also fall to some extent. Some increase in costs has been
experienced, nonetheless, and tmtes have been increased to compensate—often with a lag.
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Source: Department of Commerce and American Trucking Associations,
Figure 7-2, Relationship Between Trucking and GNF
Recent ICC hearings® indicate an unwillingness o allow rate increases to cover the costs of
slack capacity due to the recession.
Rate increases do not necessarily cover all expenses. Increases in labor costs, social
security, tolls and other non-labor costs have usually been allowed as the basis for rate

increnses. Projected non-labor costs are not generally accepted. Such increases may be
granted in arrears, Expenses however, cannot always be recouped retroactively. Costs are

*Dcfora the 1CC: tustification of Middle Atlantle Conference for Genersl Increases In Rates and Charges. Effcctive date—
July 1 and 8, 1975,
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often passes through without markup. Some consideration is beginning to be given to the
problems of low rates of return in the industry. The Civil Aeronautics Board's example in
allowing rate changes which actually improve profitability has been cited in the I1CC hear-
ings*.

Rate increases in truck transportation do not appear to have eroded trucking'’s market
share. Table 7-15 shows the percentage changes in price, ton miles, and market shares for rail
and truck since 1969, In 1971-72 and 1972-73 truck prices per ton-mile rose by more than
rail prices, In 1971-72 rail prices actuaily fell. During these two periods, trucking cither
maintained or increased its market share. Since 1972, this increase has not necessarily been
at the expense of rail whose murket share wis also growing,

Intermodal Competition

The probable extent of a shift away from trucking towards rail varies for different pro-
ducts, A study based on the 1963 Commodity Transportation Survey indicated that the
major determinants of modal choice were size and distance of shijpment (1. Shipper group
or commodity type was also a key (actor, however. Certain commodity groups are likely to
consider rail a viable alternative to trucking, Others are likely to find it unacceptable.

Table 7-16 shows the percentages of rail and highway freight by commodity for 1967
and 1972. Water, air, and other types of carriers are excluded to demonstrate the compe-
titive nature of the two modes, thus percentages add to 100.

In paper and allied products; metal cans and miscellancous fabricated products; electri-
cal products and supplies; motot vehicles and equipment; instruments, photographic equip-
ment, watches and clocks, the share of tonnage going to rail increased between 1967 and
1972, This was probdbly due in part to the availubility of “piggybacking" which has made
commodities less susceptible to spoilage and *shrinkage™. This is of particular importance
for high value goods.

*Befaro the MCC: Justification of Middle Atlantic Conference for Genernl Incieases in Rates and Changes. Effective date-
July 1and 8, 1975,
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Table 7-15
Modal Comparison of Rail and Truck Intercity, 1969-1974

0z-L

Comparisons 1969 1970 1971 1972 1973 1974
Rail:
Ton-miles (Biltions) ........ 774 768 744 784 858 861
Revenues (Millions) ........ 11,289 | 11,869 | 12,730 | 13,105 | 14,801 |16,936%
Truck:
Ton-miles {Billions) ........ 404 412 430 470 505 510
Revenues (Millions) ........ 31,383 | 33,553 | 37,570 | 41,690 | 46,515 |50,874*
$ per K ton miles:
Rail ...vviiiniriinannn, 14.59 15.45 17.11 16.72 17.25 19.67
TRk oo i 77.68 8144 | 87.37 88.70 | 92.11 99,75

Percent of total intercity ton

miles {all modes):

Market Share: Rail .......... 41.03 39.83 3848 31.77 38.43 38.60
Truck ..o0.. 0, 21,25 21.28 22.18 22.63 22.63 2290

1969-70 [1970-71 (1971-72 [1972-73 |1973-74

Percent change:

Rail price pertonmile........ 5.90 10.74 (2.28) 3,17 14,03
Truck price per tonmile ...... 4.84 7.28 1.52 3.84 8.29
Railton-miles .............. (.78} (3.13) 5.38 9.44 35
Truck ton-miiles ............ 1.98 4.37 9.30 745 99
Rail marketshare .......... (2.93)| ¢339 (1.8%) 1.75 44
Truck marketshare .......... 14 4.23 2.03 .0 1.19
*Estimated

Sources:  Moody's Transportation Manual
M. V. M, A. Truck Facts 1975
Survey of Current Business
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Table 7-16

Highway - Rail Distribution by Shipper Group
Percent Distribution Based on Tons

1967 1972
Shipper Group Highway  Rail | Highway  Rail
1. Meat and diury products ., ... vvviivevann 72.8 27.2 81.12 18.88
2, Canned and frozen foods and other ., ..., .. 39.5 60.5 46,06 53.94
3. Candy, cookies, beverages ond tobaceo .., 76.6 23.4 84,52 15.48
4, Textiles and leather products. .. ....... ... 85.7 14.3 90.18 9.82
5, Apparel and related produgts. ..o 88.9 N 90.91 9.09
6. Paperand allied products. ... oo v vin e 48.6 51.4 47.03 52,97
7. Busic chemicals. plastics, synthetics and fibers] 37.8 62.2 46,48 83.52
8, Drugs, paints and other chemicals ... ... .. 56.5 43.5 58.96 41.04
9, Petroleumand coal products ... ... ... us 69.5 30.5 71.55 28.45
10. Rubber and plastic products .. ........... 74.0 26,0 75.28 2472
11. Lumber and wood products except furniture | 45,1 54.9 53.41 46.59
12, Furniture, fixture pnd miscellaneous
manufictured products ... .. . oo nn 71.1 229 71,57 22,43
13, Stone, chwyand glassproducts .. ... .0 s 68.0 310 76.40 23.60
14. Primary jron and steei products . .. ... .00 43.3 56.7 52.25 44,27
15. Primary nonferrous metal products ........ 47,0 53.0 4740  52.60
16. Fabricated metal products except cans . ... 76.8 23.2 §2.29 17.71
17. Metal cans und miscellancous fubricated
metal products .. v e 72,2 278 62,72 37.28
18. industrial machinery except electrical .. ..., 719 22.3 79.98 20.02
19. Machinery except clectrical and industrial ., .| 62.0 38.0 72.85 27,15
20. Communication products and parts ........ 74.5 25.5 85.54 1446
21. Electrical products and supplies., . ........ 64.9 35.1 64.43 35.57
22. Motor vehicles and equipment . ... ........ 48.3 517 4(.46 59.54
23. Transportation equipment except motor
velticles ... i e 63,1 36.9 80.14 19,86
24. Instruments, photographic cquipment,
watchesund cloeks ... ovnvve i v, 85.8 14.5 78.14 21.86

Source; U.S, Burcau of the Census, Census of Transportation, 1967 and 1972

Commodity Transportation Survey
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In all shipper groups, other than the five listed, rail reduced and trucking increased its
share between 1967 and 1972,

Concentrgtion in the Trucking fndusiry

The number of [.C.C.-regulated carriers in the United States has declined markedly in
recent years--from o total of 3,442 in 1971 to 2,711 in 1974, Most of the decline oceurred
among special carriers, whose numbers went down by 24.2 percent between 1971 and 1974
(Table 7-17).,  Within the general-freight carrier market, some substantial shifts occurred.

Tuble 7-17
Change in Numbers of Carriers 1971 to 1974
e ' Change
Curriers 1971 1974 (Percent)

General freight:

intercity under 31M. ... .. 407 161 -60.4

Intercity over 8I1M ... ... 729 791 + 8.5

Localunder SIM ., . ..... 131 64 -51.2

Localover 1M ..,...... 101 103 + 2.0
Total «vvvvennns Ve 1368 1119 -18.2
Percent of all carriers.... ... 39.7 41.3
Special carriers:

US.common....,...... 1500 1161 -22.6

US.contract . vvvinn.. 3717 330 -12.5

US. local....... e 197 92 -53.3
Total c .o, 2074 1573 =242
Percent of all carriers. . ... .. 60.3 58.0
Grand total, all carriers .. ... 3442 2711 -21.2

Source:; Trinc's Blue Book 1972 and 1975 (Reference 2).

The total 18 percent numerical decline of this laiter group occurred among carriers whose
annual revenue is under $1 million. Increases in the numbers of carriers with over $1 mil-
lion in annual revenue suggest that a number of small carriers grew in size or were merged
into larger entities. The declines in the two under-§ I-million general freight categories
were both greater than 50 percent.
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The total number of all carriers both LC.C. regulated and not, was 15,144 in 1973(6],
This number has probibly declined in 1974 and 1975, There were 11,380 carriers with
revenues under $300,000 in 1973, Thus, although there are o few very large carriers, there
are many small ones. Figure 7-3 shows the distribution of 1.C.C.-regulated carriers of
general freight. The majority of these have revenues over $1 million but under 310 million,

800

700

600

E0O -

NUMBER OF
CARRIERS 400 |

300 b
200 =
100 |-
Q to M to 10M to 20M to 100M > 1000M
S REVENUE
RANGES

Figure 7.3, Size of 1.C.C.-Regulated General Freight
Carriers: X = 10,597.28

The 1,C.C. regulates all motor carriers holding interstate operating authority. Tabie 7-1 8
shows how trucking activity, both private and for-hire, is distributed between ail local and inter-
city carriers,

Changes in the business and the economic downturn have made it hard for small carriers to
operate as mzny smaller carriers are only marginally prefitable. Additional funds have been
tequired for new freight terminals and for computerized routing and billing. Funds for these itn-
provements are not always as accessible to small businesses as to large. New business starts have
also been reduced.
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Table 7-18
Percentage of Trucking Total

1980
Type of Truck 1965 1970 (I'rojected)
For-Hire: ‘
Local v ovn v vv s Ve 15.2 15.0 15.7
Infercity .oovvinnvnnen 32.7 36.72 314.9
Private Trucking:
Lacal oo v eeinnnnin, 34.0 3.5 317
Intercity . ..vovvevvnnn _181 17.2 17.7
“100.00 100.00 100.0

Source: Transportation rojections, [970-1980,
.S, Department of Transportation

As of January 1, 1974, the clussification of carriers was changed so that Class 1 now
includes those whose annual revenues are in excess of $3 million (rather than $1 million).
This change reflects both infTation and the trend towards lurger eniities,

Table 719 shows the concentration in cach of the six Regional Revenue Bureaus for
1974,

Table 7-1%
Percentage of Market Revenues of the Top
Four (4) Carriers Measured by Revenue, 1974

Revenue of Top
Regional Revenue Bureaus 4 Carriers (Percent)

Southern Motor Carriers Conference® ... . v vr. 23,04

Rocky Mountain Motor Taritf Bureau .. ........... . 41,25

Middiewest Motor Freight Burcau ............. ..., 15.82

Eastern Centrai Motor Carriers Association ..., ...... 19.81

Middle Atlantic Conference .. ..o oo vvron v e 14.31

Ceniral & Southern Motor Freight Association . ..., 41.01
*1973 data.
Source: Statistics of the 6 [nterregional Rate Bureaus,

us established by the Interstate Commerce Commission.
7-24
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In no region does more than 50 percent of the revenue go to the top four carriers,
Concentralion is highest in the Rocky Mountain, Central, and Southern regions, It is lowest
in the Middlewest. Nowhere docs the concentration ratio come close to the Department of
Justice definition of high concentration, i.c., four carriers having 75 percent or more of the
revenues. Table 7-20 shows how the market share of the top Tour carriers is distributed,

Table 7-20
Market Share of the Top Four Carriers

j 0]
[N}
I

Regional Revenue Bureaus 1

Southern Motar Carriers Conference 7.55 6.60 4.49 4.40

Rocky Mountain Motor Tarif( Burcau 16.55 | 9.0] 8.09 7.60

Middiewest Motor Freight Bureau 6.08 |395 2.91 2.88

Eastern Central Motor Carriers Assoc, 12,84 | 6.07 5.45 5.45

Middle Atlantic Conference 4,22 3.76 3.61 2

Central & Southern Motor Freight Assoc, 18.44 8.50 777 6.30
Qutlook for 1976

As of September 1975 the recession in the trucking industry has apparently bottomed out.

The 1974-1975 period saw the most serious reversal in traffic in recent history. This was due to
both inventory divestment and the slowdown in production, The trucking industry saw a
magnified version of the economy’s difficulties. From its peak in November 1974 to the trough
in Murch 1975, truck traffic receded 30 percent. This compares with a decline in total

national production of 14 percent from peak to trough, The 1975 truck traffic is expected

to be down nbout 16to 17 percent from 1974 levels. The 1976 prospects are substantially
better, From 1975 levels, truck tonnage is expected to grow 12 to 15 percent in 1976 and
revenues to increase by 18 to 22 percent, allowing for an estimated freight rate increase of

8.2 percent. Forthcoming labor negotiations are expected to be loflowed without delay by an
appropriate rate increase, The industry should experience an above-average increase in demand
as the economy recovers and inventories are built up. The improved revenue picture should
enable many companies to be self-financing for their capital investment in the next few years.

Financial Status of 1.C.C.-regulated Carriers

" The preceding section indicated a substantial variability in the characteristics of carriers.
The following discusses the current status of the 1,C.C.-regulated carriers,
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Interpretation of Current Status

Table 7-21 shows key financial indicators for the LC.C regulated U.S. trucking
companics, Financial data for non-1.C.C. regulated companies are not readily available.

o Operating Revenues give an idea of the relative size and importance of various
sectors. It can be seen that intercity comnton carriers over-$-million account
for 63 percent of operating revenue for all 1.C.C.-regulated companies. If special
common carriers are added, we have 91 percent of the total 1.C.C.-regulated
companics revenue. Local and special contract carriers are thus relatively unim-
portant,

& Net Operating Income.® Even when income from operations Jooks good, a business
may be in difficulty, if there are substantial nonoperating or extraordinary expenses,
o.g., interest expense or equipment losses. In general, this is a quick indicator of

profitability.
Table 7-21
Current Position of [.C.C.-Regulated U.S. Trucking®
Nef Incame
Afler Tanes
Ney (Pervent ROl
Operating Operatingt | Number of Operating| of Fotal Perceat
Revenues Income Power Number of Ratiz | Operating Current Talal Aneis Belore
(% thousands) ($ thousands) | Uairs Carriers [Percent)| Revenued Ratio (3 thousandt) Taxes
General freight
cartiers:
Intervity Under $1M 121354 1,875 31N 161 98.4 1.3 115 £2,598 ‘357
Intercity Over SIM 12412018 659,725 185,753 791 94.7 9 1.1 5,532,902 192
Local Under SIM - 41,895 [Hxl] an 64 101.2 Loy (AL} 21,478 (1.23y
Local Over 1M ' 129,219 6,743 3,224 103 999 1.5 141 185,816 3.63
Special carriers:
U.S. Common  *** 5,560,939 23,667 196,180 1nal 259 pi} 1.16 2,158,085 9.82
US Contmaet - 966,254 18,945 18,176 REL] 7.1 3] 1.04 414,963 6.81
US Local vt 95,079 3,683 324 9l 98.2 2.5 (&) 83,787 440
Total apecial cartiee: « 6,722,272 264,298 128,200 1573 96.1 1.9 114 2,867,635 9.2
Grnd wiat - .
alicariers 0| 19.669,078 934,085 AN Erig] 453 .5 113 HATLHTO lo.17

*Source: Trinc's Blue Book (1975)
tSee Appendix B for breakdown.

*Thie definition used It that from Trine's Blue Book [2], See Appendix F for detalled breakdown,
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Pawer Units indicates the number of trucks of all tvpes in the carrier industry. This
includes light trucks, which represent 10 percent of the trucks used for hire.

Carriers is the number of separate business entitics in ench category.

Operating Ratio (percent) is a simpler indicator than net operating income of the
profitability of incremental revenue. It is caleulated by taking operating expenses as
a percent ol operating revenue. A deficit in net operating income shows up as an
operating ratio of greater than 100 percent.

Net Income After Taxes (Percent of Total Operating Revenue) is a general measure
of profitability; this includes gains or adjustment to income which do not result
directly from operations.

Current Assets{Current Linbilities Ratio is a good indication of the liquidity of a
company. If a company has more current assets than current liabilities, it may be
“cash rich.” The cash situation of those with a ratio less than 1 is generally tight.
A ratio less than 1 may reflect good management and an ability to keep debiors
from pressing for payment, or it may represent a company in trouble which failed
to adjust its expenditures to a decline in revenue,

Toral Assers is the sum of all asscts, Fixed assets are included at net book value.
Book value is & variable measure in the carrier industry, The average life for a
truck is 10 years [ 7) ; however, |RS regulations allow trucks to be depreciated
faster than this. Therefore, there are a number of {ully depreciated trucks
generating revenue, and the age of a particular carrier's capital stock will causc
this figure to vary. This figure is also atTected by the depreciation method used.

Return on Investment (RO1): percent (before taxes) is designed to show the
relationship of income to vested capital. The only readily available measure of
invested capital is listed in Total Assets. The best available measure of income Is
Net Operating Income before interest and taxes (see Appendix F for definition). In
using ROI as a measure, it is important to remember:

1 The age of the capital stock and the depreciation method will cause ROI
to fluctuate.

2 ROl is a measure of the average return on a group of nonhomogeneous assets,

e.g., land, trucks, cash, etc. The returns on each catepory of assets may be very
different,

3 ROl also measures the return on capital assets acquired over a number of years.

This should not be compared directly with the incremental return which is
demanded on new capital investment today. Fifteen years ago, 6 percent (after
tax) may well have been a reasonable return to expect. Today, 10 percent is
more tisual,
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Analyzing Tuble 7-21 for cach of these variables, one can observe the following:

¢  [Local upder-$1-million companies are on the average losing money on operations.
Their deficit is 0,6 percent of net income after taxes. Their current ratio, however,
is similar to that for U.S. trucking as a whole,

®  Special contract carriers typically have a nurrow margin between current assets
and liabilitics, although they are making money on operations,

¢ Profit margins of trucking companies are characteristically narrow. Total lnbor
costs (including lringe benefits) represent about 60 percent of each dollar of
revenue, and scope for increased output per man hour is small, The National Team-
ster contract expires in March 1976, and, if wage increases are given, higher rates
will be needed. Being a regulated industry, rate adjustments may lap cost increases,
Despite a number of recent.rate increases, a number of which exceeded those of
railroads, the overall market share for trucking lias continued to rise (Table 7-15).
Rate increases have not led to a noticeable fall in traffic.

There is a well-known rule of thumb that a company's current ratio (current assets/
current labilities), should be at least 2:1 and its quick ratio {current assets-inventories/current
liabilities), should be at least 1:1. Since inventories are almost negligible for the trucking
industry, the current ratio of 1.13:1 is not unreasonable. Hfowever, this is not an industry
with great liquidity. Delays in approving rate increnses therefore have a substantial impact on
a carrier's cash position,

Total assets and ROI figures should be used with great care. Fluctuation in these
numbers may be only partly due to industry conditions. Taken in aggregate, however, the
L.C.C.-regulated industry has a relatively low ROI of 10.77 percent before taxes, Assuming
a tax rate of 48 percent, this yields an after tax RO{ of 5.6 percent. This is substantially
fower than the 10 percent after tax return required for current investment, Municipal bonds,
which had been regarded as risk free, yield 8 percent clear of tax, 2 percent is a conservative
estimate of the risk premium required for trucking industry funds.

Financial impact on the Trucking Industry
Assumptions used in assessing impact
1. Initially, it is assumed that all increased costs will be borne by the carrier, rather

than passed on as rate increases, This assumption is then relaxed in the discussion
of possible rate increases.
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2. Trucking industry revenues are assumed to grow at the same rate as GNP.*
[ Freight activity relates directly to production, As a long run estimate of
GNP, 3.5 percentt (real rate adjusted lor infation) seems reasonable despite
the decline of recent quarters.]

Table 7-22 projects the revenues, based on these assumptions, for U.S. trucking through
2000. A rate increase that produces d decline in demand could result in a decline in overall
revenues. However, it is Jikely that the demand is highly inelastic** and thus a rate increase
would not substantially decrease total revenue, The projections of operuting income assume
that margins are maintained ~ Le., that the operating ratio does not change. §

Revenues and costs are shown in Tables 7-23 and 7-24 for specific years discounted
at 10 percent, These tables are computed using Table 7-22 and Appendix E, The use of the
discount factor represents the oppartunity costs of the funds, However, the percentage which
costs represent in 2 given year is independent of any discounting procedure. Tables 7-25
and 7-26 show the noise control costs as o percentage of revenue and operating income for
the years 1981, 1991, and 2000. The costs of any given regulation do not reach 4 steady
percentage of revenue until the entire triick population has come under the given regulation,
Where the truck life is 10 years, this will occur 10 years after the regulation is in effect, i.e,,
in 1992 for Options E and 1994 for Gptions A, C and N,

It is important to recognize that these percentages are computed for all truck purchasers.
The impact on any particular sector is not to be found simply by estimating the percentage
of trucks purchased by that sector. The truck mix for the sector is eritical. Appendix G
discusses the procedure for finding the percentage for a given sector, The for-hire sector is
shown as an example, The savings and expenses of the regulation are not distributed evenly
across all types of truck. Medium-gasoline trucks will expericnce substantial savings, while
medium-diesel trucks will experience greater costs. Thus, savings will be larger than average
for agriculture and about average for 1.C.C. cartiers. The particular mix purchased is thus very
critical in assessing the impact on a given sector. Appendix G shows how this can be computed.

7.4.2 Rate Increases for ICC Regulated Carriers

Three questions must be asked concerning rate increases for .C.C. regulated carriers to
cover noise control costs,

—

. When will increases be permitted by the 1CC?
2.  What is the economic impact of a lag in rate increases?

3, How much rate relief will the ICC permit to offset noise control costs?

*There is tome evidence that they may grow faster as they become an increasing percentage of the Lransportation sector,
$3.5 percent ls the must conservative peroentage used for projectlons by Department of Transpartation in “Transportation
1970-1980 Projections,” Office of Systems Analysis and Information (revised March 1973)
#*85¢cc enrller discussion of Inermodal frelght competition and Tables 7415 ond 7-16,
§The operating ratio for 1.C,C. carrlers Is assumed 1o be typical of the industty oz o whale,
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Table 7-22

Revenue Projections For Trucking (Millions of Dollars)

1965 1970 1980* 1990* 2000*

Type of Trucking {Actual) (Actual) (Urojected) (Estimated) (Estimated)
1971 (3)
For Hire;

Local 5641,979 6875.718 10370.944 14629.253 20635.667

Intercity 12131.258 16571,536 23140.074 32641.388 46043.941
Private Trucking:

Loeal 12603.318 14412456 21019.614 29650,267 41824.666

Intercity 6716.214 7875.583 11756.650 16583.93 23393.291
Total 37092.769 45735.293 66287.282 93504.838 131897.56
1975 (8)*
For Hire:

Locy] 7017.984 8552.616 12900.282 18197.137 25668.881

Intercity 15089.914 20613.178 28783.637 40602.198 5727346
Private Trucking:

Locul 15677.103 17927.466 26146.024 36881.581 52025.158

Intercity 83s54.21! 9793.335 14623944 20628.535 29098.611
Totul 46139.212 56886.535 82453.887 116309.45 164066.1 |

*1990 and 2000 figures are computed as projection from the D.O,T, projected 1980 figures, assuming 3.5 percent
real growth in G.N.P. This is the most conservative ligure used in the D.O.T. study.

**1975 § were arrived at using the Department of Labor statistics commodity price index fot transportation.

Source: Transportation Projections 1970-1980, U.S. Department of Transportation.
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Table 7-23

Revenue Discounted at 10 Percent™ to 1977 (Millions of 1975 Dollars)

Type of Trucking 1981 199] 2000%
For Hire:
Local . . . . . . 10031.4 5455.5 2866.65
Intercity . 223825 12172.6 6396.19
Private Trucks:
Local . 203314 11057.2 5819.07
Intercity . . . . . 113717 6184.5 3249.68
Tatal 64117.0 34869.9 18322.5%

*This rate is used as the cost of capital and opportunity cost for ali caleulations, 1t may
be high for an industry such as L.C.C. carriers, whose margins are 4,75 percent and whose ROI

is 5.6 percent.

Table 7-24
Costs for Particular Years Discounted at 10 Percent* to 1977 (Millions of 1975 Dollars)

Options 1981 1991 2000*
Option A with savings** (311.5) 35.0 61.8
Option C with savings (311,35 (136.5) ( 64.3)
Option E with savings (311.5) (236.0) (142.1)
Option N with savings (311.5) (175.5) (103.8)
Option A without savings 61.6 443.1 317.8
Option C without savings 61.6 275.6 193.1
Option E without savings 6l.6 161.6 108.8
Option N without savings 61.6 238.5 156.6

*The impact of all regulations has reached a steady state by 2000. Changes are due pri-
tnarily to growth in the truck population and the variations in the demand for each type of

truck.

**Includes costs and savings for more efficient fans, fan clutches and exhaust gas seals.

Analysis of past [CC procedures indicates a variation from “‘a simultaneous rate increase™
to “an 8-weck lug.”" There is only limited information on the economic effects of a lagin
freight rate increases. [t is likely in 1976 that a 7 percent rate increase will be allowed in May
for labor costs, and 2 .5 percent increase for fuel costs in Jupe. It js estimated that a delay
of § weeks in these rate increases will reduce second quarter operating ratios by 2.8 percent.
This pressure on margins is of o shorl-term nature and for the year as a whole, the impact is
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Table 7-25
Projected Neise Control Costs int Selected Years as a Percentage of Revenue

Options 1981 1991 2000
Option A with savings . . . . (.486) 00 337
Option C with savings . , ., . (.4806) (.391) (.351)
Option E with savings . . . . (.486) (.677) (.776)
Option N with savings , .. (.486) (.503) (,.566)
Option A without qavm;,s - 096 1.271 1.734
Option C without suvings . 096 790 1.054
Option E without savings . . 096 463 594
Option N without savings . . 096 684 855

Table 7-26
Projected Noise Control Costs in Selected Years as a Percentage of Operating Income*

Options 198] 1991 2000
Option A with savings . . . . (10.23) 2,10 7.09
Option C withsavings . . . . (10.23) { 8.23) { 7.39)
Option E with savings ., . ., . (10.23) (14.25) {16.34)
Option N with savings . .. (10.23) (10.59) (11.92)
Option A without savings , . 2.02 26,76 36.50
Option C without savings , . 2.02 16.63 22.19
Option E without savings . . 2.02 9.75 12,50
Option N without savings . . 2.02 14.40 18.00

*It is assumed that operating income is 4.75 percent of revenue and that the costs arc
passed on.

much smaller. Nonetheless, it is important that the rate increases coincide, as nearly as possi-

ble, with cost increases, This Is particularly true at a time when cash is tight.

The answer to the third question is equally difficult. The percentage by which rates
would have to be raised just to cover such costs (assuming there is no loss of market share)
is easily computed as:

Annualized Cost of Noise Controls X 100 _ C:::f atsa . |
Annualized Revenue percendage. i
of revenue

These are shown in Table 7-25 for 1981, 1991 and 2000. These percentages do not allow
for any markup on the incremental costs of trucking services. For this reason, trucker’s
margins will still be eroded.
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Example for 1CC Regulated Carriers

If on costs of 19,2 hillion suppose an inerease of 2 percent is experienced by truckers.
If this is passed on completely and no substitution oceurs, revenues will become $20.54 billion
and operating income will still be $957.44 million. Although this is 4.75 pereent of $20.16
billion, it 15 only 4.06 percent of 320.54 billion. Margins are thus croded because the cost base
is increased. 10 no markup is allowed, the carriers will, in efTect, be asked to pul money
into noise-control equipment with no return; il s markup is alowed by the ICC to preserve
margins, then the inflationary effeet of the noise-control equipment will be greater. To
preserve existing margins, it would be necessary to multiply the above equation by 1.0499,
thereby muintaining a 4,75 percent margin,

Passible Rate Increases for FCC Regulated Carriers

In this section, the assumption that there will be no rate increases to cover increased
costs is relaxed. Until 1973, labor costs provided the basis for freight rate increases, Non-
lubor costs were generally offset by productivity increases, [7 productivity increases were not
completely oifset by other costs, rates were raised to offset only part of i wape increase. Since
late 1973 however, because of tapid increases in non-labor costs, (e.g., Tuel) there have been
three non-lubor bused rate increases, As the discussion carlier indicates, the 1.C.C. has tradi-
tionully allowed historical non-lubor cost increases but not projected ones. Such cost in-
creases eventually are often allowed to be passed through as rate increases without markup.

1.C.C. regulured carriers may have operaling margins whicli are greater or [ess than the
aggregate. 11 a 4,75 pereent markup is allowed by the 1.C.C,, those whose existing margins
are less than 4.75 percent will become more profitable, and vice versa, since the rates are
set without regurd to individual carriers’ characteristics,

Impact on Particular Segments of the Carrier Industry

The impact on the Tor-hire sector in aggregate is shown in Appendix G, Table 7-21
showed the status of various scgments of the L.C.C. regulaled industry. Itisimportant, however,
to appreciate that there is substantial variation between different carriers in the industry.

This may be due to scale, geographical location, route structure, types of freight, cte. Table
7-27 shows mean and standard deviation of operuting ratios for I.C,C, regulated companies,
As can be seen, the operating ratio pets less favorable s companies get smaller, An operating
ratio greater than 100 indicates a company which is losing money on everyday business. [f the
distribtition were normal one would expect substantially more companies to have an operating
ratio greater than 100 than tuns out to be the case, One explanation is that companies in this
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Operating Ratios: Means and Standard Deviations

Table 7.27

for ICC Reguluted Companies*

Lxpected Actual
Mean Probability Percent With
Operating Standard of an Qperating Operating
Ratio Deviation Ratio > 100+ Ratio>> 100
Cluss |
(over 1 0CM)... 94.8 5.84 0.19 0.045
Clags 11
(20 to 100M).. 95.5 4.95 018 0.083
Class I
(I to 20M) .... 96.2 5.57 0.25 0.185
Class IV
(Under 1M).... 99.0 6.76 0.44 0.370

*1974 Statistics,

Source: Trine’s Blue Book (1975) [2].
+Bused on a normal distribution el operating ratios

position may already have stopped operations and are no longer reporting to the 1L.C.C. It should
be remembered also that there are ather factors (e.g., ability to decline unprofitable business)
that make it likely that the distribution is skewed to the favorable side of the mean, Companies
with a deficit from operations are likely to remain in business only for a limited time. There
are strong indications that in 19735 carriers’ margins were lower than indicated here.

Table 7-28 shows the current position for some selected companies* indicating that
there is substantial variation Mrom the averages shown in Table 7-21, 1t is most important,
therefore, that concern not just with the aggregate impact on all trucking, but with the specific
impact on individual groups is given. Appendix G shows how this can be done for an industry
group. The substantial vasiation between 1.C.C. regulated carriers will cause any regulation to
be nonhomogeneous in its impact. Although the aggregate impact on an industry is important,
it is also eritical to observe which segments of that industry will be affected to a greater or
{esser degree than the avemge.

*These companies were selected as representative of types within each group rather than by a segmented rondom sampling
procedure. A statistical check was run (o ascertain the representativencss of the companles selected, This check used a
revenue-bused weighting scheme, Because of the weight given to Class | and the nonstatistical nature of the sample, Table
7-28 Is compatible with o Lotal population having an operating rutle of 91 percent and a cuirent ratia of approximatoly
1,18, These figures indicade that Table 7-28 represents 4 somewhat inore Faverable situgtion than is actually present, Tha
true papulation lias an operating ratlo of 954 percent and a current ratio of 1,13 (Table 7-21) and comparison with
Table 7-27 also indicates this, Table 7-28 should therefore be used with caution,
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Table 7-28 contains information similar to that in Table 7-21, but for four classes
within the the industry. Comparison of the two tables shows substantial deviations from the
average. Two of the companies shown are already running a deficit; net operating income
is negative, and the operating ratio is over 100. Any additional financial burden could cause
financial distress to companies in this position. Even if these companies could raise the
financing for noise controls, they may not be able to support the payments. It is important
to observe that these companies are medium or small and privately owned, 1t is this type of
carrier which may experience hardship. Table 7-21 shows that, taken together, local general
freight carriers under $1-million are in deficit. This group is probably the most vulnerable to
increased costs of noise control, even if able to pass these increased costs on via increased
rates.

Computed returns on investment described for Table 7-21 is also shown in Table 7-28
and should be used with great care, The age and mix of capital equipment varies greatly from
one company to another, As can bé seen, ROI fluctuates a great deal. The ability to expend
the necessary funds for noise control equipment will depend both on the economic outlook
for the industry, and the existing financial position of any particular carrier. The short-term
outlook for the industry is rapidly improving (outlook for 1976). Even companies whose
condition appeared poor in 1974 may be able to provide substantial internal funds for invest-
ment by 1978, A good indicator is a substantial improvement in operating ratios.

If outside financing is required, the ability to borrow money will depend on a number of
factors:

&  Existing leverage,

®  Timing of present debt retirement,

#  Access to maoney markets, e.g., stock market for public companies,

L Other sectors’ demands on the money matkets,

®  DPrevailing interest rates,'and

e Certainty of future profitability ensuring repayment,

These factors differ substantially for individual companies. The small and medium private
companies may have the most difficulty in raising funds. Smaller, newer companies are usually

" found in Classes I1I and IV and as shown earlier concentration js increasing. If new entrants are
discouraged or their growth is inhibited, this is likely to continue,
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Table 7-28
Current® Sample Position of U.S, General Freight Trucking Companies

Net Income

After Taxes
Net (Percent ROI
Operating ) Operatingt | No,of | Operating of Total percent
Revenues Income Power Ratio Operating | Current | Total Assets | Belore
Revenue Class K& thousand) | (8 thousand) | Units {percent) Revenue) Ratio | ($ thousand) | Taxes
1. (Ower 100M)
A. Consolidated Freightways..| 426,175 33,833 5,019 92,1 4.6 0.85 221814 15,25
B. Roadway Express......... 504,375 60,500 2,324 88.0 7.0 1.63 243,901 24.81
€. Yellow Freight........... 351,385 43,789 4,736 875 6.9 1.09 209,879 20.86
D. LeeWay ...... ‘s 113,315 8,548 593 925 38 1.17 63,895 13,38
E. Smith’s Transfer 126,295 10,584 2,255 9.6 348 87 81,781 12,94
II. (2010 100 M)
A. Hall’s Mtr, Transit Company 73,204 7,334 1,115 90,0 2.2 T2 44,691 1641
B. Gordon's ...... RPN 63,734 3,534 889 94.5 28 141 34,869 10.14
C. Mid-American veovvvviia.. 36,088 281 607 99,2 . 1.67 18,225 1.54
D. Milne Truck Lines «....... 28,287 1,922 489 932 54 1.e1 8286 23.20
i, (|l to20M)
A. Link Trucking .oooovevnns 1,019 107 29 895 7.0 1,22 544 19.67
B. Pic-Walsh Freight ........, 10,653 (574} 16 1054 10.78 3.05 3969 (14.46)
C. Suwak Trucking ..ovvvveee 9,011 13 163 98.5 9 1,79 1,617 §8.23
IV, (Under | M)
A. M&G Transportation ««.. ., 562 21 7 103.7 3.2) 55 182 [(11.54)
B. Heding Truck Service ..., (111 78 25 88.6 6.4 .84 285 21.37
C. Heurtlond Express..c.ovves 563 17 10 96.9 101 2.57 1,122 1.52

#1974 Statlstles, Source: Trine's Mue Pook (1975) [2].

tSee Appendlx B for breakdawn,

§A speciol tax credit cavses thin nuiiber 10 be positive despite the deflcit on uperating income,
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Impact on Users of Transportation Services

The impact of the noise control program on end users can be measured by the price
increuses that would result if truck freight rates are increased. Table 7-29 shows both
direct and indirect truck transportation inputs for the commodities listed. The first column
shows the cents of truck transportation per dollar of output for each commadity for both
for-hire and private trucking. For example, commodity 8, food and drugs, requires 5.7¢ of
truck transportation per dollar of sales. The 5.7¢ reflects all truck transportation inputs for
raw materials, intermediate i'nputs, and the final product, The second column shows the
relative importance of trucking in each sector, The four right-hand columns show the change
in seling price, which results from Options A, C, Eand N in 1951 and 2000, The rate
used was computed from the increase (decrease) in total costs as a percentage of revenue,
Savings result from Options C, E and N through the year 2000, The complete effect
of an option will not be felt until 10 vears after jts initiation, when the entire truck
population will have turned over. The figures for 1991 price increases should be viewed
accordingly. By 2000, the entire population will be subject to the option under consider-
ation, These figures therefore indicate the level at which costs will reach a steady
percentage,

It is important to note that the percentage used is an aggregate figure, A more
precise figure for each commaodity can be arrived at by using the procedure to compute the
exact percentage cost increase for each sector as described in Appendix G.

Table 7-29 assumes no shifts to other forms of transportation due to the price increase.

Impact en trieck purchases

Truck price increases and operating cost increases will affect the private trucking sector
as well as the for-hire sector. Table 7-29 presents the price increases that anticipated in 35
sectors of the economy and included both for-hire and private trucking,

To assess the relative impacts within the private trucking secter, the distribution of
future truck purchases by end users must be considered. [t is assumed that distribution of
future purchases of truck type by end-user category will be in proportion to the present
distribution of truck ownership. Table 7-30, presenting the 1972 djstribution of awnership
by truck type, can be interpreted as the best estimate of distribution of future truck purchases.

For medjum diesel trucks, the operating and capital cost increases are the largest.
Excluding the for-hire sector already considered, the largest purchasers of medium diesel
trucks are the construction and service sectors. These two account for about 39 percent of
current ownership, and estimates will account for 39 percent of future purchases. While these
sectors wil] experience cost increases in trucking services, the dollar value of trucking services
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Table 7-29
Truck Transportation Costs per Dollar of Final Demand in Varjous Industries
(Fan Suvings Are Included As Rates Would Be Adjusted to Allow lor These)

Current Treckingt Increaswe (Deerease) in Cents per Dollay
U191y Conts i a Yercentage of Demamd Due b Noie Contsol
per 81 Transpuoriation s (R 1] 19ut 199 HXX) 00 B e
Instustrivs Phremund Tar Al Modes Option A | Option € 1 Option B | Option N | Option A | Oplion C | Gpiion &2 | Option N
. Apricullure EN] EEN 0071 {AFYTRY [T LOISTH [i335] 1024%) .03 (0400
X lron o mining 4.7 17.} AT (LK) [RIXTFA) {.0230) 0154 .0165) 1.0365) [RIRN]
A, Nonfeiros mining 17 LR AHV7Y (.3 (45T {.04HH) 0n7 LOMHN 1.6753) L5
4. Coal mining K3 1.5 AMKY ( 0324) (0562} LO417) Rirsitd L0291 {0643 ¢ D170)
5. Miscellancous mining 7 T1.8 05w (.23 [A012) {.3003) HH .2095) {4633} (.33
6. Construetion 4.4 nl0 044 [KI L] (.024H) {0221 Ads [.0sa) [RGEIN 149}
7. Orbnance Kl tulH A0 o117 .0203) {0151 By L] {.0105) 1.0233) 10070
K. Tood and drugs 5.7 (A 0087 L0223} { 0380) {087 A2 {.0204)y 1.0442}4 1.0323)
4, Textiles and appael 4.2 TT.H 0042 {.0104} {0260 {021 1) 0142 {0147) (.0326) 1.0234)
10, Lumber and products 52 JB.$ 0052 {.0202) (.0352) (.0262) mis (.08 1.0304) (.0294)
1. Furniture a0 507 00410} LOISsy |02 {.0201) MRS (014 {.0310) 1.0226)
12, Paperand paper products a4 0.7 Q04 (01N {0332} (0246} Qs (M7 L0340) (.01
13, Irinting 28 Hih 00 {010 {01 {.0141} o4 .00%) 021N i.nl54
14.  Chensicals 6.l 50,5 0061 {023K) {.0413) {.0307) 020% (.04 L0 1.0345)
15, Plastic, painti aml fubber 43 4.2 (O3 {016H) {0291} 10216} HEN o151 1.0334) (.0243)
k6. Perro and products 4.8 474 LOHS {.0176) {0205} (.0226) 0152 LO158) 1.0349) 10255
L7 Stone, clay, s prodiscts 4 [3X] HHLE) (.0124) (0569 [ R P] 03 (0295) [.06S52) (0475)
14, lron and stect 14 LR (3KHG (.0141) (.02M4) {0180 RiiM ] 0126) {.02480) (.0204)
19, Nonferrous metal 13 514 RHIER) (.0129) [Eikeai} {.0166) mn LoNa) 1.02506) (O
20. Fabricaled melat 14 517 .00 1o (0203 {.al15¢) utlH] ¢.0105) 1.0133) 0170)
M, Farm, Construction machinery 37 53a .07 LU145) {.0350) {018 A28 {.0130) {.02K7) (.0XY)
32 Indluatrial machinery 33 ah.0 .0033 .012%) (.0223) {0160) RN [Ri1113] (.0256) (.0187)
23, Electrical machinery 24 0.5 .0024 (.00U4) (62) {0121 0081 {.00%4) {.0186¢ .0130)
24, Motor vehicles 35 51.5 0015 0137 LoN {.0170) FiIRE ] {011 021 {.0L98)
25, Aireralt 1.7 ol.? oL7 (.0066) (.0HS) {.0080) 0057 {006 (013 1.0096)
. Other transportation equipnacnt 3.5 574 D035 1.0137) 10237y (.0176) AR M3 {0272 {.0198)
27, Seiemific optical institure 4.7 H1.0 0047 (DIK4) {.031H} (.N236) 0158 (0165} 10368 {0266}
28, Commugicatians 5 i 4008 (0031 {.0054) (.00400) 0017 (.002R8) {.0062) {.0045}
242, Utilities 4 3 A0 (004 {0162} Lonn 008t 00N} {-0188) {.0336)
30, Services 16 437 0030 (0141 (0249) (0181} 01 0126} L0279 .0204)
31, Auto repairs kR 618 Ri[e]] {.008) (.0142) (0100} om 10074} (0163 .01
32, Gevernment enleiprises 35 J3.5 0035 a1 {0237 L0176} LTS (0123} (.0270) {0198}
33, DBus, ravel, gifts 59 6B.6 0052 {.0231) 1.03%99) {.0297) 019 (020 {.0458) (034
34, Misccllancous manwlaeturing n4 740 0004 (.036H) (.0630) (473} 0117 10330 {.0729) (.0532)
35, Serapules 1.4 {iX:} 0018 (.0070) Lo {.0090) 0061 (.0063) .0k (.0102)
Fereent inerease used 100 .31} {610 {.503) 337 {351y 1.776) {566}

T Source far Ihere cotumns is 1972 Natienad Transportation Repare §3f,
Note: The lour righl-hand colusmns indicate the Incresu {decrease) in cenls per §) demand due to noise canhiod jegulationt.




Table 7-30
Percent of Size Class in Each Industry Category

Medium Medium Heavy Heavy

Industries Gusoline Dicsel Gasoline Diesel
Agriculture . . . . . . 36.57 9,33 16.89 4,45
Forestry and lumbering . - 1.89 1.19 3.65 3.54
Mining . . . . . .. .82 1,09 1.67 1.87
Construction . . . .+ 1.22 2495 21.07 15.91]
Manufacturing . . . . . 3.68 7.93 6.73 10.17
Wholesale and retail . . . 2241 2.48 21.43 14.67
ForHire . . . . . . . 7.19 27.99 17.77 45.12
Personal transportation , . 9.43 .21 1.63 .05
Utilities . . . . . . . . 3.19 43 2.89 .53
Serviees, . . . . . . . 10.33 14,23 3.77 1.48
Allother . ., ., . . . . 3.27 10.18 2.52 2,22
Total . . . . .. .. 100 100 100 100

Source: Computer tapes for 1972 census of transportation, truck inventory, and user
survey.

consumed by these seclors is small, Table 7-29 shows that the direct and indirect purchasers
aceount for only 4.4 cents per dollar of final demand in construction and 3.6 cents per dollur
of final demand in the service sector.® Negligible impact is anticipated because of the small
proportion of trucking costs to total costs.

Including the for-hire sector along with the two mentioned above, these three sectors
account for 67 percent of medium Aiese] truck ownership (and thus future purchases).

The price increases per truck, ranging from 342 at 83 dBA to $800 at 75 dBA for medium
gasoline trucks and $151 at 83 dBA to 3866 a1 75 dBA for heavy gasoline trucks, are offset
(fully or in part) by operating cost savings. These operating cost savings include fue] savings
from treatment of fan noise. The major users of heavy gasoline trucks are wholesale and retail

*Noie the cents per dollar of final demund Include both direct and indirect trucking services, The large volume of medium
dicsel trucks referred 1o in these industrics is used in direct trucking services; thus, the impact would be even smaller than
these figures would indicate,  °
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trade (21 percent), agriculture (17 percent), and construction (21 percent). Of these three sectors,
agriculture is the largest user of truck transportation, as measured by the truck transportation
costs per dollar of final demand. Again, no significant cost increases in these sectors are antici-
pated particularly given the small price increases relative to the large operating cost savings.

Agriculture, wholesale and the retail trade account for almost 60 percent of the medium
gasoline truck ownership,

The for-hire sector has been considered separately, and this sector accounts for 45 percent
of heavy diesel trucks. The other major users are construction (16 percent), wholesale and
tetall (15 percent), and manufacturing (10 percent) (Table 7-30).

The mining sectors have substantial truck transportation costs. However, although a
relatively small number of trucks is owned by that sector, costs per dollar of final demand are
4.7¢ for iron ore mining, 9.7¢ for nonferrous mining, 8.3¢ for coal mining and 59.7¢ for
miscelleneous mining.
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Section 8
ENFORCEMENT

GENERAL

Enforcement of new product noise emission standards applicable to new medium and
heavy trucks will be accomplished through production verification testing of vehicle con-
figurations, assembly process testing vsing selective enforeement nuditing of production
vehicles and in-use compliance programs. The predominant portion of any production veri-
fication testing and assembly process vehicle testing will be carried out by the manulactuger
and audited or confirmed by EPA personnel as necessary,

Any test used lor production verification testing and any test used for assembly process
testing of production vehicles should be the same test or else cortélative so that compliance
may be accurately determined. A measurement methodology used both for production veri-
fication testing and assembly process testing of medium and heavy trucks isa modified
version of the SAE standard test procedure J366D,

PRODUCT VERIFICATION

Production verification is the testing of early production models by a manufucturer or
by EPA to verify that a manufacturer has developed the necessary noise attenuation technol-
ogy and s capable to applying the technelogy in a4 munufacluring process,

Production verification does not invelve any formal EPA approval or issuance of certi-
ficates subsequent to manulacturer testing, nor is any extensive testing required by EPA, A
vehicle configuration must undergo production verification prior to or soon after jts distribu-
tion into commerce,

Like configurations may be grouped into a category as defined in the regulations, A
vehicle mode! would be considered to have been production verified after the manufacturer
has shown (based on the application of the noise measurement testing methodology) that a
configuration or configurations of that model conform to the standard, Production verifi-
cation testing of all configurations produced by a manufacturer may not be required if a
minufacturer can show that the noise levels of some configurations in a category are con-
sistently higher than others in a category. In such g case, the noisiest configuration would
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be the only configuration requiring verification, Manufacturers must reverify whenever they

implement engineering changes to their products that are likely to adversely affect noise emis-
sions, Additionally, some further testing on a continuing or other periodic basis of’ production
products will be necessary to assure that all products manufactured conform to the standards.

Product verification provides EPA with confidence that production models will conlorm
to the standards and also limits the possibility that non-comforming vehicles will be distri-
buted in commerce, [f the possibility exists that subsequent models may not conform to the
standard, assembly process vehicle testing may be made @ part of the enfarcement strategy
in order to determine whether production vehicles continue to actually conform to the
standard,

ASSEMBLY PROCESS TESTING

Assembily process testing of production vehicles is a method where vehicles are tested
upon completion of assembly to determine whether they conform to applicable standards,
For this determination, only representative samples of newly-produced vehicles need be
tested and inferences can be drawn regarding the conformity (with the standard) of ather
newly assembled vehicies,

Sample testing will involve tie auditing ol production vehicles on some randorm basis.

Any sampling strategy adopted by EPA does not attempt to impose a quality control or
quality assurance scheme upon a manufacturer but would merely audit the conformity of
his products and provide a deterrent to the distribution in commerce of non-conforming
products,

Without some justification to the contrary, 100 percent testing is unnecessary, since
sample testing can yield the desired result. At this time, 100 percent testing is not proposed
as a primary enforcement tool; however, 100 percent testing may be required should an andit
show that a manufacturer is in violation of the reguliation by introducing in commerce ve-
hicles exceeding the standards,

ENFORCEMENT ACTION

The prohibitions in the Act would be violated in the following instances;

o The manufacturer fails to properly verify the conformance ol production
vehicles,
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& On the basis of assembly process testing or other information, it is determined
that non-conforming preduction vehicles are knowingly being distributed into
commerce, or

¢ The manufacturer fails to comply with an Administrator's order specifying appro-
priate relief where non-conformity is determined,

REMEDIES

In addition to the eriminal penalties, fines, and imprisonment, associated with viola-
tions of the prohibitions of the Act, the Administrator has the option of issuing an order
specifying such relief as he determines necessary to protect the public liealth and welfare,
Such orders could require that a manufacturer recall products distributed into commerce
not in conformity with the regulations whether or not the manufacturer had knowledge of
the non-conformity, Recall orders will be issued in situations where assembly process fest-
ing demonstrates that vehicles of a particular configuration have been distributed in com-
merce not conforming with the applicable emission standards,

‘The Administrator may also issue an order requiring the manufucturer (o cease distri-
bution in commerce of vehicles where the requirements of production verification have not
been met,

Any orders would be issued only after manulacturers had been afforded notice and an
opportunity for a hearing.

LABELING

The label will provide notice to buyers and users that the product is sold in conformity
with the regulations and that the vehicle is equipped with noise attenuation devices, which
should not be removed or rendered inoperative, as prohibited under Federal law, The label
niso states that the use of a product which has been “tampered with” is prohibited,

IN-USE COMPLIANCE

If the goal of protecting the public health and welfare is to be fully achieved, the noise
levels of vehicles (which cannot be exceeded at the time of sale} must not increase during
the useful life of the vehicle except possibly minimal allowance for degradation which cannot
be prevented by reasonable maintenance and repair, The standard, therefore, should
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incorporale an in-use standard that must not be exceeded during the useful tife, However, little
data is available to determine the usetul life ol vehicles or what amount of degradation can

be expected during their useful life. Thus, EPA has chosen not to promulgate o useful life
standard af this time, but has reserved this option until suiTicient data is available to impose
such a standard, The delay in promulgating this requirement should not be construed as a
deemphasis of this important requirement, but merely as & means to assure that an accurite

and fair uscelul life requirement may be imposed,

The manulactarer is required (by Section 6(d) (1Y of the Act) to warrunt to the (irst
purchaser and each subsequent purchaser that the vehicle was designed, built, and equipped
to conform at the time of sale to the Federal noise emission standards, Thus, the manufac-
turer is required to remedy all defects in design, assembly, or inany part or system, which
at the time of retail sale caused the Federal noise emission standard (o be exceeded.  Although
the warranty covers only date-of-sale nonconformity, Lhe consumer may make a claim under
the warranty at any time during the life of the product, as long as he can establish noncom-
plinnce on the date of sale,

Recall is the appropriate remedy (under Section 11{d) (1)) to require the manufacturer
to repair or replace a class of vehicles which Tails to contorm to Federal standards at the time
of sale, Such recall may be used, for example, when products in use are discovered with de-
fects relating back to the date of sule which would cause noncompliance.

Tampering with (i.e., removing or rendering inoperative) the noise contral devices and
clements of design is prohibited under Section 2002) (A) of the Act. The use of a product
after it has been tampered with is aiso prohibited,

Finally, manufacturers can be required (under Section 6 (c) (1)) to provide instructions
to purchasers specifying the maintenance, use, and repair necessary to minimize or eliminate
any possible degradation [rom the initial neise emission levels,
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Section 9
ENVIRONMENTAL EFFECTS

Whenever action is taken to control one form of environmental pollution, there are
possible spinoffs affecting other environmenta) fuctors or natural resource. This section
evaluates the effects of truck noise control on air and water pollution, solid waste disposal,
energy and nataral resource consumption, and land-use,

The principal sources of truck power train noise are the fan, engine, and exhaust, Fan
noise control involves the use aof large, slower-turning fans, and fan clutches that disengage
the fun entirely when cooling requirements for the engine are satisfied. Engine noise con-
trol is achieved by vibration-isolating the engine and employing engine barriers or enclo-
sures. Exhaust noise is controlled through the use of more effective mufflers,

AIR

The major potential efiect on air poliution from the noise control measures described
above would be an increase in engine exhaust emissions as a result of an increase in exhaust
system backpressure [1]. Truck exhaust mufflers have been desipned and tested that ade-
quately reduce exhaust noise without exceeding engine manufacturers backpressure specifi-

cations. Accordingly, no increase in air pollution is to be expected from noise control related

to exhaust mufflers. Air intake systems modifications, should they be necessary, are not
expected to result in any change in vehicle performance or increased exhaust emissions.

WATER AND SOLID WASTE

There are no significant impacts that would apparently result from truck noise control
on either water quality or solid waste disposal,

ENERGY AND NATURAL RESOURCE CONSUMPTION

There are three factors where noise controls affect energy consumption, The first and
major [actor s the use of fans that can be disengaged when not required, Benderetal [1]
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developed the following estimates of fuel savings in gallons per mile per unit of accessory

horsepower (Tuble 9-1).

Table 9-1

Fuel Savings, Gallons Per Mile Per Unit o’ Accessory Horsepower

Truck Category

Engine Type Medium Heavy
Gasoline 0.0035 0.0019
Diesel L0019 0010

Also, the following annual mileages by truck category apply* (Table 9-2),

Table 9-2
Annual Mileage, Gallons Per Mile Per Unit of Accessory Horsepower
Truck Category
Engine Type Medium Heavy
Gasoline 10,000 18,000
Diesel 21,000 54,000

Finally, the number of trucks that are predicted to be in use in 1990 [2] are shown in

Table 9-3.

*Data seduced from LS. Bureau of Census, 1971,
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Tuble 9-3

Trucks in Use in 199]

Estimated
Truck Type Model Years Population in 1990
Medium Gasoline 1978 - 1981 376.2x103
Medium Gasoline 1982 - 1983 277.3x103
Medium Gasoline 1984 - 1991 1,497.4x103
Heavy Gasoline 1978 - 1991 354.0x103
Medlum Diesel 1978 - 1981 5.3x103
Medium Diesel 1982 - 1983 3.7x103
Medium Diesel 1984 - 1991 24.3x103
Heavy Diesel 1978 - 1991 2,469.2x103
Tuble 9-4

Decrease in Accessory Power Requirements

Truck Type Regulatory Levels Power Savings

(hp)
Medium Gasoline 83dBA 2.5
Medium Gascline BOdBA 4.5
Medium Gasoline 78 and 75dBA 6.0
Heavy Gasoline 83, 80, 78 and 75 dBA 15.0
Medium Diesel 83dBA 50
Medium Diesel 80dBA 2.0
Medium Diesel 78 and 75dBA 12.0
Heavy Diesc! 83, 80, 78 and 75dBA 15.0
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Combining the data in Tables 9-1, 9-2 and 9-3 as well as the estimated power savings given

in Table 9-4 {also see Table 6-8) shows that under regulatory options A, Cund N approximately

2.59 billion gailons of fuel would have been saved by 1991, and under regulatory option E,
2.50 billion pallons,

The second energy effect factor might involve decreases in engine efficiency as a result
of increased exhaust system backpressure. Since exhaust systems can generally be made to
meet engine manufacturers backpressure specifications, any effect on fuel consumption in
this area is expected to be minor (see Section 6).

A third energy effect factor on fuel consumption is the ingreased truck-rolling resis-
tance attributable to the weight of noise control materials varies from a few pounds for
larger muffiers to potentially several hundred pounds for an engine enclosure, Estimates
of increases in fuel consumption attributed to increases in weight for noise treatment given
in Section 6 show that the added weight has a small effect on fuel consumption,

Effects on the consumption of other natural resources are expected to be small. As
indicated, no more than the addition of several hundred pounds per truck are likely to be
required for noise treatment. This is a small fraction of the roughly 25,000 to 30,000 ibs

per tractor/trailer vehicle.

LAND-USE

The expected impact of this Federal new truck regulation on land-use would reduce
marginal capital damages on property bordering highways and streets. In a recent report,
Nelson indicated that “traffic noise has a negative and statistically significant effect on prop-

erly value” [3].

Nelson found that for suburban areas, marginal capital damages were $58 per praperty
per dBA above the residual level (L, - Ly ). These results were based only on individual
property sales in close proximity to major highways.

94

B TP T O R TR £ KPS



e S B e 53 b e b el et g s+ e e el e =

REFERENCES

{1] BENDER, E, K., W. N, PATTERSON and G. E. FAX. The technology and costs of

(2]

(3]

quieting medjum and heavy trucks, BBN Report 2710, Belt Beranak and Newman,
Cambridge, Mass. (October 30, 1974).

MILLER, D, C, Equations used for truck population models, BBN memo 1o Charles
T. Molloy, EPA/ONAC (May 23, 1974).

NELSON, I, P. Effect of mobile-source air and noise pollution en residential property
value, Report No. DOT-08-40094, Department of Transportation, Office of University
Reseuarch, Washington, D.C, 20590 (January 1975) p.7-21.

e bttt e s bk e e



Appendix A-1
INTRODUCTICN TO DOCKET ANALYSIS

This analysis is intended to serve as n review ol the public comments which were made
regarding the New Medium and Heavy Truck Proposed Regulation, published in the Federal
Regivter on October 30, 1974,

The analysis is siructured as follows:

In the Summary of Comments (Section A-2), each issue is identified by & number or
series of numbers. The individual comments are grouped together by contributor., The
contributors are lso grouped into the major categories of (1) truck manufacturer, (2) manu-
facturers related to the truck industry, (3) truck users, (4) private citizens, (5) State and
local governments, and (6) trade organizations,

lssues are identified and discussed in Sections A-3 through A-1 1, as outlined betow.

A discussion on the actions taken in response to public comments is presented for each issue.

Section
Number

A4

A6

Docket Analysis Comment Categories

Introduction

Summary of Comments

Benefits to Public Healtl and Welfare. Discusses the comments
related to the impact made by the proposed regulation on the

community noise environment,

Technology. Discusses the comments on the noise control technology
necessary to produce trucks that comply with the proposed regulations.

Costs of Compliance. Examines the criticisms made of the costs
associated with producing trucks that comply with the proposed

. regulations.

Costs Versus Benefits. Discusses comments on the justification of
the costs of the proposed regulations relative to the benefits to be
derived, and the methods of compuring costs and benefits.

A-l-1
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Section
Number

AT

A-8

A9

A-10

A-ll

Docket Analysis Comment Categories

Economic Impact. Issues on the economic impact of the proposed
regulations are discussed.

Testing. This section discusses criticisms of the proposed test
procedure,

Classification. Briefly discusses comments regarding the vehicles
to which the regulation should or should not be applicable,

Enforcement. Examincs comments on the enforcement of the proposed
regulations,

Miscellancous Comments,

A-1-2
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Appendix A-2
SUMMARY OF COMMENTS

Commaents were made on the Proposed Noise Emission Standards on New Medium and
Heavy Trucks (Federal Register, 30 October 1974, p, 38338) in the form of written responses
in Docket ONAC 74-1 and in Public Hearings held on 19-20 February 1975 in Arlington,

Va. and 27 February 1975 in San Francisco, Calif. Summaries of the comments which fall
into the general categories of public health and welfare, available technology, costs of com-
pliance, costs vs benefits, economic impact, compliance testing or vehicle classification are
given here. The comment summaries are catalogued according to contributor, and the contri-
butors grouped into truck manufacturers, manufacturers refated to the truck industry, truck
users, private citizens, governments (local, State or federal agencies), and trade organizations.

Within each group, the contributors are listed in alphabetical order by the name of the
organization, State or local jurisdiction, or citizen. The general category into which the
comment is placed is given in parentheses after cach comment summary along with refer-
ences to the original comment, Numbers which begin with the letter “T (e.g., TO76) refer
to written Docket submissions, References to the Official Transcript of the Public Hearings
in Arlington, Va. and in SanFrancisco are given by PHW and PHST, respectively, Written
submissions in response to questions or requests for additional information at the Hearings
are referenced by numbers beginning with “Th" {e.g., Th039),

A-2.1 TRUCK MANUFACTURERS
A:2.1.1 Cheysler Corporation

A-2,1,1.1 Meeting the regulated 75-dBA regulatory level is not technically feasible.
The Freightliner DOT Quiet Truck is a 75-dBA truck (not 72-dBA as claimed by EPA) and
thus will not comply with the not-to-cxceed 75-dBA regulation (Technology, p. 4-5 of
TOB7).

A-2,1.1.2 Medium diesel trucks are the most difficult to quict since they have very
high engine noise levels due to their high-speed, light-weight engine design. No prototype
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medium diesel truck has béen built to demonstrate the availability of technology for meeting
the 75-dBA regulatory level (Technology, p.4 of TO87),

A-2.1.1.3 It is not possible to determine the acceptable design ranges on the para-
meters for devices and elements which are known to control noise over the useful life of
trucks (Technology, p. 2-210 of PHW).

A-2.1.1.4 EPA underestimated the increase in the costs per truck required 1o meet
repulatory levels, To comply with the 83-d3A level would cost about 5500 more per truck
and for the 80-dBA, $1200 more per truck. No estimate could he made for the 75-1BA
regulatory level (Costs of Compliance, p.6 of T087).

A-2.1,1.5 Noise abatement equipment would cause an increase in annual service labor
costs of 3800 per truck for the 80-0BA regulatory level (Costs of Compliance, p.7 of TO87).

A-2.1.1.6 The deceleration test should be required only on tricks equipped with
engine brakes, {Testing, p. 9 of TO&7 und p. 2-208 of PHW).

A-2.1.1.7 The round-off procedure and the number of tests 1o be used are not ade-
quately described in the proposed test procedures. (Testing, p, 9 of TO87).

A-2.1,1.8 Motor homes should be excluded from the regulation. (Classification,
p. 8 of TO87).

A-2.1.2 Crane Carrier Company

The regulations would have a greater economic impact on the smaller company, parti-
cularly those who build specialized vehicles, The costs for a test facility would be $250,000
and the operating costs would be $80,000 per year, These costs must be spread out over
fewer trucks, resulting in higher increases in costs for trucks from the smaller manufacturer,
The smaller company cannet compete with the larger ones for the technical talent required
to design and produce compliant vehicles, Customers can find ways to do withoul special-
ized vehicles, Therefore, an increase in prices could have a greater impact on the manufacturer
of specialized vehicles (Economic Impact, T116).

A-2,1.3 Ford Motor Company
A-2,1.3.1 The 1-dBA increase in community noise level every 5 years caused by the

predicted increase in truck population given by EPA is too high, Predictions of future truck
populations are too high (Health & Welfare, p. 1 of T119% and p. 3-199 of PHW).

A-2-2
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A-2.1.3.2 The contributions to community noise from tires and regulated trucks should
be assessed separately (Health & Welfare, p. 20f T119).

A-2,1.3.3 Costs-benefits analyses for more regulation options, such as 83-dBA lrom
1977 to 2000, need to be made (Health & Welfare, p. 1 of T 19),

A-2.1.3.4 Regulations in which 10 percent of the tested vehicles are allowed to be
2 dBA above the regulatory level will produce substantially all of the intended noise reduc-
tion (Health & Welfare, p. 3-197 of PHW).

A-2.1.3.5 “Off-the-shell™ hardware does not exist which will produce the noise
reductions necessary to comply with 80- or 75-dBA regulatory levels, meet reliability require-
ments, and not reduce truck performance and fuel economy (Technology, p. 7of T119 and
p. 3-198 of PHW).

A-2,1.3.6 The DOT Quiet Trucks were prototypes of limited quantity involved in
linehaul service which is probably not the most severe type of operation and therefore do
not adequately demonstrate that technology is available to build reliable trucks which
comply with the 75-dBA regulation (Technology, p. 7 of T119),

A-2.1.3.7 Vehicle testing indicates that truck noise levels approaching 77-dBA which
is needed to comply with the 80-dBA regulation cannot be reached {Technology, p. 3-213 of
PHW).

A-2,1.3.8 Design targets need to be at least 3 dBA below not-to-exceed regulatory
levels to assure compliance of most trucks (Technology, p. 3-209 of PHW),

A-2.1.3.9 High backpressure jn exhaust systems is assoclited with high noise reduc-
tion and reduced engine performance (Technology, p. 8 of T119).

A-2.1.3.10 Some of the noisier engines are no longer usable where an 83-dBA regu-
lation is in effect (Technology, p. 4 of T119),

A-2,1.3.11 Many of the heavy diesel Ford trucks require a fan clutch, larger mufflers,
and engine noise shields to meet 83-dBA regulatory level (Technology, p. 4 of T119 and
p. 3-211 of PHW),

A-2,1.3,12 Design changes which will probably be required to meet the 80-dBA
regulation are full encapsulution for diesel engines, noise shields for gasoline engines, treat-
ment of air intzke systems for diesel trucks, fan clutches, larger radiators and fans, double
wall exhaust pipes, wrapped mufflers, internal engine modifications and tire redesign
(Technology, pp, 3-212-4 of PHW),

A-2-3
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A-2.1.3.13 Many gasoline trucks will require modifications to the cooling system,
including the addition of fan clutches, in order to comply with the 83-dBA regulation
(Technology, p. 4 of T119 and p. 3-211 of PHW},

A-2.1.3.14 EPA underestimated the increase in the costs per truck required to meet
regulatory levels. To meet the 83-dBA regulation, the cost increases will be $163 for medium-
heavy gas trucks, $194 for extra-heavy gas trucks, $514 for mid-range diesel trucks, and
$973 for premium diesel trucks. For the 80-dBA regulation, the cost increases will be $700
for medium-heavy gas trucks, $900 for extra-heavy gas trucks, $1800 for mid-range diesel
trucks and $2500 for premium diesel trucks, These cost estimates include design and
development costs and costs associated with EPA's requirement to document noise control
hardware, which were not included in the EPA estimates (Costs of Compliance, p. 9 of T119
and p. 3~214 of PHW),

A-2.1.3.15 If 10 percent of the tested vehicles are allowed to exceed the regulated
levels by 2-dBA, the increased costs per truck will be reduced from a range of $163-973
to a range of 362-3835 for the 83-dBA repulation (Costs of Compliance, p. 3-202 of PHW).

A-2.1.3.16 The noise regulations on trucks will result in only 3-dBA reduction in
community noise levels by 1990 at u cumulative cost of over 3 billion doltars. This noise
reduction will not be cost effective (Costs vs. Benefits, p. 1 of T119).

A-2.1.3.17 A trade-off analysis needs to be performed on quicting trucks versus using
noise abatement along highways, such as barriers, building insulation, and control of vehicle
traffic (Costs vs, Benefits, p. 2 of T119),

A-2.1.3.18 The effect of the Interstate Motor Carriers regulation should be assessed
before regulations on new trucks are promuigated (Costs vs, Benefits, p. 4 of T119 and
p. 3-201 of PHW).

A-2,1.3.19 The 75-dBA regulation will reduce the overall noise from an individual
truck at highway speeds by only about 3.5 dBA. A non-sensitive observer requires 8-dB
to just detect an intensity difference of a pure tone, This implies that the truck noise re- i
duction will not be noticeable or cost effective (Costs vs. Benefits, p, 7of T119), :

A-2.1.3,20 The regulations will cause an added inflationary burden on the automobile
and trucking industry at a time when it is cconomically depressed (Economic Impact, p.
3-196 of PHW),

A-2.1.3.21 The present supply of quiet engines is not enough to meet current demands
resulting from state and local noise regulations and therefore the future supply of quiet
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diesel engines may be inadequate to meet the EPA proposed regulations (Economic Impact,
p. 80f T119 and p. 3-198 of PHW),

A-2.1.3.22 The 80-dBA regulatory level will force manufacturers to reduce the
number of Iruck models (Economic Impact, p. 1 of Exhibit IT of Th039),

A-2.2,3.23 The round-of{ procedure and the number of tests to be used are not
atlequately described in the proposed fest procedures, (Testing, p. 11 of T119),

A-2.1.3.24 Inorder Tor the regulation to have a consistent impact on manufacturers,
they should be effective on calendar years instead of model years. (Miscellaneous, p, 10
of T119),

A-2,1.4 Freightliner Corporation

A-2.1.4.1 The 77-dBA tire noise level used by EPA in assessing benefits to the public
welfare is for new ribbed tires on a smooth surface and is 5- to 9-dBA lower than half-worn
ribbed tires on typical road surfaces. The tire noise from a loaded tractor and trailer at
55 mph with half~wom ribbed tires is about 84 dBA. Using this level for tire noise, the
75-dBA regulation will result in only & 3- to 6-dBA reduction in total truck noise at 55 mph.
Since a linehaul truck spends around 70 percent of its operating time at speeds over 50 mph,
the benefits to the public welfare of the regulations will be small (Health & Welfare, p, § of
T103 and pp. 617-622 of PHSF),

A-2,14.2 Engine quieting kits reduce diesel engine noise by only about 2 dBA, not
up to 4 dBA as claimed by EPA (Technology, p. 6 of T103),

A-2.1.4.3 Design targets need to be 2- to 3 dBA below not-tc-exceed regulatory
fevels in order to comply with the proposed regulations (Technology, p. 627 of PHSF).

A-2,1.4.4 The tires on the final configuration of the Freightliner DOT Quiet Truck
were not suitable for highway use (Technology, p. 635 of PHSF),

A-2.1,4.5 The Freightliner DOT Quiet Truck has a Jarger than normal engine com-
partment and radlator frontal area, Typical heavy diesel trucks have less room, which will
make it impossible to bring all teucks into compliance with the proposed 75-dBA regulation
(Technelogy, p. 636 of PHSF).

A-2,14.6 The noise treatment to meet the 75-dBA regulatory level will increase the
weight of the truck by about 700 |bs, This will result in 2 loss of about $1000 per year per
truck in revenue for the bulk hauler (Costs of Compliance, p. 2 of T103),

A-2-5
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A-2,1.4.7 EPA underestimated the increase in the costs per truck required to meet the
proposed regulations, To comply with the 83«IBA regulatory levei,the truck price increase
will be $456 per truck, for the 80-dBA level, $500 to $700 per truck, and for the 75-dBA
level, $1000 to §1200 per truck (Costs of Compliance, p. 2-3 of T103),

A-2,1.4.8 Fuel savings from fan clutches should not be included in estimating changes
in operating costs caused by noise regulations, since the energy shortage will force their use
in the absence of any noise regulations, The number of Freightliner trucks ordered with fan
clutches has increased from | percent to 11 percent, In addition, the proposed test for com-
pliance does not allow fan clutches to be off during testing, which removes the advantage of
using fan clutches in complying with the proposed regulations (Costs of Compliance, p. 4 of
T103 and pp, 623-4 of PHSF).

A-2,1.49 The proposed 75-dBA regulatory tevel would severely limit the truck con-
figurations that could be manufactured (Economic Impuct, p, 637 of PHSF).

A-2.1.4,10 The proposed regulations add to inflation (Economic Impact, p. 620 of
PHSE),

A-2,1.4,11 Vehicles equipped with thermostatically controlled fan drives should be
tested with the fan inoperative, (Testing, p. 10 of T103).

A.2,1,5 General Motors

A.2.1.5.1 Projections of changes in equivalent noise levels for urban freeways (55 mph)
and streets {35 mph) which should result from promulgation of the EPA proposed truck
noise regulations and promulgation of the GM proposed regulation of 83 dBA in 1977 show
that the inclusion of the 80 dBA and 75 dBA regulatory levels produce little additional reduc-
tion in the traffic noise levels. The maximum differences in the equivalent noise levels are
about 0,7 dBA at 55 mph and 2.3 dBA at 35 mph. These reductions result from a decrease
in regulatory levels of 8-dBA. The differences between the equivalent levels for 86 dBA and
83-dBA regulatory levels are 0.8 dBA for 55 mph and 1,9 dBA for 35 mph, which result
from a decrease in regulatory levels of 3 dBA, The most significant reductions result by
reducing regulatory levels to 83 dBA with decreased reductions in equivalent levels for
regulatory levels below 83 dBA, Therefore, only the 83-dBA regulation should be promul-
gated (Health & Welfare, pp, VI-1 to VI-23 of T076 and pp. 40-46 of Th038),

A-2.1.5.2 Comparisons of EPA specified noise levels, which just intrude on given
activities, with predictions of noise levels versus distance from individual trucks regulated
at 83, 80 and 75 dBA indicate that regulating trucks at 80 or 75 dBA will have little effect in

A-2-6
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changing the number of activitics intruded upon at distances greater than 70 feet, Therefore,
only the 83-dBA regulation should be promulgated, since the 80 and 75-dBA regulatory
levels will produce little benefit to the public health and welfare (Health & Wellare, pp.
VI-24 to VI-48 of TO76).

A-2,1,5.3 Predictions of the distances at which the noise levels from an individual un-
regulated and an individual 83-dBA regulated truck exceed the noise levels from a continu-
ous flow of light vehicles by 10 dB at 55 mph indicate that the 83-dBA regulated truck does
not intrude over the background traffic noise 98 percent of the time, Therefore the 83-dBA
regulation is sufficient to reduce the intrusion of an individual truck most of the time, and
the 80 and 75-dBA regulations are not necessary (Health & Welfare, pp. VI-48 to V1-51 of
Ta76),

A-2,1,5.4 The differences in the noise levels measured by SAE J366b for the existing
trucks and 83-dBA regulated trucks will be large cnough to indicate that regulatory levels
below 82 .dBA should not be established, The 50 percentile level was reduced by 7,1-dBA
and the 0.1 percentile leve] by 15.3-BA (Health & Welfare, pp. VI-51 to VI-53 of TO76).

A-2,1,5.5 The differences in roadside noise levels between one truck which complies
with the 83 dBA regulation (80.5 dBA) and ane which complies with the 80 dBA regilation
{78.2dBA) are 0.5 dBA at 125 feet for urban acceleration, 1.6 dBA at 125 fect for 35 mph
cruise, and 0,3 dBA at | 50 feet for 55 mph cruise, Both trucks were ¢quipped with quict
ribbed tires. These differences are small enough to indicate that the 80 dBA regulation will
bring little additional benefit over the 83 dBA regulation (Heualth & Welfare, p. 12 of Th004
and p, 2-46 of PHW),

A-2.1.5.6 EPA should develop estimates of benfits for 4 regulatory program which
includes al! of the following necessary elements: new truck regulations, interstote carrier
regulations including state and locat enforcement of identical regulations, regulations on
tire noise, and elimination of modified and poorly maintained light vehicles (Health &
Welfare, p. 54 of Th038),

A-2,1.5.7 Design targets need to be 2 to 3 dBA below the not-toexceed regulatory
levels in order to'comply with proposed regulations (Technology, p. V-5 of TO76).

A-2,1,5.8 Inorder to comply with the 83-dBA regulatory level, many heavy diesel
trucks will require double wall muffler and exhaust pipes, and engine noise barriers, In
addition, to bring most heavy diesel trucks into compliance with the BO-dBA level, modified
engines with barrel-shaped, tight clearance pistons, fan clutches, full underpans, and engine
compartment absorptive material will be nceded. A larger radiator or a remote cooling
system, totally encapsulated turbocharged engines and transmissions, air cleaner silencers

‘ and larger mufilers with premufflers will have to be added to many 80-dBA regulated trucks
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in order to comply with the 75-dBA regulatory level. Engine side shield will be required on
gasoline trucks to meet the 75-dBA regulation (Technology, pp. V-26-28 of T076).

A-2.1.5.9 The Freightliner DOT Quiet Truck is not o good demonstration of the
available technology to meet the 75-dBA regulation, beeause it had a special COE sleeper
cab with & larger engine compartment than available on maost production heavy diesel trucks
(Technology, P, V-3 of TO76).

A-2.1.5.10 Piston slap is the major single source of noise in diesel engines and signifi-
cant engine noise reductions are not Jikely to result unless piston slap is reduced (Technology,
p V-10of TO76).

A-2.1.5.11 The technology to manufacture engine noise barriers which are easy to
install and remove, satisfy durability requirements and provide sufficient attenuation is not

available (Technology, p. V-11-12 of TO76).

A-2.1.5.12 It will be necessary to turbocharge all diesel engines to reduce exhaust
noise enough to meet the 75-dBA regulation {Technology, p. V-13 of TO76).

A-2,1.5.13 A fully encapsulated engine is required to meet the 75-dBA regulation.
This will require the use of 2 remote cooling system in some cabs, since sufficient space
for large enough radiators is not gvailable (Technology, p. V-13-14 of TO76).

A-2.1.5.14 The durability of packed mufflers, tight clearance pistons, und absorptive
materizls in engine compartments are not known {Technology, p. V-23 of TO76).

A-2.1.5.15 The techinology is not available to mass-produce trucks to comply with
the 75-dBA regulation since technology applications upon which production manufacturing
may be based for trucks to comply with the 75-dBA regulation have not been demonstrated
to be feasible (Technology, pp. 2-18-19 of PHW and p. 57 and 62 of Th038),

A-2.1.5.16 Tire noisc needs to be reduced so that it does not mask the reduction of
noise from other truck sources, such as enging, exhaust, and fan. However, it is not possible
with available technology to reduce tire noise levels much below the levels of the quietest
available tires (Technology, pp. 2-44 and 2-69 of PHW).

A-2,1.5.17 Tire and aerodynamic noise (65-73 dBA), axle noise (up to 78 dBA), truck
frame radiation (up to 70 dBA), truck cab radiation (up to 65 dBA), and transmission noise
(up to 77 dBA) must be treated in addition to engine, cooling, exhaust and intake systems, in
order to comply with the 75 dBA regulation (Technology, pp. 59-61 of Th038).

A-2.1.5.18 The durability and noise reduction effectiveness of new engine mounting
systems necessary to comply with the 75-dBA regulation have not been determined (Techno-

logy, p. 62 of Th038).
A-2-8
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A-2.1.5.19 The encapsulation of engines will cause increases in engine compartment
temperatures from about 100°T to 200°F which may #fiect the durability of some engine
mounted components and create g fire hazard (Technology, p. V=10 and V=23),

A-2,1.5.20 Costs for compliance testing were not included in the estimated costs to
the customer of the truck, The test facility required by EPA will cost $286,000, In addition,
a $500,000 acoustically treated chassis dynamometer facility will be required for develop-
ment testing (Costs of Compliance, p. VI1I-3 of T076),

A-2.1,5.21 The estimations of customer price increases per truck were based on the
regulatory levels and not the design or median levels, and are therefore too low (Costs of
Compliance, p, VII-4 of T076),

A-2.1,5,22 The decrease in costs of noise abatement due to future improvements in
noise control technology should not be included in cost estimates (Costs of Compliance,
p. VII-4 of T076).

A-2.1.5.23 EPA’s costs estimates are outdated (Costs of Compliance, p, VII-5 of
TO76).

A-2,1,5.24 The fan clutch was included in the GM estimates of increases in purchase
prices of the truck, but the fucl savings were not included because there are not cnough real
data on fuel savings over a large enough range of different operating conditions (Costs of
Compliance, p. VII-8 of TQ76).

A-2,1.5.25 The estimated average increases in prices for diesel trucks are 8365 to
comply with 83-dBA regulatery level, 51090 for the 80-dBA level, and $4450 for the
75 dBA. For pasoline trucks, the average increases in truck price will be 325 to meet
the 83-dBA regulation, $130 for 80-dBA and $350 for 75 dBA, These price increase
estimates include jncreased costs due to development and testing, manufacturing, tooling,
complisnce testing, and dealer and customer services associated with noise abatement
equipment, Costs for six models were weighted by sales volume before averaging. The figure
for the 83-dBA level is based on manufacturer's suggested retail prices for *“Quiet Truck
Packages” used to comply with local 83-dBA regulations (Costs of Comptliance, pp, VII-12-
13 of TO?6, p. 2-20 of PHW and pp. 12-15 of Th038).

A-2.1.5,26 The estimated average increases in annual maintenance costs per year
per diesel truck are $179 to comply with 83-dBA regulatory level, $304 for the 80-dBA
level and $305 for the 75-dBA level. These estimates include increased labor costs for
ordinary maintenance caused by the addition of noise abatement equipment, and increased
costs for replacement parts to assure continued compliance. Costs for six models are
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weighted by sales volume in computing the average maintenance cost increases {Costs of
Compliance, pp. VI-12-13 of TO76 and pp. 13-20 of Th038).

A-2.1.5.27 Forone of GM's truck models, a 6 percent reduction in cargo volume
would result in complying with the 75-dBA regulation (Costs of Compliance, p. VII-7 of
TO76).

A-2.1.5.28 At 35 mph, the adoption of the 83«<IBA regulation will yield 80 percent
of the benefit (8-dBA reduction for the B3-dBA regulation relative to 10.1-dBA for the
75-dBA reguiation) for 32 percent of the total costs ($5.2 bitlion of the 516.2 billien for
ndoption of the EPA proposed regulations). At 55 mph, 95 percent of the benefits (5.9-dBA
of the total 6.2-dBA) result from 3?2 percent of the costs. Therefore, it is not cost-eflective
to spend an additional $11 billion for such a small increase in benefits {Costs vs. Benefits,
pp. VIII-3-4 of TO76).

A-2,1.5.29 The results of the analyses of benefits versus costs given by the Department
of Transportation (2.5.4.4) and the Council on Wage and Price Stability (2.5.6,1) are incor-
rect, mostly because the estimates of savings are too high, Their estimates are too high
because their assumptions, given below, are incarrect.

1. All trucks are operated 70,000 miles per year.

2. The average power savings with fans off is 19,5 hip for all medium and heavy
trucks.

3. Fan clutches will be used on all new regulated trucks and the resulting saving can
be credited to the noise emission regulations.

4. The ptice increase for trucks which comply with the 75-dBA regulation is $1075
{Cost vs. Benefits, Th052).

A-2.1.5.30 Possible shifts in buying habits caused by neise regulations need to be
considered (Economie Impact, p. VII 7 of TO76).

A-2.1.531 The cumulative costs caused by the EPA proposed noise regulations will
be $16.2 billion by 1990. If only the 83-dBA regulatory level is adopted, the cumulative
costs will be $5.2 billion, Thus, the national ecoromy will be seriously affected by the EPA
proposed 80 and 75-dBA reguletions. The cumulative cost estimates include projections of
vehicle sales, average customer costs per truck and average maintenance costs per truck
{Economic Impact, pp. VII-14-15 of T076).

A-2.1,532 Environmental rcguiutions‘ contribute to inflation (Economic Impact,
VII-1 of TO76). A2-10
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A-2.1.5.33  An Inflation Impact Statement is required (Economic Impact, pp. 2-20
of PHW).

A-2.1.5.34 The proposed test procedure allows excessive variability and should include
lest site correction factors. (Testing, p. V-5 of TO76).

A-2.1.5.35 The proposed regulation provides no provisions for correcting measured
noise levels to standard canditions of temperature, barometric pressure, ete, (Testing,
p. 1V-5 of TO76).

A-2.1,5.36 Vehicles equipped with thermostatically controlled fun drives should be
tested with the fan inoperative. (Testing, p. IV-4-5 of T076).

A-2.1.6 International Harvester Company

A-2.1,6.1 At speeds above 40 mph, tire noise overshadows the engine-related noise
for trucks regulated at 83 dBA, making regulations below 82 dBA compietely ineffective
except in a few areas (Health & Welfare, p, 7 of T113).

A-2,1.6,2 Comnmunity noise modeling has not progressed to the extent that truck
noise can be adequately correlated to community noise levels, MVMA is presently spon-
soring an effort to provide an adequate model (Health & Welfare, p, 7 of T113),

A-2,1.6.3 EPA has not established that truck noise makes a significant contribution
to environmental noise levels, or derived a relation between environmental noise levels and
annoyance. [ addition, EPA has not developed a relation between truck noise levels mea-
sured according to the test procedure in the proposed reguiations and the levels necessary to
protect publie health and welfare (Health & Welfare, p. 26 of T113 and p. 3-124 of PHW),

A-2.1,6,4 The noise generated by trucks do not cause hearing damage, but may pro-
duce annoyance which js difficult to measure objectively (Health & Welfare, p, 3-126 of
PHW),

A-2.1,6,5 The manulacturer is forced 1o design 2 10 3 dBA below the regulatory
levels in order to comply with the proposed regulations (Technology, pp. 4-5 and 28 of
T113 and p, 3122 of PHW),

A-2.1,6,6 The technology to meet the 75-dBA regulatory level is not currently avail-
able for any truck, The fundamental design criteria was compromised in the Freightliner
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DOT Quiet Truck and therefore it does not represent available technology. The cooling was
not adequade and the truck was unique in that it had a small engine in g chassis designed for
larger engines (Technology, pp. 6 and 35 of T113),

A-2,1.6.,7 The technology lo meet the 80-dBA regulatory level does not exist for a
full truck line, because a 2-3/4 year Jead time is required to redesign each truck mode! and
a full set of reliability tests is needed on each truck model (Technology, pp. 31 and 33 of
T113),

A-2,1,68 lxtensive redesigns of the cooling, exhaust and air-intake systems and
the addition of engine panels were required for International Harvester DOT Quiet Truck
to comply with the 83-dBA regulation (Technology, pp. 28-30 of T113).

A-2,1.6% The noise levels given jn Table 2, Volume 5, page 11, of the HRBDG for
truck engine, exhaust and fan noise for a 55-65 mph cruising condition are higher than SAE
J366b levels which should be maximum levels, Such discrepancies cast doubt on the valid-
ity of these levels in HRBDG and, in turn, on the EPA background document (Technology,
p. 13 of ThO41),

A-2.1,6,10 The estimated increases in purchase price due to the addition of noise
abatement equipment are $583 for a heavy diesel truck to comply with the 83-dBA regula-
tory level and $2150 for the 80-dBA level, These estimates are 3 to 4 times greater than
EPA’s estimates partly because EPA did not take into account the need to design trucks
210 3 dBA below the regulatory levels (Costs of Compliance, pp, 30-32 of T113).

A-2.1,6.,11 The added costs increase at u faster rate as the levels of truck noise are
reduced to lower levels, Down to the regulatory level of 83 dBA the costs increase at a rate
of approximately $70/dBA and below the regulatory level of 83-dBA at about $750/dBA
(Costs of Compliance, p. 3-125 of PHW),

A-2,1.6.12 The projected initial price increase (82150 per truck) far outweighs any
benefit to public health and welfare (Costs vs, Bencfits, p. 35 of T113).

A-2,1.6,13 The 80-dBA regulation should be adopted no sooner than 1983 and the
regulations re-cvaluated in 1979 (Costs vs, Benefits, p, 6 of T113),

A-2,1.6,14 An Inflation Impact Statement is required (Economic Impact, p, 3-118
of PHW).

A-2,1,6,15 Since truck manufacturers are currently being forced to eliminate some
truck configurutions to meet local 83-dBA regulations, the EPA proposed regulations should
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reduce the number of truck configurations which can be affered, A list of truck-engine com-
binations dropped because of the California 83-dBA regulation was given (Economic Impact,
p. 3-143 of PHW and p, 17-18 of ThD41).

A-2.1.6.16 Increased demand for quiet engines may result in shortages (Economic
Impact, p, 18 of Th041).

A-2.1,6,17 The test procedure should be improved, (Testing, pp. 40-1 of T113),

A-2,1.6,18 Vehicles equipped with thermostatically controlled fan drives should be
tested with the fan inoperative, (Testing, p. 460l T113),

A-2,1.6.19 The deceleration test shouid only be required on vehicles equipped with
.engine brakes, (Testing,p. 45 of T113).

A-2.1.6.20 The instrumentation required for compliance testing should be more
precisely specified, (Testing, p. 51 of TI13).

A-2.1.7 Maeck Trucks, Ine,

A-2,1.7.1 The 75-dBA regulated truck would not produce enough noise to serve as

a warning to pedestrians, and thus would constitute a safety hazard (Health & Welfare, p. 3
of T113),

A-2.1.7.2 Compliance with 86 and 83-dBA local reguiations has already produced
drastic reductions in overall noise levels, An adoption of the 80-dBA regulation shouid be
considered after obtaining more experientce with 83-dBA regulated trucks. The 75-dBA
regulation should be postponed indefinitely (Health & Welfare, p. 3 of T113).

A-2.1,7.3 Truck noise can produce annoyance but does not affect hearing loss (Health
& Welfare, p, 3-5 of PHW).

A-2,1,7.4 Tire noise at higher speeds will reduce the benefits from regulations on truck
noise levels which are fower than 83-dBA (Health & Welfare, p. 3-6 of PHW),

A-2,1.7.5 Design targeis need to be 2 to 3-dBA below the regulatery leveis in order
1o comply with proposed regulations (Technology, p. | of T102 and p. 3-7 of PHW),

A—2.l.‘}.6 It is impossible to determine the design noise level for the 80 or 75-dBA
regulatory level which compensate for deterioration over the life of the truck (Technology,
p. 2 0of TI02),
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A-L1.7.7 The 80-dBA regulation may require encapsulation of some power plants
and removal of the noisier engines, The 75-dBA regulation will require the elimination of a
myjority of vehicle configurations, and the encapsulation of engines in trucks of the remain-
ing configurations (Technology, pp. 1-2 of T102),

A-2,1,7.8 Results from the DOT Quiet Truck Program can not be considered adequate
grounds for determining that the technology for meeting the 75-dBA regulation is available
since COL trucks are usvally quiefer than similarly equipped conventional trucks
(Technology, p. 2 of T102).

A-2.1.7.9 Because of the elimination of some engines and truck configurations which
will be ciuused by the 80 and 75-dBA regulations, the user may be forced to use a truck that
does not fulfill his requirements which may increase his operating costs, Some present
engine-truck models can not be marketed in California, where an 83-dBA regulation is in
effect (Economic Impact, p, 2 of T102, pp. 3-9 of PHW, and pp. 17-18 of Th0O41),

A-2,1,7,10 Federal regulatory agencies should consider the cumulative increase in
costs of all regulations on trucks, such as the Federal Motor Carrier Safcty Regulations on
truck brakes and interior noise levels, and the EPA’s regulations on smoke and gaseous
emissions, the regulations passby noise levels for interstate motor carriersand the proposed,
new truck noise regulations (Economic Impact, pp. 8-9 of T102 and pp, 3-14 of PHW).

A-2.1.7.11 A stationary compliance test would be desirable, (Testing p. 3-10 of PHW).

A-2,1.7.12 The proposed test procedure allows excessive variability and should include
test site correction factors. (Testing, p. 7 of T102).

A-2,1.7.13 The round-off procedures and the number of tests to be used are not
adequately described in the proposed fest procedures, (Testing, p. 6 of TI02),

A-2.1.8 Oslikosh Truck Corporation

A-2.1.8.1 New technology will be required to economically produce trucks to meer
the 75-dBA regulation (Technology, T123),

‘A-2,1.8.2 In order to comply with the proposed noise regulations, heavy truck manu-

facturers will be lurgely dependent on the ability of engine manufacturers to produce quiet
engines {Economic lmpact, T123).
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A-2.1.9 Paccar Inc,

A-2.1,9.1 Design targets need to be at least 2 dBA below the regulatory levels in
order to comply with the proposed regulations (Technalogy, p. 4 of T126, pp. 443 and 465
of PHSF, and p. 2 of Th036),

A-2.1,9.2 The degradation of the performance of noise reduction hardware and change
in noise levels from engines with age is not known (Technology, p. 444 of PHSF),

A-2.1,9.3 Technology is not available to comply with the proposed regulations
(Technology, p. 442 of PHSF),

A-2.1,9.4 The estimated increases in the prices per truck to meet the 83-dBA regula-
tion will be $210-400, to meet the 80-dBA regulation, $700, and to meet the 75-dBA
regulation, $1400 (Costs of Compliance, pp. 442 and 465 of PHSF),

A-2.1.9.5 The cost of compliance testing was not considered in assessing the costs of
compliance for the proposed regulations, The cost of an adequate test facility could be
$147,000 to §346,000, Independent testing services may cost nearly $1800 per truck for
manufacturers who custom-build trucks if testing is required on alnost all trucks (Costs
of Compliance, p. 3 of T126 and p. 443 of PHSF),

A-2.1.9.6 The proposed regulations should not claim credit for the savings due to fan

clutches, since they will be widely used without the regulations (Costs of Compliance, p, 444
of PHSF),

A-2,1,9,7 Medium trucks impact an estimated 34,6 million people whereas heavy
trucks impact an estimated 2,7 million people, Therefore, regulating medium and heavy
trucks separately could be used to increase the ratio of the public welfare benefits to costs
of compliance (Costs vs. Benefits, p. ! of Th036),

A-2,1.9.8 The proposed regulations are inflationary (Economic Impact, p, 446 of
PHSF).

A-2,1,9.9 Cumulative effect of federal regulations to date have added approximately
$2550 to customer costs per truck, These added costs have been a major contributor to
the recent economic downturn, Therefore, in assessing the economic impact of the EPA
proposed regulations on new trick noise emissions, the cumulative effect of all federal
regulations on trucks should be considered (Economic Impact, p. 441 of PHSF),
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A-2,1,10 White Motor Corporation

A-2.1.10.1 The responsibility for determining the benefits to the public health and
welfare of the proposed truck noise regulations rests with EPA. EPA has not substantiated
the benefits from the regulatory levels below 83 dBA, Therefore, the regulatory levels below
83 dBA should be removed (rom the regulations (Health & Welfare, p. I1-12 of TO85 and

pp. 2-138 of PHW),

A-2,1,10,2 Heavy trucks typically operate above 35 mph where tire noise will reduce
the benefits derived from the proposed regulations (Health & Welfare, pp. 2-142 of PHSF).

A-2,1.L10,3 There are no data available to determine the deterioration of the perfor-
mance of noise abatement equipment (Technology, p. VI-3 of TO85 and pp. 3~161 and
3-166 of PHSF),

A-2,1.10.4 Other noise sources in trucks which have yet to be measured or treated
will need treatment in order to comply with the lower regulatory levels (Technology, p,
2-161 of PHSF),

A-2.1.10,5 The truck owner, whose truck is weight limited, may lose $600 annually
because of weight increases caused by the 83-dBA regulation and $1600 annually for the
80-dBA regulation (Costs of Compliance, p, 2-141 of PHSF).

A-2,1.10,6 EPA’s estimated increases in truck prices are too low. Estimated increases
in the prices of heavy diesel trucks will be $26] to meet the 83-dBA regulation and $1307
1o meet the B0-dBA regulation, Quieting kits to bring a Freightliner conventional truck into
compliance with local 83-dBA regulations cost $636. The above estimation of price increases
include manufacturing costs only and do not include any costs for testing required by EPA,
allowances for R&D, engineering, inflation, or excise taxes (Costs of Compliance, pp,
2-139-40 of PHW).

A-2,1,10,7 The truck price increases at a faster rate as the levels of the truck noise
are reduced. Reducing the truck noise level to 81 dBA costs $37/dBA, whereas reducing
the truck noise level from 81 to 78 dBA costs $349/dBA (Casts of Compliance, p. 3-140
of PHW).

A-2.1,10.8 AnInflation Impact Statement is requited (Economic Impact, p, IlI-1 of
TO85).

A-2,1.10.9 The proposed regulations will contribute to inflation (Economic Impact,
p. 2~142 of PHSF),
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A-2,1,10.10 The proposed test procedures should be improved, (Testing, p. V-1 of TO8S).
A-2,1,10,11 A stationary test would be desirable, (Testing, p. V-8 of TO83).

A-2,1.10,12 The proposed test procedure allows excessive virlability and should
include test site correction fuctors. (Testing, p. V-3 of TORS),

A-2,1.10,13 The propased regulation contains no provisions {or correcting meusured

neise levels to standard conditions of temperature, barometric pressure, ete, (Testing, pp. V-2-3 of T0O85).

A-2,1.10,14 Testing should take place with the engine coolant at operating temper-
ature, (Testing, p. V-2 of T0BS)

A-2.1.10,15 Vehicles equipped with thermostatically controlled fan drives should be
tested with the fan inoperative. {(Testing, p. V-7 of TO85).

A-2,1,10,16 The instrumentation required for compliance testing should be more
precisely specified, (Testing, p. VII-9 of T085).
A-2.2 MANUFACTURERS RELATED TO THE TRUCK INDUSTRY
A+2,2,1 Cummins Engine Company, Inc.

A-2.2.1.1 There are little data on the change in engine noise levels with the age of the
engine {Technology, p. 2 of T124), o

A-2.2,1,7 Engine noise depends on engine power as well as engine type and design
(Technology, p. 3 of T124),

A-2.2.1.3 The average level of truck fan noise in 83.3 dBA which is higher than
indicated by EPA (Technology, p. 4 of T124),

A-2.2.1.4 Transmission noise averages 75,5 dBA and chassis noise (coast-by at 30
mph) averages 7C dBA, Therefore, noise from the transmission and chassis may become
significant as the total vehicle noise Jevel is reduced to comply with the 75-dBA regulatory
tevel (Technology, p. 4 of T124),
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A-2.2,1.5 The costs for testing will be higher than estimated by EPA, For example, the
test site will cost approximately §150,000 (Costs of Compliance, p, § of T124),

A2,2,2 Donaldson Cempany, Inc,

A-2.2.2,1 Truck noise can produce annoyance, but does not affect hearing loss, There
is no accurate technique for cbjectively evaluating annoyance {Health & Welfare, p, 272-3
of PHSF).

A-2.2.2.2 The greatest annoyance comes from a small minority of the noisiest trucks,
Reduction in the nojse levels from these trucks by the Interstate Motor Carriers will result
in a significant reduction in traffic noise, (Health & Welfare, p. 274 of PHSF),

A-2.2,2,3 Tire noise levels at highway speeds frequently exceed 80 dBA at 50 feet,
Therefore, regulatory Jevels below 83 dBA would not produce significant benefits, since
technology to reduce tire noise does not exist (Health & Welfare, p, 275 of PHSF),

A-2,2.2,4 Design targets need to be 2-5 dBA below the regulatory fevels in order to
comply with the proposed regulations (Technology, p, 277 of PHSF).

A-2.2,2,5 Even with partial engine enclosures which were open in front and back, two
of the three DOT Quiet Trucks could not be quicted to below 75 dBA, Therefore, it is not
clear that the technology is available to comply with the 75 dBA regulation (Technology,

p. 275 of PHSF),

A-2.2,2,6 Many engines will require partial enclosures to meet the 80-dBA regulation
and all will require enclosures to meet the 75-dBA regulation (Technology, p. 275 of PHSF),

A-2,2.2,7 Engine enclosures will result in reduced payload capacities, loss in fuel
economy, and increased maintenance costs (Costs of Compiiance, p, 275 of PHSF),

A-2,2.2,8 EPA’s estimates of increased truck prices are understated by at least 25
percent {Costs of Compliance, p, 276 of PHSF),

A-2,2,2,9 The 80 and 75-dBA regulations should be postponed until experience with
the 83-dBA regulation can be used to better assess the benefits-and costs of the lower
regulatory levels (Costs vs, Benefits, p. 273 of PHSF),

A-2.2.2.10 The small manulacturer of trucks with special equipment would be sub-
jected to an unreasonable economic burden (Economic Impuct, p. 276 of PHSF).

A-2-18

R



A S LT

A-2.2.3 B.F. Goodrich
A-2,2,3.1 Tire noise will be a factor in complying with the 75-dBA regulation,
Therefore, the regulatory levels below 83-dBA should not be adopted until more information

is available on the control of tire noise (Technology, p. 4 of Th030),

A-2,2,3.2 Measuring in the “fast” response could result in levels 1-2-dBA lower than

that measured under “slow’ response, “Slow" response should be utilized. (Testing, p. 2 of Th030).

A-2.2.4 Koehring Company

A-2.2.4.1 The proposed regulations will add abselutely nothing to the health and
welfare of the public (Health & Welfare, p. 374 and 384 of PHSF).

A-2.2,4,2 Facilities required for testing for compliance will cost between $500,000
and §1,000,000 (Costs of Compliance, p. 373 of PHSF).

A-2,2,4.3 The estimated costs for transporting one special purpose construction . "'
by rail, which required disassembling and reassembling, and testing according to the propused
test procedures ranged from $2935 to $11,380 (Costs of Compliance, pp, 377-82 of PHSF).

A-2,2.4,4 The need for testing facilities for the federal bruke safety regulation en-
couraged one large truck manufacturer to close ane plant and move production (o another
plant where test facilities were available, This had a significant economic impact on the area
where the plant was closed, Economic impact factor's such as this should be considered
before the proposed regulations are promulgated (Economic Impact, p, 371 of PHSF),

A2.2.4,5 The proposed regulations could put some manufacturers out of business
business (Economic Impact, p. 374 of PHSF).

A-22,5 Rexnord

A-2,2.5.1 Mounting & mixer on a truck chassis docs not materially affect the truck’s
noise emissjons (Technology, p. 5 of T021),
A-2.2,6 Schwitzer Engineering Components

A-2,2,6,1 The technology does not appear to be available to comply with the 75-dBA

regulation (Technology, p. 2-174 of PHW),
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A-2.2.6,2  Tire noise at high speeds can not be reduced below about 80-dBA. There-
fore, reducing truck power plant noise to levels below 80-dBA will not produce enough
benefits to justify the additional costs (Costs vs, Benefits, p. 2-174 of PHW),

A-2.2.6.3 The costs will be enormous if the 75-dBA regulation is established and then
must be postponed {Economic Impact, p, 2-175 of PHW),

A-2.2,6,4 The present high unemployment in the trucking industry and increasing
vehicle costs will increase the economic impact of the proposed regulations (Economic

Impact, p. 2-174 of PHW).

A-2.2,6,5 Vehicles equipped with thermostatically controlled fan drives should be
tested with the fap drive in its normal automatic mode (Testing, p. 2 of TO81).

A-2,2,6,6 The round-off procedure and the number of tests to be used is not ade-
quately described in the proposed test procedutes (Testing, p. 1 of TO81).

A-2.2.7 Walker Manufacturing

A-2,2,7.1 The technology for exhaust systems would permit shorter lead times in the
proposed regulations (Technology, T053).

A-2,2,8 Horton Monufacturing Company, Inc,

A-2,2,8.1 Vehicles equipped with thermostatically controlled fan drives should be
tested with the fan inoperative (Testing, T054).
A-2,2,9 Bendix Heavy Vehicle Systems Group

A-2,2.9.1 Vehicles equipped with thermostatically controlled fun drives should be
tested with the fan inoperative (Testing, TORS8).
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A-2,2.11 Buckeye Equipment Company

A-2.2,11.1 The availability of enough acoustical consultants may be inadequate for
all manufacturers to be able (o comply with these regulations, (Miscelluneous, T023),

A-2,3 TRUCK USERS
A-2.3,1 American Trucking Associntions, Inc,

A-2.3,1,1 Al speeds below 35 mph, tire noise will make a significant contribution to
the overall noisc levels from trucks regulated at 80-dBA and below. Therefore, tire noise will

reduce the benefits derived rom the proposed regulations, (Health & Welfare, p. 7 of T108
and p, 3-47 of PHW),

A-2.3,1.2 A comprehensive study of the technology of quieting tires, and the effect
of quicting tires on safety and costs of operation must be completed before the regulations
should be adopted. For example, the use of tire labeling as a tool for the truck manufac-
turer and user for selecting quiet tires should be considered. Within the available technology
for tires, there is a practical floor to tire noise below which it is impractical to produce a
tire of any tread configuration that would be acceptable and safe in normal truck service
(Technology, p. 7 of T108 and p, 3-47 of PHW),

A-2,3,1.3 The truck manufacturers will be forced to design for noise levels 2 to 3<UBA

below the regulatery levels in order to comply with the proposed regulations (Technology,
p. 4 of TI08).

A-2.3,1.4 Major engine redesigns will probably be required in order to obtain any
worthwhile reduction in engine noise (Technology, p. 4 of T108),

A-2,3,1.5 The regulations may force the use of turbocharged engines in place of

naturally aspirated engines in some trucks, The projection of increases in costs needs to

include the increased costs of using turbocharged engines in place of naturally aspirated
engines (Costs of Compliance, p. 4 of T108).
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A-2,3,1.6 The cost of modifications to truck cabs, resulting from redesign ol coafing
systems required to reduce noise, should be included in the projections of increased truck
costs (Cost of Compliance, p, 5 of TI108).

A-2.3.1.7 The price increases associated with quieting trucks rises exponentially as
the noise levels are reduced (Costs of Compliunce, p. 9 of T108),

A-2,3,1.8 EPA’sestimates of increases in truck prices are low (Costs of Compliance,
p. 3-48 of PIW),

A-2.3,1.9 The estimates of luel savings presented by the Department of Trans-
portation are too high {(Costs of Compliance, Th010),

A-2,3.1,10 The regulations may lorce engines to be redesigned with closer toleranees
and combustion modifications, The cost of the increases in failure rates of these redesigned
engines needs to be included in the economic analysis (Costs ol Compliance, p. 4 of T108).

A-2.3,1.11 The increase in weight due to noise treatment will affect buik haulers the
most, This point was dismissed by EPA (Costs of Compliance, p. 349 of PHW),

A-2.3.1.12 The cost of quicting new trucks rises exponentially as the noise levels are
reduced, yeot the benefits to the public are reduced to a point of little or no requrn, A more
cureful study of cost/benefit ratios needs to be made before the regulations are adopted
(Costs vs. Benefits, p, 9 of T108 and p. 3-44 of PHW),

A-2.3.1.13 The adoption of the lower reguiatory Jevels should be postponed until after
experience with the 83-dBA regulation can be obtained and used to assess better the costs
and benefits of the lower regulated levels (Costs vs, Benefits, p, 3-52 of PHW),

A-2,3.1,14 Federal regulations have increased the price of linehaul tractors by 14
percent over the increase due to inflation, Federal regulations have contributed to the present
recession, The cumulative effect of federal regulations will put the small trucker out of bus-
iness (Economic Impact, p, 3-50-1 of PHW),

A-2,3.1,15 The trucking industry was not adequately represented during the
development of the proposed regulations (Miscellaneous, p. 3 of TI108),

A-2,3,2 Construction Machinery Company

A-2.3,2,1 If the mixer mounter must comply with the proposed regulations, the
entire sales distribution pattern would be disrupted completely, resulting in two or three
large dealss servicing the entire country {Economic Impact, TOL5).
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A-2.3.3 Gifford-Hill Company

A-2.3,3.1 Aninflation Impact Statement is required (Economic Impact, T0G7),

A-2.3.4 W5, Hatch Company

A-2.3.4,1 The regulations should not be pramulgated until equipment that can be
used in complying with the reguiations can be developed (Technology, Th042),

A-2,3.4.2 The EPA estimates of increases in prices and weights of trucks indicate
that bulk haulers will be seriously impacted economically (Costs of Compliance, Th042),

A-2.3.5 Overdrive Magazine

A-2,3.5.1 The increases in weight for noise treatment will result in lost revenucs to
the general freight operator of $8 to 69 per year for the 83-dBA regulatory level and $170
per year for the 75-dBA regulatory level, For the bulk hauler, the losses will be $51 to
445 per year for the 83-dBA level and $1000 per yvear for the 75-dBA level {Costs of
Compliance, p. 574 of PHSF).

A-2.3.5.2 The costs of the rescarch and development needed to comply with the

proposed regulations should be borne by the entire public (Economic Impact p, 569 of
PHSF),

A-2.3.5.3 An analysis of the results of current federal regulations affecting the trucking

industry should be conducted before adopting any new regulations (Economic Impact, p. 570
of PHSF).

A-2,3,5.4 Because of increases in truck costs, projected profits for truckers will be
lower, making it more difficuit to obtain necessary loans to buy trucks, This will {orce
many truckers out of the truck business (Economic Impact, p. 570-1 of PHSF),

A-2,3,5.5 Ancconomic impact statement, which goes into more depth than provided
into the Background Document, must be prepared (Economic Impact, p. 5723 of PHSF),

A-2,3,5.6 There is no analysis of the economic impact that the proposed regulations
will have on the independent trucker (Econormic Impact, p. 576 of PHSF).
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A-2.3.6 PROD (Professional Drivers)

A-2,3,6,1 Noise from trucks sometimes masks warning signals, such as those from
sirens rom emergency velidcles. Quieter trucks would permit people to hear such signals,
thereby contributing to public safety (Health & Welfare, p, 2-246 of PHSF).

A-2,3,6.2 The estimated costs given by EPA apply to prolotype vehicles, Under (ull
production, the added cosls per truck will be lower (Costs of Compliance, p, 2-238 of PHW),

A-2,3.6.3  After promulgation of the proposed regulations on new trucks, the in-use
regulations on interstate carriers should be modified to bring the noise levels from old trucks
closer to those of new trucks (Costs vs, Benefits, p. 2~256-7 of PHW),

A-2,3.7 Regutar Common Carrier Conference

A-2,3,7.1 The manufacturer’s estimates of increases in annual operating costs may be
higher than the EPA estimates becouse the manufacturer considered the increase in
needed maintenance as the truck ages (Costs of Compliance, p. | of Th03 ().

A-2,3,7,2 The costs of repairs which could be caused by failures of fan clutches
should be considered in estimating operating costs, For example, if the fan clutch bearing
lails, the fan may come off and damage the radiator (Costs of Compliance, p. 2 of Th031).

A-2.3.7.3 Opecrators cannot afford the current increases in truck prices. The proposed
regulations will increase truck prices even more, which will make the situation more difficult

for truck users (Economic Impact, p. 3 of Th031),

A-2,3,7.4 The cumulative increase in prices of new trucks caused by federal regulations
on trucks, such as those on brakes, interior noise levels and exterior noise levels, will prevent
truckers from buying the new trucks they need, which will have a serious economic impact

on them (Economic Impact, p, 4 of Th031).

A-2,4 PRIVATE CITIZENS

A-2.4.1 B.L. Atkins

A-2.4,1,1 By moving too quickly with truck regulations, EPA is contributing to
inflation (Economic Impact, T004),
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A-2.4.2 Lawrence Auerbach

A-2,4,2.1 The current regulations, as well as future regulations, should be firmly
and effectively enforced (Costs vs, Benefits, T080).

A-2.4.3 Citizens Agninst Noise

A-2.4.3,1 Noise from trucks disturbsg sleep and can afTect health (Health & Welfare,
p. 3-82 of PHSF and Th037).

A-2,4,3.2 The technology is available to produce quicter tires (Technology, Th037).

A-2.4.3.3 The proposed regulations are too lenient, Truck noise levels should be
reduced to automobile noise levels (Costs vs, Benefits, p, 3-79 and 3-83 of PHW).

A-2.4,3.4. Regulations should be adopted to force operators to retrofit all trucks so
that the noise from all trucks is reduced (Costs vs. Benefits, p, 3-80 of PHW).

A-2.4,3,5 Regulations should be adopted which prevent trucks from operating at
night (8:00 p.m, to 8:00 u.m,) (Costs vs, Benefits, p, 3-B0-1 of PHW).

A-2.4,4 Friends of the Enrth and Sierra Club

A-2,4.4.1 Technology is available to allow the 80-IBA regulatory level to be advanced
one year (Technology, Th029).

A-2,4.4,2 Research in this country gs well as in England and Germany has clearly

shown that the 75-dBA regulation can be attained with available technology (Technology,
Th29),

A-2.4,5 Alan Poarker

A-2.4.5,1 The 83 and 80-dBA regulations should be made effective in 1976 and 1980,
respectively (Health & Welfare, TO50).

A-2,4,6 George Wilson

A-2,4,6,1 Manufacturing trucks to comply with the 75-dBA regulatory level is tech—
nically feasible (Technology, p, 499 of PHSF). '
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A-2.4.6,2 1n comments before promulgation of the California regulations, General
Motors indicated that they would have no problem in meeting the 86, 83 and 80-1BA
California regulations {Technology, p. 500 of PHSF),

The following citizens expressed their support of the proposed regulations: Harold

Blau (T002), Robert C, Puff, Jr, (T010), D, L. Bristol (T043), Stephen Richter (T049),
P. J. Coorey (TD51), Lawrence Auerbach (TO80), and Thomas F. Scanlan {T098),

A-25 GOVERNMENTAL AGENCIES {STATE, LOCAL AND FEDERAL AGENCIES)

A-2.5.1 California Highway Patrol

A-2.5,1,1 Repuiations on operational noise levels should be adopted to insure that
truck noise levels do not increase with age (Costs vs. Benefits, p. 511-2 of PHSF).

A-2,5.2 City of Chicago, Department of Environmental Control

A-2.5.2.1 The results from the DOT Quiet Truck Program indicate that the 75«dBA
regulation cin be met (Technology, p. 2-262 of PHW and p. 485-6 of PHSF).

A-2.5.2.2 The lead times should be reduced so that the 75-dBA regulation becomes
effective in 1980 (Costs vs. Benefits, p, 2-262 of PHW and p, 486 of PHSF).

A-2,5.3 Delaware

-

A-2.53.] The technology of reducing tire noise was not addressed (Technology, T095),

A-2,5,3,2 The height of exhaust stacks has an impact on the effectiveness of roadside
noise barriers and therefore should be addressed in the regulations (Costs vs, Benefits, T095),

A-2,5.3.3 There should be some provisions for the noise reduction of old trucks (Costs
vs. Benefits, T095),

A-2,5,3.4 The savings in costs for highway noise barriers and extra noise insulation of
buildings, and the increase in property values caused by the noise reduction for the new
truck regulations should be included in the economic analysis (Economic Impact, T095),

A-2,5.3.5 Trucks in different GVWR cutegories should be regulated to different noise
fevels. (Classification, TO95).
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A-2,54 Department of Transportation

A-2.5.4,1 Regulations on tire noise of 83 dBA in 1977 and 80 dBA in 1981 for a
50 mph coast-by should be adopted concurrently with the proposed new truck regulations
(Health & Welfare, p. 6 of T104 and p, 3-287 of PHW),

A-2.5.4.2 Since buses are usually operated in densely populated areas and are fre-
quently accelerating such that they generate higher jevels than assumed by EPA (73-dBA at
50 feet), they should be included in the truck regulations (Health & Welfare, pp, 7-8 ol
T104 and p. 3-289 of PHW),

A-2,5.4,3 The benefits of the proposed regulations on new truck noise emissions
should be identilied separately from the benefits from reguiations on other highway noise
sources, such as truck tires, At 55 mph, the reduction in traffic noise levels will be 0.2, 0.5
and 0.7-dBA for the 83, 80 and 75-dBA proposed regulations on trucks when there are no
regulations on tire noise, and 3.5, 4.1 and 4.6 dBA for the 83, 80 and 75-dBA repulations
with regulations on tire noise which reduces all tire noise levels to thiose of the quictest tires
known today. At 27 mph, the reductions in traffic noise levels will be 1.7, 3.1 and 4.5 dBA
for the 83, 80 and 75-dBA proposed reguiations on trucks when there are no regulations on
tire noise, and 2,2, 3,7 und 5.2 dBA with regulations on tire noise, (Health &

"Welfare, p. 3-29 of PHW),

A-2.5.4.4  Cooling system radiator shutters should not be referred to as noise
reduction equipment, since closing the shutters increases the noise by about 2 dBA
(Technology, p. [ of T104 and p. 3-282 of PHW).

A-2.5.4.5 Inall of the trucks in the DOT Quiet Truck Program, the cooling
system noise was greater than 80 dBA. This suggests that many truck cooling systems
generate noise levels in excess of 80 dBA (Technology, p. 2 of T104 and p. 3-283 of PHW).

A-2.5.4.6 Given equal flow rates, the design of the cooling fan has little effect on
its noise generation (Technology, p. 2 of T104 and p. 3-283 of PHW).

A-2.5.4.7  Exhaust sheil noise is high enough on many trucks that it will require
treatment to meet the 83-dBA regulation. On the International Harvester DOT Quiet
Truck the pipe shell noise was 82 dBA and the muffler shell noise was 74 dBA, wlcreas
the exhaust discharge noise was 76 dBA and noise due to exhaust leaks was 72-tBA
(Technology, pp. 3-4 of T104 und p, 3-285 of PHW).




A-2,5.4.8 Mufflers are available to reduce exhaust outlet noise of all popular truck
diesel engines to 75 dBA, In many cases, the 75-dBA level can be reached without serics
mufflers (Technology, p. 4 of T104 and p, 3-285 of PHW).

A-2,5,4,9 There is no fundamental difference in the nojse control technology for
trucks and buses (Technology p. 7 of T104 and p, 3-289 of PHW).

A-2.5.4.10 The manufacturing design levels would be about 4 dBA below the
regulatory levels which includes 2 dBA to account for variation of the levels for identical
trucks and 2 dBA to account for design tolerances (Technology, p. 10 of T104, p, 3-296
of PHW und p. B-3, Information Brief, 10 Apriil 1975).

A-2,5.4,11 Sufficient information does not exist to assure that all trucks can
be quieted to a 75-dBA noise level (Technology, p. 7 of T104 and p. 3-297 of PHW),

A-2,5.4.12 Reduction of cooling system noise to a level of 65 dBA which is needed
to reduce most truck noise levels to 75 dBA will require radiators to be larger than those
available today. It may be possible to include large enough radiators on COE trucks, but
it wiil not be practical on conventional trucks because of the need for visibility (Technology,
p. 2-283 of PHW), )

A-2,5.4,13 The data on engine, exhaust and fan noise levels, taken from the Highway
Research Board Design Guide for nominal highway operations, are higher than SAE J366b
test Jevels, These data appear to be about 5 dBA too high since engine-related highway noise
levels should be at least 2 dBA below levels measured according to SAE J366b test proced--
ures (Technology, p. 3-231 of PHW).

A-25.4,14 The tire noise level of 77 dBA at 55 mph, assumed by EPA in making
predictions of the benefits of the proposed regulations, is too low. Such a level is not
attainable by any tire known today (Technology, p. 3-292 of PHW).

A-2,5.4,15 The fact that the noise {evels of the International Harvester DOT Quiet
Truck decreased slightly with age can be partly attributed to thorough maintenance pro-
cedures (Technology, p, 3~298 of PHW),
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A-2.5.4.16 EPA's estimates of costs for noise abatement treatment are lower than the
costs quoted in the DOT Quiet Truck Program, Freightliner achieved 72-74 dBA at a cost of
$1400, International Harvester, 78 dBA for 51390 and 80 dBA for §516 and White Motors
Corp., 79-81 dBA for $260 and 77-79 dBA for $1307 (Costs of Compliance, p, 10 of T[04
and p. 3=296 of PHW),

A-2.5.4.17 The monetary estimate associated with reductions in urban traiTic noise is
about $20/person/dB, Using this figure along with estimates of the number of people ex-
posed to urban street or freeway traffic noise and the reductions in traffic noise for different
regulatory options, monetary estimates for the benefits were computed. Estimates of costs/
savings associated with each regulatory option were made assnming credit for fuel savings
from disengaged fan clutches, Comparing estimates of costsfsavings and monetary estimates
of benefits show that the costs for the proposed regulations are greater than the benefits,
Savings are predicied to result with the regulatory options which do not have the 75-dBA
regulatory level, (Costs vs, Benefits, DOT Information Brief, April 10, 1975, pp. 5-7).

A-2.5,4,18 EPA should consider the different benefits of using vertical and horizontal
exhaust systems, For exumple, lower exhaust noise levels are achievable more casily with
vertical systems than with horizontal due to apparent image source enhancement of the
horizontal systetns, Technology is more advanced for vertical systems, The gases from under-
frame systems are more aggravating and create splash and spray visibility problems, The
lower exhaust outlet noise levels ol underframe systems make roadside barriers more effec-
tive, Underframe systems present more difficult packaging problems, The noise radiated
vertically is 2-dBA higher for vertical systems (Costs vs, Benefits, pp. 4-5 of 1104 and p.
3-286-7 of PHW),

A-2.5.4.19 The total cost impact of the proposed regulations can not be
determined {rom the estimates given by EPA since production tolerances were not
included in the design levels used to estimate the costs (Economic Impact, p. 10
of T104 and p. 3-296 of PHW),

A2,5.4.20 Special purpose equipment should be covered under the regulations
(Classification, p. 9 of T104).

A-2.5.4.21 Buses should be included in the regulations (Classification, p. 7 of T104),
A.2,5.5 City of Des Plaijnes, Ilinois

A-2.5.5.1 The proposed regulations should be more stringent so that they conform
with the local regulations in Chicago and California (Costs vs, Benefits, p, 658 of PHSF),
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A-2.5.6 Council on Wage and Price Stability

A-2.5.6,1 The analysis of the increasing marginal costs and decreasing marginal bene-
fits strongly indicate 4 lack of justification 75-dBA regulatory level, The GM estimates of
truck price increases and operating costs for medium trucks and the DOT estimates for
heavy trucks were used, Benelits included estimates of changes in property values and fuel
consumpiion with fan clutches, The costs and benefits were cumulated to the year 2000
and discounted at g rate of 10 percent to a 1975 present value (Cost vs, Benefits, ThO51).

A-2.57 District of Columbia

A-2.5.7.1 The height of exhaust siacks has an impact on the effectivencss of roadside
nojse barriers aud therefore should be addressed in the repulations (Costs vs, Benefits, TO63).

A-2.5.8 Federal Highway Administration, Ohio
A2.5.8.1 An Environmental Impact Statement is required (Health & Welfare, TO66),
A-2,5.8,2 The assessment of increases in annual operating costs should take into
account replacement parts and labor costs to maintain a truck in compliance (Costs of

Compliance, TOGG).

A-2.5,8.3 The costs of testing facilities and manpower, and production delays due to
testing should be determined (Costs of Compliance, TO66).

A-25.8.4 The effect of truck noise treatments on fuel consumption should be deter-
mined (Costs of Compliance, TO66),

A-25.8.5 An assessment of a *do-nothing” alternative to the regulations should be
addressed (Costs vs. Benefits, TO66).

A-2,58,6 The elfect that increases in transportation costs have on the costs of cus-
tomer retail goods should be determined (Econemic Impact, T066),

A-25.8.7 The effect that differcnces in cost increases for gasoline and diese! trucks
will have on buyer patterns should be determined (Economic Impact, T066),
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A-2.8.9 State of lllinois, Environmental Protection Agency

A-2.59.1 The 75-dBA regulation is needed to reduce intrusions from noise emissions
from trucks (Heolth & Welfare, p. 310 of PHSF).

A<2,5.9.2 The 75-dBA reguilation will not reduce roadside truck noise levels to leveis
similar to the roadside levels of automobiles, as indicated in the Preamble to the Proposed
Regulations. The 75-dBA regulated truck will typically be around 10 dBA notsier than the
averzge automobile (Health & Welfare, p. 311 of PHSF).

A-2.5.9.3 A label on the vehicle should state the noise level produced at the time of
manufacture, GVWR and model year, (Miscelluneous, p, 309 of PHSF)

A-2.5.10 Indiana

A-2.5.10,1 The exhaust system should be required to be located beneath the truck
body (Costs vs, Benefits, T093).

A-2.5.11 Louisinna

A-2.5.11.1 The impact of training testing personnel and of production deluys for
testing should be gssessed {Costs of Compliance, T127).

A-2,5.11,2 Prior to promulgation, the economic impact of the regulation should be
revised and re-evaluated to terms of the existing economic stivation (Economic Impact,
T127).

A-2,512 Los Angeles County

A-2.5.12.1 An effort to reguiate noise from buses should be initiated (Health &
Welfare, T105).

A-2,5.12,2 The California regulation of 70-2BA in 1987 should be included in
EPA's regulations (Costs vs. Benefits, T105),

A-2.5.13 Mississippi

A-2.5.13.1. The effect of the regulations on public health should be assessed
(Heulth & Welfare, T073).
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A-2,5.13.2 TheelTect of the repulations on highway safety should be considered
(Health & Welfare, TO73),

A-2.5.13.3 The height of exhaust stacks has an impact on the effectiveness of roadside
noise barrters and therefore should be addressed in the regulations (Costs vs. Benelits, TD73),

A-2.5.13.4 The economic analysis should consider the effect of the noise regulations
on the costs of highway projects {e.g,, savings in required highwiy noise barriers) und on
property vitlues (Beonomic impaet, T073),

A-2.5.14 Minnesota

A-2.5.14.1 Complementary regulations on tires on all vehicles at norma] highway
speeds should be considered (Health & Welfare, TOBG).

A-2.5.14.2 The height of exhaust stacks has an impact on the effectiveness of roadside
noise barriers and therefore should be addressed in the reguiations (Costs vs. Benefits, TO36).

A-2.5.14.3 States must rely on highway noise treatments until the regulations on trucks
become effective, (Miscellaneous, T086)
A-2.5.15 New Mexico

A-2.5.15.1 The proposed new fruck regulations are in excess of the 70«dBA Lo FHWA
standards for residential, hospital and schoo] areas. Therefore, truck regulations which are more

in keeping with 70-dBA at 50 feet should be adopted (Health & Welfare, TG45).

A-2,5.15.2 The height of exhaust stacks has an impact on the effectiveness of roadside
nojse barriers and therefore should be addressed in the regulations (Costs vs. Benefits, T043},

A-2.5,153 Naise abatement walls along highways cost about $100/foot.. Therefore, the
effect of the new truck reguiations on the need lor highway noise barriers should be con-
sidered {Economic Impact, T045).

A-2,5,16 New York State

A-2,5.16,1 Since tire noise dominates at high speeds, regulations on tire noise shouid
be considered (Health & Welfare, TOB2 and Th027).
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A-2.5.16,2 The regulations should include buses (Health & Welfare, T082 and Th027).

A-2.5.16.3 Special purpose equipment shoukl be covered under the regulation,
{Miscellancous, T046)

A-2.5.16.4 The regulation should include o high speed noise level standard.
(Miscellaneous, TO82)
A-2.5.17 National Organization to Insure Sound Controlled Environment {NOISE)

A-2,5.17.1 The predicted rate of increase in truck population of 4,3 percent per year
used in predicting benefits to the public welfare is too high (Health & Welfare, p. 3-312-3 of
PHW),

A-2.5.17.2 The regulations should be enforced at speeds below 50 mph instead of be-

low 35 mph, since tire noise does not become a factor for speeds below 50 mph (Health &
Welfare, p. 3-311 of PHW).

A-2.5.18 San Diego County

A-2.5.18,1 Buses and vehicles over 6000 [bs, GVWR should be included in the regula-
tions (Health & Welfare, T097).

A-2.5.18.2 The regulatory levels should be at least as low as the Californiu regulated
levels of 83 dBA in 1974, 80-dBA in 1977, and 70-dBA in 1987 (Costs vs. Benelits, T097),
A-2,5.19 San Francisco, Noise Contro] Task Force

A-2,5.19,1 Commercial trucks are capable of obtaining 80-dBA noise levels at reason-
able costs, now, The noise level from a bus was reduced from 90 to 81 dBA by retrofitting

noise treatment at a cost of $600 (Costs of Compliance, p. 416-7 of PHSF),

A-2.5.19,2 The proposed regulations are too lenient (Costs vs, Benefits, p. 414 of
PHSF).

A2,520 Texas

A-2.5.20.1 Lower regulatory levels with shorter lead times should be considered (Casts
vs, Benefits, T042),
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A-2,5.20,2 The economic impuct on the state and local governments of providing high-
way noise abatement treatment during the periad before the EPA regulations become efice-
tive should be addressed (Economic Impact, T042),

A-2.5.21 Virginia

A-2.5.21.1 The height of exhaust stacks has an impact on the effectiveness of roadside
noise barriers and therefore should be addressed in the regulations (Costs vs. Benefits, T022),

A-2,5.21.2 States must rely on highway noise treatment until the regulations on trucks
become effective (Miscellaneous, T022).

A-2.6 TRADE AND MANUFACTURING ORGANIZATIONS
A-2.6.1 American Road Builders Association

A-2.6.1.1 Studies which prove that there are harmful effects directly attributed to
noise from new trucks need to be conducted before the regulations are adopted (Health &
Welfare, T114).

A-2,6.1.2 By the time the regulations become effective, inflation will have increased
the costs of compliance {Costs of Compliance, Th035),

A-2.6.2 Associated General Contractors of Colorado

A-2.6.2,]1 The EPA projections of truck price increases are totally unrealistic (Costs of
Compliance, T060).

A-2.6,2.2 A tremendous reduction of noise can be accomplished by enforcement of
existing regulations (Costs vs, Benefits, TO60).

A-2.6.23 The costs to all elements of the total economy, such s ageney costs to en-
force the regulations, manufacturer’s costs, increased costs to the small businessman and
costs to the consumer, should be included in the costs projections (Econemic Impact, TO60),

A-2,6,24 The present state of the inflated economy should be considered in the analy-
sis of the economic impact of the regulations (Economic Impact, TO60).

A-2.6.2.5 Trucks in different GVWR categories should be regulated to

different levels (Classification, T060),
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A-2.6.3 Automotive Exhaust Systems Manufacturers Committee

A-2.6.3.1 It is not technically feasible to determine the useful life of an exhaust systen,
since there are no data on the driving habits of tiie vehicle owner, These data are critical in
determining the extent and speed of deterioration of exhaust systems (Technology, p. 9 of
T112).

A-2.6,4 Chamber of Commerce

A-2.6.4,1 EPA’s cstimate of 70 millien peopie who are affected by traffic noise is too
high. It should be around 3-6 million (Health & Welfare, p. 2-104 of PHW).

A-2.6.4.2 The technology is not available to comply with the proposed regulations.
(Technology, p. 2-104 of PHW).

A-2.6.4.3 EPA’s estimates of the increases in truck prices are too low (Costs of
Complience, pp. 2-105 and 2-] 1| of PHW).

A-2.6.4.4 The effects of the 83-dBA regulation should be assessed before lower levels
are set (Costs vs, Benefits, p, 2-114 of PHW),

A-26,4.5 The proposed regulations will cause trucks to be priced beyond reach
(Economic Impact, p. 2-103 of PHW).

A-2,6.4.6 The proposed regulations will have an inflationary impact on consumer goods
(Cconomic Impact, p. 2-104 of PHW).

A-2.6.4.7 The propesed regulations will help to drive the smali trucker out of business
(Economic Impact, p. 2-106 of PHW).

A-2,64.8 The economic impact study is outdated (Economic impact, p. 2-110-1 of
PHW),

A2,6.4.9 The cumulative economic impact of all federal regulations on fricks shoukl
be considered (Economic Impact, p, 2-118 of PHW),

A-2.6,5 Construction Industry Manufacturers' Association

A-2,6,5.1 Small manufacturers of custom-built specialty construction trucks do not
have the financial resources for the testing required in the propesed regulitions (Costs of
Compliance, p. 357 of PHSF),
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A-2.6,6 Motor Vehicle Manufacturers® Association

A-2.6,60.1 EPA has not detined what is the “impact™ that the regulations are intended
to relieve, or what is meant by “relief.” Does reliel refer to avoiding hearing loss or reduction
in annoyance? (Health & Wellare, p. 3 of T099).

A-2.6,6.2 EPA has not met the statutory requirement which requires that the regulatory
levels be attainable with available technology (Technology, pp. 5-6 of T099),

A-2.6.6.3 The total increase in costs to users of attaining the 1990 level of benefits is
$2 to 3 billion higher than estimated by EPA since EPA failed to take into account all of the
costs incurred in the intervening years (Economic Impuct, p. 4 of TO99).

A-2.6.6.4 An Inflation Impact Statement is required (Economic Impact, p. 2 of T099):

A-2.6.7 National Solid Wastes Manaogement Asseciation

A-2.6,7.1 Mounting a truck body could affect the noise emission characteristics of a
truck (Technology, p. 2-87-8 of PHW).

A-2,6,7.2 The economic impact on small companies engaged in solid wastes collection
and disposal services caused by increased prices and maintenance expenditures for equipment
should be carefully considered (Economic Impact, TH ).

A-2.6.7.3 Second-stage manufacturers of solid waste disposal trucks cannot afford the
costs of testing for compliance to the proposed regulations { Economic Impact, p. 292 of
PHW),

A-2.6.8 Recreation Vehicle Industry Association

A-2.6.8.1 Motor homes have not been identified as 2 major source of noise. In fact,
motor homes are substantially quicter than medium and heavy duty trucks (Health & Welfare,
T120},

A-2.6.8.2 The regulations would have a devastating cconomic impact on the motor
home manufacturers and substantially restrict competition within the industry (Economic

Impact, T120).

A-2.6.8.3 Motor homes should be excluded from the Regulation (Classification, T120).
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Appendix A-3
BENEFITS TO PUBLIC HEALTH AND WELFARE

A-3.1 BENEFITS TO PUBLIC HEALTH
A-B.l .l‘ Hearing Damage

Hdentification! The State of Mississippi (A-2.5.13.1)* commented that the effects on public
health of the regulations on new truck noise emissions should be assessed. International
Harvester Company (A-2.1.6.4), Mack Trucks, Inc. (A-2.1.7.3), and the Donaldson Company
(A-2.2.2.1), asserted that outdoor noise from trucks does not cause damage to hearing, but
produces only annoyance. Citizens Against Noise (2.4.3,1) claimed that noise from trucks
disturbs sleep which can affect public health,

Discusston: In the assessment made by EPA of the impact of truck noise on hearing damage,
it was concluded that truck noise has little impact on hearing loss. EPA has identified an
8-hour equivalent noise level of 75 dBA as requisite to protect the public from hearing
dumage with an adequate margin of safety [1]. Most people presently impacted by traffic
noise are exposed to equivalent levels less than 75 dBA. Note, however, that this is highly
dependent upon individoals® exposure to non-traffic noise situations, L.c., workplace, recrea-
tional, ete. It is conceivable that exposure to traffic noise {(even less than 75 dBA) combined
with hazardous or near-hazardous workplace/recreational noise may, in fact, be hazardous.
In the aggregate, however, most of the bencfits from the regulations on new medium and
heavy truck noise emissions will be derived from the reduction of annoyance caused by
truck noise. In estimating the benefits to public health and welfare, EPA has focused atten-
tion on the reduction in the number of people disturbed or impacted by noise from trucks.
Even here it must be recognized that basic annoyance may adversely affect health by causing
general stress, fatigue, ete.

The annoyance associated with sleep disturbance by single truck passbys and the reduc-
tion In the present levels of annoyance by the regulations on new truck noise emissions has
been treated by EPA. However, little information exists on the impact on public health
caused by the disturbance of sleep by truck noise.

* Number refers to paragraph number jn Section'A-2, SUMMARY OF COMMENTS.
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Action in Response to Public Comment: The benefits of the new truck noise emissions
regulations have been treated in terms of the reduction in annoyance caused by truck noisc.

A-3.1.2 Safety

Identification: The State of Mississippi (A-2.5.13,2) suggested that the effect of the regula-
tions on highway safety should be considered. Mack Trucks, Inc. (A-2,1.7.1) commented
that the 75 dBA regulated truck would not produce enough noise to serve as a warning to
pedestrians. On the other hand, PROD (A-2.3.6.1) points out that the noise from unregu-
lated trucks masks the warning signals from emergency vehicles, Thus, the reduction of truck
noise is expected to increase the detection of warning signals, thereby contributing to public
safety,

Discussion: EPA agrees with PROD that an increase in the detectability of warning signals
should result from the reduction in overall traflic noise attributahle to the reduction in truck
noise. It is not likely that the new truck regulations will produce a significant safety hazard,
as implied by Mack Trucks. Horns will probably provide most of the audible warnings to
pedestrians of impending danger. However, in the absence of the use of g horn, the 75 dBA
regulated truck will still be about 5 dBA noisier than unregulated automobiles. This should
be more than sufficient to provide warning to pedestrians close enough to be in danger.

Actions In Response to Public Comment: No further action has been taken,

A-3.2 BENEFITS TO PUBLIC WELFARE
A-3.2,1 Need for Additional Study

Identification: The American Road Builders Association (A-2.6.1.1) sugpested that there is
a need lor studies which prove that there are harmful effects directly attributed to noise from
trucks. White Motor Corporation {A-2.1.10.1) commented that the benefits to public wel-
fare for the new truck regulations have not been assessed. The American Trucking Associa-
tions, Inc, (A-2.3.1.10) pointed out that a more careful study of the benefits needs to be
conducted before the proposed regulations are adopted. According to the Motor Vehicle
Manufacturers Association, (A-2.6.6.1) definitions of “impact™ on and “reliel™ to public
wellare have not been presented.
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International Harvester, Inc. (A-2,1.6.2) and the Donaldsen Company (A-2.2.2.1)
indicated that modeling techniques hitve not been developed which are sufficient for accurate
predictions of benefits from motor vehicle noise regulations. International Harvester
(A-2.1.6.3) added that EPA has not shown a relation between regulated truck noise levels
and noise levels necessary to protect public health and welfare, General Motors Corp. (GM)
(A-2.1.5.6) suggested that the effects of the Interstate Motor Carrier regulations, regula-
tions on tire netse and climination of modified or poorly maintained light vehicles should be
considered in assessing benefits. The benefits of the regulations on new truck noise emis-
sions should be identificd separately from the benelits for regulations on other sources of
traffic noise, according to the Department ol Transportation (DOT) (A-2.5.4.3),

Ford Motor Company (A-2.1.3.3) commented that estimates of benefits should be
given for other regulatory programs, The Federal Highway Administration (A-2,5,8.5)
suggested that an assessment of the impact on the public welfare with no regulations on new
trucks be given.

Discussion: The equivalent number of people impacted by urban traffic noise is estimated
by EPA to be 37,3 million, Regulating only medium and heavy trucks to 75 dBA can reduce
this number by 13.1 million [2]. This indicates that medium and heavy trucks do have a
significant noise impact on people and that their regulation will bring appreciable relief.

Predictions of the benefits from several regulatory programs on noise emissions from
new medium and heavy trucks have been made [2]. Estimates of the reductions in the
averapge noise levels for urban street traffic (average speed-27 mph) and frecway traffic
(average speed-55 mph) are given. The effect of these reductions on people is assessed, The
concept of equivalent number of people impacted is defined and used in making these as-
sessments, The word “reliel™ {s used to indicate a reduction in the number of people im-
pacted by noise,

In revising the benefit predictions in response to public coinment, predictions are given
for a wide range of possible regulations so that benefits from the final regulations ean be
evaluated relative to more lenient and more stringent regulations. The regulatory programs
tdded in revising the predictions inciude the regulatory alternatives suggested by the Ford
Motor Company and the Federal Highway Administration. To provide additional insight
into the benefits will probably result from the new truck regulations alone and when sup-
ported by other regulations, predictions are given with and without a 4 dBA reduction in
noise [evels from road vehicles other than medium and heavy trucks. Since average noise
levels are sometimes a poor indicator of annoyance from individual truck passby noise,
estimates of the amount of activity interference produced in different situations are given
for trucks regulated at different levels.
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In all of the revised predictions, relations between regulatory levels and typical truck
passby levels were developed using published truck noise measurement data, where jvail-
able. The typical truck passby noise levels, individually or in averages with passby levels
from other vehicles, were compared to levels specified by EPA as necessary to protect pub-
lic health and welfare. Therelore, relations between regulated truck noise levels and levels
necessary to protect public health and welfare have been developed.

The effects of the Interstate Motor Carrier regulations and the elimination of the more
noisy vehicles were included in revising the estimates of the benefits to public health and
welfare. Truck tire noise levels were also considered.

Sophisticated modeling techniques are not available to accurately represent all possible
sitvations where people are impacted by noise. Even if such techniques were available,
employment in all possible situations would result in an overwhelming amount of data for
analyses. Therefore, simple modeling techniques representing typical scenarios were em-
ployed by EPA. These techniques are believed to be adequate for use, by EPA, in justi-
fying the selection of the final regulatory levels on a nationwide basis.

Action In Response to Public Comment: Some of the public comments were employed for
improving estimates of the benefits to the public health and wellare of new medium and
heavy truck noise emission regulations. The revised estimates are sufficient for use in sup-
porting the selection of the final regulatory levels. Additional studies have not been
conducted.

A-3.2,2 Accuracy of EPA Predictions

Identification. The Ford Motor Company (A-2.1.3)and N.O.L.S.E. (A-2.5.17.1) commented
that the truck population growth rates used in the EPA predictions of benefits to the pub-
lic welfare are too high. According to the Chamber of Commerce (A-2.6.4.1), the EPA
estimate of 70 millien people affected by traffic noise is too high. The number should be
around 3 to 6 million. Koehring Company (A-2.2.4.1} implied that, sincc there will be no
benefits from the new truck regulations, the EPA predictions are incorrect, The State of
linois (A-2.5.9.2) commented that the 75 dBA reégulated truck will not be as quiet as a
typical automobile as indicated by EPA, but will be about 10 dBA noisier.

General Motors (A-2.1.5.1) and the Department of Transportation (A-2.5.4.3) both
presented predictions of the reductions in average noise levels in urban street and freeway
traffic for the different regulatory programs. Estimates of the annoyances produced by the
noise from individual passbys of truck regulated at different levels were also given by
General Motors (A-2,5.1.2).

A-3-4

o A e



P ——

Discussion: Changes in the tralTic noise levels, due to different future growth rates of
trucks, will elTect all of the estimates of average traffic noise reductions for the different
regulatory programs on pew truck nearly equally, as long as the traffic mix of trucks and
other vehicles remains constant, as assumed by EPA inestimating benefits. In other words,
comparison of the traffic noise reductions estimated by EPA for dilferent regulatory pro-
grams are not sensitive to the assumed truck population growth rate. In addition, the future
population growth rates of traffic vehicles cannot be accurately predicted. For these reasons,
EPA used a zero population growth rate in reviewing the estimates of traffic noise redue-
tions. By assuming a zero growth rate, the EPA estimates of reductions in the equivalent
number of people impacted (Ppq) will be lower (i.¢., more conversative) than estimates made
by assuming a positive growth rate,

The number of people exposed to an outdoor noise level with an Lgy greater than 55
dBA where the dominant source of noise is urban street traffic is given by EPA 45 93.4
million people [3]. The Ly = 55 dB has been identificd by EPA as the outdoor noise
level requisite to protect the public from interference with outdoor activities and general
annoyance [1]. Therefore, the estimate of 3 to 6 million people affected by traffic noise,
particularly urban street traffic, referenced by the Chamber of Commerce appears to be
quite low,

Inall of the estimates of benefits given by EPA, General Motors and the Department
of Transportation, definite reductions in the average traffic noise levels and the number of
people impacied by traffic noise are indicated. Therefore, the comment by the Koehring
Company that no benefits will accrue by regulating truck noise emissions is incorrect,

Typical roadside noise level for a 75 dBA regulated truck will be approximately 71 dBA
cruising at 27 mph and 81 dBA, as measured at 50 ft. [2]. Noise emissions for existing
automobiles are 65 dBA and 75 dBA, respectively as measured at the same distance [2].
Therefore, the 75 dBA regulated truck will be noisier than existing automobiles, as indicated
by the State of llinois, However, it will be noisier by about only 6 dBA.

For two regulatory programs, the predictions of reductions in the average traffic noise
given by General Motors and the Department of Transportation are compared to the EPA
predictions in Figure A-3.1 for urban street traffic and in Figure A-3.2 for frecway trafiic.
In all predictions, the effect of reductions in non-truck vehicle noise levels of about 4 dBA
and the Interstate Motor Carrier Regulations arc included. DOT and EPA assumed that all
trucks will be equipped with only ribbed tires in making the predictions given in Figures
A-3.1 and A-3.2, GM ussumed a reduction in tire noise of about 3.5 dBA from 1975 to
1993, In order to make compirisons, the curves in Figures A-3.] and A-3.2 for the GM
predictions are plots of the differences in the curves given by GM with and without noise
emission regulations.
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Table A-3.2, Comparison of EPA, GM, and DOT Estimates of Average
Freeway Traffic Noise Reductions Due to New Truck Regulations

The DOT and GM estimates of reductions in the average urban street traffic noise are
higher than the EPA estimates, with the estimates from GM the most optimistic, EPA in-
cluded the efTects of noise from buses and moetorcycles in their estimates of the noise reduc-
tions. GM and DOT did not consider these vehicles in their model. This partially ex-
plains the Higher estisated benefits predicted by GM and DOT. Because buses and motor-
cycles are noisier than automobiles, they tend to limit the potential reductions in urban
street traffic nojse levels atforded by regulations on new medium and heavy trucks, Come
parison of estimates from EPA with those from DOT and GM clearly indicate the necessity
of luture noise emission regulations on buses and motorcycles.
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The DOT and EPA estimates of the reductions in average {reeway traffic noise levels are
nerly identical, The estimates of benefits from GM are higher than the DOT and EPA pre-
dictions, A partjsl explamation for this may be the assumed lower truck tire noise emission

levels used by GM, GM assumed a tire noise emission level of 78.5 dBA for 1981 and subse-

quent years, while EPA vsed a level of 81 dBA Tor 1977 and subsequent years,

In assessing the benefits 1o public health and welfare, EPA used the predictions of redue-
tions in average tralfic noise levels to estimate the changes in the extensiveness and severity
of impact forseveral regulatory programs, The P, is a better indicator of the benefits to
public welfare since it takes into account the number of people who benefit from traffic
noise reductions and the extent to which they are benefited (See Section 4). Therefore, tiwe
selection of the final regulatory fevels should be based more on the estimates of ch than on
decibel reductions in the average traffic noise levels,

EPA and GM have estimated the maximum distances frem individual truck passbys at
which disruption of various activity occurs in different situations, Comparisons of these
estimates are shown in Figures A-3,3 through A-3.6. The estimates from GM are Jower than
those from EPA for the following reasons:
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¢  EPA used noise levels for accelerating trucks while GM conservatively used levels

for trucks at constant speed, and

e The noise reduction factors assumed by GM for indoor situations are much higher

than those used in revised EPA estimates,

The noise levels from accelerating trucks are higher than the levels from cruising trucks,
Therefore, accelerating trucks are capable of producing greater activity interference than

trucks cruising at constant speed.
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Figure A-3.5. Comparison of EPA and GM Predictions of Maximum
Activity-Interference Distances for Normal Conversation Outdoors

GM used noise reduction factors of 35 to 29 dBA taken from data given in the first back-
ground document on the new truck regulations. A noise reduction factor of 25 dBA was also
given in the first background document as an approxjmate national average for houses with
windows closed. This factor appears more reasonable and was therefore incorporated in the
revised estimates of activity interference.

Action in Response to Public Comments: EPA estimates of the bepefits to the public wel-
fare have been revised, The selection of the final regulztory levels is based more on the esti-

mates of the reduction in the extensivencss and magnitude of annoyance and activity inter-
ference as measured by Peq and muximum annoyange distances, than on estimates of the
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Figure A-3.6. Comparison of EPA and GM Predictions of Maximum
Activity-Interference Distances for Thought Process Qutdoors

changes in the traffic noise levels. EPA estimates of the benefits to public health and welfare
are believed to be more than sufficient to support the selection of the final regulatory levels,

A-3.2,3 Necded Benefits

Identification; The State of lllinols (A-2.5.9.1) commented that a 75-d BA regulation is
needed to reduce intrusions from noise emissions from trucks, According to the State of
New Mexico {A-2.5.15.1), the new truck regulations should be similar to the 70 dBA Lip
Federal Highway Administration standard for residential, hospital and school areas.
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Diserssion: Estimales of annoyance or intrusion from truck neise cmissions demonstrate
that regulating trucks to a level ol 75 dBA will not assure that people won't still be an-
noyed with truck noise or that all activity disruption will be removed, In order to remove
all annoyance and activity disruptions caused by trucks, regulatory levels below 75 dBA
would be required, However, other considerations preclude lowering the regulatory levels
below 75 dBA at this time. For example, technology has not been demonstrated that will
reduce truck noise levels low enough to comply with not-to-exceed regulatory levels below
75 dBA.

Action {n Response to Public Comments: No further action has been taken.

A-3,2,4 Benefits from More Lenient Regulations

Identification: TFord Motor Co. (A-2.1,3,4) claimed that substantially all of the intended noise
| reductions will result if 10 percent of the tested vehicles are allowed to exceed the regulation

«‘ level by 2 dBA. According to Mack Trucks (A-2.1,7.2) drastic reductions in traffic noise
levels will result from the 83-dBA regulation. Donaldson Company (A-2.2,2.2) commented
that the greatest annoyance comes from a small minority of the noisiest trucks which will be
controlled by the Interstatc Motor Carriers Repulations,

General Motors Corporation asserted that the overwhelming amount of the benefits to
be derived from noise emission regulations on trucks will come from the combination of the
: enforcement of the [nterstate Motor Carriers Regulations and the 83-dBA regulation on new
trucks. Insupport of this assertion, General Motors presented the following data.

1. Predictions of the average noise reductions from urban street and freeway traffic
for five regulatory programs (A-2.1.5.1);

!J

Predictions of the maximum intrusion distances for different activity/location sit-
uations for single passbys of existing trucks and trucks regulated at 83, 80, and
75 dBA (A-2.1.5.2); '

3. Predictions of the distances at which the noise from an unregulated truck and a
truck regulated at 83 dBA will be equal to and 10 dBA greater than the noise
from a continuous line of freely-flowing traffic at 55 mph (A-2.1.5.3);

4, Predictions of the differences in typical low speed roadside levels for unregu-
lated trucks and trucks regulated at 83 dBA (A-2.1.5.4); and
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5,  Comparison of SAE J366b measured levels and levels measured under different
typical operating conditions for the same trucks (A-2,1,5.5).

Discussfon: Predictions of reductions in the average noise levels for urban street traffic are
given in Figure A-3.7 for the regulations proposed by EPA with nearly all trucks measured
at levels below the regulated levels (nearly 100 percent compliance) and with 10 percent of
the trucks allowed to exceed the regulatory level (90 percent compliance) as suggested by
Ford Motor Company. Shown in Figure A-3,8 are predictions of the equivalent number of
people impacted (ch) computed using the reductions in traffic noise levels given in Figure
A-3.7, These predictions were computed following pracedures given in Reference 2 and
Section 4. Using a standard deviation of 0.5 dBA for the tested truck levelsand a LOJBA
factor to account {or measurement instrumentation and site variztions, the median tested
level was assumed fo be 1.5 dBA below the regulatory levels for 90 percent compliance and
2.5 dBA for nearly 100 percent compliance.

EPA PROPCSED AEGULATIONS WITH NEARLY 100% COMPLIANCE
— e~ —~ EPAPROPOSED REGULATIONS WITH 80% COMPLIANCE
PREDICTIONS INCLURF EFFECTS OF INTERSTATE

MOTOR CARRIERS REGULATIONS AND 4 dBA REDUCTION IN
NOISE LEVELS OF NON-TRUCK VEHICLES
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CALENDAR YEAR
Figure A-3,7. Predictions of Average Traffic Noise Reductions for 100 Percent
and 90 Percent Compliance to the EPA Proposed Regulations
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Figure A-3.8, Predictions of P, for [00 Percent and 90 Percent Compliance to the
EPA Proposcd Regulations

Observation of the predictions in Figures A-3.7 and A-3.8 confirm the comments made
by Ford Motor Company that only small losses in the benefits would result if 10 percent of
the trucks are allowed to exceed the regulated level of 2 dBA. However, there is a provision
in the selective enforcement audjting in the proposed regulations that ajlows 6.8 percent of
the sampied vehicles to exceed the regulated level (Section 205.57-3(b) of Federal Register -
Volume 39, No 210, Part 1], p, 38358). Changing this to 10 percent of the ssmpled vehicles
is under consideration by EPA.

Comparison of the revised EPA predictions of the noise reductions for urban street
traffic [2] are given in Figure A-3,9 with (1) no regulations on new trucks, (2)an 83-dBA
regulation in 1977, and (3) the regulations proposed by EPA. All predictions include the
benefits of the Interstate Motor Carrier Regulations as well as a 4-dBA reduction in non-
truck vehicle noise levels. These predictions do not substantiate the comment from the
Donaldson Company that the Interstate Motor Carrier Regulations will eliminate most an-
neyance from truck noise by removing the noisiest of the existing trucks, (Results in Fig-
ures A-3.3 through A-3,6 also fail to confirm the comment made by Denaldson.) The claim
that most of the reduction in traffic noise will result from the 83-dBA regulation made by
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Figure A-3.9, Predictions of Aw:r:ige Traffic Noise Reductions with Regulations
on New Medium gnd Heavy Trucks

General Motors Corporation and Mack Truck Inc. is also contrary to resuits given in Figure
A-3.9, Figure A-3.10 shows that appreciable benefits in terms of reductions in population
impacted will be derived by regulating new medium and heavy trucks to levels below 83 dBA.

The estimates of the average noise reductions for urban street and freeway traffic fur-
nished by General Motors are higher than the estimates given by EPA. (See Figures A-3.1
and A-3.2,) Emphasis will be placed in this discussion on the estimates for urban street
traffic, since tire noise will dominate in freeway trafiic and tire noise is not addressed in the
proposed reguiations, For urban street traffic noise, the differences between the EPA esti-
mates in noise levels for the proposed regulations and the 8§3-dBA regulation are nearly equi-
valent to the corresponding differences in the GM estimates. However, because the overall
reductions estimated by GM are larger than the EPA estimates, it visually appears that more
benefits will be derived from the 83-dBA regutation, Although EPA and GM use similar
methods and traffic population figures, differences in the EPA and GM estimates may be
attributed primarily to differences in the equivalent noise levels assumed by EPA and GM
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Figure A-3.10, Predictions of Peq with Regulations on
New Medium and Heavy Trucks

for each type of vehicle, The noise emission levels by vehicle type which were assumed by
EPA und GM are tabulated in Table A-3.]. The following may be observed,

In the revised predictions of benefits, EPA considered the effect of motorcycles
and buses. Since motorcycles and buses ate in general naisier than automobiles,
adding these sources will raise the overall traffic noise levels which, in turn, will
increase the masking of benefits derived from regulating new medium and heavy
trucks, Considering the noise from motorcycles and buses in the environmental
will both provide a better representation of existing conditions and improve the
accuracy of the anticipated traffic noise reductions,

The reductions in vehicle noise levels furnished by GM for regulated vehicles
(12.7 dBA for trucks and 6.5 dBA for automobiles) are higher than these re-
ductions in noise emissions given by EPA (9.7 dBA for trucks and 5.1 dBA for
automobiles), The principal reason for these differences is that the noise emission
levels from existing trucks and automabiles furnished by GM are zbout 5 dBA
higher than the levels used by EPA. Based upon an EPA suvey of truck noise
emission levels {14]. Different [evels were used by EPA for medium and heavy
trucks. The equivalent noise levels used by GM for medium and heavy trucksis
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Tuble A-3.1
Average Noise Levels Used in EPA wid GM Estimates of
Naise Reduetions in Urban Street Truffic

Averige Notse Level

‘Total Population Mix

Urban Street Traffic EPA GM EPA GM
Trucks: (dBA) ((BA) 7.0% 7.0%
Existing 81.0¢ 86,0
Interstate Motor Carrier 79.6* §4.7
83 dBA New Truck Regulation 77.6 78.5
80 dBA New Truck Regulation 75.1 75.8
75 dBA New Truck Regulation 71.3 73.3
Automaebiles and Light Trucks: 91.5% 93.0%
Untreatecl 66.0 70.5
Treated 6l.5 63.5
Buses: 0.5% 0.0%
Untreated B0.6 -
Treated 75.5 -
Motorcycles: 1,0% 0.0%
Untreated 83.6 -
Treated 78.5 -

*fepresent welghted averages of the levels for inedium and heavy trucks

nearly equal to the level used by EPA for heavy trucks (86.6 dBA). Considering

medium and heavy trucks separately, as done by EPA, yiclds a more accurate re-
prescntation of real traffic situations since most medium trucks are powered by

gasoline engines, and therefore are quicter than most heavy trucks, many of
which are diesel-powered. The noise emission level! Far existing light vehicles used

by GM js based upon results from one survey taken in California [ 5].
other hand, the median level used by EPA for light vehicles in urban street traffic
is based on results from the same survey plus results from five ather surveys [21,

Hence, the levels used by EPA are believed to beé more accurate,

In view of the above, it appears that the projections of anticipated reductions in average

On the

traffic noise levels given by EPA are more accurate than those of GM. In addition, the higher
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estimates given by GM tend to diminish the relative magnitude of the additional benefits to
be derived from repulating trucks at levels below 83 dBA.

Reductions in the average traffic noise levels do not adequately measure the benefits to
the public welfare, A more usefu] measure of the benefits is the reduction in equivalent num-
ber of people impacted (ch). This is because the ch considers both the number of people
¢xposed to traflic noise and the magnitude or severity of individual impact, For this reason,
more emphasis should be placed on ch as o measure of benefits than on the averige trallic
noise reduction.

According to predictions ol the ch given by EPA (See Section 4), the difference
between the total P, for the regulation proposed by GM (83 dBA in 1977) und for the
regulations proposed by EPA is 6.8 million in 1990 for people exposed to urhan street or
freeway traffic. Greater differences will occur if the reductions in non-truck vehicle noise
levels are higher than 4 dBA. Based upon these estimates, it appears that the overwhelming
amount of the benefits will not be derived from the combinition of the §3-UBA regulation
and the Interstate Motor Carrier Regulations,

General Motors also predicted the maximum distances to which noise from single truck
passbys will intrude on people engaged in a given activity. Some of the GM predictions are
shown in Figures A-3,3 through A-3.6 along with EPA estimates of maximum intrusion dis-
tances for the same activity and loeation, Both sets of predictions indicate that the reduc-
tions in intrusion with decreases in regilatory levels diminish lor levels below 83 dBA, Ob-
servation of the levels for unregulated and regulated trucks given in Table A-3.2 show that
the largest reduction in typical roadside noise levels will occur for the 83 d BA regulation,
which implies that the greatest reduction in intrusion will result from the 83 dBA regulation,

Table A-3.2
SAE J366b Truck Noise Levels

Percentile Levels

Truck Comparisons ooy | rhan, | Celear | O |
Existing truck flect (GM) 87.6 923 96,2 08.9 :
Existing new trucks (EPA) 84.7 87.6 89.7 91.6
Trucks regulated at 83 dBA (GM) | 80.5 81.8 822 | 836
Trucks regulated at 75 dBA (GM) 725 73.8 74.8 75.6
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However, the statutory mandate given to EPA in the Noise Control Act is to promul-
gate repulations which are requisite to protect the public health and welfare. The statutory
mandate is not to set regulatory levels at a point beyond which the rate of return in bene-
fits begins to decrease. The result in Figures A-3.3 through A-3.6, particularly those given
by EPA, indicate that the public wellare would not be totally protected if the regulations
stopped at 83 dBA, Ideally, the regulatory level would be below 75 dBA if all intrusion
factors attributed to truck noise are to be completely removed., However, taking into ac-
count the degree of noise reduction achievable through the application ol the best avail-
able techinology and the costs of compliance, as required in the Noise Control Act, may
preclude setting the regulatory levels below 75 dBA.

As additional support to the claim that the 83-dBA regulation will result in most ol the
needed benefits, GM predicted that, in §5 mph traffic, the noise from a single truck regu-
lated at 83 dBA is usually less than [0 dBA above the noise from a steady stream of Jight
vehicles at distances greater than 70 feet, In making these predictions, the median level used
by GM for trucks regulated at 83 dBA was 82.0 dBA, which is similar to the leve] of 82,3
dBA used by EPA in assessing the benefits to public welfare, Both EPA and GM assumed
that the passby noisc levels for 83 dBA trucks had a Gaussian distribution with a standard
deviation of 2.0 dBA. Tiherefore, the predictions by GM appear reasonable, However, addi-
tional benefits will be realized in other situatjons, such as exposure to low speed traffic
noise where engine-related noise usuaily dominates over tire noise, Tire noise is not encom-
passed by the proposed regulations,

GM presented the estimates of SAE J366b truck noise levels for existing trucks and

‘trucks regulated at 83 dBA. These levels are given in Table A-3.2. GM concluded that the

83-dBA regulation wili result in large reductions of low speed traffic noise, However, since
the proposed regulations apply only to new trucks, comparison of tested levels of new

trucks should be made in assessing the impact of the 83-dBA regulation, The estimated

tevels for existing new trucks given in Table A-3.2 are derived Irom data taken from reference
levels for existing new trucks given in Table A-3.2 are derived from data taken from reference 6.
level for new trucks by 4.2 dBA, instead of 7.1 dBA as implied by GM, The tested Ievels from
the noisiest new trucks will be reduced by 7.3 dBA, instead of 15,3 dBA. Inaddition, GM
fhiled to consider the tested noise levels [rom new trucks regulated at 75 dBA shown in Table
A-3.2, These levels are derived using the same assumptions used by GM in deriving the levels
for 83-dBA regulated trucks, An additional reduction in the tested levels of 8 dBA should
occur for trucks regulated at 75 dBA, from which added benefits should result as previously
discussed,
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In linal support of their position, a lilm was presented by GM in the public hearings in
Washington, I, C, In this film, the measured levels given in Table A-3.3 were presented, Ac-
cording to GM, the small differences between noise levels corresponding to the 83-dBA and
B0-dBA regulated trucks is expected at 55 mpl, Data taken from reference | 7], corrected

Tuble A-3.3
Noise Levels Recorded on GM Truck Noise Film

SAE 1366b
Standard Urban 35 wph 55 mph
Passby Acceleration Cruise Cruise
Regulated | Microphone | Microphone at | Microphone at | Microphone at
Limit at 50 feet 125 leet 125 feet 150 feet
86 dBA 85.2 dBA 76.8 dBA 79.3 dBA 77.5 dBA
83 dBA 80,5 dBA 725 dBA 75.3 dBA 75.5 dBA
B0 dBA 78,2 dBA 72.0dBA 73.7 dBA 752 dBA

for differences in observation distances, show that noise from ribbed tires at 150 feet could
be as highas 75 dBA. The [evels for the 83 dBA and BO-dBA regulated trucks cruising at 35
mph show a difference comparable to the difference in the tested levels, However, the dif-
ference in levels for the 83 dBA and 80-dBA repulated trucks lfor urban accelerntion at 125
feet is only 0.5 dBA. This small difference is probably because of the high background

noisc level that existed during the measurements. {n other typical low-speed acceleration
situations where the background noise level would be lower, greater ditTerences would proba-
bly occur.

In addition, it should be noted that the 86-dBA regulated truck measured 0,8 dBA be-
low the repulated limit whereas the 83- and 80-dBA regulated trucks measured 2.5 and 1.8
dBA below the limit. Therefore, the differences between the roadsidelevels Tor the 86-and
83-dBA regulated trucks are higher than the dilferences between the roadside levels for the
83- and 80-dBA regulated trucks,

Action in Response to Public Comment:  The estimates of the benefits presented by EPA in-
dicate that appreciable benelits will be derived from regulating new medium and heavy
trucks at levels fower than 83 dBA and considerations of the benefits to the public health
and welfare alone do not justify relaxing the proposed regulations,
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A-3.3 IMPACT OF OTHER TRAFFIC NOISE SOURCES

A-3.3.1 Mobile Homes

fdentificativn: The Recreation Vehicle Industry Association (A-2.6.8.1) commented
that since motor homes are substantialiy quicter thon medium and heavy trucks, they are not
a major source of noise and, therefore, should be exempted rom the proposed regulations.

Disenssiom: The 1975 production of Type A motor homes, most of wiiich lall into the classes
over 10,000 Ibs gross vehicle weight reading, is approximately 30,000, according to the Re-
creation Vehicle Industry Associntion, The estimated production of medium gasoline trucks
given by EPA is 202,000 [8]. This indicates that about 15 percent of the new medium
gsoline trucks produced in 1975 are mobile homes, However, mobile homes are driven
fewer miles on the average than other medium and heavy trucks, so that less exposure to

noise from mobile homes may exist,

The Recreation Vehicle Industry Association also commented that rmobile home manu-
facturers normally do not alter the engine, power train, or exhaust systems. Since these are
the major sources of noise, jt is unlikely that motor homws are substantially quicter than
medium gasoline trucks.

Action in Response to Public Comiment; 1L has not been shown thar exempting motor
homes from the proposed regulations will not significantly reduce benefits, The Agency
has not exempted motar homes from the repulations,

A-3.3.2 Truck Tires

fdentification: Freightliner (A-2.1.4.1), International Harvester {A-2,1,6.1}, Mack Truck
(A-2.1.7.4), White Motor (A-2,1.10.2), and Donaldson (A-2,2.2.3) commented that the bene-
fits for regulating trucks to levels below 83 dBA will be small, since at high speeds, uncon-
trolled tire nojse will dominate engine-related noises that will be controlled by the regula-
tions, The benefits will be small, according 1o Freightliner and White Motor, because

heavy linchaul trucks typically arc operated at speeds over 35 mph, Freightliner com-
mented that typical tire noise from a Joaded tractor and trailer with half-worn tires is ﬁ
about 84 dBA at 55 mph. Donaldson Company claimed that at highway speeds, truck tire
noise frequently exceeds 80 dBA at 50 feet. The American Trucking Associations (A-2.3.1.1)
commented that tire noise will reduce the benefits to be derived from the proposed regula-
tions, The Ford Motor Company (A-2.1.3.2) and the Department of Transportation
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(A-2.5.4.2) suggested that the contributions from truck tires should be identified separately
in assessing benefits, DOT presented estimates of reduction in freeway traiTic noise with all
trucks equipped with crossbar tires on the drive wheels and with all trucks equipped with
only ribbed tires. The Donaldson Company (A-2.2.2.3) and Schwitzer (A-2.2.6.1) claimed
that since tire noise cannat be reduced below 80 dBA, regulations below 80 dBA will be in-
effective, The Department of Transportation (A-2.5.4,1), Minnesota (A-2.5,14,2) and New
York State (A-2.5.16.1) suggested that regulations on truck tires be considered, DOT re-
commended that repuiations on tire nojse of 83 dBA in 1977, and 80 dBA in 1981, fora

50 mph coast-by be adopted concurrently with the proposed new truck regulations. The
National Organization to Insure Sound Control Environment {A-2.5.17,.2) suggested that the
regulations be enforced at speeds up to 50 mph, since tire noise is not a dominant factor at
speeds below 50 mph,

Discussion: The impact of high speed (freeway) traffic noise should be less than the impact
of low speed (urban street) traffic noise for the following reasons [2].

1. The number of people exposed to outdoor neise from freeway trafTic is less than
the number of people exposed to cutdoor neise from urban street traffic, FPA
estimates that 59,0 million people are exposed to outdoor noise from urban
street traffic noise with a day-night equivalent noise level (Lgpn) greater than 60
dBA, whereas 3,1 million people are exposed to similar noise levels from freeway
traffic [3].

2. The reductions in freeway traffic noise levels will be less than the reductions in
urban street traffic noise because of the contributions made by truck tire noise
in freeway traffic.

In response to comments made by DOT, the truck tire noise level used by EPA for
predicting the overall noise levels for new regulated trucks has been revised from 77 dBA to

" Bl dBA [2). This level corresponds to the peak level observed at 50 feet for a single unit

(2-axle) loaded truck passby at 55 mph with half~worn ribbed tires [7]. Some trucks, such
as those with more than two axles, will generate highet tire noise levels; whereas in other
trucks (those unloaded and equipped with new tires), the levels will be lower. The 8]1-dBA tire
nolse level is in agreement with comments made by the Donaldson Company that tire noise
levels above 80 dBA are frequently encountered, The tire noise Jlevel of 84 dBA, given by
Freightliner is for existing trucks which may often be equipped with crossbar tires, The

noise levels for individual existing trucks used in estimating benefits were based on survey

dats where tire noise was not identified sepamtely.
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The effects of noise from truck tires on the reductions in tralfic noise can be separately
identified by comparing the estimates of the noise reductions for urban street and [reeway
traffic. The dilferences can be attributed largely to contributions made by tire noise,

Because most of the benefits from the proposed regulations will result irom reductions
in low speed traffic noise, the regulations should not be delayed until more information is
available on quieting tires, Quicting truck tires will have a significant effeet only on the re-
ductions in high speed LralTic noise, EPA is engaged in the development and acquisition of
information to suppert Future regulatory action on truck tires [9],

The noise froma ribbed tire increases (rom levels ol approximately 66 dBA when un-
loaded at 35 mph to about 72 dBA at 50 mph [7]. This increase is enough to become a
significant fuctor in complying with a 75-dBA or lower regulatian, if the regulations were
enforced at speeds up to 50 mph. For cressbar tires, the noise levels would be higher;
thercfore, the Nationual Organization to Insure Sound Control Environment is incorrect
in commenting that tires would not become a (uctor if the maximum enforcement speed

is increased from 35 to 50 mph.

Action in Response to Public Comment: The estimates of benefits from reductions in free-
way traffic noise have been revised to include the higher noise level of 81 dBA for truck
tires, However, a fact that larger benelits will result from the reduction in urban street traffic

noise is emphasized.

A-3,3.3 'Buses

Identification: The Department of Transportation {A-2.5.4.2), New York State (A-2.5.16.2),
and San Diego County (A-2.5.18.1) commented that buses should be included in the new

truck regulations. DOT added that buses are usually operated in densely populated arcas and
are frequently accelerating so that they generate higher levels than assumed by EPA (73 dBA
at 50 feet), Los Angeles County (A-2.5.12.1) suggested that an effort to regulate noise from

buses be injtiated,

Discussion; Information is currently being gathered by EPA on buses for possible future
regulatory action. A typical roadside level of 79 dBA at 50 feet from existing buses was used
by EPA in estimating the benefits for the regulations on new trucks [2). This level is 2 dBA
higher than the levels used by EPA for medium trucks and supports the comments made by

DOT,
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Action in Response to Public Conument: No further action has been taken,

A-3.4 Environmental Impact Statement

Identification: The Federal Highway Administration (A-2.5.8.1) commented that an Envir-
onmental Impact Statement is required,

Discussion; Envitonmental Impact Statements are required on all regulatory actions pro-
posed after 15 October 1974, Since the proposed regulations were submitted to the Admin-
istrator for publication before October 15, 1974, an Environmental Impact Statement is not
required for the noise emission regulations on new medium and heavy trucks, It should be
noted that most of the information contained in Environmental Impact Statements has been
gathered and reported by EPA in this document,

Action in Respanse to Public Comment: A separate Environmental Impact Statement has
not been prepared.
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Appendix A-4
TECHNOLOGY

A-4] ACCURACY OF COMPONENT SOURCE LEVELS

A-4.1.1 Fan Noise

fdentification: The Cummins Engine Company (A-2,2,1.3) suggested that the neise of 63
fanstested in 1973 averaged 83,3 dBA and 25 fans tested in 1974 averaged 82.1 dBA. Simi-
larly, the Department of Transportation (A-2.5.4.7) questioned the validity of the statement
in the preanible by stating, “In contrast (ta the statement in the preamble) we suggest that
many cooling systems generate noise levels in excess of 80 dBA..." DOT supported this state-
ment with the DOT Quiet Truck Program baseline data on three fans which ranged from 83

to B6dBA.

Discussion: The question of whether most fans generate more noise than 80 dBA cannot be
confldently resolved on the basis of the above data base, The Cummins and DOT data may
not be drawn from a base which is representative of the medium and heavy truck population.
Cummins manufactures only engines for diesel trucks constituting about one third of the
mediem and heavy truck population, Similarly all of the three trucks identified by DOT are
class 8 cab-over-cngine linehaul tractors,

Data in Figures 5-3, 5-4 of reference 8, show that 13 out of 21 samples were below 80
dBA.

Action in Response to Public Comment: The sentence in question in the preamble hus
been delaeted.

A-4.1.2 HRBDG Levels

Identiffeation: International Harvester (A-2,1.6.9) and the Department of Transportation
(A-2.5.4.13) commented that the truck compenent source levels for 55-65 mph cruising
conditions taken from the Highway Research Board Design Guide (HRBDG), and used in
the EPA analysis of the benefits to public welfare [8] are higher than the SAE J366b
levels, Since the SAE J366D levels for the engine-retuted noises should be higher than the
engine-related noise levels under cruise conditions, the levels used by EPA may be incorrect,
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Discussion: The comments are correct, there appears to be a discrepancy in the Highway
Resesrch Board Design levels, In revising the estimates of the benefits to be derived from
tha reduction in freeway traffic, the levels in the HRBDG were not used,

Action in Response to Public Comment; The levels given in Table 2 of Vol. 5 of the High-
way Research Board Design Guide are no longer used by EPA,

A-4.1.3  Engine Naise

Identification; The Cummins Engine Company (A-2,2.1.2) commented that engine noise
depends on engine power as well as engine type and design.

Discussion: Data on the engine noise levels of 35 diesel engines show little dependence ol
noise leve] on engine power [G].

Action in Response to Public Comment: Since this issue has little impact on the technology
required to comply with the proposed regulations, no further action has been taken,

A-4.2 EFFECTIVENESS OF NOISE CONTROL TREATMENTS

A-4.2,1 Engine Quiet Kits

Tdenzification: The Freightliner Corporation (A-2,1,4,2) commented that engine quieting
kits reduce diescl engine noise by only about 2 dBA, not up to 4 dBA as claimed by EPA,

Discussion; Investigations of diesel engine noise reduction have shown that it is technically
feasible to achieve reductions up to 9 dBA without the use of noise barriers mounted to the
truck cable structure [10]. Most of the reduction appeared to be due to the use of covers
and isolating components, Hardware, such as parts for the isolation of diesel components
and shiclds mounted to the engine, has been developed and put into productjon for three
diese! engine models which achieve noise reductionsof up to 6 dBA [1 1], Therefore,
quieting kits are available which quict diesel engines by more than the 2. dBA cited by
Freightliner Corporation,

Action in Response to Public Comment; No further action has been taken,
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A4.2,2  Radiator Shutters

Hentification: The Department of Transporiation (A-2,5.4.4) commented that cooling sys-
tem radiator shutters should not be considered noise reduction equipment as indicated by
EPA in the preambie to the proposed regulations [93.

Discussian: Data on the cooling system naoise levels for the International Harvester DOT
Quiet Truck with shutters—open and closed —indicate that when shutters are closed, the cool-
ing system nojse level is on the average more than 3 dBA higher [12]. When the shutters are
closed, the fan stalls which increases the noise output, Therefore, radiator shutters are not
noise abatement equipment, and DOT is correct in their comment.

Action in Respouse to Public Comment: Thermostatically controlled shutters are noi
referred to us noise reduction equipment in the preamble to the regulations.

A4.2.3 Fan Treatment

Identification; The Department of Transportation {A-2.5,4.6) commented that when radia-
tor fans of different designs were used and the air-flow rate held constant, the fan noise
remained essentially the same,

Discussion: DOT based their comment on tests of different fans conducted in the DOT
Quiet Truck Program {12]. In the first set of test results, different fans were installed in the
original cooling system without making other modifications to the cooling sytem, Of the 11
fans tested, it was possible to develop an adequate amount of airflow with only six fans,
Using each of these six fans, the fan speed ot maximum engine speed was varied until the
required air flow was developed. The shroud coverage was the same for all fans, The mea-
sured noise levels had a range of only 3 dBA. However, it is not clear whether some of
these fans were partially stalled, which would afTect the noise output.

A second set of tests were conducted after modifications were made to improve the fan
environment and reduce the cooling system noise. Results from these tests indicate that the
range of fan noise for the seven fans tested was 4 dBA and that conventionally-designed fans
were among the quietest, Unfortunately, the fan coverage by the shroud was not the same
lor each fan tested, varying from 125 percent to 85 percent, These differences in fan cover-
oge affect the fan environment which is olten as critical as the actual fan design in reducing
fan noise [121, Thus, a different range of noise levels for the seven fan designs could result
when a constant fun coverage is used,

A-4-3
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In the fan tests on the International Harvester DOT Quiet Truck, all relevant fan design
parameters were not considered, In addition, because some of the fans could have been
stalled in the first set ol tests and 1an coverages were not the same in the second set of fests,
it should not be concluded from these tests that different fan designs cannot be used to
achieve appreciable reductions in fan noise,

Action in Response to Public Comment: No further action has been taken.

A-4.3 REQUIREMENTS FOR TRUCK NOISE CONTROL
A-4.3.1 Cooling System

Xdentification; The Ford Motor Company (A-2,1.3.11, A-2.1.3.12, and A-2,1,3.13) com-
mented that many of their diesel and gasoline trucks will require a fan clutch and modifica-
tions 1o cooling systems in order to comply with the 83- and BO-BA regulation, General
Motors (A-2,1.5.8) claimed that fan clutches will be required for most heavy diesel trucks

to comply with the 80-dBA regulation. FFor the 75 dBA regulation, GM (A-2,1.5.13) claimed
that larger radiators or remote cooling systems will need to be installed in most diesel trucks.,
GM (A-2.1.5.8) called only for s viscous fan drive for gasoline trucks regulated at 83 or 80
dBA, A larger radiator was called for to meet the 75-dBA regulation. International Hurves-
ter {A-2,1.6.8) implied that an extensive redesign of the conling system will be required for
heavy diesel trucks to comply with the 83 dBA regulation, The Department of Transporta-
tion (A-2.5.4,12) commented that a cooling system noise level of 65 dBA will be required
for trucks to comply with the 75-dBA regulation, This will require radiators farger than
those presently available, which may be impractical in trucks with conventional cabs be-
cause of visibility requirements,

Discussion: In reply to these comments, we note that a fan noise level of 70 dBA is low
enough to allew compliance with either the 83 or 80 dBA regulation [13]. In the Inter-
national Harvester DOT Quiet Truck, cooling system noise with the radiator shutters open
was reduced from 81 dBA to 70 dBA by using a sealed, contoured shroud with a reduced
tip clearance, a redesigned radiator and different-fan-to-radiator distance [12]. The
changes nssociated with this approach should not be considered extensive since no changes
in radjator or fan size, or location of the [an or cooling system was required,

A fan nolse level of 64 dBA would be low enough to allow compliance with the 75
dBA regulation {13]. A larger radiator (2000 sq. in.), a larger slower-turning fan, a fan
shroud and partial engine enclosure were used in the Freightliner DOT Quict Truck to re-
duce the cooling system noise from a level of 83 dBA to 64 dBA [14]. With this cooling
system, the overall truck noise level was measured at 72 dBA with the lan on [15]. Similor
techniques can be applied to trucks in order to comply with the 75-dBA regulations.
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In trucks with conventional cabs, techniquies used on the International arvester DOT
Quiet Truck, such as optimizing lan-to-radintor distances and using radiators with serpentine
fins, [ 12] can be employed to reduce the need tor Lirger fans and radiators so that visibility

requirements could be met,

Action in Response to Public Commmnent: There s general agreement on the treatments re-
quired to reduce cooling system noise to levels low enough for trucks fo comply with the
proposed regulations, No further action has been taken,

A+4.3.2 Exhaust System

Identification: The Ford Motor Compuny (A-2,1,3.11) claimed that many of their heavy
diesel trucks will require larger mufflers to meet an 83-dBA regulation. For the 80-dBA
regulation, Ford Motor (A-2.1.3.12) predicted that double-wall exhaust pipes and wrapped
mufflers will also be needed, General Motors (A-2,1.5.8) commented that doubfe-wall muf-
flers and exhaust pipes will be required on many heavy diesel trucks for the 83-dBA regula-
tion, The addition of larger packed mufflers will be needed 1o meet the 80-dBA regulation,
Forthe 75-dBA regulation, GM claimed that larger wrapped mufflers with premufflers and
larger doubie-wall exhaust piping will need to be added, All diesel engines will require turbo-
charging to reduce exhaust noise encugh to meet the 75« BA regulation, according to Gen-
eraf Motors (A-2.1,5,12), [n order to meet the 83-dBA regulation, International Harvester
(A-2.1.6.8) claimed that an extensive redesigh of the exhaust system will be needed.

The Department of Transportion (A-2,5.4.7) peinted out that on the International Har-
vester DOT Quiet Truck the exhaust pipe shell noise was initially 83 dBA and the muffler
shell noise 74 dBA, where the exhaust discharge noise was 76 dBA. Therefore, exhaust
shell noise will need treatment in order to meet the 83-dBA regulation, DOT (A-2.5.4.8)
also pointed out that mufflers are available 1o reduce exhaust outlet noise to 75 dBA for

all popular diese] trucks,

Discussion: In reply, consider the requirements for cach regulatory level. For the 83-dBA
regulation, a design level Tor the exhaust system of 73 dBA should be adequate [13]. Data
acquired in the DOT Quiet Truck Program show that this goal is achievable, Sealing exhaust
leaks reduced the exhaust shell noise on the Freightliner DOT Quiet Truck from 75 dBA to
71 dBA. Using available mufflers, the exhaust outlet noise was further reduced to 66 dBA.
On the International Harvester DOT Quiet Truck, sealing exhaust leaks and using larger
wrapped mufflers reduced the total exhaust noise level to 72.5 dBA [16]. The comments on
the required exhaust treatment for the 83-dBA regulation are in general agreement with the
experiences in the DOT Quiet Truck Program. However, the required treatments should not
be considered extensive, as claimed by International Harvester Company.
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An exhaust noise level of 69 dBA should be adeguate to enable most trucks to comply
with the 80-1BA regulation, Adding wrapping to the exhaust piping on the International
Harvester DOT Quict Truck with sealed exbaust leaks and larger wrapped mufflers reduced
the shell noise enough 1o reduce the total exhaust nojse level to ahout 70 dBA [16], The addi-
tion of a partial engine enclosure reduced the shell noise on the Freightliner DOT Quict
Truck with sealed exhaust leaks [14]. With an exhaust outlet level of 66 dBA using available
mulflers, the total exhaust level would be approximately 70 dBA. In genersl, these results
are in agreement with comments made by {ruck manufacturers,

An exhaust manifold muffler, larger wrapped muiflers, stack silencers, partinl engine
enclosure and exhaust joinl seals were suffient to reduce the exhuust noise on the Freight-
liner DOT Quiet Truck enough to allow the everall truck noise level to be reduced to 72 dBA
[15]. This level is low enough to comply with the 75-dBA regulation and allow for 2 3 dBA
tolerance, The exhaust system treatments used on the Freightliner DOT Quict Truck are
similar to the treatments supgested by General Molors for trucks to comply with the 75-dBA
regulation. General Motors was the only contributor to offer comments on the required
exhaust treatment for the 75-dBA regulated truck, Al of the diese] trucks considered by
GM were assumed to be equipped with two-stroke naturally-aspirated engines, which consti-
tute a minority of the diesel engine population and in generai have higher unmuffled exhaust
noise levels than four-stroke and/or turbocharged diesel engines [6]. As pointed out by
General Motors, double wall larger exhaust piping will be needed to reduce shell noise, par-
ticularly for two-stroke dicse] engines,

Turbocharging diesel engines wili help reduce the exhaust noise by around 5 to 10 dBA
[8), since the exhagst gases are passed through the turbocharger. If the engine in the Inter-
national Harvester DOT Quict Truck had been turbocharged, the difficulty with reducing
exhaust noise leve] would have been eased. In their comments, General Motors added that
turbocharging increases engine efficiency and ease of meeting exhaust emission stundards,
Therefore, turbocharging will probably become more widely used and may become a part of
the most cost effective method of reducing exhaust noise in order to comply with the 75-dBA
regulation. Altheugh there is little data to support the claim by GM that turbocharging will
be required on 21l 75-dBA regulated trucks, it may be used on most of them.

In the preamble 1o the proposed regulations, it was stated that exhaust shell noise is low
enough that very few trucks will require exhaust shell noise treatment in order to reach levels
low enough to comply with the 83-dBA regulation, In both the International Harvester and
Freightliner DOT Quiet Trucks, some treatment of the exhaust shell noise was required 1o
reduce the truck noise level to a level low enough to comply with the 83-dBA repulation,
Therefore, the statement in the preamble appears to be incorrect, as pointed out by the
Department of Trunsportation. However, it should be noted that the shell noise levels given
by DOT in their comments are for the International Harvester DOT Quiet Truck which had a
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two-stroke diesel engine. In general, two-stroke diesel engines have higher exhaust noise levels
than four-stroke diesel engines. Therefore, the levels quoted by DOT should not be considered

as representative of all diese! engines,

Data on exhaust outlet noise levels for existing trucks with four-stroke diesel engines [6]
shows that DOT is correct in commenting that mufflers are avaidable which reduce outlet noise
to 75 dBA or below, The experience on the International Harvester DOT Quiet Truck with

available mufflers on a two-stroke diesel engine [ 16] alse supports the comment made by DOT.

Action In Response to Public Comment: Corrections have been made in response to com-
ments by DOT on exhaust shell noise and available exhaust mufflers,

A-4.3.3 Engine

Identificarion: The Ford Motor Company (A-2.1.3.20 and A-2.1.3,11) predicted that for the
83-dBA regulation engine-noise shields will be needed and that some of the noisier engines
will no longer be usable, For the 80-dBA regulation, full encapsulation for diesel engines and
noise shields for gasoline engines will be required, according to Ford (A-2.2.3,12), Ford also
claimed that internal engine maodifications will be needed for the 80-dBA regulation. Gen-
eral Motors (A-2,1.5.8) commented that engine noise barriers will be required for many
diesel trucks to meet the 83-dBA regulation, For the 80-dBA regulation, full underpans and
absorptive materia) will need to be added and engines will need internal modifications, The
engine modifications will include barrel-shaped, tight-clearance pistons to control piston slap
which is the major source of diesel engine noise, according to General Motors (A-2,1.5.10),
To meet the 75-0BA regulation, General Motors (A-2.1.5.8) claimed that diesel engines will
need to be modified, turbocharged and fully encapsulated, General Motors added that en-
gine nojse side-shields will be required for gasoline frucks to mecet the 75-dBA regulation.

International Harvester (A-2,1.6.8) commented that engine noise shiclds will be re-
quired for the 83-dBA regulation, Mack Trucks, Inc, (A-2,1,7.7) claimed that the 80-dBA
regulation may require the encapsulation of some engines and removal of the noisier engines.
The 75-dBA regulation will require the elimination of a majority of existing diesel engines
and the encapsulation of the few which remain, according to Mack Trucks, The Donakison
Company (A-2,2,2.6) asserted that many engines will require partial enclosures to meet the
BC-dBA regulation and alt will require full enclosures to meet the 75-BA regulation, The
American Trucking Associations, Inc, (A-2.3.1.4) stated that major engine redesigns will
probably be’required in order to obtain the engine noise reductions necessary to comply

with the proposed regulations,
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Discussion: LEI'A has shown that an engine noise level of 77 dBA should be low enough to
allow compliance with the 83-dBA regulation [13]. Using the maximum noise levels for gaso-
line engines and |2 diesel engine models, treatments necessary to reduce engine noise to 77
dBA was derived [13]. The results of this study show that gasoline engines would not require
noise treatment [13]. Without internal modifications to the engine, side shields, which pro-
vide 2-4 dBA attenuntion, may be uscd on 68 percent of existing diesel engines [13]. Side
shields and an underpan may be used in 32 percent of the diesel engines [13]. Side shields
and underpans provide 410 dBA sttenuation [17]. These comments are in general agree-
ment with those received from the public, When the Ford Motor Company claimed that
certain engines will no longer be usable in trucks complying with the 83-dBA regulatory

level, we believe they were not referring to a matter of technological unfeasibility, but rather
to g question of ecanomic effectiveness, Certain noisy engines may be adequately quieted

by use of engine kits, side shields or enclosures. However, it is probably more responsive to
the market demand to avoid using these engines and offer quicier ones in their place,

For the 80-dBA repgulation, the reduction of enging noise to 73 dBA shouid be sufficient
[13]. None of the existing truck engines have noise fevels 73 dBA or below [8], Gasoline
engines should require side shields to reach 73 dBA, Side shields should be adequate for 23
percent of the present population of new diesel engines [13]. Underpans and side shields may
be required for 62 percent of existing diesel engines and 17 percent of new diesel engines
may require partial enclosures [13], Maximum noise levels for existing engines have been
used in predicting the required engine treatment, The engine noise levels used in the
background document to the proposed regulations [8) are in error. It was incorrectly as-
sumed that the engine noise levels were for engines outside the truck cab. The presence of
the cab provides at least 2 dBA attenuation which resulted in estimates of in-truck engine
noise levels that were low by approximately 2 dBA. This error has been corrected and the
additiona] engine noise treatment provided.

Since it is likely that some reductions in diesel engine noise will be achieved, it appears
thal the comment made by the Donaldson Company, that many engines will require partiai
enclosures s an overstatement, The full engine encapsulations called for by the Ford Motor
Company and the Mack Truck Company to meet the 80-dBA reguiation should not be re-
quired for any of the existing diesel engines. The use of underpans and side shields, along
with modifications to the engine, as suggested by the General Metors Corporation, will prob-
ably not be needed on most trucks for the 80-dBA regulation,

General Motors Corporation is correct in commenting that piston slap is a major source
of diesel engine noise, However, it should be noted that other sources, such as combustion,
fuel injection equipment, valve trains, gearing and accessories, also contribute to engine noise
[11], In addition, investigations on engine noise reduction have resulted in reductions of 9
dBA and that most of the reduction in this investigation appeared to be due to the use of
covers and isolating components, When costs are considered, the use of covers, shields and
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isolating components is the most attractive solution to engine noise reduction [10]. There-
fore, the reduction of piston slap should not be considered as the only effective method of
reducing engine noise,

For the 75-dBA regulation, an engine noise level of 68 dBA should be low enough {13],
In order to reach this level, most diesel engines will require ful] or partial enclosures. Some
af the noisiest of the present diesel engines may require quiet kits in addition to enclosures
[13]. Presently-available gasoline engines may require side shields and underpans to reach
engine noise levels of 68 dBA or below [13]. General Motors Corporation predicted that side
shiclds would be sufficient. The treatments presented here for the noisiest of existing diesel
engines are in general agreement with those suggested by General Motors Corporation for
all diesel engines. It should be noted that all of the diesel engines considered by General
Motors were two-stroke. Two-stroke diesel engines have engine noise levels at least 4 dBA
lower than the noisiest existing engines [ [3]. The 75-dBA regulation should not force the
elimination of a majority of diesel engines, as indicated by Mack Trucks, since techniques for
reducing the noise from existing diesel engines to 68 dBA are available, Redesign of diesel
engines and the addition of covers and isolated components will probably eliminate the need
for ful] encapsulations on many trucks. The Donaldson comment that all diesel engines will
require full encapsulation is probably pessimistic.

In their comments, General Motors added that turbocharging increases engine efficien-
cy and helps to meet exhaust emission standards, With the increased concern recently over
fuel conservation and control of air emissions, the use of turbochargers on diese! engines will
become more attractive for reasons not related to noise reduction, Therefore, when fue) say-
ings and the control of air and noise cmissions are all considered, the use of turbochargers
could be incorporated by most engine manufacturers to meet the 75-0BA regulation.

On the Freightliner DOT Quiet Truck, the use of a partial enging enclosure, isolated-
mass engine mounts and an engine quiet kit was sufficient to reduce an initially noisy engine
(84 dBA) to a level low cnough to allow an averall level of 72 dBA to be reached [15). There-
fore, trucks with initially noisy engines can be quieted enough to comply with the 75-dBA
regulation, 1t is not likely that the 75-dBA regulation will force the elimination of a majority
of diesel engines as clzimed by Mack Truck Company.

Although engine redesigns will probably not be required to meet the proposed regula-
tions, 4s suggested by the American Trucking Associations Inc.,, redesigning diesel engines
and adding covers and isolated components will probably be a cost effective method of re-
ducing engine noise. The demand on engine manufacturers for quiet engines by truck manu-
facturers will encourage the quieting of many of the present diesel engines and the introduc-
tion of some new quieter models.

Action in Response to Public Comment: No further action has been taken.
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A-4.3.4 Air Intake System

fdentification: The Ford Motor Company {A-2.1.3.12) claimed that treatment of air intake
systems will probably be required for diesel trucks to meet the 80-UBA regulation. For the
75-dBA regulation, General Motors (A-2,1.5.8) predicted that air-cleaner silencers will be
needed on some digsel trucks. International Harvester Company (A-2.1.6.8) asserted that
extensive redesigns of air intake systems will be required to meet the 83 dBA regulation.

Discussion: The noise levels for the air intake systems lor the unquieted DOT Quiet Tricks
were as lollows: Freightliner — 62 dBA [15], Internationual Harvester — 72 dBA [16],

and White — below 65 dBA [18]. Changing the rain cap on the International Harvester DOT
Quiet Truck reduced the air intake noise to 69 dBA [16]. An air intake system noise leve] of
69 dBA should be adequate for trucks to meet the 83- or 80-dBA regulations [13]. Thus, it
appears that no significant changes from current practices for air intake treatment is needed
for the 83- and 80-dBA regulations.

For the 75-dBA regulation, the noise from air intake systems will need to be reduced
an additional 4 dBA to 65 dBA on most trucks. The air intake silencer used on the Inter-
national Harvester DOT Quiet Truck reduced the air intake noise by 4 dBA [16]. Therefore,
General Motars is correct in commenting that some trucks will require an air intake silencer
to meet the 75-dBA regulation.

Action it Response to Public Comment: No further action has been taken,

A-4.3.5 Other Sources

Identification: The White Motor Corporation (A-2.1.10.4) commented that other noise
sources in trucks yet to be measured or treated will need treatment in order to comply with
lower regulatory levels. General Motors Corporation (A-2,1.5.17) claimed that tire and nero-
dynamic noise (65-73 dBA), axle noise (up to 78 dBA), truck frame radiation (up to 70 dBA),
truck cab radiation {up to 65 dBA)and transmission noise (up te 77 dBA) must be treated in
addition to engine, cooling, exhaust and air intake systems in order to comply with the 75-
dBA regulation. According to the Cummins Enginé Company (A-2.2.1.4), transmission noise,
with an average level of 75.5 dBA, and chassis noise, with an average level of 70 dBA at 30
mph, will need treatment for the 75-dBA regulation,

Discussion: Some data on source levels, and treatments of noise from sources other than en-
gine cooling, exhaust and ajr intake systems are available to deal with these points. The noise
level from the rear axle reported for the Freightliner DOT Quiet Truck was 58 dBA [14], The
petk tire and aerodynamic noise was 62 dBA [14]). These levels are lower than those given
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by GM. No treatment of the rear axie or tires was required on the Freightliner DOT Quiet
Truck to quict it toa level of 72 dBA,

The treatnent of noise riadiated from the transmission, truck frame and cab s included
on the Freightliner DOT Quiet Truck, The partial enclosure covered the transmission. In
their response to the proposed regulations, General Motors Corporation also inclucled the
transmission inside enclosures, The isolated-mass engine mounts reduced the transmission of
structure-borne noise to the truck frame and cab, reducing the noise radiated by the frae
and ceb, Special vibration mounts for the engine were considered by GM in the treatments
for the trucks. 1t appears that Genern] Motors is corfect in stating that in some trueks, treat-
ment of the transmission, truck frame, and cab will be required to comply with the 75-dBA
regularion. However, effective treatment of these sources has been demonstrated.

Action in Response to Public Comment: No Turther action has been taken,

A-4.4 DESIGN TOLERANCE
A-4.4.1 Manufacturing and Test Varizbles

fdentification: The Freightliner Corporation (A-2.1.4.3), General Motors Corporation
(A-2.1.5.7), International Harvester Company (A-2.1.6.5), Mack Trucks Inc, (A-2.1,7.5) and
the American Trucking Associations Inc, {A-2,3.1.3) att commented that design targets for
truck manufacturers will need to be 2 to 3 dBA below the regulatory level, The Ford Motor
Company (A-2,1,3,8) claimed that the design target would be at least 3 dBA below the regu-
Jatory level. According to Paccar Inc. (A-2.1,9.1), the design target would be af least 2 dBA
below the regulatory jevel. Denaldson Company (A-2.2.2.4) predicted that a design target of
2 to 5 dBA below the regulatory level would be necessary, The Department of Transporta-
tion (A-2.5.4.10) claimed that a design tolerance of 4 d BA would be needed; 2 dBA to ac-
count for the variation in the measured noise leveis for trucks of the same confipuration

and 2 dBA to account {or design uncertainties.

Discussion: In the EPA analyses of the technology, costs of compliance [ 13], and benefits to
the public health and welfare (2] it is assumed that medium and heavy trucks will be de-
signed and built with median measured noise levels approximately 2,5 dBA below the regu-
latory tevel, The 2,5 ¢BA figure agrees with most of the comments received from truck
manufacturers and is believed to be accurate,

Action in Response to Public Comment: A design target of 2.5 ¢dBA below the regulatory
level has been included in the assessments of the required noise reduction technology, and
the benellts and costs associated with various regulatory options for medium and heavy
trucks.
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A-4.4.2 Degradation of the Effectivencss of Treatment

Identificarion: Paccar Inc, (A-2.1,9.2) and The White Motor Corporation (A-2,1.10.3) com-
mented that there is o lack of information on the degradation of the perlormance ol noise
reduction hardware with time, Paccar Inc. (A-2,1,9.2) and The Cummins Engine Company
(A-2.2.1,1) indicated that little information exists on the changes in engine noise levels with
age. Mack Trucks (A-2,1.7.06) claimed that it is impossible to determine the design noise
levels necessary to compensate for any increases in noise levels over the “useful life™ of the
truck. According to the Chrysler Corporation (A-2.1.1.3), it is not possible to determine
the acceptable design ranges on the parameters for devices which control noise over the use-
ful life of trucks. The Automotive Exhaust Systems Manufacturers Committee (A-2.6.3.1)
pointed out that there is little data on the useful life of an exhaust system and that the acqui-
sition of enough data to determine the useful life of an exhaust system would not be techni-
cally feasible. The Department of Transportation (A-2.5.4.15) commented that the slight
decrease in the noise with age observed on the International Harvester DOT Quiet Truck
could be partly attributed to careful maintenance.

Discussion: This issue will have an impact on the design targets set by truck manufacturers
if the “useful §ife™ provision in the proposed regulations is included in the final regulation.
With this provision, the manufacturers will have to allow for deterioration of noise abate-
ment equipment with age in designing and building trucks so that the trucks comply with
the regulatory level during its “uselui life.”

There are two potential sources of data on the degridation of the performance of noise
control equipment with age. The first is the DOT Quiet Truck Program in which three quieted
truck models (Freightliner, International Harvester and White) have been placed into line-haul
service for approximately | year. An increase in the overall noise level of about 2 dBA
was reported for the Freightliner truck [19), However, purt of the increase may be
attributed to the replacement of the eriginal underpin with one of a different design
and overfueling caused by the uncalibrated fuel delivery system. Reports dealing with
the other eight DOT Quiet Trucks (four International Harvester and four White trucks)
have yet to be published.

The second potential source of data on the degradation of noise abatement treatment is
the experience of the owners of trucks that comply with eXisting State or local new truck
regulations. In California, a not-to-exceed 83-d BA regulation on the noise emissions from
new trucks with s CVWR of over 6000 pounds became effective on January 1, 1975, This
has not allowed sufTicient time for useful degradation data to be obtained. The 86-dBA reg-
ulation (in effect for somme time in California) has not required the application of extensive :
noise treatment, so that little degracation data is available from 86-dBA regulated trucks. .
Therefore the comments concerning the lack of information on degradation of noise abate-
ment and the changes in noise levels with age appear to be correct.’ It is difficult, therefore,
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for truck manufucturers to set design targets which taken into account the “‘useful life” pro-
vision in the proposed regulations,

Action in Response to Public Cominens: The “usetul lile™ requirement has been omitted in the
final regulations, However, EPA intends 1o include o “useful life” requirement in the future and
has reserved a section in the regulations for incorporation of a *useful life' in the future.

A-4,5 AVAILABILITY OF THE TECHNOLOGY REQUIRED FOR COMPLIANCE

Comments which deal in general with the availability of the required technology for
compliance to the proposed regulations are treated separately from the comments which treat
the adequacy of the Freightliner DOT Quiet Truck as a demonstration of the technology re-
quired to comply with the 73-dBA regulation,

A-4.5.1 General Availability of Technology

Identification: Several comments were received concerning the availability of the technology
required for compliance with the proposed regulations, The following commentors claimed
that the required technology is not available or has not been demonstrated for all trucks:
Chrysler Corporation (A-2.1.1.1), Ford Moter Company (A-2.1.3.5), General Motors Corpor-
ation (A-2,1,5.15), Internationa) Harvester Company (A-2,1,6,7), Oshkosh Truck Corpora-
tion (A-2.1.8.1), Paccar Inc., (A-2.1.9.3), Schwitzer (A-2,2.6.2), W, 8. lHatch Company
{A-2.3.4.1), The Department of Transportation (A~2.5.4.11), Chamber of Commerce
(A-2.6.4.2) and Motor Vehicle Manufacturers Association (A-2.5.4.11), Comments by the
Friends of the Earth and Sierra Club (A-2.4.4.2) and George Wilson (A-2.4.6.1) claimed that

the required technology is available.

Oshkosh Truck Corporation, Paccar Inc., Schwitzer, and the U.S, Chamber of Commerce
did not provide supporting evidence for their claim that the technology is not available. The
Motor Vehicle Manufacturers Association added that EPA has not met the statutory require-
ment to take into account the best available technology in setting regulations on noise emis-
sions. According to W, S, Hatch Company, the regulations should not be promulgated until
equipment has been developed that can be used in meeting the regulations,

Chrysler Corporation claimed that medium diesel trucks are the most difficult to quiet,
since medium-duty diese] enpines are noisier than heavy-duty engines, and that no medium
diesel trucks Have been built that comply with the 75-dBA regulation. According tothe Ford
Motor Company (A-2.1.3.7), vehicle testing indicates that truck noise levels approaching 77
dBA cannot be reached. A level approaching 77 dBA would be required to comply with the
80-dBA regulation. The Department of Transportation and the Donaldson Company {A-2.2.2.5)
claimed that the available information is not sufficient to assure that technology for compli-
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ance with the 75-dBA regulation is available, since only one of the three attempts in the DOT
Quict Truck Progrom to reach truck noise levels hefow 75 dBA was successful. General
Motors commented that the technology to mass-produce trucks which comply with the 75-
dBA regulation is not available. Ford Motor claimed that *off-the-shell™ hardware does not
exist that will produce the noise reductions necessary to comply with the 80- or 75-dBA
regulation. The technology to meet the 80-dBA regulation does not exist for a full truck
line, according to International Harvester, because a 2 and 3/4-year lead time is required to
redesign each truck model and a Tull set of reliability tests is needed for each track model,

The Friends of the Earth and Sierra Club {A-2.4.4.1) cluimed that sufficient technology
is available to comply with the proposed regulations and that the lead time for the 80-dBA
regulation could be shortened by one year, They also commented that research in this
country, as well as in England and Germany, has clearly shown that the 75-dBA regulation
can be attained with availuble technology., Walker Manufacturing (A-2,2.7.1) added that the
technology for exhaust systems would permit shorter lead times. Gearge Wilson, a consult-
ant in acoustics and noise control, commented that the technology is available for the 75-
dBA regulation and added (A-2.4.6.2) that General Motors claimed that they would have no
prablem in meeting the 80-dBA regulation proposed by the State of California. The City of
Chicago (A-2.5.2.1) commented that the results from the DOT Quiet Truck Program indi-
cated that a 75-dBA regulation can be met,

Piscussion: Tt is believed that the technology to bring medium and heavy trucks into com-
plicance with regulatory levels as low as 75 d BA has been demonstrated as being available as
asserted by Friends of the Earth and Sierra Club, and George Wilson. EPA has shown that
the technology to comply with the 75-dBA regulatory level has been demonstrated, and
thereby has met the statutory requirement on available technology. Demonstrated tech-
nology to quiet each major truck noise source enough to allow trucks to comply with the
75-dBA regulatory level is discussed in Section 5 of this document.

Promulgating the regulations after noise treatment equipment necessary for compliance
to the proposed regulations has been made available for all truck models, as suggested by
W. 8. Hatch Company and the Ford Motor Company, or as implied in comments by General
Motors Corporation, after the mass-production of regulated trucks has been demonstrated,
is not recommended since without the regulations, the production of noise treatment equip-
ment and quiet trucks may be substantially delayed, The demonstration of the availability
of the technology for the development of such hardware is sufficient.

The lollowing factors may be partly responsible for the fact that the noise levels of the
final configurations of the International Harvester and White Motors DOT Quiet Trucks were
not as low as the 72 dBA level of the final configuration of the Freightliner DOT Quist Truck.
In many cases, these [actors involved policy decisions and do not represent limitations on
achievable noise reductions.
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The goul for the lowest overall noise level (the “Reduced Noise Floor Goal™) lor
thie White Motors truck was 77 dBA [18].

International Harvester and White Motors did not use a manifold muffler in the
exhaust system. The technology for the manifold mufiler used by Freightliner
was Ueveloped colicurrcntly to the quieting programs by International Harvester
and White Motors and was not available for application on the International
Harvester and White Motors trucks, The manifold muffler used on the final
configuration of the Freightliner truck had an insertion loss of approximately 7
dBA14].

International Harvester did not increase the size of the cooling fan. [ncreasing the
fan size would have probably permitted the fan speed to be reduced without a loss
in cooling capacity. A larger raciator may have been needed to accommodate a
Jarger fan, which may have required modifications to the cab.

Although White Motors did explore the use of a larger fan, they did not optimize
the fan to radjator distance or increase the cooling efficiency of the radiator,
These techniques permitted (an noise reductions ol approximately 4 and 2 dBA,
respectively, on the International Harvester truck [12].

International Harvester [20] and White Motors [18] used close-fitting engine
covers and partial engine enclosures scparately, whereas Freightliner used both
techniques simulianeously on a single truck to quiet engine noise [13].

Less absorbing material was used by International Harvester and White Motors
inside their partial engine enclosures than was used by Freightliner in their
enclosure. International }arvester used a 1-jnch thick layer of absorbing mate-
rial [20], where the layer thickness was 2 inches on the Freightliner truck [14].
White Motors used absorbing material on the underpan only [18). Absorbing
material was used on other parts, as well as the underpan, on the other DOT Quiet
Trucks,

These factors indicated that it should be possible to further reduce the noise levels of the
International Hurvester and White Motors DOT Quiet Trucks. Therefore, the fact that these
trucks did not achieve levels below 75 d BA should not constitute evidence that technology
is not available for compliance with the 75-dBA regulation,

The results from tests performed in the DOT Quiet Truck Program contradict the asser-

tion muade by the FFord Motor Compuny that results from tests indicate that truck noise levels
approaching 77 dBA cannot be reached. As stated above, an SAE J366b test level of 72 dBA
was obtained by one of the participants in the DOT Quiet Truck Program,
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The Chrysler Corporation is correct in commenting that no prototype medium diesel
truck has been built to meet 8 75-DBA repulation, The population-weighted average of the
engine noise levels provided by truck manulacturerss for mediunmeduty diesel engines [13] s
about 82.5 dBA under SAE J366b test conditions for the engines installed in the truck., For
heavy-duty diesel engines, the population-weighled average noise level is also about 79.5 dBA,
[13]. Therefore, the Chrysler Corporation is correet in comnienting that medium-duty diesel
engines are on the average noisier than heavy-duty engines. However, the noisiest of avail-
able medium-duty diesel engines is only | dBA noisier than the heavy-duty diesel engine used
in the Freightline DOT Quiet Truck. The engine in the Freightliner truck initially had a
noise level of 84 dBA [15]. General Motors has indiceted that it should be possible to reduce
engine noise levels by 1-3 dBA with engine modifications [21], With these reductions, the
engine noise treatments demonstrated on the Freightliner DOT Quiet Truck should be
sufficient to quiet all medium diesel trucks enough to comply with a 75<BA regulatory
level,

The reduction of medium-duty diesel engine noise can alse be considered as follows, A
9 dBA reduction in diesel engine noise was achicved without using encapsulation techniques
[10]. The partial enclosure used on the Freightliner DOT Quiet Truck demonstrated a noise
reduction of 11 dBA. Application of both of these demonstrated engine noise treatments
should be more than sufficient to reduce the noise from the noisiest medium-duty dicsel
engine enough to allow medium trucks to comply with a 75-dBA regulatory level. There-
fore, building a prototype medivm diesel truck which would comply with a 75-dBA regu-
latory level is not necessary to show that technology is available to bring medivm diesel
trucks into compliance with a 75-dBA regulatory level,

All hardware used in the DOT Quiet Truck Program is adaptable to lurge scale produc-
tion. The noise treatment hardware for the exhaust and cooling systems used in the DOT
Quiet Truck Program are “off-the-sheli™ items. The partial engine-transmission enclosures,
isolated-mass engine mounts and exhaust manifold muffler were not “ofl-the-shelf”" items,
However, there is no evidence to indicate that these noise treatments cannot be incorporated
into the mass-production of quiet trucks. Therefore, technology applications upen which
production manufacturing can be based for trucks to comply with a 75-dBA regulation have
been demonstrated and the comment of General Motors Corp. is not correct that
technology is not available to mass produce trucks complying with a 75-dBA regulation,

A major redesign may be required for the inclusion of all of the noisc abatement treat-
ments necessary to comply with regulatory levels as Jow ns 75 dBA. A major redesign, in-
cluding testing prototype vehicles, takes 2-3/4 years according to comments made by the
International Harvester Company. The Jead time for the 80-dBA regulatory level in the
proposed regulation is 6 years, and 8 years for the 75-dBA regulatory level, This allows
time to perform majer redesigns of two different models, one at a time for the 80-dBA regu-
lation and three models for a 75 dBA regulation. However, since many models wilt share
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similar types of noise abatement hardware, such as partial engine enclosures and larger fans
and mufTlers, the basic design changes will be similar so that several models could be rede-
signed simultaneously with only differences in detail, The lead times for the 80-dBA and 75-
dBA regulatory levels in the proposed regulations should be adequate, if the truck manufac-
turers utilize as much of the available time as possible.

Action In Response to Public Comment; The technology required for compliance to the pro-
posed regulations has been demonstrated as being available, Therefore, the availability of
technology did not require that the regulations be relaxed from those proposed.

A-4.5,2 Freightliner DOT Quiet Truck

fdentification: Six truck manufacturers {Chrysler, Ford, Freightliner, General Motors, Inter-
national Harvester, and Mack) claimed that the results from the Freightliner DOT Quiet Truck
do not adequately demonstrate that the technology is available to build trucks which comply
witha 75-dBA regulation.

Chrysler Corp. (A~2.1.1.1) claimed that, since the Freightliner DOT Quiet Truck was
measured at 75 dBA, it will not comply with a not-to-exceed 75-dBA regulation. Mack
Trucks Inc. (A-2.1.7.8) commented that the Freighttiner truck was a cab over the engine
truck and that such trucks are quieter than similarly equipped trucks with conventional cabs.
Freightliner (A-2.1.4.5), General Motors (A-2.1.5.9), and International Harvester (A-2.1.6.6)
indicated that the Freightliner truck was easier to quiet because the cab had an engine com-
partment designed for larger engines. More space was available for an engine enclosure and
larger radiatars than is available on most production heavy diese] trucks, Therefore, it is
necessary to demonstrate that the 75-dBA regulation can be met on trucks with less space in
the engine compartment, according to Freightliner, General Motors, and International Har-
vester. In addition, International Harvester claimed that the fundamental design criteria
was compromised because the engine cooling in the final configuration was not adequate,
Freightliner (A-2.1.4.4) added that the straight-ribbed tires used on the final configuration
of the Freightliner DOT Quiet Truck were not suitable {or highway use, Ford Motor Com-
pany (A-2,1.3,6) claimed that the Freightliner truck was involved only in line-haul service
which is probably not the most severe type of operation. Therefore, evidence has not been
provided that trucks quieted enough to meet a 75-dBA regulation can also meet reliability
requirements under all typical service conditions,

Discussion: The final configuration of the Freightliner DOT Quiet Truck was measured at
72 dBA by Freightliner personnel with the cooling fan on and at 71 dBA by the Catifornia

Highway Patrol with the fan off [15]. The test site in both measurements had a hard surface
between the truck and measurement point, The truck was prepared for fleet operation, and
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the measurements were conducted according to SAE J366a test procedures, Theretore, the
Freightliner truck would be in full compliance with a not-to-exeeed 75-dBA regulation. A

3 dBA design tolerance needed for mass-production is included in the 72-dBA measured level
for the Freightliner truck, The measurement results referred to by the Chrysler Corporalion
were taken from data presented in one of the early reports in the Freightliner DOT Quict
Truck Program |22]. These data were tuken after the application of the initial noise redue-
tion treatment. The final configuration included changes in the exhaust manifold muffler,
engine mounts, engine enclosure (from a full to o partisl enclosure), fan, and exhaust piping
and mufflers, These changes were made to increase the noise reduction at minimum increases

in costs,

Data taken from test trucks numbers 04, {1 and 12 in Reference 23 do not support the
assertion made by Mack Trucks that {rucks with the cab over the engine (COE trucks) are
signilicsntly quieter than similarly-equipped trucks with a conventional cab, Truck 04 had a
conventional short-nose cab with a SAE 1366b measured noise level of 88 dBA. Trucks 11
and 12 had a cab over the engine and noise levels of 86.5 and 88 dBA, respectively, These
trucks all had similar Cummins diese] engines and single vertical exhaust systems, This limited
amount of published data on similarly pawered COE and conventional trucks is not sufficient
to verily that the COE style will make a truck quieter, However, there is little reason to be-
lieve that a larger data base would show significant differences {greater than 2-3 dBA) be-
tween similarly equipped COE trucks and conventional trucks, since noise characteristics of
the dominant sources of noise {engine, fan and exhaust system) would be essentially the same
for both cab styles,

Of more importance to the general issue of the availability of required technology for
compliance than differences in cab style is whether the Freightliner DOT Quiet Truck was
initially noisier than most trucks, The initial noise level for the Freightliner truck was 88
dBA[15]. This level is higher than about 95 percent of the 384 sampled new diesel trucks

given [6],

Freightliner, General Motors and International Harvester are correct in pointing out that
the cab in the Freightliner DOT Quiet Truck had an engine compartment designed for larger
engines so that more room wis available for noise treatment than that available on many new
production trucks, In fact, the Freightliner model was selected because of the added space
available in the engine compartment, designed to accommodate up to a 650-harsepower
diesel engine, and a radiator with a frontal area of 2000 square inches. One of the objectives
of the DOT Quiet Truck Program was to apply available noise abatement technology to heavy
diesel trucks to reduce the noise levels to the lowest practical level. Selecting & model with a
smaller engine compartment may have required modifications to the cab and may have cost
the program more without changing the noise abatement technology required to meet the 75-
dBA goal.
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If the cabs of new trucks are redesigned, the same principles of noisc abatement, such as
attenuating engine noise with shields or enclosures and absorptive material, muffling the ex-
haust, attenuating the radiated noise from exhaust piping and mufflers and providing slow
specd fans in the cooling system, could be used to obtain noise reductions similar to those ob-
tained for the Freightliner DOT Quict Truck, In other words, the nojse abatement technology
demonstrated on the Freightliner truck is representative of the available technology and is
applicable to all trucks, if some truck cabs are modified to accommodate larger engine com-
partments and radiators. Cab redesign is possible with available technology., Therefore, the
question becomes one of the necessary lead time to modify truck models in time to comply
with the proposed regulations. This question is addressed in Section A-4.5,1.

Intemational Harvester is correct in commenting that the engine cooling capaciry on the
final configuration of the Freightliner DOT Quijet Truck was below specilications, The air-
to-boil temperature of the final configuration was 1 21°F under full-power at 15 mph [15],
The factory tecommended air-to-boil emperature is 125°F, Therefore, the air-to-boil tem-
perature of 121°F lor the final configuration of the Freightliner truck was not & serious com-
promise in the fundamental design criteria. No attempt was made to improve the cooling
efficiency of the radiator in the final configuration of the Freightliner truck so that the re-
maining cooling capacity of 4°F in airto-boil temperature could probably be obtained by
improving the efficiency of the radiator, However, the cooling was believed adequate. In
100,000 miles of line-hau! service, the Freightliner truck encountered no engine cooling prob- '
lems, [19] !

Freightliner Corperation is correct in commenting that the tires on the final conligura-
tion of the Freightliner DOT Quiet Truck were not suitable for highway use, The tires used
on the final configuration were 10.00 X 22 General HCR straight-ribbed tires [15]. How-
ever, for the tests conducted by the Calilfornia Highway Patrel, the Freightliner was equipped
with General Power Jet 11.0 X 24.5 tires on the front and General DCL 11.0 X 24,5 tires on
the rear [15]) which are conventional-ribbed tires suitable for highway use. If conventional-
ribbed tires had been used during testing of the Freightliner truck, the overall noise levels
would not have been significantly affected since the noise levels from new ribbed tires are
usually less than 65 dBA at the vehicle test speed of approximately 25 mph used during the
tests on the Freightliner truck {7].

The comment made by Ford Motor Company that the Freightliner DOT Quict Truck
was involved only in line-haul setvice is correct, Ford Motor is also correct in peinting out
that the Freightliner truck has not demonstrated the reliability of trucks regulated at 75 dBA
in all types dof services, Adequate lead times are provided in the proposed regulations for
manufacturers to conduct the necessary reliability tests. There is no reason to believe that
the technology demonstrated to be reliable on the Freightliner DOT Quiet Truck could not
be adapted to trucks involved in other types of services without serious losses in reliability,
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Aetion in Response to Public Conpnent: The Freightliner DOT Quiet Truck is accepted by
LEPA as o demonstration of available technology for quieting medium snd heavy trucks to
noise levels low enough to comply with a 75-dBA regulation.

A-4.5.3 Performance Compromises

Idenification: Ford Motor Company (A-2.1.3,5) commented that “off-the-shelf” hardware
does not exist which will produce the noise reductions necessary to comply with the 80~ or
75-dBA regulation, meet reliability requirements and not reduce truck performance, Ford
Motor Company (A-2.1.3,9) added that high backpressure in exhaust systems is associated
with high noise reduction and reduced engine performance.

General Motors Corporation made the following comments on the perforiance compro-
mises associated with the noise treatments needed to comply with the proposed regulations.

1. The technology is not available to manufacture engine noise barriers which satisfy
durability requirements and are easy to install and remove (A-2.1.5.11).

2, The durability of packed mufflers, tight-clearance pistons, new engine mounting
systems and absorptive materials in engine compartments is not known (A-2.1,5,14

and A-2.1,5.18),

3.  The encapsulation of engines will cause increases in engine compartment temper-
atures from approximately 100°F to 200° F, which may affect the durability of
some engine mounted components and create a fire hazard (A-2.1.5.19),

Discussion: The development and production of “off-theshelf™ noise treatment hardware
witl probably not occur until after the regulations are promulgated. The technology to de-
sign and manufacture the noise treatment hardware necessary to comply with the proposed
regulations and satisly reliability requirements is believed to exist. There may be some re-
ductions in truck performance caused by increases in weight produced by the addition of
noise treatment hardware, However, increases in performance will be associated with some
noise treatments, such as fun ¢lutches and turbocharging diesel engines.

Although some increase in backpressure was experienced in reducing exhaust noise on
the Freightliner and International Harvester DOT Quiet Trucks, the buckpressure for the ex-
haust systems on the final configurations was within specified limits, The exhaust outlet
noise was reduced by 16 dBA on the Freightliner truck with an increase in backpressure
from 4.5 to 7.0 inches of water F14]. The average backpressure for the baseline Freightliner
truck model is 12.0 inches of water {15].
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On the International Harvester DOT Quiet Truck, the exhaust outlet noise was reduced
by 11.5 with an increase in backpressurc from 23 to 45 inches of water [ 16]. The higher back-
pressure was within the limits specified by the engine manulacturer [ 16]. Therefore, some in-
creases in back pressure may occur with reductions in exhaust noise, however it shoull be
possible to maintain the back pressures for treated exhausts within the limits specified by
engine manulacturers.

The Freightliner DOT Quiet Truck has been operated in line-haul service. In the first
100,000 miles of service, the serviceability has been good, the noise treatment hardware has,
in general, performed well and no vnusual maintenance problems were encountered [24].
The Freightliner truck is equipped with special engine mounts, packed muiflers, and a par-
tial engine enclosure comprised of engine noise shields with absorptive materjal. Therefore,
the experience with the Freightliner truck indicates that special engine mounts, packed mui-
flers, engine noise barriers, and absorptive materials, which will satisfy maintenance and dura-
bility requirements, can be built,

No reliabie data on the durability of engines with tight-clearanee pistons used to reduce
engine noise js known, Therefore, the comment on the subject made by General Motars 2p-
pears to be correct. However, the need to use tight-clearance pistons may not be required in
order to comply with the proposed regulations {see Section A-4.3.3).

Engine encapsulation should increase the engine compartment temperatures, even when
adequate liquid cooling is provided for the engine, since the cooling provided by the air lfow
over the engine may be reduced by encapsulation, However, the increase in temperature
should be less than the 100°F as indicated by General Motors since engine compartment tem-
peratures in current production trucks may often reach more than 100°F, It should be pos-
sible o provide adequate cooling inside engine encapsulations by means of lined ducrts and
ventilating fans to minimize unusual heat damage to engine components and maintain ade-
quate reductions in engine noise levels. It may also be possible to mount heat sensitive en-
gine components outside the enclosure.

In the International Harvester DOT Quiet Truck program, some concern was expressed
about the fire hazards produced by oil saturated absorptive material located close to the
engine [ 20). These materials could be placed away from the engine on the engine compart-
ment walls or noise barriers and covered with a thin film to prevent the maierial from becom-
ing saturated with oil, The avoidance of the use of absorptive material in underpans should
also decrease fire hazards, These techniques were used in the partia] engine enclosure on the
Freightliner DOT Quiet Truck. So far, no fires have been reported on this truck in current
field tests, [[9]

Action in Response to Public Connnent: No furthier action has been taken.

A4-21

e b b b s e ——— o e



A-4.5.4 Tire Noise Reduction

Tdentification: Genera) Motors {A-2.1.5,16) and Donaldson Co. (A-2.2.2.3) commented that
the technology to reduce tire noise much below the present levels is not available, The State
ol Delaware (A-2.5.3.1) claimed that the technology for reducing tire noise was not ade-
quately addressed. Schwitzer Engincering Components (A-2.2.6.1) claimed that tire noise

at freeway speeds cannot be reduced below about 80 dBA. The tire noise level of 77 dBA at
55 mph, used by EPA in estimating benefits, is not attainable by any tires known today, ac-
cording to the Department of Transportation (A-2.5.4.14),

B. F, Goodrich (A-2.2.3.1) suggested that the regulatory levels below 83 dBA be post-
poned until more information is available on quieting truck tires, The American Trucking
Associations Ine. (A-2.3.1.2) claimed that a comprehensive study of the technology of quict-
ing tires and the effect of quieting tires on salety and costs of operation must be compileted
before the regujations should be adopted,

Citizens Against Noise (A-2.4.3.2) claimed that technology is available to produce
quicter tires.

Discussion: The technology for quieting truck tires is not necessary for compliance to the
proposed regulations, Available ribbed tires, suitable for highway use, have noise levels of
approximately 66 dBA at 35 mph when mounted on an unloaded truck [7]. The speeds
during tests will be less than 35 mph so that the noise from ribbed truck tires will be less
than 66 dBA during testing. Tire noise levels less than 66 dBA are generally low enough
to allow trucks ta comply with a 75-dBA regulation

Most of the benefits from the proposed repulations will come from the reduction of low
speed traffic noise, where truck tires are not a dominant source of noise (Section A-3.3.2).
Therefore, the reduction of truck tire noise js not necessary to uchieve significant benefits.

Truck tires may be the subject of future regulatory action by EPA [9], at which timne the
issue of the availability of the technology for the reduction of truck tire noise will be
addressed.

Action in Response to Public Comment; No further action has been taken.
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A-d.6 OTHERISSUES

A-4.6,1 Secord Stage Manufacturers

Tdentification; Rexnord {A-2.2.5.1) and the National Solid Wastes Management Association
(A-2.6,7.1 ) commented thal mounting a mixer on a truck chassis does not materially affect

the truck’s noise emissions.

Discussion; [, when mounting a mixer on a truck chassis, the exhaust sysiem or engine

noise barriers are not modified, the noise emissions of the truck will probably not be signi-
ficantly changed. However, relocating exhaust piping or mufflers, or cutting holes in engine
noise barriers can affecl the noise emissions of a truck. In order to prevent increases in the
noise emissions, it will be necessary to provide careful instructions to the second stage manu-

facturers on the modifications which affect noise emissions.

Action In Response to Public Comment: The responsibilities of the first and second stage

manufacturers for the prevention of modifications which may increase the noise emissions

have been specified in the regulations.

A-4.6.2 Duses

Identification: 'The Department of Transportation (A-2.5.4.9) commented that there is no

fundamental difference in the noise control technology for trucks and buses. This comme
was made in support of including buses in the proposed regulations.

nt

Discussion: Although the fundamental technologies of quicting buses and trucks are similzr,

a separate consideration of the environmental and economic impacts would be required be

fore buses could be included in the new truck regulations, EPA is gathering information for

separate regulatory action on buses,

Action in Response to Public Comment: No further action has been taken.
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Appendix A-5
COSTS OF COMPLIANCE

A-5,1 INCREASES ON TRUCK PRICES
A-5,1.]1 Estimates of Truck Price Increases

Identification; Several truck manufacturers presented estimates of truck price increases for

compliance to the proposcd regulations. Table A-5.1 presents the estimates given by truck
manufacturers.

Ford Mator Company (A-2,1,3,14) included design and development costs and costs
associated with EPA's requirements to document noise-control hardware, According to
Ford, these casts were not included in the EPA estimates. Ford (A-2.1.3.15) also stated
that if 10 percent of the tested trucks were allowed to exceed the regulatory level by 2 dBA,
the price increases would be reduced by more than one-hall, General Motors (A-2,1,5.2])
antd International Harvester (A~2.1.6.10) claimed that the EPA estimates are low because the
EPA estimates were based on regulatory levels and not the design levels which would be 2-3
dBA below the regulatory levels. The increased costs for development and testing, manu-
facturing, tooling, compliance testing, dealer and customer services associated with noise
abatentent equipment were included in the General Motors” estimates (A-2.1.5.25), Generul
Motors (A-2.1.5.23) added that the EPA estimates are outdated, The White Motors Corpor-

ation (A-2,1,10,6) estimates do not include costs for testing, research and development,
engineering, inflation orexcise taxes, According to International Hurvester (A-2,1.6,1 1) and
White Motors (A-2.1.10.7), the increases in truck prices should increase at a much faster

rate as the regulatory levels are reduced. The American Trucking Associations, Inc, (A-2.3.1.7)
claimed that the increases in truck prices will rise ex ponentially as noise levels are reduced,

The Donaldson Company (A-2.2,2,8) claimed that EPA estimates are low by af least 25

percent, The U, §. Chamber of Commerce (A-2.6.4.3) and the American Trucking Associa-
tians Inc. (A-2.3.1.8) commented that EPA estimates were too low, but did not specily by

how much. The costs ol turbocharging diesel engines (A-2.3.1.5) and modifying truck cabs
(A-2.3.1.6) were not included in the EPA estimates, according to the American Trucking

Association. The Associated Generni Contractors of Colorado (A-2.60.2.1) ctaimed that the
E£PA estimates are totally unrealistic,
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Table A-5.]. Estimates of Truck Price Increases Presented by Truck Manufacturers

Regulatory Levels
Truck Manufacturer 83 dBA : 80 dBA 75 dBA
Gasoline Diesel Gusoline Diesel Gasoline Diesel
Chrysler Corp, (2.1.1.4) - $500 - $1200 - -
Ford Motor Co. (2.1,3.14) $163-194 | $514-973 | $700900 ! $1800-2500 -
> Freightliner Corp. (2.1.4.7) - $456 - $ 500-700 . $1000-1200
(%]
th
General Motors Corp, (2,1,5.25) 825 $365 $130 $1090 $350 $4450
International Harvester Co. (2,1.6.10) | - - $583 - $2150 - -
Pacear Inc. (2.1.9.4) - $210-400 - $ 700 - $1400
White Motors Corp, (2.1.10,6) - 8261 - §1307 - -
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The Chamber of Commerce (A-2.6.4.5) asserted that the regulations will cause trucks
to be priced beyond reach, By the time the regulations become elfective, inflation will have
incrensed the truck price according to the American Road Builders Association (A-2,6.1.2).

The Departiment of Transportation (A-2.5.4.16) pointed out that the EPA ¢stimates
were higher than the price increases quoted in the DOT Quict Truck Program. Freightliner
achicved 72-74 dBA at costs of $1400, International Harvester 78 dBA for $1290 and 80
dBA for $516, and White Motors 77-79 dBA for 51307 and 79-81 dBA for $260.

The City of San Francisco (A-2,5.19,1) commented that the trucks are now capable of
obtaining 80-dBA noise levels at reasonable costs. The noise level from a bus was re-
duced from 90 to 81 dBA by retrofitting noise treatment hardware at a cost of $600,

Discussions: The population-weighted average of the EPA estimates of truck price increases
are presented in Table A-5.2 [13). In deriving these eslimates, it was assumed that compli-
ance testing would be conducted with the fan on for trucks equipped with fan clutches, 1T the
fan is permitted to be turned off during testing, lower price increases are expected [13]. The
estimates on Table A-5.2 represent revisions of the estimates given in the Background Docu-
ment to the proposed regulations [8]. The revised estimates are higher than the original
estimates.

Table A-5.2. EPA Estimates of Average Truck Price Increases for Proposed Repulations

Regulatory Levels
Type of Truck 83 dBA 80 dBA 75 dBA
Medium gasoline ... $ 35 $180 § 665
Heavy gasoline .. .. 5135 $280 5 815
Medium diesel ... £426 S865 51624
Heavy diesel ..... 387 §715 S1454

For comparison, EPA and truck manufacturers estimates are presented in Figure A-5.1
for diesel trucks., For the 83-dBA regulatory level, the estimates from Chrysler, Ford,
Freightliner, and International Harvester, are higher than the EPA estimates, For the 50-
dBA regulatory level, the estimates from Chrysler, White Motors, Ford, and International
Harvester are higher than the EPA estimates, The estimates from Freightliner and Paccar
were lower than the EPA estimates, The spread of estimates for the 80-dBA regulatory
level is larger than the spread of estimates for the 83-dBA regulatory level,

Three truck manufacturers (General Motors, Paccar, and Freightliner) made estimates of
truck price Increases for the 75-dBA regulatory level. Only the estimates made by General
Motors exceed EPA estimates for the 75-dBA regulatory level,
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Ford and General Motors presented estimates of price increases for gasoline trucks, The
Ford estimates are higher than EPA estimates for the 83- and 80-dBA regulatory levels. For
the 83-, 80- and 75-dBA regulatory levels, General Motors® estimutes for gasoline trucks are
lower than the EPA estimates, For the 75-dBA regulatory level, the General Motors' esti-
mate is nearly anc-half the EPA estimate,

The differences between the EPA and truck manufacturers’ estimates may be attributed
to differences in the following:

e The noise treatment hardware claimed as necessiry to comply with the regulatory
levels,

e  The estimates of the costs of each unit of noise treatment hardwire,

The difTerences in noise treatments are discussed in Svction A-4,3, There is general agree-
ment on the treatments needed to reduce cooling, exhaust, and air intake system noise,
However, the engine noise treatments clrimed by truck manufacturers as necessary for die-
sel trucks to comply with the proposed regulations are greater than should be needed on most
diesel trucks (Section A-4.3.3). This contributes to the higher estimates given by truck man-
ufacturers.

1t is not possible to determine the extent that estimates of costs for individual noise
treatment hardware contributes to the differences in estimated truck price increases, since
estimuted costs for individual noise treatment hardware were not presented by truck manu-
facturers in their public comments, EPA presented costs estimates for noise control hard-
ware for cooling, exhaust, engine and air intake noise treatment for trucks equipped with
gasoline engines and for trucks equipped with one of twelve dicsel engine models [13]. The
engine models were selected to cover most of the presently available truck engines, Because
the costs of quicting trucks are largely dependent on the initial engine and exhaust noise
levels, the estimates of price increases were organized according to engine type and model,
instead of truck model. The EPA estimates of price increases are based on cost estimates
presented in the DOT Quiet Truck Program, truck manufacturer's estimates of price in-
creases for individual noise treatment hardware, and list prices lfor hardware currently in
production, '

All of the design levels for cach truck component nojse level are low enough to allow
trucks to comply with not-to-exceed regulatory levels. The overall design Jevel is 2-3 dBA

below the regulatory level [ 131, Thus, EPA estimates of truck price increuses take into ac-
count the necessity to design below regulatory levels,
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A markup on manufacturing costs of 50 percent, given for the Freightliner DOT Quict
Truck [25], was used by EPA in estimating the price increases, It is believed that this factor
is sufficient to cover the increased costs for development, testing, and dealer/customer services
associated with noise treatment. The cosis associated with compliance testing is treated sep-
arately and not included in the price increases presented in Table A-5.

The EPA estimales ire given in terms of 1973 dollars, Recently, a high rate of infTation
has increased the dollar cosl, In order to update EPA estimates Tor use in assessing the
econoniic impact, the estimates were multiplied by rates of wholesale price indices lor 1973
and 1975 for the truck manufacturing industry. (See Appendix D)

Replacing a naturally aspirated diesel engine with a turbacharged engine was not found
necessary in order to comply with the proposed regulations (Section A~4,3.2), Therefore,
including the costs of turbocharging diesel cngines in estimates of truck price increases (s
suggested by the American Trucking Association) is not necessary. However, differences
in truck prices wilh a turbocharged or naturally aspirated diesel engine can be determined
from engine prices and estimates of increases in truck prices given by EPA. (See Section 6)

Redesigning some truck cabs may be necessary to accommodate an engine enclosure
andfor a larger radiator. When an engine enclosure and larger radiator are required in trucks,
the cost of redesigning the cab s included with the cost of the engine enclosure, On heavy
trucks where only o Jarger radiator s necded, the increased cost of enlarging the cab to ac-
commodate the larger radiator is included with the cost of the cooling system treatment,

On medium trucks, a larger radiator should not require redesigning the truck cab. Thus, the
American Trucking Associations, Ine. is incorrect in commenting that EPA estimates of
truck price increases de not include the costs of redesigning the truck cab,

If 10 percent of new trucks are allowed to exceed the regulatory level by 2 dBA, as
suggested by the Ford Motor Company, the design levels necessary to comply with the pro-
posed regulations could be inereased by about | dBA (Section A-3.2.4). Linear interpretations
of EPA estimates for the 83- and 80-dBA regulatory levels indicate that a 1-dBA increase in
design levels should result in decreases in truck price increases of approximately $50 for gas-
oline trucks, and § 100 for diesel trucks at the 80-dBA regulztory level, These estimates are
approximately half the estimated reductions in truck price increases for 90 percent compli-
ance given by Ford {with the exception of the estimates given for “Premium Piesel Trucks™
where Ford estimated a decrease of 3588).

General Motors, Paccar, Freightliner, and EPA have presented gstimates of (ruck price
inereases for more than two regulatory jevels, such that some indication on the rate at which truck
prices may increase with'lower regulatory levels can be derived, In cach set of estimaies, ihe rate of
increases In truck prices with lower regulatory levels rises. Only the estimates by General Motors,
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however, confirm the comments made by International Harvester, White Motors, and the
Ametiean Trucking Association that there is u much faster rate of increased prices at lower
regulatory levels, The comments by White Motors and International Harvester are bused on
costs estimates derived from participation in the DOT Quiet Truck Program. These costs
estimates are discussed later.

A significant rise in truck prices at lower regulatory levels may not oceur for the follaw-
ing reasons:

& The costs of some noise lreatments, such as cooling system and engine treatments,
do not rapidly rise at lower regulatory levels, and

e  The costs of treating sources other than the engine, cooling system and exlaust
system, do nol increase rapidly for regulatory levels approaching 75 dBA,

The estimated costs of treatmeni of cooling system noise for heavy trucks is §110 lor
the 83-dBA regulatory level, $125 for the 80-dBA regulatory level and $200 for the 75-dBA
regulatory level [13], The largest increase in incremental costs oecur for the 83-dBA regula-
tory level because of the need for a fan cluich so that the radiator shutters can be removed.
Without this treatment, little fan noise reduction can bre achieved, Also, the estimated costs
for engine noise treatments do not rapidly rise with larger noise reductions [13]).

The noise sources needing treatment at the 83<1BA regulatory level are the cooling system,

the exhaust system, und the engine. At the below 80-UBA regulatory level, treatment of the
air intake is added, at an estimated maximum price increase of $§30, Treatment of transmis-
sion noise (included in the treatment of engine noise with no price increase) is added for the
below 80 dBA regulatory level. Therefore, reducing the regulatory level to below 80 dBA
should not result in 2 Jarge cost increase in treating additional noise sources which would
add to the rate of increased truck prices at lower regulatory levels.

In the DOT Quiet Truck Program, both Internationa! Harvester [12] and White Motors
[18] selected the “worst case™ trucks for quieting, whereas Freightliner selected one with
more available space for the installation of noise treatment, All three participants in the
DOT Quiet Truck Program applied noise treatments to the selected trucks, without making
significant modjfications to the truck cab, This may have placed some constraints on the
International Harvester and White Motors trucks for the space available for engine enclosures
absorptive materials, manifold mufflers and larger slower-turning fans which may have de-
creased the cost-effectiveness of the noise trentment. The Freightliner truck was less limited
for space.
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In the proposed regulations, the lead times for compliance to the 80- and 75-BA regu-
latory levels should be sufficient to allow cab redesigns when necessary to nccommodate noise
treutment in a nlore cost-cltective manner, Since the Freightliner truck was not space-
limijted (as should be the case for well-designed new trucks), the estimates of price increases
given for the Freightliner truck are believed to be a betier reflection of the price increases
that should accur on new trucks built in compliance with the proposecd 80- and below
regulatory levels,

The comment by the City of San Francisco applics to retrofitting buses and is difTicult
to relate directly to the costs of manufucturing new quiet trucks.

Action in Response to Public Comment; The EPA estimates of truck price increases have
been revised in response to public comments and 1o include new information made avaitable
since the publication of the Background Document 1o the proposed regulations (8], The
revised estimates are based, in large part, on documented data and are derived from specified
costs for individual noise treatments. These estimates are believed by EPA to be us accurate
as the available data on costs will permit, Further revision has been taken.

A-5,1.2 Future Price Increases

Identification; General Motors Corporation (A-2.1.5,22) commented that the decrease in
costs of noise treatment due to future improvements in noise control technology should not
be included in estimates of truck price incteases. The costs of noise treatment hardware will
be reduced under full production, according to Professional Drivers (A-2.3.6.3).

Discusslon: In the final estimates of truck price increases used in assessing the costs versus
benefits of the regulatjons, no assumptions were made on reductions in cosls for improve-
ments in noise control technology or increases in the production of noise treatment hard-
ware, However, brief consideration is given to the possible reductions in costs which may
result in the future, One of the possible improvements in noise control technology is the
reduction in engine noise by redesigning engines, Estimaltes of truck price increases are
given with the assumption that diesel engine neise can be reduced to 77-BA and gasoline
engine noise to 75-dBA in order to demonstrate the potential suvings which may be rea-
lized with the reduction of engine noise. (See Section 6)

Little data exists on the reduction in costs to be realized under full production of noise
treatment hirdware, However, some reductions should occur. In attempting to project the
potential reductions in truck price increases, EPA assumed that the costs of noise control
hardware, currently in production but not in demand ¢such as fan clutches and the best
available exhaust mufflers) will decline by 10 percent as a result of increased production,
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The costs of hardware not currently in production (such as manifold mufflers and engine
enclosures) will decline by 50 percent under full production, [f the assumptions on the
reduction of engine noise and costs under full production prove to be accurale in the
future, the price increases for medijum gasoline and heavy dicsel trucks muy decrease by
more than one-half, for heavy gasoline trucks, by more than two-thirds, and for medium
diesel trucks by approximately one-fourth,

Action in Response to Public Comment; Sensitivity of estimales of truck price increases to
assumptions on improvements in noise control technology and costs reductions under full
production have been briefly congidered, However, the assumptions are to be verified and
estimates of price increases derived without these assumptions are used in supporting the
selection of the final regulatory levels.

A-5.2 CHANGES IN OPERATING COSTS
A-5.2,1 Losses in Revenue

Identification: Freightliner Corporation (A-2,1.4,6) commented that noise treatment for the
75-dBA regulatory level will add 700 pounds to trucks resuiting in losses ol approximately
$1000 per year per truck in revenues for the bulk hauler. Donaldson (A-2,2,2,7) pointed

out that engine enclosures will reduce payload capacities, The truck owner, whose truck is
weight-limited, may lose $600 annuully because ol weight fucreases caused by the 83-UBA
regulation, and 31600 annually for the 80-dBA regulation, according to White Motor Cor-
poration (A-2.1,10.5). The American Trucking Associations, Inc, (A-2.3.1,11) commented
that the weight of noise treatment will affect the bulk haulers the most and that EPA has

not considered this point,. Overdrive Magazine (A-2,3.5.1) ciaimed that increases in weight
for noise treatment will cause the lollowing losses in revenues: for the general freight hauler,
$8 to 69 per year for the 83-dBA regulatory level, and $170 per year for the 75-dBA regu-
latory level; and for the bulk hauler, $51 to 445 per year for the 83-dBA level, and $1000

per year [or the 75-dBA level, W, S, Hatch Co, (A-2.3,4,2) claimed that the weight increases
due to noise treatment have a serious impact on the bulk hauler, Genera! Motors (A-2.1,5.27)
pointed out that a 6% percent reduction in cargo volume would result in bringing ong of

their truck models into compliance with the 75-dBA regulatory level.

Discussion: The average increased weight estimate for heavy diesel trucks eomplying with
the 83-dBA regulatory of 141 pounds can be determined by using the weight increases given
in Table 6-8 and Table 6-1 and computing the population-weighted average. For the 80-dBA
regulatory level, an average increase in weight for heavy diesel trucks of 339 pounds can be
computed; and for the 75-dBA regulatory level, 705 pounds. The value of 705 pounds of
increased wieght agrees with the value given by the Freightliner Corporation.
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For the bulk hauler, the loss in revenue per mile due to an increase in tare weight of 1
pound is estimated at $12.5 x 107¢ [25], Using this fuctor, and an average mileage of
54,000 miles for heavy dicsel trucks [6], the average loss in revenue for the bulk hauler
should be approximately $95 per year for the 83-dBA regulatory level, $229 per year for
the 80-dBA regulatory level, and 3476 per year for the 75-dBA regulatory ievel. The esti-
mates are Jower than the estimates given by Freightliner, White Motors, and Overdrive
Magazine., However, for trucks which accumulate over 100,000 miles or more annually in
the bulk hauling service, the losses in revenues may approach $1,000 as estimated by Freight-
tiner and Overdrive Magazine.

For the general cargo hauler, the loss in revenue per mile due to an increise in tare
weight of | pound is estimated at $1.94 x 107% Using this factor, the average loss in revenue
for the general cargo hauler should be approximately $15 for the 83-dBA regulatory level,
and $74 for the 75-dBA regulatory level. These estimates are lower than the estimates
given by Overdrive Magazine.

[t should be noted that the discussed losses in revenues would be eliminated with an
increase in the legal limits on the Gross Combination Weight {GVW) of 700 pounds or more.

The 6% percent loss in cargo volume predicted by General Motors is a result of the
assumption that a remote cooling system will be required in back of the truck cab. The re-
mole cooling system, according to General Motors, is required to provide the necessary
cooling for o fully enclosed diesel engine, However, projected reductions in engine noise
without enclosure techniques (Section A~4,3.3) indicate that full enclosures will probably
not be used in complying with the 75-dBA regulatory level in 1983, Therefore, the lossin
cargo volume cansed by the remote gooling system will probably not oceur on most trucks.

Action in Response to Public Comment. The presented estimates for average losses in
revenues caused by increases in tare weight are, in general, lower than the estimates pre-
sented in public comments, However, since the above estimates are based on data presented
in the DOT Quiet Truck Program and documented avernage annual mileage figures, these
estimates should be more representative of the actual losses in revenues which will occur as
a restlt of the regulations, No further action has been taken,

A-5.2.2 Changes in Rates of Fuel Consumption

fdentification: Donaldson (A-2.2.2.7) commented that engine enclosures will result in
losses in fuel economy, The estimates of Tuel savings presented by the Department of
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Transporlation are too high, sccording to the American Trucking Associations, Inc. (A-2,31.9),
The DOT estimates of fuel savings were derived in support of an assessment of costs and
benefits of different regulatory options, The Federal Highway Administration, Ohijo
(A-2.5.8.4) suggested that the changes in rates of fuel cansumption be determined.

Discussion: The combined effect an the rates ol fuel consumption of increases in tare

weight, increases in exhaust backpressure, and changes in accessory horsepower require-
ments produced by noise treatments have been estimated by EPA. (Sce Section 6) The in-
creases in fuel consumption produced by increases in truck wejght and exhaust backpressure
are small compared to the decreases in fuel consiunption produced by the reduction in ac-
cessory power requirements for more efficient and quiet cooling system designs or for coaling
systems equipped with a fan clutch [13].

The estimates of fuel savings in Section 6 indicate that the American Trucking Associa-
tions, Inc, is correct in that the DOT estimates of fuel savings are too high.

Action in Response o Public Cormment: Estimates of changes in rates of fuel consumption
and associated costs for trucks complying with the proposed regulations have been presented.
No further action has been taken.

A-5.2.3 Fuel Savings for Fon Clutches

tdentification: Freightliner Corporation (A-2.1.4.8) and Paccar, Inc, (A-2,1.9.6)} commented
that fuel savings from the use of fan clutches should not be credited to the noise regulations,
since fan clutches will be widely used without the regulations. Freightliner claimed that the
need to conserve fuel will also encourage the use of fan clutches. In addition, the proposed
test (which does not permit testing with the fan off) removes the advantage of using fan
clutches in complying with the proposed regulations, according to Freightliner. General
Motors (A-2.1.5.24) included the costs of fan clutches in estimates of increases in truck
prices, but did not include the savings in operating costs from fan clutches. According to
General Motors, there is not encugh data on fuel savings.

Discussion: Fan clutches will be used on most heavy trucks, in order to remove radiator
shutters, When closed, radiator shutters prevent significant reductions in fan noise by means
of improvements in fan andd fan-shroud design. Since most new medium trucks are not pre-
sently being cquipped with radiator shutters, fan clutches are not needed. Fan treatments,
less costly than fan clutches, will probably be used on most medium trucks, even if fan-off
testing is permitted, Savings in accessory horsepower requirements will result from improved
cooling system designs on medium trucks [13],
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On heavy trucks, savings should oceur because the fan cluteh will disengage when the
fan is no longer required for cooling. Based on field tests, such as the tests on the Freight-
liner DOT Quiet Truck, the fan will be off more than 99 percent of the time during normal

operation [19]. Comyments presented by Rocklord Clutel in the public hearings in Arlington,

Va. also indicated that the fun will be off inost of the time.

Changes in rates of fuel consumption have been estimated by EPA with and without
cltiming credit for the savings from more efficient fans and fan clutches [13]. Using these
figures, changes in operating costs have been estimated with and without claiming credit for
the fuel suvings from more efficient Tans wnd fan clutches, The actual changes in operating
costs associated with regulations will be in between these two cost estimates, since, in the
absence of noise regulations on Lruck noise emissions, other congerns, such as the need to
conserve (uel, will encourage the use of more efficient fans und fan clutches. In order to be
consistent, the costs of more efficient funs and G clutches were not inchuted by EPA in
estimating the costs of compliance, when credit for savings was not tuken. (See Seetion 6).

Action in Response to Public Comment: EPA has estimated the costs of compliance with
and without claiming credit for fuel savings fron the use of more efficient fins and fan

clutches. Ne further action has been taken.

A-5.2.4 Changes in Maintenance Costs

Identification: The Federal Highway Administration, Ohio (A-2,5.8.2) supgested that the
estimates of changes in operating costs should take into account increased ¢osts for main-
tenance. Donaldson (A-2.2.2.7) commented that engine enclosures will increase main-
tenance costs, Chrysler Corporation (A-2.1.1.5) cluimed that noise treatment for the 80-dBA
regulatory level will canse an inerease in annuat maintenanee costs of $800 per truck, For
diesel trucks, the averge increases in annual maintenance costs per year will be $179 for the
83-dBA regulatory level, $304 for the 80-dBA level and 8305 for the 75-dBA level, accor-
ding to General Motors (A-2.1.5.26). These estimates include increased labor costs for or-
dinary maintenance and replacement parts.

The Regular Comman Carrier Conference {A-2.3.7.1) commented that truck manufac-
turers’ estimates of increases in annual operating ¢osts may be higher than EPA estimates
because the manufacturers considered the increase in needed maintenance as the truck ages,
The Regular Common Carrier Conference added that the costs of repairs for fan clutch
failures should be included in estimates of changes in operating costs. The American Truck-
ing Assaciations, Inc, (A-2.3.1.10} suggested that the costs per increased failure for engines
with close-fitting pistons necd to be included in the estimates of costs of compliance.
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Discussion: Changes in maintenance costs, including increases associnted with engine enclo-
sures, bave been included in the estimates of changes in operating costs [13], For heavy diesel
trucks, EPA estimates of changes in annual miintenance costs are 3-20 for the 83-dBA regu-
latory level, 832 for the 80-dBA level, and $180 for the 75-dBA level (See Section 6). These
estimates include changes in required maintenance labor and replacement parts, The savings in
maintenunce costs associated with exhaust gas sealers [25) are included in the EPA estimates,
These savings may have been omitted in the estimates made by Chrysler and General Motors,
accounting for the differences between EPA, General Motors, and/or Chrysler estimates,
However, since increases in maintenance costs for cach noise treatment were not given by
General Motors or Chrysler, it is not possible to identify the causes of differences between

the EPA, General Motors, or Chrysler estimates,

The EPA estimates for changes in annual maintenance costs are for the average change
in costs over the life of the truck. Thus, the EPA estimates do include increase in maintenance
costs as the truck ages.

The comment by the Regular Common Carrier Conference that fan clutch failures will
increase costs is probably bused on earlier experiences with lan clutches with high failure
rates, In the public hearings in Arlington, Va., Rockford Clutel commented that cur-
rent fan clutches are retigble, Therefore, significant increases in maintenance costs are not
expected to result from fan clutch failures, The part which causes the fan clutch to fail on the
Freightliner DOT Quiet Truck has been redesigned for future mannfaeture [19].

In estimates of costs, EPA did not include the costs for internal modifications to
quict diesel engines. Existing engines were assumed to be used in estimating truck price in-
creases. Therefore, the changes in maintenance costs due to potential increases in failure
rate of modified engines with close-fitting pistons are not included in the EPA estimates of
changes in maintenance costs.

Action in Response ro Public Comment: Estimates of ¢changes in maintenance costs for
the proposed regulations have been revised. The revised estimates are based on documented
data from the DOT Quiet Truck Program. Neo further action has been taken.

A-5.3 COSTS OF COMPLIANCE TESTING

Idemtification: General Motors, (A-2.1.5.20), Paccar, Inc. (A-2.1,95) and the Federal High-
way Administration, Ohio (A-2.5.8.3) commented on the costs of compliance. The fol-
lowing estimates of the cost for a site suitable for compliunce testing were present in public
comments; General Motors — §286,000, Paccar — $147,000 to 346,000, Cummins Engine
Co. (A-2.2.1.5) — $150,000, and Koehring Company (A-2.2.4.2) -~ $500,000 to $1,000,000,
Independent testing would cost $1800 per truck according to Paccar, General Motors
claimed that a $500,000 facility would be required for development testing. For special
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purpose construction vehicles, the Koehring Company (A-2,2.4.3) estimated testing costs at
$2,935 to 11,380 per vehicle.

Discussion: The total annual costs of compliamce testing has been estimated by EPA for

the truck manufacturing industry as $155,000 to $230,000 (Appendix H). With an annual
truck production of 412,346 [8], the costs of testing would be $0.38 10 0.57 per truck.
Compared to other costs of complinnce, such as truck price increases and changes in operating
costs, the cost for compliance testing siroutd be negiigible,

The EPA estimates of the costs ol complianee testing includes testing costs for produc-
tion verification and selective enforcement auditing, transportation to and from test sites,
and preparation of all reports required in the proposed regulations, Estimates were made for
individual truck manufacturers covering ail but 4 percent of the industry,

The costs of facilities required for development testing are included In the markup of
the manufacturing costs of 50 percent to obtain price increases. (See Section 6),

The estimates of costs of testing presented by Koehring are for off-the-road construe-
tion vehicles and include costs of disassembling the vehicles for transportation to o suitable
tost site, Such vehicles have been omitted from the regulutions.

Action In Response to Public Camment: Estimates of the costs of compliance testing show

that these costs are negligible in comparison to otlicr costs of compliance, No further action
as been taken.
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Appendix A-6
COSTS VERSUS BENEFITS

A-6.1 JUSTIFICATION OF COSTS AND BENEFITS

Tdentificatioon; International Harvester {A-2.1.6.13) commented that the initial price
increases far outweigh any benefits to the public welfare.  According to the American
Trucking Associations, Inc. (A~2.3.1.12), costs rise exponentially as truck noise levels are
reduced, yet the benefits decrease to the point of little or no return, Ford Motor (A-2.1.3.10)
claimed that the total cost of over 3 billion dollars for the proposed regulations is not warth
the 3 dBA reduction in community noise in 1990, Ford Motor Company (A-2.1,3,19) added
that the nonsensitive observer requires 8 dBA to just detect an intensity difference of a pure
tone, and that the 75-dBA regulation will reduce individual truck noise by only 3.5 dBA at
highway speeds. Therefore, the noise reductions from the 75-dBA regulation will not be
noticeable, General Motors (A-2.1,5.27) commented that the total cumulative costs for the
proposed regulations will be $16.2 billion in 1990, and the noise reduction will be 10,1 dBA;
whereas, the costs for an 83-dBA regulation will be 85.2 billion (or 32 percent of §16.2
billion) and the noise reduction will be 8 dBA (or 80 percent of 10.1 dBA). Thereflore, the
additional costs of $11 billion for the small increase in benefits is not cost effective,

The Department of Transportation (A-2,5.4,17) presented estimates of the reduction in
the noise from urban street and freeway traffic for different tegulatory alternatives. Using
the monetary value on urban property associated with changes in urbun traffic noise of $20/
person/dB, monetary values for the estimated traffic noise reductions were computed by
NOT, For the proposed regulations, the costs estimated by DOT are greater than the mone-
tary value of the benefits, so that the proposed regulations are not cost-elfective, according
to DOT. According to the analysis of the increasing marging] costs and decreasing marging
benefits presented by the Councii on Wage and Price Stability {A-2,5.6.1), the 80-dBA and
75-UBA regulatory levels are not justified, The estimated benefits included changes in
property value and fuel consumption, The costs and benefits were cumulated by the Council
on Wage and Price Stability fo the year 2000 and discounted at a rate of 10 percent toa
1975 present value,

In their response 1o the above comments, General Motors Corp, (A-2.1.5.29) claimed
that the estimates of savings given by the Department of Transporation and the Council on
Wage and Price Stability are too high which led to overstatements of the benefits for difler-
ent regulatory alternatives,
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Discussion: The price increase given by International Harvester for a heavy truck
regulated ot 80 dBA is 32150, one of the highest estimates given in the public comments lor
a heavy diesel truck regulated at 80 dBA (see Figure A-11) and $1696 higher than the estimated
price increase given by EPA [4].

The population-weighted averages ol EPA estimutes of truck price increases and EPA
estimates of benefits in terms of traffic noise reduction given in Table A-6.1 indicated that
the price increases become larger and the differences in benefits become smaller as the regu-
latory level is reduced, However, these estimates do nof support the comment made by the
American Trucking Associntion, Inc, that the costs rise exponentially and the benefits de-
creuse to the point of littie or not return, '

Table A-6.1
EPA Estimates of Costs and Benelits

Average of EPA Estimates of

Repulatory Truck Price Increases for Utban Street Traflic
Option Lowest Regulatory Level® Noise Reduction in |990*
83 dBA in 1977 156 4,0dBA

83dBAin 1977
80 dBA in 1981

83dBAin 1977
80 dBA in 1981 915 G.3dBA
75 dBA in 1973

*With fun-off testing.
**With a 4 dBA reduction in nen-truck vehicle noise levels,

333 3.2dBA

The 3-dBA figure quoted by Ford Motor Company as the reduction in the traffic nojse
was taken from the EPA estimates of the traffic noise reduction associated with new truck
regulations and related to present traffic noise levels. However, a more realistic meusure of
benefits js the difference in the projected change in noise levels with and without the pro-
posed reguiations. In the revised estimates given by EPA, the urban street traffic noise reduc-
tion is 6.3 dBA in 1990, morethan twice the number quoted by the Ford Motor Company.
EPA has also revised the estimates of costs. The present value of the cumulative costs for the
proposed regulations is estimated to be approximately $3,2 billion in 1990 (See Appendix E).
Fuel suvings from more efficient Fans and fan clutches are not included in the EPA estimates of
$3.2 billion. Including fuel suvings for more efficient fans and fan clutches, results in o savings
in the cumulative costs of npproximately $2.2 billion instead of a cost of $3.2 billion. The
actual cumulation costs attributed to the regulations will fall in between these two estimates,
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Since the Ford estimate of costs falls close to the highest of the EPA costs estimates, the Ford
estimates of benelits appear to be low, they probably underestimated the cost-effectiveness
of the proposed regulations in their comments,

The comment made by Fard Motor Company on the detectability of an intensity
difference in a pure tone signal is not relevant to the exposure to truck noise. The human
response to the noise from a truck is nol similar to the human response to a pure tone, In
many siutations, a single truck passby may raise the noise level above the background noise
by less than 8 dBA, However, since the noise is associated with a single identiliable source,
it usually produces greater distraction,

Even if an individual does not detect the XdB difference between two single-event
passbys, the statistical distribution of the entire population will be shilted XdB, and, hence,
benefits to the population will shift accordingly, It is inappropriate to compare single-event
judgements with statistically determined benefits to a large population,

General Motors based their comments on estimates of average traffic noise reductions and
total cumulative costs. Therefore, for the purpose of discussing the GM comments, estimates
of average traffic noise reductions and total cumulative costs have been computed from the EPA
analyses of benefits and costs for noise regulations on truck noise emission, using the same cumu-
lative procedure as GM ¢ven though this is not a significant number. As noted in Section A.3.3.2,
a more representative measure of benefits than the reduction in average traffic noise levels is the
cquivalent number of people impacted (Peqy). Also, the cumulative costs are properly represented
in terms of present value or uniform annualized costs (See Section A.7.7.3). For example, the
present value for the proposed regulations cumulated to 1996 is $3.2 billion which is the number
corresponding to the $8.0 billion in the table (See Table A-7.1). The appropriate measures, based
on standard financial procedures, were used by EPA in selecting the finu! regulution.

A comparison of the EPA and GM estimates of reductions in urban street trafiic noise levels
and cumulative costs are given in Table A-6.2. The GM estimates of benefits and costs are both
higher than the EPA estimates. For the EPA estimates, the ratio of the increase in costs to the
increase in noise reduction for the proposed regulations compared to the 83 dBA in 1977 regulation
is $2.6 billion/dBA. The corresponding figure computed from the GM estimates is $5.2 billion/dBA,
which is twice the value computed from the EPA cstimates, EPA does not consider that the ratio
dollars per dBA is o useful or significant number, It is presented here only for the purpose of com-
paring GM's computations and EPA’s. As discussed in Sections A.3.2.2}‘.{\.5.1.1 and A,7.7.3, the
estimates of benefits and costs given by EPA have been revised. The revised estimates are based
on documented data and modeling techniques which are more representative of the total populations
of the people Impacted by truck noise and the trucks subjected to the regulations than the model-
ing techniques used by GM. Therefore, the EPA estimates are probably more sccurate than the

GM estimates,
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Table A-6.2
Comparison of EPA and General Motors Estimates of
Costs and Benefits

Cumulative Costs Urban Strect Traffic
Regulatory to 1990 Noise Reduction in 1990
Option (Billion of Dollars) {dBA)
EPA* GM EPA GM
B8IdBA in 1977 1.9 5.2 4.0 8
EPA Proposed
Regulations 8.0 16,2 6.3 10.1

*Without credit for costs and savings from more efficient fans, fan clutches and exhaust gas
seals. These estimates of cumulative costs represent less than 0.6% of the estimated total
trucking revenues cumulated over the same period of 1977-1990.

The Council on Wage and Price Stability assumed thaf the regulatory level will be
achieved on all trucks in the year in which the level becomes effective. This leads to an
overstatement of the benefits. Assigning 1 monetary value to the traffic noise reduction
in order to measure benefits can be misleading. Improvements in the quality of the environ-
ment, such as the reduction of noise, may nol always be reflected in changes in property
values, as summed by DOT and the Council on Wage and Price Stability.

The total cost or saving estimates made by DOT for different regulatory alternatives
were based on the costs of quieting and operating the Freightliner BOT Quiet Truck, These
costs were applied (o all medium and heavy trucks by DOT, The costs for medium gasoline
trucks, which make up over one half of the medium and heavy truck population, are signi-
ficantly different from the costs associnted with heavy diescl trucks such as the Freightliner
DOT Quiet Truck [13]. The Council on Wage and Price Stability corrected this apparent
oversight by using the General Motors estimates of costs for medium trucks and DOT esti-
mates of costs for heavy trucks.

The DOT assumptions which have the most influence on the outcome of their analysis
are given below,

1. All trucks are operated 70,000 miles per year,

2. The power savings with the cooling fan off is 19.5 hip for ail trucks.
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3, The price increase for trucks will be as given in Table A-0.3.

4, All new regutated trucks will be equipped with fan clutches and the resulting
savings can be credited to the regulations on new truck noise emissions,

In the cost-benelit analysis conducted by the Council on Wage and Price Stability, med-
it trucks were assumed fo average 35,000 miles per year and heavy trucks 70,000 miles per
year, The price increases of trucks assumed by the Council are given in Table A-6.4, Other-
wise, the DOT assumiptions given above were used,

Table A-6.3
Estimates of Truck Price Increases Used in the DOT Analysis of Costs vs, Beneflits

Regulated Level
Type of Truck 83 dBA 80 dBA 75 dBA
Medium Gasoline. . . . $329 81076 $1075
Medium Diesel ..... $329 §1076 $1075
Heavy Gasoline .. ... $329 $1076 31075
Heavy Diesel ... ..., $329 $1076 1075
Table A-6.4

Estimates of Truck Price Increases Used in the Costs-Benefit
Analysis by the Council on Wage and Price Stability

Regulatory Level .
Type of Truck 83 dBA 90 dBA 75 dBA \
Medium Gasoline. . . . $ 25 $ 130 $ 350 !
Medium Dijesel. ..... 3§23 $ 130 § 350
Heavy Gasoline ..... $329 51076 $1075
Heavy Diesel .. ..... £320 $1076 $1075
A-6-5
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In estimating the cunmulative costs, EPA used the following assumptions, These assump-
tions are more detailed and appear to be more realistic than those used by DOT or the Coun-
cil on Wage and Price Stability,

The average annual mileage for medium gaseline trucks is 10,000 miles, medium
diesel trucks 21,000 miles, heavy gasoline trucks 18,000 miles and heavy diesel
trucks 54,000 miles. The annual mileage for each truck is a function of truck age,
decreasing with increasing age [8].

The power savings for a fun clutch is 15 hp lor heavy trucks, It is assumed that

fan clutches will not be used on medium trucks for noise reduction, The power
savings for more efficient fans on medium gasoline used to comply with the
proposed regulations are as follows: for the 83-dBA regulatory level—2.5 hp, for
the 80-dBA level—4.5 hp, and for the 75-dBA level—6 hp, For medjum diesel trucks,
twice the savings for medium gasoline trucks are used.

The price increases for trucks will be as given in Table A-6.5. These estimates are
based on the assumptions that trucks equipped with fan clutches will be permitted
to be tested with the fan off and that credit for the costs of fan clutches are
credited to the noise regulations.

The costs and fuel savings for fan clutches cannot be credited entirely to the noise
regulations, Other factors, such as luel conservation, will encournge their use,

Table A-6.5
IEstimates of Truck Price Increases Used in the Cost-Benefit
Analysis by EPA

Regulatory Level
Type of Truck 83 dBA 80 dBA 75 dBA
Medium Gasoline. . .. % 35 $180 $ 663
Medium Diesel. ., ... 5426 $850 $1624
Heavy Gasoline ., ... 3125 $255 § 715
Heavy Diesef ....... $356 $589 $1363

In their response to the comments by DOT and the Council on Wage and Price Stability,
General Motors suggested changes in the above assumptions that were in general agreement
with all of the EPA sssumptions; except, General Motors claimed that the price increases for
diesel trucks were understated by EPA, DOT, and the Council on Wage and Pejce Stability.
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The cumutative costs to 1996 for the proposced regilations are estimated by EPA as
-83.3 hillion (a savings), when credit Tor tiie costs and savings lrom more elficient [ans, Fan
clutehes and exhaust gas seads is included, amnd $8.0 billion without taking credit for more
efficient funs, fan clutches and exhaust gas seals, The actual costs that should be credited
to the proposed regulutions will be in hetween these two estimates, The EPA estimates
differ significantly from the corresponding esttmates given by the DOT (39,1 billion) and
the Council on Wage and Price Stability ($13.8 billion) with credit for fuel savings, This
indicates that the result of the cost-benefit analysis is sensitive to the above assumptions,
Because the assumptions made by EPA are believed to be more realistic, EPA cost estimates
should be more accuriate.

Action in Response ta Public Commmenr: Based on the EPA analyses of costs and benefits,
regulations similar to those recommended by DOD have been adopted, with the intent of pro-
mulgating lower regulatory levels in the future. The recommendations made by the Council
on Wage and Price Stability based on their cost-benefit analyses hiave not been adopted, since
some of the key assumptions made in each analysis are subject to question. The recom-
mendation made by General Motors on the regulitory levels are based on estimates of

costs which appear to be high. Thercfore, the GM recommendation has not been adopted.

A-6.2 OTHER REGULATORY APPROACHES

A-6.2.1 Striicter Enforcement of Existing Regulations

fdentification: Dongldson Company (A-2,2,2,2) and Associated General Contractors of
Colorado (2,6.2,1) commented that significant noise reductions will result from strict en-
forcement of the Interstate Motor Carrier Regulations. Lawrence Averbach (A-2,4.2.1) sug-
gested that strict enforcement of existing regulations should accompany the regulations on
new trucks,

Discussion: EPA has made estimates of the benefits associated with the Interstate Motor
Carrier Regulntions, The reduction in equivilent number of peaple impacted Peq is
estimated by EPA to be 3,3 million for the Intersiate Motor Carrier Regulations out of a
total of 37,3 million for existing conditions, Adding the proposed regulations is estimated
to produce an additional reduction in Pyq of 8.5 million in 1990, with the assumption that
there will be no reduction in the noise levels from non-truck vehicles. In making these esti-
mates, strict enforcement of all regulations is assumed, These estimates indicate that the
reductions in Py, resulting from the Interstate Motor Carrier Regulations will not be ade.
quate in the long term, and that additional reductions provided by the proposed regulations
on new trucks will be needed,

Lawrence Auerback is correct. None of these regulations will be effective without
strict enforcement.
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Action in Response to Public Conpraent; No further action has been taken,

A-6,2.2 Regulations on The Noise Source

Tdentification: The States of Delaware (A-2.5.3.2), Mississippi (A-2,5.13.3), Minnesota
(A-2.5.14.2), New Mexico (A-2,5.15.2) and Virginia (A-2.5.21.1), and the District of Colum-
bia (A-2.5.7.1) commented that the height of truck exhaust stacks has zn impact on the
efTectiveness of roadside noise barriers and therefore should be addressed in the regulations,
Indiana (A-2.5.10,1) suggested that the exhaust system should be required to be located
beneath the truck body, The Department of Transportation (A-2,5.4.18) recommended
that EPA consider the benefits of using vertical vs, horizontal exhaust systems, Several
suggested advantages for each were offered by DOT,

Disenssion: The height of the exhaust stacks will determine the focation of the source of
exhaust outlet noise., For trucks regulated at 75 dBA, exhaust outlet noise js expected to be
approximately 65 dBA or below [13]. At freeway speeds, truck tires, which typically have
levels of 81 dBA or greater [ 7], will dominate the exhaust outlet noise by about 15 dBA
for 78 dBA regulated trucks, Therefore, near freeways where most roadside barriers are
used, the effectiveness of roadside barriers in attenuating the noise from regulated trucks
will not be significantly improved by lowering exhaust stack heights.

The suggestions offered by DOT should be useful to the manufacturer in meeting the
new truck reguiations and providing other desirable characteristics, such as the reduction of
splash and spray visibility problems. However, since the regulations are based on noise ermis-
sion performance, the type or location of the exhaust system should be left to the manu-

facturer,

Action in Response to Public Connment: The height of exhaust stacks or locations of ex-
haust systems is not treated in the noise emissions regulations on new medium ang heavy
trucks.

A-6,2.3 Treatment of Noise Path

Identification: The Ford Motor Company (A-2.1.3.17) recommended that a trade-off analy-
sis be performed on quieting truck versus using noise abatement along highways and in build-

ings.

Discussion: The insulation of all buildings and homes would probably be prohibitively ex-
pensive, offer no protection cutdoors, and be very difficult for local jurisdictions to regulate
and impossible under the Noise Controi Act for EPA to regulate, Using noise abatement
treatments, such as barriers, along urban strects, where the greatest noise impact in terms of
Peq occurs, is not feasible, However, the use of noise abatement treatment along freeways
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is uvailable for use near noise-sensitive areas, For these reasons, little attention was devoted
to the trade-off unalysis sugpested by Ford Motor Company.

Actton in Response to Public Cosnment: No further action has been taken.

A-6,2.4 Control of Truck Use

fdentification: Ford Motor Company (A-2,1.3.17) suggested that a trade-of T inalysis be con-
ducted on the benefits and costs of quieting trucks versus controlling the use of trucks, The
State of Delaware (A-2.5.3,3) recommended thal some provisions be adopted for noise reduc-
tion of old trucks. According to Citizens Against Noise (A-2.4.3,3), regulations should be
adopted to force operators (o retrofit all trucks: PROD (A-2.3.6.3) commented thal after
promulgation of the proposed regulations, in-use regulations on interstate motor carriers
should be modified to bring the naise levels from old trucks closer to those of new regulated
trucks. California Highway Patrol (A-2.5,1.1) suggested that regulations on operational noise
levels be adopted to prevent truck noise levels from increasing with the age of the truck, A
night curfew on all trucks was recommended by Citizens Against Noise (A-2.4.3.4).

Discussion; Restrictions on truck usage is left to local jurisdictions by the Noise Control Act.
Local regulations on the use of trucks showld be used in conjunction with nationai new truck
and Interstate Motor Carrier Regulations to provide greater protection against noise in nojse
sensitive areas. The areas which are sensitive to noise can be better defined by local govern-
ments more familiar with the communities involved, A trade-off analysis of new truck regu-
lations versus regulations on the use of trucks, other than the estimates of costs and benefits
given by EPA for the Interstate Motor Carrier Regulations, is not required, since both local
in-use and national regulatory actions are needed and may be used to complement each other.

EPA is considering madifying the Interstate Motor Carrier Regulations in the future to

- bring the levels closer to the new truck regulatory levels. This could be used to prevent sig-

nificant degradation of the noise levels required under the new truck regulations, Retrofit-
ting old trucks will probably be considered, although it should be noted thit retrofitting
trucks is less cost-clfective in reducing noise levels than including noise treatment in design-
ing and building new trucks, Therefore, the regulatory levels which require retrofitting
noise treatment should not be expected to be as Jow as regulatory levels for new trucks.

IEPA has no legal basis in the Noise Control Act for setting a curfew on the operation of
trucks at night.
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Aetion in Respouse to Public Comment: Modifying the Jnterstate Motor Carvier Regulations
to bring the regulatory jevels closer to those in the new truck regulations are under considera-
tion by EFA, Ofher regulntory actinns on truck use are left to loe jurisdiction,

A-6.3 REGULATORY STRATEGY

fdeatificarion: TFord Motor Company (A-2,1,3.18) recommended that the regulitions on
new ucks be delayed vati! the effects ol the Interstate Motor Carrier Regulations can be

ing Associations (A-2,3.1.11), and the U.S. Chamber of Commerce (A-2,6,4.4) suggested that
the effect of the 83 ¢ BA new truck regulation be assessed before adopting the 80 dBA new
truck regulation, International Harvester ({A-2,1.6.13) recommended that the 80<0BA regu-
lation be delayed until 1983 and the effect of the new truck regulations be re-evaluated in
1979,

According to Paccar, Inc, (A-21.9.7) regulating medivm and heavy trucks separately
should be used to increase the ratio of the benelits and costs, since medium trucks impact
an cstimated 34.0 million, whereas heavy trucks impact an estimated 2,7 million,

Diseussion: Setting and assessing the elTects of each regulatory level on trucks, one ata
time, would delay the achievement of the ultimate goal of removing the noise impact pro-
duced by medium and leavy trucks, Time would be needed to perform an assessment of
the effects of each regulatory level, solicit and evaluate public comment, and provide suffi-
cient fead time for truck manufacturers to respond to the next regulatory level. The strate-
gy taken by EPA in the proposed repulations is to obtain the greatest protection of the
public hiealth and welfere in the shortest time without imposing any unreasonable burdens
on truck manufacturers and wsers, or the national economy.

EPA estimated that the equivalent number of people impacted (Pgq) by urban street
traffic is 34.6 million and by {reeway traffic 2.7 million. In making these estimates, it
was assumed that medium and heavy trucks are part of both urban street and freeway
traffic, In their comments, Pacear, Ine, appears {o have incorrectly interpreted the estimated
Peg for urban street traffic as the number of people impacted by medium trucks only and the
estipated ch for freeway tralfic as the number of people impacted by heavy trucks only,
Therefore, the information presented by Paccear, Inc, cannot be used to justify regulating
medium and heavy trucks separately,

Action in Response to Public Connnent: No change in the regulatory strategy taken by EPA
for new medium and.heavy trucks has been taken in response to public comment.
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A-6.4 NEED FOR STRICTER REGULATIONS

The issue ol more lenient regulations is addressed in Section A-6.1, “Justification of Casts
and Benefits”, where several of the public comments claimed that the benefits for the pro-
posed regulations do not justily the costs so that the regulations should be relaxed,

Fdentification: Alan Parker {(A-2.4.5.1), the City of Chicago (A-2.5.2.2), the City of Des
Pliines (A-2.5.5.1), Los Angeles County (A.2.5.12.2) und San Diego County (A-2.5.18.2) all
recommended that regulitory levels similar to those of Chicago and California be adopted
by EPA. San Francisco (A-2.5,19.1) commented that the proposed regulations are too
lenient. Texis {A-2.5.20.1) suggested that lower regulatory levels and shorter lead times be
cansidered, According to New Mexico (A-2.5.15.1), the regulations should be more in
keeping with the 70 dBA L, , FHWA standards for residential, hespital and school areas.
Citizens Against Noise (A-2,4.3.2) claimed that the regulatory levels should be lowered to
bring truck noise levels down to the levels ol automabiles.

Discussion: The Noise Control Act requires that EPA set standards which are requisite to
protect the public health and welfare and that EPA tuke into account the noise reduction
achievable through the application of the best available technology, EPA has identified out-
door noise levels with an Lyp, equal to or less than 55 dBA as requisite to protect public
health and welfare with an adequate margin of safety [1]. Using this level as a criterion,
estimates of the equivalent number of people impacted by urban trafTic noise will be at least
11.5 million with the proposed regulations on new medium and heavy trucks in effect and
with noise levels from vehicles other than medium and heavy trucks reduced by 4 dBA [13].
Using the same procedure, the existing ch of 37.3 million would be reduced by an esti-
mated 40 percent, if all noise from medium and heavy trucks was removed and other traffic
noise remained unchanged, If, in addition to removing all medium and heavy truck noise, a
reduction in noise levels from other traffic noise sources of 10 dBA is assumed, the Pgq
would be reduced by an estimated 95 percent, These estimates indicate that the regulatory
levels lower than those given in the proposed regulations are necessary to protect health and
welfare, as suggested in the nbove public comments. However, in the above argument, the
noijse reduction achievable through the application of the best available technology was not
taken into account, as required by the Noise Control Act.

The proposed regulations can be met with the application of the best available tech-
nology (See Section ). :

At this time, technology availability cannot be validated for regulatory levels lower
than 75 dBA or for a shorter fead time on the proposed regulations, Therefore, taking into
account the noise reductions achievable through the application of the best availuble tech-
nology will make it difficult for EPA to defend regulations which are more stringent than
those propased. Further, the cost and economic impact resulting from various technology
applications must be considered by the Administrator.,
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It is difficult to relate the FHWA standards and the EPA regulations on new medium
and heavy trucks since the FHWA standards are given in terms of Lo for all traffic and the
EPA regulations are given in terms of not-to-exceed levels for trucks under test conditions
designed to measure the maximum noise level, Since the median roadside level for 75 BA
regulated trucks is expected to be around 71 dBA [13] and medium and heavy trucks will
make up about 7 percent of the traffic population on most streets in residential, hospital or
school areas, the EPA regulations should not violate the 70 dBA Ly FHWA standards

For existing automobiles, roadside levels are about 65 dBA [13]. Therefore, in order to
reduce truck noise levels to the levels for automobiles would require lower regulatory levels
which may not be achievable using the best available technology.

Action in Response to Public Cormment. The stringency of the regulations from those
proposed by EPA has not been increased because the technology may not be available for

compliance with more stringent regulations.
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Appendix A-7
ECONOMIC IMPACT

A-7.1 CURRENT ECONOMIC SLUMP
ldentificarion; Ford Motor Company (A-2.1,3.20) and Schwitzer Compuny (A-2,2.6,4) in-
dicated that the noise control costs will be an added inflationary burden upon the trucking

industry, which would make recovery from the recession more difficuit.

The State of Louisiana (A-2.5.11.2) and the Associated General Contractors of Colo-
rado (A-2.6.2.4) expressed concern over the current state of the economy and asked that the

econoinic impact analysis be reassessed to take into zccount the current state of the industry,

The U.8, Chamber of Commerce (A-2.6.4.8) claimed that the EPA economic impact analysis
on the proposed regulations is outdated.

Discussipn: Industry sales of medium and heavy trucks reached a peak of 446,793 in 1973,
In 1974 sales were only 420,534; down about 6%. Estimated truck production for 1975 was
down approximately 19% from 1974 levels. Truck registration figures* for the 10 months
through October 1975 show a substantial variation hetwean manufacturers. Substantial
decreases occurred for all manufacturers. Compared to the same period in 1974, the smallest
decrease occurred for Dodge (5%). Chevrolet, FWD, International and Western Star exper-
ienced decreases In the 20-27% range. Autocar and GMC experienced a 32% decline,
Brockway, Freightliner, Kenworth, Mack, Peterbilt and White all experienced decreases

of over 40%.,

The elasticity calculations for the change it demund for trucks given in Appendix C
indicate that although fewer trucks will be sold the net revenue to truck manufacturers
and employment in the industry are not likely to fall and will even increase under all regu-
lntions (Tubles 7-13 and 7-14). The extent of the adverse impact of the regulations should
therefore be limited to the increased inventory requirements for the more expensive
equipment,

*Registrations lag production so that increases in registrations will occur later thant production.
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The state of the economy as a whole does have a direct effect on trucking and thus on
truck sales 181, Price increnses due to noise contro! equipment, however, are not likely to
exacerbate the cyclical downturn from the manufacturers point of view, In other words, it is
the demand for transportation services rather than the price of trucks which primarily deter-
mines truck sales,

Action iy Response to Public Comments: The EPA cconomic impact analysis has been up-
dated to reflect recent economic conditiens,

The inflationary effect on the economy as a whole, if manufacturers pass on 100 per-
cent of cost is discussed in Section 7. Due to the inelastic nature of the demand for trucks,
the manufacturing industry will not experience decreased revenue due to the regulation, as-
suming that all costs are passed on.

A-7.2 SUPPLY OF QUIET ENGINES

Identification: Ford Motor Company (A-2.1.3.21) and International Harvester (A-2,1.6.16)
indicated that manufacturers experienced a shortage of quiet diese] engines when the 83-dBA
regulatory level took effect in California and some other States, It was further asserted that
this condition would be amplified when the proposed EPA regulations increase the demand
for quiet engines, Oshkosh Truck Corporation (A-2,1.8.2) commented that heavy truck
munulacturers will be dependent on the ability of engine manufacturers to produce quiet
engines,

Discussion; Brand loyalty amongst purchasers of trucks to particular engine manufacturers
is strong according to one truck manufacturer. In addition there is no company which pro-
duces only noisy engines, Therefore, it is not likely that individual engine manufacturers
will experience significant losses in sales due to the 83-dBA regulation.

However, for the 80- and 75-dBA regulatory levels, the demand for quiet engines should
increase. The 80-dBA regulatory level is proposed to take effect in 1982, thus allowing a
G-year lead time for development of quieter diese] engines, 1t has been estimated that engine !
noise can be reduced by as much as 9 dBA without using enclosure techniques {10],

The Department of Transportation is sponsoring research to quiet diesel engines. The
results of this research are scheduled for availability to the public within the next 3 years.

Assuming that 4 2-year lead time is required for implementation, the DOT-sponsored engine
quicting technology could be applied to increase the supply of quiet engines by {982,
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Action in Response to Public Commen:  Lead times appear to be adequate for diesel engine
manulacturers to meet the expected increase in demand for quiet engines for the 80- and
75-dBA regulatory levels.

A-7,3 SHIFTS IN BUYING HABITS

Identification: Ford Motor Company (A-2,1.3,22), Freightliner Corp. (A-2.1.4.9), loter-
national Harvester {A-2.1.6,15), and Mack Trucks Inc, (A-2.1,7.9) stated that the adoption
of the proposed regulatory level will seriously limit their product line offering because
truck—engine configurations could no longer be marketed. According to these comments,
this impact is expected to be particularly severe when the 75-dBA regulatory level takes
effect, General Motors (A-2.1.5.30) asserted that the noise standards will cause major shifts
in buying habits, Federal Highway Administration, Chio (A-2,5.8.7) pointed out that the
impact of relative cost increments for gasoline and diese] trucks upon buyer patterns should
be determined,

Discussion: Some trucks which comply with the 83-dBA regulatory level will probably cost
more than others [13). However, the 83-dBA regulatory level applied nationally should not
force the elimination of any truck models, as suggested by International Harvester and

Mack Trucks, The lead times for the proposed 80- and 75-d BA regulatory levels provide suffi-
cient time for major truck redesigns where necessary, to accommodate nojse treatments
(Section A-4.5.1)and avoid eliminating truck configurations.

At all regulatory levels medium diesel trucks experience the greatest price increase [13].
Heavy diesel trucks experience the second largest percent price increase at 83 dBA but the
lowest at 75 dBA. Medium gasoline trucks experience large increases only for o 75«IBA
regulatory level. When no credit for the savings from more efficient fans, fan clutches, and
exhaust gas seals is taken, the changes in annual operating costs are less than $38 for all types
of trucks for the 83- and 80-dBA reguiatory level [13). These small changes in operating costs
should not have a significant impact on buying habits. However, for 2 75<IBA regulatory
level, the changes in annual operating costs are estimated to be $277 for medium diesel and
$180 for heavy diesel {13]. When credit for savings from more efficient fans, fan clutches
and exhaust gas seals are taken, a savings in operating costs accurs for all types of trucks,
except the medium diesel, These changes in price and operating costs are likely to have some
effect on the type of engine and truck chosen.

Medium diesel trucks have a relatively unimportant role in most sectors of the economy.
About half of the increased costs of medium diese! trucks will be borne by two sectors:
construction and for-hire (See Table 7.30). It may not be possible for the construction
sector to substitute gasoline for diesel trucks in muny applications. Some substitution is

" likely, however, in the for-hire sector.
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The largest potential impact of increased costs for medium gasoline trucks s in
agriculture, The price differentials between medium gasoline and mediunt dicse] trucks
make any shifts away from gasoline trucks uniikely.

The construction and retail sectors each own 21 percent of all the heavy gasoline trucks
in use (Sce Tuble 7-30). Heavy gasoline trucks, however, represent almost half of the trucks
used by construction industry, No other sector depends on heavy gasoline trucks for more
than a quarter of its truck usage. The projected changes in both capital and operating costs
will tend to favor the use of heavy gasoline over heavy diesel trucks. However, the sector
purchasing the majority of heavy diesel trucks is the for-hire sector, This section is also
the most dependent on heavy diesel trucks, Costs for this industry are shown in Appendix G,
Due to the high mileage travelled by users of heavy diesel trucks, it is unlikely that & major
shift will occur,

A shift has been predicted from light-heavy to heavy-heavy trucks in order to reduce per
ton-nile operating costs [26]. The sume arguement would indicate a willingness to buy heavy
diesel trucks as long as their luel costs per ton-mile is lower than for heavy pascline trucks,

The EPA analysis of the economic impact of the proposed regulations does not include
the different demand elasticities for each type truck or the substitution of one type of truck
with another, Therefore, information on shifts in truck buying is not gvailable, In order to
include the necessary level of detail, an analysis of the market by truck model would be re-

quired,

Action in Response ro Public Comment: Estimates of the reduction in demand have been
made for medium and heavy trucks, assuming equal demand elasticitivs, Estimates of shifts
in truck buying have not been made.

A-7.4 IMPACT UPON TRUCKING COMPANIES

Economic impact of the noise regulation upon the trucking companies is examined in
this document, Issues relating to profits and competition were ol particular importance to
trucking companies and trucking associatjons.

A-74.1 Profits

Fdentification; The Overdrive Magazine {A-2.3.5.4) made the assertion that increases in truck
costs will reduce profits for truckers and make it difficult to obtain necessary loans, The non-
availability of toans will force many truckers out of the trucking business, according to Over-
drive Magazine,

Discussion; The impact on total trucking revenues and operating margins has been considered

by EPA (Tables 7-25 and 7-26). The for-hire sector was considered separately {Appendix G).
The financial problems and the economic outlook for the industry are discussed.

A-T-4

e e e e,

v o ] i e



The ability to obtain loans is directly related to the financial strength of a particular
company as well as access to money markets, Certain segments of the industry are in financial
distress, The price increases whicls will occur in 1977 (only 1-1/2 years after the econhomic
trough for trucking) are relatively small, However, economic conditions at the time when
the other regulations come into effect are likely to be far more important determinants of the
ability of truckers to obtain loans, than the price increases due to noise control. A tight money
market could meke financing hard to obtain.

Action in Response (o Public Commens; Ensuring that rate increases coincide with cost in-
creases will avoid & heavy drain on truckers' cash resources, Mcans to assist truckers to ob-
tain loans in a competitive money market should be considered, Beeause of the relatively low
rates of return in trucking, the industry is particularly sensitive to high interest rates. Rate
increases should be aljowed which provide for these interest payments as well as the capital
costs.

A-7.4.2 Small & Independent Truckers Position

Identification: The Overdrive Magazine (A-2.3.5,6) asserted that the EPA had not determined

“the economic impact upon independent truckers, who in the magazine's opinion will sufler

the most, The proposed regulations could reduce profitability, which could force some small
truckers out of business, according to Overdrive Magazine (A-2.3.5.4) and the U.S, Chamber
of Commerce (A-2.6.4.7). According to the Regular Common Carrier Conference (A-2.3,7.3),
operators cannot afford current increases in truck prices and the noise regulation will make
conditions worse for truck operators.

Discussion: This document covers all types of trucking. The problems of the smaller
companies are discussed (See Section 7).

It is generally accepted that a small company may not be able to absorb costs as readily
as a large one, Small trucking companies (including owner-operators) tend to have poorer
credit ratings, less sophisticated accounting practices, and pay higher prices for fuels and parts,
Their operating margins are smaller (Table 7-27) than those of the large companies. Given
these disadvantages, an increase in the price of trucking services may have a greater impact
on small companies than on large ones. Many trucking companies were operating very close
to break-even in 1974 and 1975, Obviously, even a small delay in passing on costs, can have
an impact on companies in this position,

If rate increases are granted rapidly and foans can be obtained, the small trucking com-
panies should not feel too great a burden. They may, however, have to pay a premium for
funds which larger, more-profitable companies do not. Smaller bank loans, in general, carry
higher interest rates [27]. The rate increase should take this into account,
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Action in Response to Public Commens: If timely rate inereases are granted to cover costs
due to noise treatment, tittle impact on small trucking companies should result, Therelore,
the Interstate Commerce Commission should be aware of the increased costs which are jikely
to oceur,

A5 IMPACT ON TRUCK MANUFACTURERS

ldentification: The Koehring Company (A-2.2.4.5) claimed that the proposed regulations
could put some truck manufacturers out of business. Crane Carricr Company (A-2.1,2.1)
commented that the small truck manufacturer would experience a greater cconomic impact,
since the small manufucturer cannot compete with larger manufacturers for the required
technival talent, The small manufacturer depends more on the specialty truck market that
is more sensitive to price increases, according to the Crane Carrier Company.

Discussion: The elasticity of the truck market is such that truck price increases, when passed
on to the truck purchasers, result in increases of revenue to the truck manufacturers. (See
Table 7-13). Some increase in the amount of {inancing required for inventories is likely,
however, This will affect cash flow 1o some extent. The proposed regulations arc not

likely to put any truck manufacturets aut of business, as long as all costs are passed on.

The demand for specialty trucks is estimated to be less sensitive to price increases than
the demand for general-purpose trucks. The sales of specialty trucks are more sensitive than
the sales of general-purpose trucks to the conditions of the sector of the economy in which
they are used. For example, sales of trucks for use in the construction industry are con-
trolled to o large extent by the economic conditions of that industry.

Some of the technology required for compliance has been or will be made avaitable to
the public through research sponsored by the Federal sovernment. Examples of such research
include the DOT Quiet Truck Program and an ongoing program to reduce diesel engine noise,
Research sponsared by the Federal government should reduce the costs to small truck manu-
facturers for obtarining technical assistance,

Action in Respanse to Public Comment: A serious economic impact on {ruck manufacturers
is not expected,

A-7.6 IMPACT ON STATE HIGHWAY NOISE TREATMENT PROGRAMS

Jdentification; The savings to States for highway nolse treztments, such as noise barriers,
and in the values of private property, should be included in the analysis of the economic im-

paci of the proposed regulations, according to the States of Delaware (A-2.5.3.4), Mississippi,
{A-2.5.13.4) and New Mexico (A-2.5.15.3), New Mexico added that highway noise barriers
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cost about $100/foot. The State of Texas (A-2,5.20,2) suggested that the impact on State
governments providing highway noise treatments during the period before EPA regulitions
become effective, should be uddressed.

Discussinn: The States of Delaware, Mississippi, and New Mexico are correct jn suggesting
that some savings in highway noise treatments should result from the EPA proposed regula-
tions, llowever, because such treatments are used primarily in local arens where the noise
impact is high, the total casts nationwide for such treatment are impaossible to predict accur-
ately, Some treatment will still be required in addition to the EPA regulations in order o
provide sufficient protection in certain sitwations, particularly along freeways where tire noise
dominates,

The Department of Transportation considered the effect of the reguluations on property
values, However, as discussed in Section A-6.1, assigning monetary values (in terms of changes
in property values) to the benefits to the public welfare can be misleading.

The lead times in the proposed regulations have been selecied to pravide adequate time
for truck manufacturers to comply with the regulations, Decreasing the lead times to decrease
the burden on States for providing highway treatment, could have a serious impact on truck
manufacturess in attempting to comply with the repulations,

Action in Response ro Public Comment; Estimates of costs to States [or providing highway
treatments in situations of high noise impact are not included in the economic impact analy-
sis.

A-7.7 IMPACT ON NATIONAL ECONOMY

This part of the analysis of public comments is concerned with the national economy,
The commentors expressed concern ranging from the inflationary aspects of the regulation
to cumulative costs of all Federal regulations that impact the trucking industry, The major
issues are discussed below.

A-7.1.1 Inflation

Hdentification: Freightliner (A-2.1,4,10), General Motors (A-2.1.5.32), B. L. Atkins
(A-2.4.1.1), Paccar (A-2.1.9.8), White Motor (A-2.1,10.4) and the U.S, Chamber of Com-
merce (A-2,6.4.6) expressed concern about the inflationary effect of the proposed regutla-
tions, The Federal Highway Administration, Ohio (A-2.5.8.6) commented that the impact
of the proposed regulations on consumer prices should be determined.
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Discussion: The greatest inflationary impact is felt il all costs are passed on by each sector,
The inflationary effect thus shows up as an increase in truck transportation cost per dollae
of final demand  The average percentiage increase should be nbout 0.3 percent in the year
2000 (Table 7-29). The lurgest increase will be experienced by the miscellancous mining
sector. This will be 0,19 cents per dollar of final demand. Other increases are around

0.01 to 0.03 cents per dollar (Table 7-29).

Action In Response to Public Connnent: The influtionary impact has been estimated by EPA,
No further action has been taken.

A-7.7.2 Inflation Impact Statement

Tdentification: Generad Motors (A-2.1,5,33), International Harvester (A-2.1.6.14), White
Motor Corp. (A-2.1.10.8}, Gifford Mill Company {A-2.3.3.1), Overdrive Magazine (A-2.3.5.5)
and the Motor Vehicle Manulacturers Association {A-2,60,6.4) requested an inflationary im-
pact statement, Overdrive Magazine added that the intlation impact statement should go into
greater depth than in the background docunent for the proposed regulations,

Discussion: An inflation impict statement has been prepared by EIPA, which goes into greater
depth than provided in the background document for the propesed regulations,

Action in Response to Public Comnment: No further action has been taken.

A-7.7.3 Total Costs of EPA Proposed Regulations

Identification; Table A-7.1 presents the yearly and cumulative cost estimates of the proposed
regulation by General Motors (A-2.1.5.31) and EPA, GM contended that the costs are un-
precedented in their magnitude and will contribule to inflation, The Department of Trans-
portation {A-2.5.4.19) claimed that the total cost estimaied by EPA cannot be used to assess
the economic impact, since the EPA estimates do not include production tolerances. The
estimates of total costs should include agency costs for enforcenent, manufacturers’ costs
and costs to small businesses and consumers, according to the Associated Genera) Contractors
of Colorade (A-2,6.2.3). The Motor Vehicle Manufacturers' Assaciation (A-2,6.6,3) claimed
that the EPA estimates of cumulative costs are low since all of the costs incurred in the inter-
vening yeurs were not taken info account.

Discussion; One of the sources of the differences between the GM und EPA estimates of
total costs is the differences in the computational procedures used in making the estimates,
EPA depreciated the costs of the truck overa 10-year period. GM accounted for the cost of
the truck at the time of purchase. For the purpose of this discussion, the EPA estimates of
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Table A-7.]

GM Forecasts Compared With EPA Forecasts of Tota! Costs

(Millions of Dollars)

GM Forecasts Figure V114,10 76

Recommend EPA Estimate™

Year
afl

Purchase Option G* Option E Option A Option G Option E Option A
1977 100.6 100.6 100.6 19,7 19.7 19.7
1978 141.2 141.2 141.2 i9.4 394 3%9.4
1979 183.6 183.6 183.6 59.1 59.1 59.1
1980 227.3 2213 2273 78.7 78.7 78.7
1981 272.5 459.1 4591 98.0 131.2 131.2
1982 319.5 336.7 536.7 116.8 183.1 183.1
1983 368.4 6174 1377.6 134,7 2339 358.7 .
1984 418.9 701.2 1509.5 151.8 283.3 532.2
1985 463.0 779.9 1637.9 168.1 33L.5 703.5
1986 508.7 861.8 1771.0 183.6 3717 871.1
1987 3276 919.0 1881.1 196.1 4194 1,031.7
1988 548.6 978.5 19952 208.6 459.5 1,186.2
1989 569.8 1040.8 21139 221.2 498.3 1,333.5
1950 591.9 1105.5 2236,7 233.9 535.8 1,472.9

TOTAL 5.241.6 8,652.6 16,171.4 1,909.5 3,650.6 8,000.8

*Refor to EPA Option in Table 4-1,
TWithout credit for costs and savings from more efficient fans, fan clutches und exhaust gas seals,




total costs were recomputed using the GM accounting procedure for the cost of the truck,
With the GM accounting procedure, the EPA cstimates of cumulitive costs for the proposed
regubitions increased by more than §1 billion,

Small differences result from slightly different projections of the truck sales for euch
type through 1990, Ailthough the sume growth rates were used, different initiol mixes were
used by EPA and GM. In the EPA estimates, the projected sales for cach type of truck were
multiplied by the capital cost and projected interest cost to oblain the amount to be expended
in each year of the life of the truck, Changes in maintenanee and Mgl costs were comptited
for each truck type based on mileage. Changes in fucl costs were not included in the GM
estimates ol total costs, Total capitul und operating costs were then summed to give the
total annual costs (See Appendix B),

For the proposed regulations, the cumulative costs for 1977-1990 given by GM is 16.2
billion dollurs. The EPA estimates of cumulative cost is 8.0 billion dollars. The difference
in these estimates is due primarily to differences in truck price increases and changes in main-
tenance costs used by EPA and GM (See Sections A-5.1.1 and A-5,2.4). When credit for the
costs and savings for more efficient fns, tan clutches and exhaust gas seals is taken, the EPA
estimates of the cumulative costs is ~33.3 billion G savings). The cumulative costs which
should be credited to the proposed regulitions is between the two estimates of $8.0 and
-~$3.3 billion,

These cumulative costs should be compared with the cumulative revenues lor trucking
as 4 whole for the same period (1977-1990), These arc estimated to be $1,315 billion ap-
proximately (extrapolated using Table 7-22). The GM estimate of costs for Option A
represents 1,23 percent fo the cumulative truck revenues. This, however, ignores the time
value of money. If we tuke the GM cost estimates for the propased regulations (Option A)
discounted at 10 percent versus the revenues similarly discounted, costs are .97 percent of
revenues, The change is due to the fact that many of the substantial costs for noise treatment
are incurred in later years, particulurly in terms of increased operating costs,

The GM estimates for the proposed regulations in 1990 are 1,92 percent of 1990
revenues. This ignores fuel savings which is likely (o reduce this number to under | percent.
The EPA estimate of total costs for 1990 is 1,27 petcent without allowing for fuel savings.
With fuel savings it is 0,10 percent.

The revised EPA estimates of totul costs take into account production tolerinces
needed to build trucks which comply with not-to-exceed regulatory levels. A tolerance of

2-3 dBA below the regulatory level was used by EPA, This tolerance is in agreement with the
tolerance suggested by several truck manufucturers (Section A-4.4.1).
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The EPA estimates ave For the total costs experienced by truck users, The costs may be
passed on, in which case, the costs will be incurred by small businesses wnd other users of
transportation services, The costs {or EPA to enforce the regulations are estimated to be
small (Appendix H) compared to the costs to the truck users apd therelore have not been
included in the estimates ol total costs,

The original EPA estimate of the total annual costs in 1990 were §1,1 billion for the
proposed regulations {81, The revised estimate is $1.5 billion it no credit for any savings
in operating costs are taken, Therefore, the revised estimates of totul costs with no credit
for savings arc higher than the original estimates. In addition, estimates of the cumulative
total costs wre given (See Appendix E), as suggested by the Motor Vehicle Manufacturers’
Associution.

Action in Response 1o Public Connment: The estimated costs used by EPA differ from those
used by General Motors, The prineipal source of the dilterences between the estimates were
discussed, However, using the General Motors estimates indicates a limited inflationary impact,
Since fuel savings are not included in the GM estimates, the actual impact should be lower.

A-7.7.4 Cumulative Costs of all Federal Reguiations

fdentificarion: Mack Trucks (A-2.1,7.10}, Overdrive Magazine (A-2.3,5.3), Regulur Common
Carrier Conference {A-2.3.7.4) and the U.S, Chiamber of Comterce (A-2.6,4,9) state that

the cumulative costs of the recent Federal regulations on trucks have contributed significantly
to increases in truck costs, and therefore, have contributed to the present recession, The
American Trucking Association (A-2.3.1,14) and Paccar, Inc., (A-2.1.9.9) stated that truck-
ing costs have already increased by 14 percent and $2,550 respectively, due to Federal
repulations.

Discussion; The cumulative costs of all government regulations on trucks has not becn con-
sidered by EPA. Many different agencies are involved in promulgating these regulations,
There is u need to evaluate the proposed regulations on truck noise emissions in the light of
the impact on the economy of all government regulations on trucks. In addition to the cumu-
lative eflect of Federal regulations on truck prices, the coordination of the effective dates in
Federal regulations couid reduce the impact on manufacturers by decreasing the number of
needed model changes,

Action ln Response to Public Cornmeni: An interagency effort is needed to evaluate the

cumulative impact of government regulations on the trucking industry. These concerns will
be addressed as a part of the interagency/OMB review which will occur prior to promulgation.
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A-7.7.5 Research and Development Costs

ldenrification: The costs of the research and development should be borne by the entire
public, according to Overdrive Magazine (A-2.3.5.2).

Discussion: Research and development costs that might be incurred by truck manufacturers
will be reflected in higher truck prices. It is expected that most of the increased capital and
operating costs of trucks can be passed ajong to the consumer and thus result in higher trans-
portation costs of commaditics transported by trucks, Therefore, the entire public will bear
the noise costs, In addition, the Department of Transportation is sponsoring research and
development in quieting heavy diese! trucks and diesel engines. The DOT Quiet Truck Pro-
gram has produced ]2 reports on noise treatments applied to three different heavy diesel
truck maodels.

Action in Response to Public Comments: The noise control! cests will be borne to 2 sub-
stantial degree by the entire public in the form of higher prices for transported goods and
federal taxation to support rescarch and development,

A-7.8 SECOND-STAGE MANUFACTURERS
A-7.8.1 Motor Homes

Hdentification! According to Recreation Vehicle Industry Association (A-2,6,8.2) an esti-
mated 28 - 34,000 1975 model-yeur motor homes would fall into the 10,000 It GVWR
category. This amounts to 12 to 15 percent of the trucks in the medium gasoline category
and about 35 to 40 percent of the total motor home market.

The industry association poinis out that there are a large number of motor home man-
ufacturers who are small in size and not likely to have sufficient funds for noise control re-
search, development, compliance testing, and certification, [t was claimed that unequal
hardships would affect competition in the motor home industry.

Discussion: The major sources of truck noise are the engine, exhaust, and fan. These !
sonrces will be treated by the chassis manufacturer, The Recreational Vehicle Industry i
Association commented that mobile home manufacturers normally do not alter the engine, :
cooling system, or exhaust system, In addition, chassis manufacturers should provide the

second-stage manufacturers with instructions on medifications that can be made without

affecting the noise emission characteristics of the vehicle. Therefore, the mobile home man-

ufacturers will not be required to make large investments for noise research and development,
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Before the chassis is delivered to the mobile home manufacturer, it is usually not
drivable. Therefore, it is difficult for the chassis manufacturer to test before delivery to the
mobile home manufacturer, Therefore, the mobile home manufacturer may have to perform
the required testing.

Action in Response to Public Comment: The requirements on the chasssis and mobile home
mant facturers in complying with the EPA regulations on noise emissions have been carefully
specified.

A-7.8.2 Specialty Trucks

Hentification:  According to the Donaldson Company (A-2.2.2,10), the small manufac-
turer of special truck equipment will be subjected to unreasonable economic burden, The
Construction Machinery Company (A-2,3.2.1) chimed that, if mixer mounters are included
in the regulations, the entire sales distribution pattern would be disrupted. The National
Solid Waste Management Association {A-2.6.7.2) suggested that the economic impact of the
regulations on small companies engaged in solid waste collection be carefully considered,
Second-stage manufacturers of selid waste disposal trucks cannot afford the costs of testing,
according to the National Solid Waste Management Association (A-2.6.7.3).

Discussion: Compliance with the proposed reguiations are largely the responsibility of the
chassis manufacturer, The second-stage manufaciurers will be required to comply with anti-
tampering instructions provided by the chassis manufacturer.

Truck-mounted waste compactors have been Identified separately by EPA as major
sources of nojse. EPA is investigating waste compactors for possible regulatory action, The
ecoromic impact on these companies will be included in the EPA investigations,

Action in Response to Publfe Comment: Since most of the responsibility for compliance rests
with the chassis manufacturers, the impact on the second-stage manufacturers is expected to
be small.

A-7.9 OTHER ISSUES

A-7.9.1 Impact on Local Areas

fdentification: The Koehring Company {A-2.2.4.4) commented that the impact on local

areas of closings of truck manufucturing plants, that could be caused by the proposed regu-
lations, should be considered.
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Discussion: Total truck sales and employment by truck manufacturers should increase ns a
result of the regulations (Section 7-2), Therelore, plant closings due to decreases in plant
utilization should not occur.

The Koehring Company mentioned that one truck manufacturing plant was closed be-
cause of the need to consolidate testing facilities required for the Federal brake regulation,
If the required testing for the EPA proposed regulations is performed at an EPA facility, the
total annual cost is estimated to range from $7450 for small manufacturers to $59,100 for
large manufacturers (Appendix H), These estimates include the production verification and
selective enforcement auditing testing costs and transportation costs to the EPA facility. The
cost of closing a plant is probably much higher. Therefore, the required testing should not
force plant closings.

Action in Response to Public Conument: No further action has been taken.

A-7.9.2 Impact on Postponing Regulatory Leveis

Identification; Schwitzer Engineering Components {A-2.2.6,3) clzimed that the costs will be
enormous if the 75-dBA regulatory level is established and then postponed.

Discusstan: Schwitzer Engineering Components is correct in suggesting that there will be
added costs involved if a regulatory level below 80 dBA is established and then postponed.
Postponing or removing the below 80 dBA regulatory level could impact the ability of truck
manufacturers to effectively recover investments in research and development. Disruption
of model changes, which must be planned at least 2 years in advance, could be effected by
postponing or removing the below 80 dBA regulatory level,

The recent experience of the air-brake standard indicates the problems which can occur

" due to uncertainty abaout the timing of a proposed regulation. One company had over 28
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production days of finished buses that met the new brake standard in inventory, before the
postponement came. There ate difficulties in recovering the incremental costs incurred on
such inventory until the regulation comes into effect. If companies begin ordering parts and
modifying production schedules to meet & regulation, a postponement may be costly, Inven-
tories of purts and finished goods may become large, The lead time for a posiponement should
be similar to that for any other model change.

Action in Respornse to Public Comment: The economic impact of any modification to the

regulations will be carefully considered by EPA prior to preparing a lower than 80 dBA
standard,

A-T-14
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Appendix A-8
TEST PROCEDURE

INTRODUCTION

The National Bureau of Standards (NBS), in cooperation with EPA, has examined the
submission to the EPA docket and has contributed much to the response material in this sec-
tion (Appendix A-8),

In this chapter of the docket analysis, only those points having a significant impact on
the procedure are shown. Some of the changes offered by NBS are not included in the final
regulation due to inadequate supporting data or information. The overall testing procedure
does, however, concur with the views of NBS,

A-8.1 Critique of Basic Test Procedure

IMentification: International Harvester (A-2.1.6.17) and White Motors (A-2.1,10.10) com-
mented that the test procedure should be improved.

Discussion: The Environmental Protection Agency (EPA) consulted with the National
Bureau of Standards regarding the test procedure which wis suggested in the proposed
regulation. The Bureau of Standards made a series of suggestions for changes which were
adopted in the final version of the regulation. These changes are listed below:

Section 205.54-1{b)(1) in the proposed regulation has been replaced by: The test site
shall be such that the truck radiates sound into a free field over a reflecting plane. This con-
dition may be considered fulfilled if the test site consists of an open space free of large
reflecting surfaces, such as parked vehicles, signboards, buildings ot hillsides, located within
30 meters of cither the vehicle path or the micrephone (Figure 10).

Section 205.54-1(b)(2) in the proposed regulation has been replaced by: The micro-
phone shall be located 15.2 + 0.3 meters from the centerline of truck travel and 1.2 + 0.1
meters above the ground plane. The microphone shall be ofiented with respect to the
source so that the sound strikes the diaphragm at the angle for which the microphone was

colibrated to have the flattest frequency response characteristic over the frequency riange
100 Hz to 10 kHz.
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Section 205,54-1{b)(7) in the proposed regulation has been replaced by: The reference
point on the vehicle, to indicate when the vehicle is at any of the points on the vehicle path,
shall be the front of the vehicle except as follows, If the engine is located rearward of the
center of the chassis, the rear of the vehicle shall be used as the reference point. If the hori-
zontal distance from the reference point of the vehicle to the exhaust outlet is more than
5.1 meters, tests shall be run using both the front and rear of the vehicle as reference points.

Section 205.54-1(1)(8) in the proposed regulation las been replaced by: The pline
containing the vehicle path and the micraphone location shall be lat within £0,05

meters,

Section 205.54-1(b)(8) in the proposed regulation has been replaced by: Measurements
shall not be made when the road surfice js wet, covered with snow, or during precipitation.

Section 205.54-1{b)}(9) in the proposed regulution has been replaced by: DBystanders
have an appreciable inflnence on sound level meter readings when they are in the vicinity
of the vehicle or micraphone; therefore, not more than one person, other than the observer
reading the meter, shall be within 15.2 meters of the vehicle path or instrument and the
person shall be directly behind the observer reading the meter, on a line through the micro-
phone and observer. To minimize the effect of the observer and the container of the sound
level meter electronics on the measurements, a cable sound may be used between the micro-
phone and the sound level meter,

Section 205.54-1{b)(10) in the proposed regujation has been replaced by: The maximum
A-weighted fast response sound level observed at the test site immediately before and after
the test shall be at least 10 dB below the regulatory level,

Section 205.54-1(b)(11) in the proposed regulation has been replaced by: The road
surface within the test site upon which the vehicle travels, and, at a minimum, the measure-
ment area (BCD in Figure 10) shall be smooth concrete or smooth sealed asphalt, frec of
extrancous material such as gravel,

A-8,2 Need for Stationary or Other Simpler Test

Identification: Mack Trucks (A-2.1.7.11) and White Motors (A-2.1.10.11) suggested that a
stationary test be jncluded as o part of the enforcement of the regulations.

Discussion: There is limited correlation between stationary tests and drive-by tests. [ow-

ever, there is insufficient data to enable EPA to promulgate a regulation in which the
enforcement method utilizes a stationary test. The noise levels of new trucks tested under

A-8-2

v
I

T Ay et e o kg RS e



these conditions are not nearly as well known as under the low speed, high acceleration
test.

A-8.3 Test Site Specifications and Certification

Idemsification; General Motors (A-2,1.5.35), Muck Trucks (A-2,1,7.12) and White Motors
(A-2.1.10.11) commented that the test procedure in the proposed regulations may prodtce
excessive variability in the test data and should therefore include test site correction factors.

Discussion: Test site variability is known to exist to some cdegree. However, research is
needed before carrection factors and calibration procedures can be reliably established.
Until that time, the test procedure presently in use provides the most reasonable and accur-
ate measurement possible for all sites.

Action In Response to Public Comment: No change (o the test methodology was made.
EPA clearly understands the problem and intends to work toward development of site
correction fuctors and calibration procedures where possible,

A-8.4 Corrections to Standard Conditions

fdentification: General Motors (A-2.1.5.36) and White Motors (A-2.1.10.13) pointed out
that the proposed regulations contains no provisions for correcting measured noise levels
to standard conditions of temperature, barometric pressure and humidity.

Discussion: This question is discussed briefly by NBS and they concluded that, “at the
present time, the data base is such that correction fuctors for temperature and barometric
pressure cannot be defined. Such corrections are needed and research to provide definition

of such factors should be given a high priority.”

In principle at least, the temperature, barometric pressure, and humidity can influence
the measured sound pressure levels in several ways:

& By modifying engine operation (e.g., combustion),
e By affecting sound propagation between the source and the measuring location,

e By affecting the measurement instrumentation,

A-8-3
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Action in Response to Public Comtments; Standard conditions should be established
(e.g., 20° C and 760mm Hg). EPA intends to investigate the problem and wark toward
development of witys to correct data to these standard conditions,

NBS supplied the following camment on this subject: [f calibration devices are utilized
which are not independent of ambijent pressure (e.g-, 4 pistonphone) corrections must be
muade for barometric or altimetric changes according to the recommendation of the instru-
ment manufacturer.

A-8.5 Engine Operating Temperature

Tdentification: White Motors (A-2.1.10.14) suggested that testing take place with the engine
coolant at opernting temperature,

Discussion: Trucks spend a very small percentage of operating time with engines below or
above their “normal” temperature. Thus, the cost and inconvenience of testing at a variety
of engine temperatures, in order to find the one at which maximum noise is produced, does
not seem worthwhile at this time. However, since measurable differences could oceur, the
variance in the test procedure may be better controlled if engines are at normal operating
temperature during testing.

It may be assumed that truck manufacturers do not canduct tests in such a manner as
to result in engine overheating and possible dumage, However, tests may be conducted by
personnel not under the manufucturer’s supervision, In most cases, o 1-minute cooling-off
petiod would not be needed, and il stipulated, would only increase testing time and cost.

Action in Response to Public Comnreni: NBS suggested that the text below be incorporated
into the test pracedure and this has been done.

“The truck shall be brought to its normal operating temperature prior to
commencement of testing. During testing, appropriate caution shall be taken
to maintain the engine at femperatures within normal operating range.”
A-8.6 Operation of Thermostatic Fans and Radiator Shutters
Identification: Freightliner (A-2.1.4.11), General Motors (A-2.1.5.37), international
Harvester (A-2,1.6,18), White Motors (A-2.1.10.18), Schwitzer (A-2.2.6.5), Horton (A-2.2.8.1

und Bendix (A-2.2.9.1) suggested that vehicles equipped with thermostatically controlled fan
clutches should be tested with fan off.

A-84
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Discussion: Considerable data exists demonstrating the smalf amount of time that a
thermostatically controlled radiator fan operates at or near masimum pm (see Appendix
I}, Their use glso causes significant fuet saviogs to occur.

Statements have heen made for allowing noise tests (o be made with fans declutehed
thus enabling manufacturers to use demand-actuated funs in conjunction with marginai
cooling systems that would require the fan to operate most of the time. However, at high-
way speeds additional cooling capacity of the fan is very small compared to the cooling
provided by “ram air.,” Thus, the truck manulacturer must size his cooling system so that
the fan is really needed only under conditions of very low road speeds and high engine heat
output (e.g., long, slow hill climbs}.

Action in Response to Public Comment; The regulation now allows vehicles with fan
clutches to be tested with the fan not operating. Thereby, an incentive is provided to use fan
ciutches, resulting in lower noise output for the majority of the time and a fuel savings,

A-8,7 Deceleration Test

Identification; Chrysler (A-2.1.1.6) and International Harvester (A-2,1.6.19}) commented
that a deceleration test should be required only on trucks equipped with an engine brake.

Discussion: The comments that deceleration noise levels are below acceleration noise levels
for trucks not equipped with engine brakes are supported by discussions held between NBS
and others. NBS points out that the deceleration test procedure now specified in

J366h was added to fhe original procedure to address the problem of engine

brakes.

Actiont in Response to Public Conunent: The deceleration test is now required only on
trucks equipped with engine brakes,

A-8.8 Instrumentation

Identification; International Harvester (A-2.1.6,20Y and White Motors (A-2,1.10.16) com-
mented that the instrumentation required for complianee testing should be more precisely
specified.

Discussion; The commentors are correct in that the instrementation required for compliance
testing needs to be more precisely specified.

A-8-5
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Aection in Response 1o Public Comment: The instrumentation required for compliance testing
has been more precisely defined. Sound level meters are required to meet ANSE §1.4-1971
specifications.

A-8.9 Repeat Measurements, Tolerances, and Round-Off

Identification: Chrysler (A-2.1,1,7), Freightliner {A-2.1.3.23), Mack Trucks (A-2.1.7.13)
and Schwitzer (A-2.2.6.6) claimed that the round-off procedure and number of tests to be
used are not adequately described in the proposed regulations,

Discussion: The regulation now allows an unexplained, snd unusually high noise measure-
ment to be deleted, and two other points to be those used for computing the average noise
level of one side of the vehicle, The points used must still be within 2 dB of each other, as

before. The new provision also limits the maximum number of measurements to 4 on cach
side of the vehicle, to avoid unnecessary repetition.

With respect to variations in measured levels, much of the data upon which EPA bases
the analysis of economic und technical feasibility were subject to product variance and
measurement variance of roughly the same magnitude as that which will be in existence
after the regulation is in effect, The costs of complying with the regulation are closely tied
to these variances and hence to the position taken with regard to telerances,

Action in Response to-Public Conunent: The entire question of measurement uncertainty
requires further investigation such that adequately precise measurements are made, These

are areas where the present information is too limited to make a major change to the pro-
posed regulation at this time,

A-8.10 Meter Response

Identification: B.F. Goodrich {(A-2.2.3.2) commented that the *‘slaw™ meter response on the
sound level meter should be used.

Discussion: The comment refers to the measurement of tire noise and does not apply to
low speed, engine-related noise measured in the compliance tests in the proposed regulations.

Action in Response to Public Comment: The “fast™ meter response is required on testing.
No further action has been taken.

A-8-6
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Appendix A9
CLASSIFICATION

A-9,1 Different Regulatory Levels for Different GYWR Catepories

Identification: The State of Delaware (A-2.5.3.5) and the Associated General Contractors
of Colerado (A-2.6.2.5) suggested that trucks in dilferent GVWR categories be regulated to
different noise levels,

Discussion: Data used in determining the classification system to be used in this regula-
tion shows that there are no reliable differences in noise levels between trucks of different
GVWR's,

Action in Response to Public: No change in the chssification of trucks was made in
the regulations.

A-9.2 Vehicle under 10,000 lbs GVWR

Identification: San Diego County (A-25.18.1) commented all trucks over 6,000 lbs GVWR
should be regulated.

Discussion: The lower limit for vehicles covered by this regulation was set at 1,000 Ibs be-

. cause of the natural break occurring between light trucks/automobiles and medium/heavy
trucks. Also, this break occursin industty, in many Department of Transportation safety
regulations, and in the Interstate Motor Carrier noise standards, recently promulgated by
EPA. The single, over 10,000 lbs classification allows a consistent and more simplified en-
forcement system, after the new trucks become “in use” trucks,

The proposed regulation allows other governments to set new product standards on

trucks under 10,000 Ibs as well as allows the Federal Government to regulate the noise
emissions of new light trucks {less than 6,000 1bs.).

A-9-1




Action in Respouse to Public Comment: The Preumble to the proposed regulition and the
Preamble to the final regulation adequately addresses this issue. No changes to the proposed
regulation were made,

A9.3 Motor Homes

Jdemtification: Chrysler Corporation (A-2.1.1.8) and the Recreution Vehicle Industry Associa-
tion (A-2.6.8.3) commented that motor homes should be excluded from the regulation,

Discussion; Motor omes are considered to be designed primarily for the purpose of trans-
porting one’s property (his living area), not necessarily just persons, They are, therefore,
defined under the definition of trucks and are covered by this regulation.

Action in Response to Public Comment: No change was made to the proposed regulation
regarding exclusion of motor homes from the regulation.

A9.4 Special Purpose Equipment

Mentification: The Department of Transportation (A-25.4-20) and the State of New York
{A-2.5.16.3) commented that special purpose equipment should be covered under the

regulation,

Discussion: The document which identified “New Medium and Heavy Duty Trucks” asa
major source of noise did not identify the various ancillary equipment carried on the differ-
ent trucks. Due to the facts that the various ancillary equipment is often not continuously
operated along roadways (us are the engine und drive train) and produces substantially differ-
ent acoustic emissions that may require development of new test techniques, the problems of
special equipment noise will be addressed in future regulations,

Action in Response to Public Comment: No change to the proposed regulation was made.

A9.5 Buses

Identification; The Department of Transportation {A-2,5.4.21) and San Dicgo County
(A-2.5.18.1) commented that buses should be included in the regulations,

A9-2
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Discussion: The Preamble 1o the proposed regulation adequately answered this comment,
It is also discussed in the Preamble to the final regulation. EPA plans to regulate buses
separately,

Action in Response 1o Public Comment: No change to the proposed regulation is necessary.,
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Appendix A-10
ENFORCEMENT

A0,

Several of the commenters questioned EPA authority to make broad inspections
and right to inspect and photograph records and information pertaining to a manufacturer's
activities under the regulations, The commenters felt that such provisions allowed entry
into all areas regardless of whether the Facility had anything to do with a manufaciurer's
noise contro] program,

The Agency authority for the inspection and monitoring section of the regulation
stems from the provisions in section 6 of the Act, which provides that any regulations may
contain testing procedures necessary to assure compliiance with the noise emission standard;
and from the authority of section 13, which provides the Administrator the authority 1o
have zceess to information maintained by a manufacturer to enalbile the Administrator 1o
make 4 determination ag to whether & manufacturer is acting or has acted in compliance
with the Act. EPA interprets the words “lesting procedures’ to include actions taken to
deterimine cither directly, e.g., by emission tests or by inference, by examining the
conformity of the product to the infermation provided the Agency in the Production
Verification reports, whether the product is in conformity with the prescribed emission
standards, The regulations have been modified so as to limit the inspections and acquisition
of data to that information necessary for the Administrator 10 make a determination that
the manufacturer has been or is distributing conforming products into commerce. The
authority of EPA personnel is limited to examining records of tests conducted on production
verification products or products tested pursuant to SEA; inspecting areas where testing is
conducted, wherse vehicles are stored prior to testing, and inspecting those portions of the
assembly linc where the products are being assembled. EPA has no interest in entry into ‘
developmental laboratory areas or areas not concerned with a manufacturer’s activities :
under the Noise Control Act of 1972,

A-10.2
Several conmmenters were concerned with the Administrator's discretion to refuse to

grant a hearing in situations in which orders were issued under section 11(d) of the Noise
Control Act, '

A-10-1
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The regutations have been modified so that in situations in which 11(d) orders are issued,
notification and opportunity for a hearing are alforded.

A-10.3

Several commenters criticized the attempt by the regulations to limit the right of counsel
and recommended that such limitation be stricken from the regulations,

As a result of those comments, portions of the regulations that, in fuct, limit the right of
counsel have been deleted,

A-104

Twao commenters objected to the provisions in the proposed regulations requiring an
employee of a munufacturer to appear persenally before an EPA Enforcement Officer an
the grounds that the provisions violated the basic principles of fairness and due process.

This portion of the regulation has been eliminated, since section 16(d) of the Act,
which provides that the Administrator may issue subpoenas for the attendance and testimony
of witnesses for the purpose of obtaining information to carry out the Noise Control Act,
provides the necessary authority to accomplish the Administrator’s purpose intended by the
proposed regulation,

A-10.5

Severul commentersfelt that cease-to-distribute orders and recall orders went beyond
the statute and should be eliminated.

The Agency has interpreted section 11(d) of the Act, which provides for the issusnce of

Administrative orders, as inclusive of the power 1¢. issue cease-to-distribute orders and recall
orders, Any such orders would be preceded by notice and opportunity for a hearing,

A-106
Two commenters supgested that the provision requiring a manufacturer to Murnish free

reasonable assistance to EPA Enforcement Officers is invalid,

A-10-2
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The scope and definition of reasonable assistance have been medified from that
contained in the proposed regulation, s not anticipated that @ manufacturer will incur
any cost in complying with the reasonable assistitnce requitements of these regulations,

A-10.7

Two commenters suggested that because of the penalties provided for by the Act and
the cost associated with establishing and maintaining a test site it was their belicf that EPA
must make a control site available to all persons affected by the regulations,

EPA is currently planning a noise enforcement test facility to be located in Sandusky,
Ohio. The facility will be used to conduct EPA required enforcement tests in addition to
conducting manufacturer requested tests, Such tests perfarmed at the request of the
manufacturer will be accomplished at a reasonable cost to the manufucturer,

A-10.8

One commenter suggested that the regulations purport to permit the Administrator
to superintend the munufacture of vehicles rather than control the distribution of such
vehicles into commerce.

EPA does not intend to interfere in the manufacturing process, EPA is interested only
in obtaining information as to the conformity of production products with the regulations,
The criteria that the vehicles selected for testing be built using normal production processing
does 110t “control™ the production process and is included for the purpose of providing
assurance 1o the Administrator that tess are being performed on typicat vehicles,

A-10.9

Many commenters requested that the definition of manufacturer be clarified in view of
the fact that there are many companies that install ancillary equipment, and it was unclear
as to whether these nonchassis/cab manufacturers were also responsible for complying with
the individual requirements of the regulation,

The regulations require that the first person who creates the entity that conforms to
the definition of vehicle is responsible for production verification and for complying with
the labelling requirements. Any person who performs subsequent manufacturing operations
on the new products after it has become a vehicle as described within these regulations need

A-10-3
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not duplicate production verification or lubelling operations. However, it is incumbent upon
this subsequent manufacturer 1o assure that his manufacturing operations do not cause the
product to exceed the prescribed standards or obscure or remove the required labels, In
order that the Administrator may determine the effect on the noise performiance of the
vehicle, the subsequent manufacturer is subject to the selective enforcement audit of these

regulations,

A-10,10

Several commenters described the information recording and reporting requircments as
burdensome and costly,

The regulations have been revised so that most of the information required to be
submitted is sales literature that describes the product, and the amount of information to
be submitted with test reports has been substantially reduced. The regulations have also
been revised so that all datz may be mailed to EPA as opposed to the proposed telephone
reporting requirements. The regulations have also been revised so as to permit execution
of reports required to be filed by a manufacturer’s authorized company representative in
lieu of a corporate vice-president as specified in the proposal. The final regulations also
provide that when information has been previously submitted and has remained the same,
subsequent reports need only refer to previous submissions.

A-10.11

Several commenters felt the cost of the administrative enforcement provisions would
be significant because of the large number of products that would be required to be tested

.as a result of the production verification and audit test provisions and the need to construct

added test facilitics to accomplish all the required testing,

EPA has reexamined the cost impact of the administrative enforcement provisions of
production verification and sclective enforcement auditing and have again found them to be
reasonable. As a result of information gathered during the rulemaking process, which
included & public hearing and many written submissions to the docket, several modifications
were made to the reguletions in the area of administrative enforcement provisions. These
modifications have made the PV and SEA process more flexible and tailored to an industry
with varfed production loads and a varied preduct line, These changes have resulted in
reductions in cost to the manufacturer over those that would have becn incurred based on

A-104
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the proposed regulations. Significant capital expenditures may be eliminated by those
manufacturers who avail themselves of the EPA enforcement test Facility at Sindusky, Ohio,
In lieu of constructing addittonal facilities,

AlD12

Several of the commenters recommended sell-certification, as is now used under the
Motor Vehicle Salety Act, as o methad of assuring compliance with the standards.  Several
also suggested that if EPA Dbelieves that production verification testing is cost-effective, the
alternative proposal of testing u preproduction prototype could be adopted,

One manufacturer suggested that self-certification followed by selective enforeement
audit would provide the Administrator with an abjective and cost-effective means of assur-
ing compliance.

The production verification concept embadied in these regulations is essentially a self-
certification approach, However, the comphance testing is required to be performed on
production units. The argued advantage of pre-production prototype testing is that it would
preclude a delay on the part of the manufucturer at the beginning of sales of a particular con-
fipuration due to his inability to test because of inclement weather. These regulations
provide for a 45-day period in which conditional verification is granted by the Administrator
for 2 configuration pending completion of the required test,

This change is intended to resolve the concern about delays caused by weather and to
preserve the EPA desire that production units be tested to determine compliance.

A-10.13

One commenter suggested that the regulations compelled him to schedule the noisiest
configuration In a category for the first production.

Another commenter found that the configuration jdentified as having the highest sound
pressure level within a category most probably would not be the first configtiration built
and, in fact, might not be built until some thme late in the model year or perhaps not built
atall in that model year, The commenter suggested that the viable alternative was to allow
the manufacturer to production-verily the first configuration built in a category, in addition
to the requirement that he production-verify all configurations tn a category that were known
orestimated to hove higher sound pressure levels at the time of their actual production.

A-10-5
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This would enable manufacturers to release some vehicles built-in eategories that did not
have their loudest canfiguration production-verified, but however did have some configura-
tions verified,

The finad regulations permit manulicturers 1o verily partions of eategories based on
tests of configurations that are not the highest noise emitters ol a particular category.,

The regulations provide that a manufacturer may production-verily selected configura-
tions in any order he desires, That is, the manutacturer may, it he desires, select and schedule
for production the noisiest configuration, in which case all other configurations within a
citegory would be represented by that configuration, or he could wait until that particular
configuration was in [act produced and then test it Intermediate configurations would be
praduction-verified as they are produced,

A-10.14

One commenter wanted to make clear that mass production dees not necessarily mean
assembly line preduction in the heavy trucking industry, Off-line or end of assembly line
modification are common,

EPA dous not intend to interfere with the industry’s normal mode of assermbling or manu-
facturing trucks, It is the intent of EPA simply to test products when they have completed
the manufacturer’s assembly process regardless of what end of assembly line modifications
are required, us long as such procedures are part of the manufucturer's normal mode of opera-
tion, It is the intent of EPA to require testing of vehicles that are complete,

A-10.15

Some manufacturers commented that production verification would delay and unnec-
essarily burden the manufacturer’s distribution pracess since distribution in commerce could
not take place until production verification has been completed.

The regulations have been modificd so as to permit manufucturers to distribute vehicles |
into commerce as soon as production begins, However, the requirement still remains that !
the manufacturer must test certain of his early production models, for the most part the
loudest configuration of a category, However, this testing must now take place as soon as i
weather conditions permit within a 45-day grace period during which conditional production !
verification is automatically granted,

A-10-6
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This 45-day period is designed to accommodate 2 manufacturer’s transportation needs
and to provide for poor weather conditions. In additionsthe requirement that the manufacturer
provide 10-day advance notice of his intention to test has been remaved,

A-10.16

Some manufacturers commented that the number of configurations available for sale
by them were extremely large and that an effort should be made to minimize the number
requiring tesring.

One manufacturer suggested that the parameters designating a noise configuration be
limited to those that are significant factors in affecting noise levels. The EPA proposed
definition of configuration included a great number of unnecessary parameters.

Both the definition of catepery and configuration have been changed, with the defining
parameters significantly reduced. The agency has calculated, bused on available information,
the total number of categories that would require testing if production verification is carried
out in accordance with these regulations and has found that it does in fact require only that
a nominal number of products be tested,

A-10.17

Several manufacturers suggested the adoption of Military Standard 4 14 or some variable
tyne sampling plan in lieu of the proposed attributes plan.

An attributes-type sampling plan was proposed because it is independent of the under-
lying distribution of the data. Variables plans however are dependent on the underlying
distribution, and uniess the distribution of noise data is normal, the use of a variables plan
in any strategy that determines the conformity or'nonconformity of a manufacturer’s
product may not be correct. Several manufacturers provided data to the Agency tending to
demonstrate that the distribution of noise data was in fact normal, The Agency has further
analyzed such data and has determined that the evidence is not sufficient to warrant the
conclusion that noise data is distributed normally. In addition to this analysis, the Agency is
proceeding with the development of a variables-type sampling plan that may be proposed
for comment in the near future, The sampling plan promulgated in the regulstions is
independent’of the type of distribution that characterizes the data.

One of the chief advantages of a variables plan is that less testing is required to achieve the
same information about a semple population. The sumpling plan promulgated in the regulations is a

A-10-7
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modification of the attributes plan proposed several months ago. This plan provides for
situations in which production volume is small jn addition to significantly reducing the
number of products requiring testing. Because of the small number of tests required under
the plon promulgated in the regulations, o shift to a variubles plan could not be justificd

on the basis ol reducing test burden,

A-10.18

Several commenters interpreted the warranty required by §205,58-1 to be & defects
warranty over the life of the vehicle.

The warranty required of the manufacturer is a performance warranty that the vehicle
meets the neise emission standards on the date of sale to the ultimate purchaser. Because
performance is warranted for the dute of sale only, warranty claims must relate back to a
nonconformity on that day. To make the best case in relating back to the date of sale, the
claimant should be able to point to a defect in design, materials, or workmanship that existed
on the sale date and that caused noise emissions fo exceed the standard, Thus, althaugh the
claim may be made against the manufacturer at any time during the life of the vehicle, such
claim must relate back to noncompliance on the date of sale,

One commenter stated that to warrant compliance with noise emission standards, all
replacement parts must be supplied by the original manufacturer.

This comment reflects a misunderstanding of the warranty required, Because the
warranty covers the noise emission level on the date of sale only, replacement parts needed
after a period of use of the vehicle would not normally be at jssue under the warranty,

A-10.19

Some commenters asked for a definition of what constitutes tampering and whether the
use of aftermarket parts (parts not manufactured or authorized by the original cquipment
manufacturer) would constitute tampering,

A list of acts that could adversely affect the noise control system of a vehicle and that
would constitute tampering, as determined by EPA, will be published in the owner's manual.
This will give specific indications of those acts that will be considered tampering by the
Agency, uniess it can be shown that poise emissions are not adversely affected by the act.

A-10-8
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In general, in terms of noisc-related aftermarket parts, any noneriginal equipment after-
market part (including a rebuilt part) may be installed in or on 2 vehicle subject to these regu-
lations il the installer has a reasonable basis for knowing that it will not adversely aflect noise
emissions, For noise-relaied replacement altermarket paris, a reasonable hasis exists if (a) the
installer reasonably believes that the replacement part or rebuilt part is designed to perform
the same function with respect to noise control as the replaced part, or (b) the replacement
part or rebuilt part is represented in writing by the part manufucturer or rebuilder to perform
the same function with respect to noise control as the replaced purt.

For noise-related, add-on, auxiliary, augmenting, or secondary parts or systems, a reason-
able basis exists if (a) the installer knows of noise emissions tests that show that the part does
not couse noise emnissions to exceed the time-of-sale stundards or to increase, if the noise
emissions already exceed the time-of-sale standards; or (b) the part or system manufacturer
represents in writing that tests have been performed with simjlar results {to (1) above); or (c) a
Federal, State or local environmental contrel agency with appropriate jurisdiction expressly
represents that a reasonable basis exists,

A-10.20

Some commenters indicated that, in the tampering requirement, submission of informa-
tion 90 days before introduction of the vehicle into commerce represents an excessively long
time period for the manufacturer,

The 90-day requirement in the proposed regulations was established to allow EPA suffi-
cient time to evaluate the tampering data, to prepare a list of the acts that tampering enforce-
ment would focus on, and then to forward this list to the manufacturer for incorporation into
the owner’s manual. However, to account for the varying production schedules of manufac-
turers, the final reguiation has been changed to allow for o time period based on the need of
the manufacturer, The regulation now requires that the manufacturer submit the requested
information within an adequate amount of time to provide EPA with 30 days to review the
data and o return a tampering list to the manufacturer for printing in the owner’s manual, If
the Administrator fails to provide the list to the manufacturer within 30 days of the date the
information was submitted, the manufacturer is not precluded from distributing the vehicles
into commerce. In this case, the list of tampering acts required in the owner's manual shall be
omitted until the list is provided and the owner’s manua? is otherwise reprinied.

A-10-9
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A-10.21

Several commenters considered unreasonable and burdensome the requirements far the
submission of listings of noise control devices and elements of design (including performance
specifications) and acts that might constitute tampering,

The purpose of these requirements in the proposal was to enable the Administrator to
determine what acts will constitute tompering, Information submitted by the manufacturer
is not to be cansidered as a fingl judgment of what constitutes tampering, but will only pro-
vide the basic information for determination by the Administrator, The final regulations have
been modified so that no separate submission of the list of noise control devices and elements
of design is required; thisis part of the information required to be provided in the product
verification report. The requirement for submission of noise-related performance specifications
has been deleted, The generation of the required information by the manufacturer can be
performed concurrently with the development of appropriste noise control systems. The
testing that will normally be performed in the development of the noise control systems and
the manufacturer’s engineering experience should provide o substantial basis from which the
required information can be generated.

A-10.22

Some commenters stated that the requirement of issuing maintenance instructions
imposes a tremendous administrative burden upon the manulacturers.

The purpose of these instructions is to provide the purchaser with clear and simple pro-
cedures for the proper maintenance necessary to assure that degradation of nojse emission
levels is eliminated or minimized during the life of the trucks. In the opinion of the Agency,
this requirements is not burdensome, because manufacturers presently provide purchasers
with instructions and recommended maintenance schedules necessary to keep the vehicles
in pood operating condition, These required instructions would merely inform the purchasers
of the additional procedures and maintenance necessary to ensure that the noise control sys-
tem will operate as intended, Generally, the information contained in these instructions will
be that information developed in the manufacturer's program to design quieter vehicles and
that has been obtained {rom experience with in-use vehicles, Thus, there is generally no need
to obtain significant information not otherwise available,

A-10-10
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Appendix A-11
MISCELLANEOUS

A-11.1 Effective Dates

Identificarion; Ford Motor Company (A-2.1.3.24) communted that for the regulations
to have consistent impact on manufacturers, they should be ¢fiective an calendar years
instead of mode! years,

Discussion: Fard Moter Company justified their statement by the fact that exhaust emission
standards go into effect en a calendar year basis and accurate noise tests can only be run after
exhaust emission celibrations have been finalized, Having the two eftective dates similae
would reduce testing requirements considerably. Also, diesel engine manufacturers work on
a calendar-year basis for changes they find necessary regarding exhaust emissions. Finally,
since the date of manufacture appears an a vehicle's patent plate, enforcement on a cafendar
year basis should not be difficult.

The manufacturer still holds the option of when 1o begin and end his mode! years. He

may begin his model years on January ! and, by his own choice, be consistent with all other
manufacturers,

Action in Response to Public Coninent: The regulation still requires model years as the
designator of the effective time of the regulation, However, due to delays in this final promul-
gation, the first standard (83 dBA} becomes effective on July 1, 1977, instead of mocle! year
1977, thercby allowing more time for compliance,

A-11.2 Highway Noise Treatment by States

Identification: The States of Minnesota A-2.5.14.3) and Virginia {A-2.5.1.2) pointed ous
that states must rely on highway noise treatments until the regulations on trucks become
effective.

Discussion: The proposed regulations were drafted considering the requirements to protect
health and welfare by reduction of the source limited by the ability of technology to camply
and the costs of compliunce within a specific time pertod. The proposed lead times and sound
levels were derived using the above logic., The Noise Act further linits the Agency” regulations

A-11-1

eemnt o e e T et B e o W,

{
i
1



e e ot e LR R e e i e p—
o o VW AR At g b 2

to that covering specilic products. No authority is granted for other areas such as noise bar-
riers and buffer zones. Granted, the levels will not satisfy all highway noise requirements,
but they are the best that can be achieved under the authority of the Noise Act, within the

constraints of technology and cost,

Action fn Response to Public Comment: No further change to the regulation was made, as
the logic used in developing the repulation is stated in detail in the Preamble. Extensive back-
up data is presented in the Dackground Document sections on Technology, Economic Im-
pacts, and Health and Welfare,

A-11.3 Representation of Trucking Industry

Identification: The American Trucking Associations (A-2,3.1.15) asserted that the trucking
industry was not adequately represented during the development of the proposed regulations.

Discussion; The public has been invited to comment during the development of this regula-
tion by means of an Advanced Notice of Proposed Rulemaking, Notice of Proposed Rule-
muking, and public hearings held in Washington, D,C, and San Francisco. EPA has examined
all comments received us a result of these formal actions and those received as other industry
and citizen inputs were obtained through less formal meetings. It is believed that adequate
opportunity for comment has been given to all parties.

Action in Response to Public Comment; No change was made to the proposed regulation as
a result of thisissue.

A-114 Availability of Equipment and Acoustical Engineers

Tdentification: Buckeye Equipment Company (A-2.2.11,1) questioned the availability of
sufficient amounts of equipment and acoustical engineers, for use in quieting work.

Discussions: There are numerous large acoustical consulting firms presently in existence,
Should the market demand require expunsion in order to assist truck manulacturers, there
will be no severe problem, given the presently proposed lead time.

Action in Response to Public Comment; No change was made to the regulation as a result
of this issue,

A-11-2
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A-11.5 Labeling
Igentification: The State of llinois (A-2.5.9.3) suggested that a label be attached to
regulated trucks which states the noise produced at the time of manuflacture, GVWR, and

model year,

Discussion: The noise level produced at the time of manufacture is defined only when the

meastirement methodology is also Tully deseribed, For this reason, it is deemed unadvisable

to place it on alabel which could be misunderstood by locul enforcement officers who are
unfamilizry with the correct testing procedure.

The GYWR and date of manufacture are obtainable from the vehicle registration
documents,

Action in Response to Public Comment: No change was made to the proposed regulation
as 4 result of this issue,

A-11.6 High Speed Standard

Identification: The State of New York (A-2,5.16.4) suggested that the regulations include
i high speed noise level standard.

Discussion; The Preamble to the Proposed Regulation, section Llle, sujtably discusses the
reasons for not proposing a high speed standard at this time. Those reasons are: (1) tires
may be regulated at a later date, thereby aiding high speed noise abatement, and (2) the
Agency has already limited, to a degree, high speed noise by use of the Interstate Motor
Carrier Regulation; more quieting can be required only after additional cost and economic
impact analysis work Is performed,

Action in Response to Public Comment: No change to the proposed regulation was made
s a result of this issue.

A-11-3
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Appendix B
PREDICTIONS OF TRAFFIC POPULATION MIXES

B-1 Traffic Population Predictions for Trucks

The percentages for different model year trucks in the traffic mix are weighted accord-
ing to total mileage driven by the trucks ol the model yeir or years of interest. Predictions
of the total mileage driven are made using the following equation [4].

where

n,

V]

u

)]

K 16 k
TH= ¥ el
=

gk. MJk

(B.1)

total mileage driven by trucks of type k and model years (c-n, ) to (¢-n; ) in

calendar year ¢,

number of trucks of type k prodiced during model year m;

fraction of trucks of type k surviving j years after production,

annual mileage drivenby truck of type k, j years after production;

difference in calendar year ¢ and latest model year of interest; and

difference in calendar year ¢ and earliest model year of interest.

Annual production ates by types of trucks (I‘E,) necessary in computing Tg are given
in Table B-1. The production figures for model yeurs prior to 1973 are reported by the
Motor Vehicle Manufacturers Association [1). The figures for model years 1973 and later
were computed by assuming o 1.4 percent production growth rate for medium gasoline trucks
-0.3 percent for heavy gasoline trucks, 1.5 percent for medium diesel trucks and 5.0 percent
for heavy trucks [2]). Percentages of trucks surviving as a function of age (S!") for all truck
types are presented in Table B-2. The data contained in Table B-2 are based on heavy diesel
truck ditta both from MVMA [1] and 1972 Bureau of the Census data [3]. Because there were
inconsistencies in the data reported by MVMA and the Bureau of Census for heavy gasoiine

B-1
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Annual Production by Type of Truck (Thousands)

Tuble B-1

Model Piy P P P
Year (Medium (Medium (Heavy (Heavy
{m) Gus) Diesel) Gus) Diesel)
1960 1473 ] 4217 124
1961 177 1 34 24
1962 21 3 30 35
1963 222 4 39 43
1964 205 9 36 47
1965 228 9 41 63
1966 228 6 45 717
1967 189 5 39 64
1968 199 5 42 78
1969 219 3 41 96
1970 178 3 40 88
1971 193 3 3B 9§
1972 245 3 39 126
1973 198 3 40 133
1974 200 3 40 144
1975 202 3 40 155
1976 204 3 40 165
1977 207 3 k)] 174
1978 210 3 38 185
1979 213 3 38 195
1980 216 k) 39 205
1981 219 3 39 214
1982 222 3 39 225
1983 225 3 39 236
1984 229 3 9 248
1985 232 4 39 260
1986 234 4 i8 214
1987 237 4 38 288
1988 241 4 KE] 302
1989 244 4 37 n17
1950 248 4 37 333
1991 251 4 16 350
1992 255 4 35 367
1993 258 4 34 385
1994 262 4 33 404
1995 266 4 32 425
1996 270 4 33 443
1997 274 4 34 462
1998 277 4 36 481
1999 281 4 37 502
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and medium trucks, the figures in Table B-2 for heavy diesel trucks have been assumed 1o
apply to all trucks. Data regarding annual mileage driven by trucks (Mk), required for com-
putation ot'TI'é are given in Table B-3, These data were obtained from 1972 Burean of the

Census data tapes [3),

Tuble B-2

Percentage of Trucks Surviving us a Function of Ape

Age of
Truck
6]

gk

Precent gurviving
(k=1,2,3, and 4)

L% I 3 G T N G N Y S — —
GAURN O T dOmbmnio D006 uv fhw—

99
98
96
03
88
81
73
66
58
52
46
41
36
32
29
25
22
19
16
13
10

8
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Table B-3

Annual Mileage per Truck (Thousands)

Age of My M}, M M}
Truck Medium (Medium (Heavy (Heavy
) Gas) Diesel) Gas) Diesel)
| 23 0 33 73
2 20 27 19 67
3 16 24 25 61
4 13 22 21 55
5 I 19 17 50
6 10 17 16 45
7 9 15 15 40
8 8 13 13 37
9 7 12 12 34
10 7 11 10 3l
11 6 10 9 28
12 6 9 8 25
13 5 B 7 22
14 ) 7 & 20
15 5 7 6 18
16 4 6 5 16
17 4 5 5 1§
18 4 5 4 14
19 4 5 4 13
20 3 5 3 12
21 3 5 3 12
2 3 ] 3 1
23 3 5 3 10
24 3 5 3 10
25 3 5 3 10

Using the values of I

k

m

in Tabte B-1, S¥ in Table B-2, and M}‘ in Table B-3, values

of Tg' were computed for calendar years ¢ = 19711, 1981, 1983, 1985, 1990, and 2000, for
medium gasoline trucks (k = 1), medium diesel trucks (k = 2), heavy gaseline trucks (k = 3),
and heavy dlesel trucks (k = 4) and for values of n, and n; which apply to the regulatory
options given in Table 4-1,

In order to compitte the fraction of the total truck population for truck typek in
calendar year ¢ which were regulated at level i, the total mileage of the model years of truck

B4

T e A i



NS TRy

LIRS

[EREEtE Y

el BT

B gl b

type k which were subjected to regulatory level i and surviving to calendar year ¢ is divided
by the total mileage for all medel years of truck type k which are still operating in calendar
year ¢, This ratio is then multiplicd by the percentage of the total tralTic mix for truck type
k to determine the percentage of truck type k regulated at level i which is present in traffic
in calendar year ¢. The results from these computations are contained in Section B-5, where
different traffic mixes for trucks and automobiles are assumed for urban street and freeway

traffic,

B-2 Traffic Population Predictions for Automobiles

Automohbiles are treated as a single class and assumed to include all light vehicles except
motorcycles. The percentage of new automobiles introduced each year is assumed to be 9
percent, New automobile sales are assumed to increase at & rate of 4 percent per year. Thus,
the cumulative percentage ol new automobiles is assumed to increase by a factor of 0.09
(1 + 0.04)" each year, where n represents the number of years over which the percentage of
new automobiles is accumulated, Using the above assumptions, the percentage of new and
old automobiles shown in Table B- 4 is generated. For purposes of predicting traffic noise
levels, new automobiles are defined as automobiles subject to local noise emission regulations,
which are assumed to be effective in 1973 and to remain unchanged. To compute the popu-
lation of new (regulated) automobiles in a given calendar year, the fraction of new automo-
biles is multiplicd by the percentage of the total traffic mix for automobiles. The results are
contained in Section B-5, where different traffic mixes for automobiles are assumed for
urban streat and freeway traffic.

Table B4
Percentage of New and Old Automobiles and Motorcycles
Year Percentage of Percentage of
{n) New Vehicles Old Vehicles
1 9.4 90.6
2 19.1 809
3 29.2 70.8
4 39.7 60.3
5 50.6 494
6 62,0 38,0
7 73.8 26.2
8 86.1 13.9
9 97.8 2.2
10 100.0 0.0
B-5




B-3 Traffic Population Predictions for Motorcycles

Motorcyeles are not included in the freeway traffic scenarios, For urban street tralfic,
new (regulated) motoreyceles are assumed to accumulate at the same rate as automobiies.
Therelore the percentage of new (regulated) motoreycles in urban street traffic is computed
for a given calendar year by multiplying the total traffic mix {for motorcycles by the fraction
of new motorcycles (Table B<4) for the number of years after the assumed regulitons on
motoreycles become effective (1975),

B4 Traffic Population Predictions for Buses

Buses are not included in the freeway traffic scenarios, but are contained in the pro-
jections of urban street traffic noise levels, The percentuge of the total number of buses ol
the model years which are subject to local regulations beginning in 19735 is based on the
cumulative mileuge figures generated for medium trucks (Section B-1). That is, the retire-
ment and production rates, and annual milcages for buses are assumed equal to those for
medium trucks, Table B-5 shows the cumulative pereentages of noise-treated and untreated
buses as o function of the number of years after 19735, the yeur in which regulations on buses
are assumed to have become effective, Data in Tabie B-5 is multiplied by the traffic mix per-
centage for buses to obtain population figures for regulated and unregtilated buses,

B-5 Predictions of Traffic Mixes

Urban street traffic is assumed to be comprised of 1.0 percent heavy trucks, 6.0 per-
cent medium trucks, 91.5 percent automabiles, 1.0 percent motoreycles, and 0.5 percent
buses [5]. For regulatory options in which regulatory levels are set according to engine
type, # traffic mix of 6.25 percent gasoline trucks and 0,75 percent diesel trucks is derived
by assuming that 100 percent of the medium trucks and 25 percent of the heavy trucks are
powered by gasoline engines. Using the mileage ratios for trucks as a function of model
year presented in Section B-1 and the percentages of regulated and unregulated automo-
biles, motorcycles and buses presented in Sections B-2, B-3, and B4, respectively, mixes for
urban street traffic as o function of calendar year are computed both with and without
assumed noise emission regulations on automobiles, motorcycles and buses and for the
different time periods involved in regulatory options for new trucks given in Tuble 4-1,

The traftic mixes, which are vsed in predicting urban street traffic noise levels, are
given in Table B-6 for medium trucks, Table B-7 for heavy trucks, Table B-8 for gasoline
trucks, Table B-9 for diese! trucks, Table B-10 for automobiles, Table B-1! for motoreycles,
and Table B-12 for buses,

Freeway traffic is assumed to conlain 10 percent trucks and 90 percent automobiies.
Applying the same procedure used {or urban street traffic, the traffic mixes, which are used
in predicting freewny 1raffic noise levels, are computed, These inixes are given in Table B-13
Tor trucks and Table B-14 for automobiles,
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Table B-§

Percentuge of Noidse-Treated and Unteated Buses

Years From First Percentage off Percentage of
Naise-Treated Model Trewted Buses Untreated Buses
1 19.7 80.3
2 364 63.6
3 49.4 50.6
4 59.5 40.5
5 67.5 325
6 74.1 259
7 79.3 0.7
8 835 16.5
9 86.7 13.3
10 89,5 0.5
I 921.6 8.4
i2 934 6.6
13 v4.7 5.3
14 958 4.2
15 96.8 3.2
16 97.5 25
17 98.1 1.9
18 98.6 1.4
19 99.0 1.0
20 99,3 0.7
25 100.0 0.0

The numbers shown in Tabies B-6 through B-12 are the predictions of the percentages
of the total traffic population comprised of vehicles of the indicated type and mode! years
which exist in the indicated calendar year. For example, in Table B-6, it is predicted that in
1983, 2.2 percent of the total urbin street traffic will be medium trucks of 1977-1981
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Tuble B-6
Urban Street TralTic Mix for Medium Trucks

Pereentages of Tolal Traffic in Given Calendar Yeur
Comprised of Trucks of Given Madel Yeurs

Calendar Year

Model
Years 1978 1982 1984 1986 199 2001
Prior to
1978 6.0 26 1.7 1.0 0.3 0.0
1978— 1982 - 34 2.2 1.4 0.5 0.0
1978~ 1984 - 34 4.3 2.8 0.9 0.0
1978--1984 - 34 4.3 5.0 1.6 0.2
1978200} - 34 4.3 5.0 5.7 6.0
19821984 - - 2.1 1.4 0.4 0.0
1982- 1986 - -~ 2.1 3.6 1.1 0.1
1982--200] - 2.1 3.6 5.2 6.0
19841988 - - - 22 2.0 0.2
1984-2001 - ~ - 2.2 4.8 6.0
1986--2001 - -~ - - 4.1 59
1988-2001 - - - - 24 5.8
Table B-7
Urban Street Traffic Mix for Heavy Trucks
Percentages of Total Traffic in Given Calendar Yeur
Comprised of Trucks of Given Model Years
Calendar Year
Madel
Years 1978 1082 1984 1986 1991 2001
Prior to
1978 1.0 0.4 0.2 0.13 0.03 0.0
1978-1982 - 0.6 0.4 0.27 0.07 0.0
1978—1984 - 0.6 0.8 0.52 0.15 0.0
1978—1986 - 0.6 0.8 0.87 0.30 0.02
19782001 - 0.6 08 0.87 097 1.0
19821984 - - 04 0.25 0.08 0.0 i
19821986 - - 0.4 0.60 0.2) 0.01 i
1982-2001 - - 04 0.60 0.90 1.0 :
1984--1988 - - - 0.35 0.33 0.03
19842001 - - - 0.35 0.82 1.0
19862001 - - - — 0.69 0.99
1988-2001 - - - - 0.67 0,97
B-8
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Table B-8
Urban Street Traffic Mix for Gasoline Trucks

Percentages of Total Tralfic in Given Calender Year Comprised
of Trucks of Given Model Years

Cniender Year
Model Yeors 1978 1982 1984 1986 1991 2001]
Prior to 1978 6.25 2.71 1.77 1.09 0.34 0.0
1978 - 1982 - 3.54 2.29 1.51 0.55 0.0
1982 - 1984 - - 2,19 1.43 0.52 0.0
1984 - 2001 ~ - - 222 4.84 6.25
Table B-9
Urban Street Traffic Mix for Diesel Trucks
Percentages of Total Traffic in Given Calendar Year Comprised
of Trucks of Given Model Years
Calender Yeur
Model Years 1978 1982 1984 1986 1991 2001
Prior to 1978 0.75 0.30 0.15 Q.10 0.02 0.0 :
1978 - 1982 - 0.45 0.30 0.20 0.06 0.0 1
1982 - 1984 - - 0.30 0.19 0.06 0.0 ‘
1984 - 2001 - - - 0.26 0.61 0.75
3-9
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Tatve B-10
Urban Strecet Traffic Mix lor Automobiles

Percentage of Total TrafTic in Given Calendar Year
Comprised of Given Category of Automebiles

Calendur Year

Automobile
Category 1978 1982 1984 1986 1991 2001
Untreated 75 15 13 0 0 0
Treated 18 58 80 93 93 93
Table B-11
Urban Traffic Mix for Motorcycles
Percentage of Total Traffic in Given Calendar Year
Comprised of Given Category of Motoreyeles
Calendur Year
Motorcycle
Category 1978 1982 1984 1986 1991 2001
Untreated 6.81 0.38 0.14 0.0 0.0 0.0
Treated Q.19 0.62 0.86 1.0 1.0 1.0
Tauble B-12
Urban Street Trallic Mix for Buses
Percentage of Total Traffic in Given Calendar Year
Comprised of Given Category of Buses

: Calendar Year
[ Bus
i Category 1978 1982 1984 1986 1991 2001

Untreated 0.32 0.13 0.08 0.05 0.02 0.0

Treated 0.18 0.37 0.42 045 0.48 0.50

B-10
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Table B-13
Freeway Traffic Mix for Trucks

Percentages of Total Traffic in Given Calendur Year
Comprised of Trucks ol Given Model Years

Model Calendar Year
Years 1978 1982 1984 1986 199] 2001
Prior to
1978 10 43 2.7 1.6 05 0.0
19781982 - 5.7 3.7 2.4 0.8 0.0
1978—1984 - 5.7 7.3 4.8 1.5 0.0
19781986 - 5.7 1.3 4.8 2.8 0.2
1978-2001 - 5.7 7.3 8.4 1 95 10.0
1982-1984 - - 3.6 24 0.7 0.0
1982--1986 - - 3.6 6.0 1.9 0.2
1982-200] - - 3.6 6.0 8.7 10.0
19841988 - - - 3.6 33 0.3
19842001 - - - 3.6 8.0 10.0
19862001 - - - - 6.8 9.8
19882001 — - - - 4.9 9.7
Table B-14
Freeway Traffic Mix for Automobiles
Percentage of Total Traffic in Given Calendar Year
Comprised of Given Category of Automobiles
Modet Calendur Year
Years 1978 1982 1984 | 1986 1991 200!
Untreated 73 56 12 0 0 o
Treated 17 34 78 S0 90 90
B-11
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Appendix C
THE ELASTICITY OF DEMAND FOR MEDIUM AND HEAVY TRUCKS

In this study, we have assumed the demand elasticity for trucks to be -0.7. This is the
same clasticity which A. T. Kearney [1] used in the original economic impact analysis of noise
regulations for medium and heavy trucks,

Other studies which have explicitly considered the demand elasticity for heavy trucks
have concluded that the demand is inelastic (i.c., elasticity is greater than a minus one). For
example, Ueno and Tsurumi [2] estimated the demand elasticity for trucks and buses to be
-0.32, This estimate contains (in addition to medium and heavy trucks) buses and light
trucks,

The results which were reported by Ueno et al. indicate a greater degree of price inelas-
ticity than that used, This implies that the estimate of economic impact is somewhat con-
servative, Yet another way of approaching the demand elasticity of trucks is via the produc-
tion function™® of the trucking sector and the elsticity of demand for trucking services,

The elasticity of demand e for a factor input is given by the following equation

e={a-1)é8+a N

wherte

o is the share of total factor payments going to the input whose clasticity is being
determined (i.e., the share of capital costs in total cost),

& is the elasticity of substitution in the production function, and

N is the absclute value of the clasticity of demand for the product (i.e., trucking
services).

*Production function 1t a statement of the relationship between different levels and combinations of productive inpuis
(eatled factor inputs, o.g., capltal, labor, fuel, raw material, ete)) ond the corresponding outputs per time period,




In a recent study by Landenson and Staga [3], a production function with a constant elasti-
city of substitution equal to one (i.e,, §=1) was estimated for the U,S. trucking industry,
Using two different definitions of capital, o was estimated to be between 0.1 and 0.5,

As pointed out carlicr, the elasticity of demand for trucking services Nis low, Assum-
ing a value for N of =0,2, then the demand elasticity for trucks will range from 4 -0,12 to
~0.6 depending on the value of e. :

The evidence strongly indicates that the elasticity of demand is less than one (i.e., the
absolute value), and that, in fzct, the estimate of -0.7 is conservative.

SUPPLY ELASTICITY

Assumptions have been made that the industry operates under conditions of constant
cost; that is, that the industry supply curve is horizontal, There are, of course, a variety of
cast conditions for individual firms that will lead to a constant industry supply price. A con-
stant cost industry does not require that each firm operate under conditions of constant cost.
In the Ueno and Tsurumi study [2] the production functions for the auto industry were esti-
mated using production functions which were homogeneous of degree one. This implies a
constant cost industry, In another study by Tsurumi [4], the production functions for each auto
producer were estitnated using a production function whiclt was homogeneous of degree one
(i.e., lincar). Apuin, this implies a constant cost industry.

[t should be noted that a production function which is homogeneous to degree one gives
a constant long run cost only if the firm purchases factor inputs at constant cost, However, in
our analysis, we are dealing with a reduction in overall numbers of trucks and a stight increase
in dollar sales, Thus, over this rather small range one can comfortably assume that factor costs
are constant,
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Appendix D
COSTS OF COMPLIANCE IN 1975 DOLLARS

From the wholesale price indices for trucks [ 1] given in Table D-1, the truck prices
{computed from price increases and average truck prices given in Tables 6-7 and 6-4,
respectively, in terms of 1973 dollars) can be inflated to 1975 dollars. The truck prices
in 1975 dollars are given in Table D-2 for different regulatory levels when fan-off compliance
testing is permitted.

Similarly, the changes in the average annual maintenance costs given in 1973 dollars
in Table 6-17 with credit lor exhaust gas seals can be inflated to 1975 dollars using the
commodlity price indices in Table D-1. The resulting estimates are given in Table D-3, When
credit for savings from exhaust gas seals is not taken, the uverage annual maintenance costs
in Table D-3 are increased by $635 for diesel trucks.

The average fuel costs per gallon are $0.60 for gasoline ynd $0.45 for diesel fuel in
1975 [2]. The changes in fuel costs given in Tables 6-14 and 6-15 were computed using 1973
fuel costs of $0.50 for gasoline and $0.30 for diese! fuel, With the 1975 fuel costs, the
average changes in fuel costs given in Table D4 are computed for when ¢redit for savings from
more efficient fans and Tan clutches is taken, Without credit for these fan treatments, the
tesults in Table D-5 are computed.

Tuble D-1
Price Indexes Used for Adjusting Truck Prices and
Other Costs

Commodity Price Index for Transportation, 1967 = 100
1972 1973 1974 1975 (estimated
119.9 123.9 137.7 147.5

Wholesale Price Index for Trucks, 1967 = 100
1972 1973 1974 1975 {estimated)

121.1 123.0 136.9 149.0
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Table D-2

Average Price of Trucks {1975 Dollars)

Type of Truck Baseline 83 dBA 80 JBA 78 dBA 75 dBA
Medium gas $ 7,070 $ 7,112 3 7,288 $ 7,469 § 7,878
Heavy gas 14,068 14,219 14,377 14,528 14,934
Medium dicsel 8916 9,432 9,945 10,199 10,883
Heavy diesel 31,021 31,452 31,734 32,063 32,672
Table D-3
Average Changes in Maintenance Costs with Credit
for Savings for Exhaust Gas Seals (1975 Dollars)
Type of Truck 83 dBA 80 dBA 78 dBA 75 dBA
Medium gas $11 323 5108 £117
Heavy gos 23 45 131 162
Medium dieset (N 30 232 330
Heavy diesel (24) 38 101 214
Table D4
Average Changes in Fuel Costs with Credit for Savings
for More Efficient Fans and Fan Clutchies (1975 Dollars)
Type of Truck 83 dBA 80 dBA 78 dBA - 75 dBA
Medium gas $(53) $(94) $(125) $(122)
Heavy gas (307 (306) (306) (301)
Medium diesel (88) (182) (207) (202)
Heavy diesel (357 (350) (345) (301)

D-2
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Table D-5
Average Changes in Fuel Costs Without Credit for Savings
for More Efficient Fansand Fan Clutches (1975 Dollars)

Type of Truck 83 (BA 80 dBA 78 dBA 75 dBA
Medium gas 50 S $ 1 34
Heavy gas 1 2 2 7
Medium dicsel] 3 g 9 15
Heavy diesel 6 15 18 62

REFERENCES FOR APPENDIX D

{11 DEPARTMENT OF LABOR, Commoedity and Wholesale Price Indexes, Department of
L.abor Statistics.

[2] Oif and Gas Journal, March 11, 1974,
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Appendix E
A COMPUTER MODEL TO DETERMINE
ECONOMIC COST OF NOISE REGULATION

FPurpose of the Computer Model: A computer model has been developed for caleulating the
future stream of annual economic costs gencrated by:

i, The proposed regulation, and

3. The alternative regulatory options which were under consideration at EPA,

Statement of the Problem: Economic costs of a regulatory option are incurred in the year a
noise standard takes affect and jn subsequent years due to (1) purchases of new equipment
and (2) the changes in operating costs of all trucks.

In the computer model the following calculations are made:

(z} Capital Costs: Capital costs consist of two parts — the cost of financing increased
truck prices and the depreciation cost of the noise control equipment. The finance
charges and the depreciation costs occur over the life of a truck, In order to
calculate capital costs of a regulation in any given year, these costs must be com-
puted and summed for alf trucks operating in that year.

(b) Operating Costs: Calculations of the operating costs include the following:

(i) The change in operating costs is composed of the incremental costs for newly
purchased trucks in any year and for ail trucks purchased carlier (under

various noise regulations), that are still jn service. The attrition rate increases
with age.

(i) Like the attrition rate, the number of miles, travelled by a truck in any given
year changes with age. In addition, annual mileage varies for each type of
truck under consideration. Forexample, heavy diesel trucks travel greater
distances than medium gasoline trucks. Calculation of the operating costs

E-l




takes into account the changing annual mileage for the four categories of

trucks.

(¢} Regulatory Levels and their Tining: Calculations are performed for cach option
shown in Tuble E-1. Note that a regulitory option is a set of noise levels and
the effective date, A change in either of the two factors generates a new option.

Table E-i
Sequence of Options

Regulatory Effective Date of the Standard
Option Code 1978 1982 1984 1986 [1988
A 83 80 75 — -
B 83 80 - 75 -
C 83 80 78 - -
D 83 - 78 - -
E B3 80 - - -
F 83 - 80 - -
G 83 - - - -
H - - - - -
I 83 - 80 - 75
J 83 - - 75 -
75 gas
K 83 80 78 diesel - |-
L 83 80 75 gas only — -
75 medium
M 83 80 78 heavy _ _
N 83 80 75 medium only | -~ -

Description of model: RDP Inc. has developed a computer program to compute the cost
of truck regulations in accordance with the model formulated by A. T. Kearney, Inc.*

The salient features of this model are reviewed below,

*Curtain modifications to the original equations were made by Bolt Beranek und Newnan, Inc.

E-2
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The basis of the model is the fellowing concept: the coonomic cost of the noise regula-
tions is equal to the number of trucks in each of several categories multiplied by the unit
incremental cost (due to the regulations) for each of those categories, Mathematically,

i i

i 4
Ai=3 30 PyuiChy ()
=1 m=1

where

s
L]

Annual economic cost of noise regulations in year i,

-
n

Year under consideration,

i = year truck was built,
m = truck type:
m = 1 - medium gus
2 = heavy pas

3 —+ medium diescl

4 = heavy diese]
i
Pm. j = Number of type m trucks produced in the year j which are in service in the
year i, and
C,.:1 i Unit incremental cost due to noise regulation in the year i for truck type m
1

produced in the vear].
There are then two questions to answer:
1. How many trucks are there in each category?
2. What are the costs associated with each category?

Considering question 1 first, we begin with a baseline population for each type of truck

in some base yearj;, and an expected growth rate for cach truck type. We can then calculate

baseline forecast for truck population:

e - - T €t bl e o i o s A e o
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Fimj = Pn(1+G,) s
where
Fm,j = Baseline production forecast for type m truck in the year j,
P = Production of type m truck in the base yearjg,
G, = Expected growth rate in production for type m truck, and

j-ig = Number of years between baseline year and model year j,

Equation (2) gives us the projected truck population in the absence of any noise regu-
lations. It is expected that the regulations will increase truck prices and therefore lessen
demand. A demand reduction factor can be calculated as follows:

T + - T
.= m, m
m, §
where
Em,j = Demand reduction factor reflecting the price elasticity for type m truck
produced in year j
Tm,j = Price of type m truck produced in yearj
Tm = Price of type m truck in the absence of repgulations
N = Price elasticity factor for truck type m (See Appendix C).

In addition, truck population will be reduced by normal attrition, We therefore intro-
duce an attrition factor

5 o= Percentage of original production of year j still in service in year i

We are now in a position to answer the first question; how many trucks are there in
each category?

P = Fm,j L+Eq D 8 ()
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where

Pni1 i = Population of type m trucks produced in year j in service in year i; and all
' other quantities have previously been defined.

We can now move on to the second question; what arc the costs associgted with cach
category? There are four types of costs included in the model: depreciation, capital costs
(interest), and operating costs. We now consider the three cost categories in order.

A straight line depreciation model is used. That is, depreciation is taken as
i
D]!r[’j = 'E (T]n,j ‘Tm) Ve {5)

where

U

i _— . ;
Dm, i Annual increased unit depreciation chargeable in year i to type m trucks
produced ip year j.

L Economic life of truck,

The cost of cupital is given by

i = R T j- T (-4 1)

where
I,ln'j = Annual increased unit cost of capital (interest) chargeable in yeari to the
type m truck produced in yearj
r = Costof capital rate,

Note that equations (5} and {6) only apply to trucks which are less than L years old.
For trucks older then L years, depreciation and enst of capital are zera,

Operating costs are computed as follows:

Om:j = lej Mi'j: m + Am,j e (7)

E-5
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where

Olm j = Change in annual operating costs per truck in year i for truck type m praduced

in year j
Fm,j = Chunge in Tuel costs per truck-mile for truck type m produced m year j,
M,-,j’ m = Annual mileage for truck type m, i-j years after production
Am,j = Change in annual maintenance costs for truck type m produced in year j

The use of more efficient fans and thermostatically contralled fans as a means of
reducing noise actually adds to vehicle horsepower since the power required to drive
the fan is reduced, There is some question as to whether the fuel savings associated
with more efficient fans and fan clutches should be included in the model. There, calcu-
lations were made with and without the costs and fuel savings from more efficient
fan and fan clutches. Similarly, a question of whether the savings in maintenance costs
wssociated with exhaust gos seals should be credited to the regulations. Therefore,
caleulations were made with and without costs and savings from exhaust gas seals,

We can now answer the second question, what are the costs assoctated with each
category of truck?

. o
Cm,j = Dm,j* Im,j*Om, j e (8)

where all quantitics have previously been defined. Equations (4) and (8) can then be fed
into equation (1) to calculate the annual economic cost of the regulations.

. Two additional quantities are calculated as well; present value of annual costs, and
uniform annualized cost. Present value of annual costs is computed from

ot ' (D)

M=
2=

E-6
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wihere

a Present value of costs,

N

Number of years for which calculation is done.

Unifoerm annualized cost may be defined by use of the following computational procedure,
Let there be a sequence of annual costs (A3) = 1,2, ,, N, which are not necessarily all equal,
The present value ol an annual cost is defined as that sum of money which, i it were
aviilable at the start ol the monetary transaction and it it was invested at an interest rate (r)
would just be sufficient to pay the costs {A;) when it was due. The sum of the present values
for all of the costs Aj (i=1,2.,, N)is the present value for the transaction. The uniform
annualized cost is the annuity of level payment, taken over the same period of time as the
original transacilion, which has the same present value as the original transaction,

The uniform annualized cost is precisely defined by the following formula

i=N Aj
_ T
&= 1=l +1yn Z (d+r) Rt
i=1

where

&« = Uniform annualized cost,

Aj = Actual cost incurred in the ith year,

r = Cost of capital or annual Interest rate, Note: ris a fraction e,g,, if the annual in
interest rute on a percentage basis is 5 percent then r = 0,05 (/), and

N = Number of years which have elapsed from the start to the end of the entire
transaction,

Since uniform annualized cost may not be entirely clear to all readers, an attempt has
been made to provide, in addition to the mathematical definition above, some qualitative equiva-
lent definition which are not mathematicul. These are given below:

1. Uniform annualized cost is the constant anniiity whose present value is the present
value of the actual snnual costs incurred over the period of time under consideration,

2. Uniform annualized costs are the cqual annual annuity payments made ona

hypotheticul loun borrowed by the user of a product to pay for the additional
annual operating, maintenance, and ¢r rital expenditures incurred over the life

E-7
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of the product due to the application of noise abatement technology. The principal
of this hypothetical loan is equal to the total present value of these initial and future

expenditures.

3, The physical changes required to quiet a product generally cause the user ol that
product to incur three types of expenses; an injtial “capital” expenditure on the
quicting technology embodied in the product, and continuing additional operating
and maintenance expenditures ingurred over the entire life of the product, These
induced expenditures are likely to change during the life of the product, In parti-

cular, the capitad expenditures will probably all oceur at the beginning of the product’s

life while annual operating expenditures could increase as the product gets older;
so that the annual sum of ull three types of expenditures will differ from year to

year,

The concept of uniform annualized costs assumes that these expenditures are not made
when they actually come due but rather are met by equal annual installments paid over the
life of the product. The user of the product is viewed as initially borrowing a sum ol money
equal to the total present value of all these actual payments. That is, a sum of money which,
if invested at some rate of interest, would yield enough money during the life of the product
to just meet all of the induced expenses when they actually come due, with nothing left over
at the end. The user conceptually pays back this hypothetical loan over the life of the pro-
duct in equal annual installments. These payments include not only the original principal
borrowed but also interest charges on the unpaid balance of the loan. That is, they are
annuity payments. These equal annual expenditures are referred to as uniform annualized

costs,

The net present value and uniform annualized cests are calculated for 1978, the {irst
year in which a regulation takes effect, for the stream of costs through 1991,

The program outputs are given below, .

E-8
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PROGRAM TO COMPUTE COST OF NOISE REGULATIONS

ASSUMING FAN-DFF COMPLIANCE TEITING
WITHOUT CREDIT FOR COST AMD PAVINGT FOR MOFE EFFICIENT FANT.

FRN CLUTCHES»

AMDY ENHAUST

JOINTS

OPTION A REGULATION SCHEDULE:

TRUCK TYPE

MEDIUM GRS 1978
HEAVY BAS 1978
MEDIUM DIESEL 1978
HERAYY DIESEL 1973

REGULATION LEVEL

83 DEA 20 BBA 73 DEA

1982 -
1952
1982
1932

ALL FIGURES IM BILLIONS OF DOLLARS

YEAR

1975
1976
1977
1978
1579
1930
1981
19g2
1983
1954
19e4
1506
1937
1958
1989
1930
1991
1992
1993
1994
1998
1996
1997
1998
1999
2000

GROWTH RATE

TOTAL

0.0
0.0

0.0

0. 0204510
0. 0409845
0. 05615281
0. 0819441
0. 1355852
0. 1904653
0.3726530
0. 5526049
0. 7303897
n. 9043959
1, 0711746
1.2317514
1.3642009
1.5293526
1,6645093
1.7936306
1.9042778
2.0147638
2.1259384
2.2381792
2,3580827
2,4685430
2.5872536

FOR

 MEDIUM GRSt 0.014

HERVY GARSI

MEDIUM DIESEL:
HERAVY DIESEL!

-0, 00

COST [OF CAPITAL RATER

DEPRECIABLE TRUCK LIFE! 10.0 YERPS
STRAIGHT LINE DEPRECIATION USED

PRESENT VALUE OF ANNUAL COSTS (1578 = 1991 =
0.452 BILLIOW DOLLARS

0. 015
0. 08 C

0. 0204310
0. 0614555
0.122%937
0. 2049378
0.341522%
0.531992¢0
0.9046451
1.4572496
2.1876392
3. 0920351
4. 1632147
S, 3549642
£, 7797642
9.3096199
9.9741273
11. 7677584
13,6720343
15, 6867952
17.8127289
20, 0309033
2. 4029999
24,3715363
27. 4584318

0.10

UNIFORM RNNUALIZED COST <1973 = 19910 =.

E-9,

7S DEA

1954
194
1524
1934

0P & MNT

0.0

0.G

.o
0.01064830
0,0211400
0, 0319331
0, 0429245
0.0Pt2E2S
0. 09961458
0.1987334
0.2981689
0.3975%543
0.4971740
0. 59%28R5
0.6913303
0. 78408357
0.5732432
0. 9558635
1. 0434914
1.1254129
1,2053344
1.2855287
1.3648329
1.4442530
1,5245357
1.6055174

CAFITAL

0.9

0.0

0.0

0, 0093530
0. 0193448
0, 0295450
0, 0390197
0. 055362k
0. 050254
0.173919<
0.2544364
0, 3324357
0. 4072255
U, 4757945
0.5404242
0.£007196
0. 656&1 46
0. P04E49%
0.7501425
@, 7732509
0.8035300
0.:3404008
0, 3733463
0, 2072352
0, B4 20360
b. 0817746

2,32% BILLIOM DOLLARS




FROGRAM TO COMPUTE COST OF MOISE RESLLATIONS

AZSUMING FAM-OFF COMFLTAMCE TEZTIMG

WITH CREDIT FOR COST ANHD SAVINGE FOR MOPE EFFICIEMT FAHT.

FAN CLUTCHETSs AND EXHALST JOIHTI

OPTION B REGULRTION SCHEDULE:

PEGULATION LEVEL

TRUCK TYPE #3 DER &0 I'BR T2 DER
MEDTLIM 53PS 1ove 1832 -
HEFRVY BRS 1ars 14922 -
MEDTLM DIESEL 197 1od -
HEFYY DIESEL 1973 foEs -

ALL FIGURES IM EILLIOME OF DALLARS

" YERR TOTAL cuM TOT
1975 0.0 0. 0

1o7s, 0.0 0.0

1577 0.0 0.0

1373 -0, 1131672 -0. 1181672
19?79 -0.2271118 -0, 3482735
1950 ~0. 3253045 -0, 671 PS5
1981 -0, 4145692 -1, DESE524
1982 ~0. 4715325 -1,5672455
1983 ~0. 5H9279 -2, 10565254
1984 -0, 4852735 -2,5727937
1985 -0, 3849541 -2, AG7 7532
1986 -0, 2973197 ~2, 2550724
1027 -9, 2064552 ~2, 4615278
1989 =0, 1190234 ~3,5805511
1989 ~0. 0339372 ~3.6144858
1938 0. D463557 -3,5676327
1991 6. 1210173 -3.4456152
1992 0. 1354286 ~3,861 1366
1993 0. 2440853 -3.0171294
1994 . ZBIE572 -2, 73347258
1995 0.3216739 ~2, 4117985
1954 0.3597916 -2, 1530071
1997 0. 395482 -1,8575251
1993 0. 4314251 -1.235057)
1999 0. H575763 -4, 7585182
2000 6.5030799 -0, 2554382

SROWMTH RATE FOR
MEDIUM GAS:  0.014
HEAVY BRI -0, 10X

MEDIUM DIESEL?
HERAYY DIESEL:

COST OF CARITAL RARTE:

DEPRECIAFLE TRUCK LIFE:

0.015
0. 65U

0.10
10, ¢ YEARS

STRAIGHT LIME DEFRECIARTIOMN USED
PREIZHT WALUE OF FANNUAL COSTE (1§72 - 1991 = -2,254 KFILLIOM TDOLLAPY

UNIFORM AMMUALTIZED COIT

P e ettty e

Y1973 - 19900

E-i0°

75 DEA
19E4
1354
LaEd
1424

arP & MHT

o oo
(== =]

=0, 1334054
-, 2573302
—, 37073
=0, 4733757
=0.5721403
=0, BRI
-0.8749572
=0, 5737904
=0 BFI3E0S
=0, S RAR?

-0.5447574

0. 5266A1E

~0. 5085317
=0. 0928425
0. 57265840
«0.5678950
=, 9593167
0. 35377 0%
=0 3005425
=0, S455345
-0. 553475
=0. 5537080
=0, S590577

CAFTTAL

a.0

0,0

a,0

0, 0152331
0, 0302184
o, 04494592
0, Q59 R0a7
0, Gap5a70
0, 1205604
0, 20368591
U, 2937888
3750014
A E AR N
0. 5857 %38
0.5937247
G, e953275
N, 7126809
(t. 7403535
. ®1185183
0, IH429P35
0. 3754445
0. 9084351
0, 3450195
0, 5322732
1. 0212270

1. 0821385

~0.307 BILLION DOLLAFS
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PROGRAEM TO COMPLITE COST OF HOISE FEGULATIONS

ASSUMING FAN-OFF "OMPLIANCE TEITIMG
UITHOUT GREDIT FOF COST AND TAVINGY

FAN CLUTCHES, AMD EXHALST JO1

DFTION B PEGULATION EHEDLILE:

REGULATION LEVEL
HoTa

TRUCK TYFE &3 DEA 30 DE
MEDIUM BRas 1972 1oz
HEAVY GRS 1973 1agz
MEDIUM DIESEL 1573 1qg2
HERVY DIESEL 1473 1oa2

ALL FIGURES IN BILLIOHS OF DOLLRRS

YEAR TOTAL Cum TOT
19785 0.0 0.0

1976 Q.0 0.0

1977 0.4 0.0

1978 ¢. 0204310 0, 0204810
1979 0. 0405346 0. 0514656
1950 0. 0515281 0,1229937
1981 0. 08149441 0,2049378
1982 0, 1355352 0.341522%9
1983 0. 18904893 0.5319920
1984 0. 24332029 0, 7753005
19385 0.29472701 1.07008703
1986 0.43328379 1.5539053
1987 0.6701189 22240276
1928 0.3509427 F 0749202
1989 1.0231663 4.1021380
1990 1.2014528 S5.3045188
1991 1.3687143 6.6733299
1992 1,9241%03 8. 1979802
1993 1.6728592 9.87033%8
1994 1.8163g72 11.6867228
1995 [.95429:30 13.5410189
1995 2.072823% 15. 7138405
1999 241915854 17, 9054260
1593 2. 3112339 &0, 2188595
1999 2.4321632 22, 5438190
2000 2. 5582528 €9, 804 (710

GROWTH PATE FOP

.. MEDIUM GAS: ©,014

T HERVY GAST -0, 003
MEDIUM DIESEL: 0. 015
HEAYY DIESEL: @, 050

COST OF CAPITAL RATE: 0,10

DEPRECIABLE TRUCK LIFE: 10.0 ¥
STRAIGHT LINE LEPRECIATION UE

NT®

EARS
1

FOR MORE EFFICIENT FANS,

DER 7S DEA

1938

15488

1984

19835

0P # MNT CAPITAL
0.0 a.0

0.0 0.0

0.0 0.0

0. 0104830 0. 0099980
6. 0211400 0. 91533946
0.03158%1 0.02954%50
0. 0429245 D. 370197
0, 0712225 V. 0653625
0. 0996 145 0. 09058546
G.1279116 0. 1153972
8. 1559533 0.1383270
g, 2595750 0, 2833832
G. 3640601 (1. 3060585
0.d4681 042 0 39283595
0.5714553 0. 4567437
0. 5739165 0. 3278588
0.7742095 0. 5945052
D.8714145 0. 5527401
0. 9653693 0.7074922
1. 0562433 0, 7535475
11453708 0.3089300
1.2324247 0.8404005
1.3182430 0.8733463
1.4033%47 0,907839z
1.4B88206% 0.943984 0

15734816

0.9817746

PRESENT VALUE OF ANHUAL -TOSTS C1ers - 19913 = 2,848 BILLION pOLLARS

UNIFORM ANMURLIZED cOST (978 - 19581 =

E-11

0.3%% BILLION DOLLARS



PROGRAM TO COMFUTE COIT OF NOMSE FESULATIONS

ASSUMING FAN-NFF COMPLIAHCE TEITING

WITH CREDIT FOR COIT AND TAMINGY

FAM CLUTCHE

S22 AHD EMHAUST JDINTE

OPTION B RESULATION SCHEDULES

TRUCK TYPE
MEDTUM BHS
HERYY GART

METIIUN DIEE
HERYY DIESE

ALL FIGURES

YEAR

1975
1976
1977
1978
11979
1930
4981
1952
1953
{1984
‘1938
1986
1927
1337
1939
1390
1991
1992
1993
1994
1535
1595
1997 -
1998
1999
2000

=3 DEA

1972

1973

EL 1472
L 1373

FESULATION LEVEL
a0 DER T2 ORR

I BILLIOMS OF IOLLARS

TOTAL

.0

(£

0.0
-, 1131872
-0,23711158
=, 3258045
~0.91455%
-, 4515935
~0.5392792

0. 38e7 161

—0. 6263725
~0.5503d16
=0.4310%14
=0.3219429
~0.2315743
~0. 1319294
=0, 03S0E0S
0. 0431712
0. 1258942
0. 1931359
0. 2633600
0, 3074715
0, 3503360
0,3315014
0.4322331
0.47183304

SROUTH RATE FOR

MEDIUM 3A
HERYY SRT
MEDIUM D11
_HEAVY DIE

0. 019
t =G, 00z

ESEL: 0,015
SEL:  p.0S0

UM TOT

0.0

ni

9.0
-0, 1151678
-1, 3452724
~0L A7 10335
-1. 185458
—1.5672455
-2, 1 0FS254
-2, 8932421
-3, 3{96 144
-3, SS045E2
-4, 2R1S2E0
—d B EB4TES
-4.3450518
-4, SPR4EE]
-5, 112574
-4, 9544003
-4, BEAE0ET7
—d, 6403954
-4, 3759394
-4, GESSLTL
~3.719]811
-3, 3272500
-2, S04 RIEE
-Z.4231167

COST,OF, CRRPITAL RATET 0,10

v v, :
DEPRECIAELE TRUCK LIFE: lu.0 YERAFS
STRAIGKT LIME DEPRECIATION LSED

UNIFORM AMNDALIZED COST (1478 - 19

e

E-12

D

o |
Jo T J. T

R R R ]
00y I D

OF & MHT

i, 0

0.0

0.0
=10. 1334054
-0, 2573%02
—0.3TO7S35
-0, 4TISVET
~0.5721403
~D.B0RREE
=0, 7352130
=0, 3032663
-8, TETE191
-, TR35908
=), 7E3EH00
=0, TRREEER
-0, V28875
=0, 38649R8
=0, 8833207
-3, 6429259
-0,8252361
-1,5120339
-, 601 9E27
=i, SH45E26
=0, SP0EP41
=0, TES003S
=0, 5502574

FOF MOFE EFFICIENT FAME.

CAFITAL

o0 o

0.
0.
0.
0. 0152331
0. 0302194
0. ga434u2
0. 0553037
0. 0305470
0. 1208504
0. 1354958
0. 1PESR3S
U, EEEEPA
i, 3525029
0, 4317375
0.9081 080
0.5314187
0. 53508505
0, 7115530
0., 7526253
0. 5234424
0. 5794445
0, 30%4351
0. 3450159
0, 9322763
1. 0212870
L. 0521388

PREZEHT VALLUE OF ANNUAL COSTS (197& - 1991) = -Z,%14 EILLION DOLLAFS
-8, 3% RILLION DOLLAFS
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PROGRAM TO COMPUTE COIT OF HOIIE FEGULATIONE

ASSUNIMS FARH-OFF COMPLIANCE TEITINMG
WITHOUT CPEDIT FOR COST AND SAYINSS FOR MOFE EFFICIENT FAMT.
FAN CLUTCHESs AMD EXHAUET JOINTZ

DRTION & FEGULATICH SICHEDULE:
FEGULATION LEVEL

TRIICK TYPE 3 DER 80 DBA 72 DEA  ¥5S DEA

MEDIUM GRS 1572 1932 1524 -

HEAYY BAZ 197 | i 1984 -

METTUM DIESEL 1572 13382 1984 -

HEAYY -DIEZEL v 1973 18&2 1934 -

ALL FIGURES IN EBILLIONS OF DOLLARS
YEAR TOTAL Cum TOT oF & MNT CRAPITAL
1375 0.0 0.0 0.0 1]
1976 0,0 0.0 0.9 n.0
1977 [ ' 0.0 6.0 0,0
19743 0. 0204310 0. 0204810 0, 0104530 0. 0099530
1979 0. 0409245 (. 0&14A58 0. 0211400 D 0183445
1530 0. 0515281 0. 1229937 0. 03193%]1 0. 0295450
1941 0. 0319441 0. 2043378 O, 0429245 0. 0320157
1932 0, 1355852 0.3415229 0. D7 12235 0. 0553636
1333 0. 19045593 0. 5319%20 0, 0955148 0. 0903536
1934 0. 2945031 0. 8268001 . 0.150175% 0. 13494221
1995 0. 3574223 122840229 0, 2809455 0. 1784785
19356 0, 4933591 1. 7225919 0, 519707 0. 218D9R7
1987 0. 5952080 2.3211954 0, 2425853 0,25%5318
193 UesHzuuly 3. 0132008 [TV TV - T
1939 0, 7824257 3. 7ISEZRS 0, 460599 0.2Q172e%0
C 1890 0.,8631137 4,8547415 0.517L00% 0.3820202
1991 0. 9516316 5, 6163652 0.5711708 0. 3804 52
1962 1.0257042 £,6430721 0, 8835904 O, a021128
1993 1, 0594405 7. 7425127 0. 5741450 0. FESERI
1994 1.1659002 8,908410¢ 0.7235123 0. 4423923
19995 1.2321043 10, 1405115 ¢, 7713138 0. 3502949
1995 1.298%5668 11,4390793 0, 2195230 0. 4780959
1997 1.38545919 12.,8045702 0, 3568050 0, 3988370
199g 1,4331379 14,837708&1 0,31 38767 0, 5192830
1aae 1.50203%% 15, 7397480 0,9512224 0.5408184
.enog 1. 572082 17.3118134 l.0036641 0. 5634032

GROWTH RATE FOF
MEDIUM SRAS: (. 014
HEAYY GAT: =0,003
MEDIUM DIESEL: (. 019
HERYY DIESELF: 0, 0S50
COST OF CAPITAL RATE: 0.10

DEPRECIRELE TRUCK LIFE: 16.0 YERPS
STRAIGHT LINE DEPRECIATION USED

PRESENT VALWE DF ANNURL COSTS <1995 - 1991> = 2,332 BILLION DOLLAFT
LNIFOPM RHMUAL IZED COST <1978 = 19910 =  0.317 BILLION DOLLARE

E-13




FROSPRAM TQ COMFUTE COST OF NODSE FEGULATIONE

AZIUMING FAN-OFF COMFLTIANCE TEST IHG

WITH CREDIT FOFP COZT AHD ERVINGT FOR MORE EFFICIENT FAMNI

FAN CLUTCHESs AND EXHALIZT JOINTS

OPTION © REGULATION SCHEDULE!R

REGULATION LEVEL

TRUZE TYPE 23 DBA &0 LFA

MEDIBM &A3 1P 1052 1534
HEAYY FAS 1973 1232 1939
MEDIUM DIEIEL 1973 190d 1654
HERYY DIIESEL 1973 . 1982 1934

ALL FIGUFES IM EILLIONS OF DOLLARS

YEFR TOTAL cun TOT
1975 0.0 0.0

1376 0.0 9.0

1977 0.0 0.0

1978 =0, 1121572 -0, 1181672
1979 -0.227i1e =0, 3452735
1980 =0, 3258045 -0, 6710835
1931 -0, 41456592 -1, 0855524
1982 -0, 4215535 =-1,5672455
1983 =0.53%2793 -2, 1055254
19134 -0.5471523 -2.8536779
1385 -0, 3454525 ~2. 1991405
1936 =0, 331295 =3, 7332705
1737 =0, 521745 =4 257Ul R0
1923 =0.S03766Y =4, 7557352
1939 =0.4951342 =S.2809185
1990 =0, 4213347 =5, 727511
1991 ~0.47 11954 -5, 2139473
1692 =06.4572140 ~6.E811571
19893 ~0. 4857519 =7 14691049
1994 -0.4711022 =7 B1B 0057
1995 =0. 4730754 =3, P96 0835
1994 =0.4563093 =3, SR2aeEw
1997 =0.4355389 -3, OVPIETE
1998 =0. 5064431 =%, VBT IS
1999 =0. 51332938 —10. L DETRIE
2000 ~0.932150% -10. 6349115

GROMTH FATE FOR
MED IUM GRS
HERYY BREE
MEDIUM DIESEL:
rEFRY DHIESEL:

J. 014
=0, 00X

COsT OF CAPITAL FRTE:

DEPRECIRELE TRUTK LIFE:

0. 015
0. 050

G. 10
10,0 VERFS

STRAIGHT LIME DEFRECIATION WEED
FRESENT VRALUE OF ANHUAL COITS %P8 - 1941 = ~3,25% BILLION DOLLAFE

WHIFORM ANNUALIZED COST ¢197% - 199D

g-14

=0, 448

™ DBA 75 DEA

rra

OF 2 MNHT

0.0
0.0
0.0
-0. 1334054
-0.2573302
-0, 3707533
-0, 47387ET
-0.572140%
< 0. 593
~0. 7186443
-0, 7615716
-0, 7976129
-0, 32E0TEE
-0, 2456795
~0.37075&1
-0, 5303408
-0,310714%
-D.8319173
-0, 9551955
-0, SBOCORE
1. 0073505
-1, 0363325
-1. 0585185
-1.1023451
~1, 1383242
-1, 1787225

0,e154031
0,261 4532
PRV el
0,2409126
B, 3750337
0, 4035051
0.43%9185
0,4647040
0. 4333459
B.5089042
D.52502520
3. 3505250
0.S729z08
0, 5953023
0. 6203308
0.6486321

BILLION DOLLART

e b AL b e e
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FROGRAM TO COMFUTE COT OF HOISE PESULATIONE

FEWMING FRN-OFF COMPLIRNCE TESTING
WITHOUT CREDIT FOP COIT AND SAYIMGE FOR MOPE EFFICIEMT FANS,

FAN CLUTCHES« HND EXHALST

SOIHT S

OPTIAN It REGULATION SCHEDULE:

TRICK TYPE 23 DEA S0 DEA 7& DERA
MEDIUM SRS 1973 - 1554
HERYY GRS 1973 - 1asd
MEDIUM OIEESEL 1973 - 1534
HEFAVY DIESEL 1a7a - 1934
ALL FIGURES IH EILLIONS OF DOLLARS
YERF TaTAL CumM 10T
14525 0.0 0.0
1975 0.0 0.0
1977 0.0 0.9
1978 0. 0204210 0. 0204310
1973 0. 3409346 0, 0614555
1980 . 0513251 0. 1229927
193] 0.0819441 0, 2049273
19ge 0, 1020872 0.3070349
1983 0. 1216724 0.4237073
1984 0.qe3a5%7e U, B575E 44
1935 0.3349793 0, 9959442
1926 0.4402972 1.4323413
1937 0,5439925 1, 9763333
Lazs 0.543191 3 2,5200247
1939 0, 7395537 F.AGESPOL
1990 0,32183%4 4,1914173%
19491 {, 9195950 S.11100&6
1932 1,0038%556 5. 1143643
1993 1.0342533 Tol991167
1994 1.1525273 5.3518407
1995 1.2280352¢e 3.5719910
1998 1.8882404 10, 8602235
1997 1.3%542832 12.215507%
19%& 1.4250202 13.45841587¢8
199¢ 1.4999942 151365175
2000 1.565%361 15, 7024284

GROMTH RATE
MEDIUM 3RS
HEAYY GAS:

FOF
t 0.014
=0, 003

REGULATION LEVEL

PRESENT VALUE OF ANNUAL COZTE

MEDIUM DIESEL: 0.015
HEAYY DIESEL: 0,030

°OST OF CAPITAL RATES 0,10

DEPRECTAERLE TRLCK LIFE: 10.0 YERRS
STRAIGHT LIME BEFPFECTATION LITED

UNIFORM ANNUALIZED COIT <1973 - 199D

E-15

1ETR -

7% DEA

OF & MNT CAPITHL
0.0 0.0
0.0 0.0
0.0 0.0
0, 0104830 0, 0099530
3. 0211400 0, 1924454
0, 0319221 0, 0295450
e DASSEAT 0, 0396147
0. 0538987 0. 0432004
0, 0847163 3. 056955
0. 1ER2EER a.10 2
0. 1331697 0,1455
0.2503557v% 0, 1337355
0, 31eenas 0, 221053
0. ITSN420 U 2RE145]
0o 350329 0, 2025191
0. 4950334 0, 2387932
0.5516406 0. 3878572
0.5064034 0. 3974540
0.5539588 0. 4253934
0, 7101404 D.4923522
0. 7600514 0,44803%45
0, 8309195 0.4 7904549
1, 3575074 (. 4335270
0.9057568% 0. 5192630
0.9541765 0.54031:29
1.0025320 0.9834032

SEty = 2,(v¥) RILLION DOLLARE

0,234 BILLION DOLLAFS




FROGFAM TO COMFUTE COTT DF NOISE REGULATIONT

AZZUMING FAH-OFF COMFLIAMCE TEST ING

WMITH CRETIY FOF COIT AHD SAYINGES FOF MOFE EFFICIEMT FAMNS:

FAMH CLUTCHES« AND EXHALST JOINTS

OPTION I FEGLLAYION SICHEDULE:

TRUCK TYPE
MEDIUM SAZ

HEAYY BA%

MEDIUM DIESEL
HERVY DIEZEL

ALL FIGURES I BILLIONE

2 LB

[xc}

7
ST
T
?

(RJ U (K31

L

oG

1
1
1
!

YERR TOTAE
1975 0,0

1975 0,0

1977 0,0

1978 =0, 1131672
1979 -0,227111&
1930 =0.3238045
1981 =0, 4145592
1932 -0,495R881
13383 =0, D598557
1934 =} 5912590
1385 =0, 5822347
1985 =0, 5745250
1487 ~0. 555050
1988 =U, 5 3I2 e
1839 -0,52639%94
1950 ~0.5033302
1991 =0, HASSTPE
1852 =0, ABISTE
1993 =0.,4756689
1934 =0,4201512
1995 =0, 435358449
1995 =0, 4935910
1997 =0.5022735
1993 =0, 5126356
1994 =0.5237&09
.2000 -0, 3353164

GROWTH PRTE FOR

MEDIMM GRS
HERWY GAT:

MEDIUM DIEZELS

a.014
=0, 003
H. 015

HEAYY DIESELS

0. 050

£0ST OF CAPITAL RATE:

LEPFECIHELE TPUCK LIFE:

REGULATION LEVEL

20 TIEA 72 DEA
- 1954
- 1934
- 1534
- 1934

OF DOLLARE

cur TaT

0.0

0.0

0,0
-0, 1131672
=0,3452729
-0, 67105325
-1, 0356524
=-1,59313408
-2 1911985
-2, 7324553
=3, 3132395
=3, 82399145
-, §3ENHEY
—vh PRSI SnR
-5.5187330
=5, D292
-6, 5231955
=7, 00?2707
=7.4535243
=7 OEZADETV
=2, 4500761
=2, 99435048
=9, 4459562
-9, 9585714
-1 0,42283313
~11.0191450

0.190

16,0 YERFS

ETFAIGHT LIME DEFRECIATIDM USED

v% DEA

ae & MHT

0.0

(L) ]

0, 4d
=0, 1234054
-0,2573202
-0, 3P O7SIS
=-0,4732878
=0, SEE:I47?
=0, E65826R7
=i, 7135545
=0,7592702
-0, 3085679
-3, 8338205
-0, Begbnd9
=0,9030182
-0,3224501
—0, 9425572
—-0.9551136
=0, 9290859
-1.0196650
~-1.0432152
=-1,075293%
=1,1080334
=1.144391%
=1.1334425

0
0
0.
0. 013523221
G 0302184
G 043492
0, 0552097
0. 0731957
0. 0364112
U.13732532
0. 1854353
0, 2337427
0, 275354
U 31528404
0, 3572341
U, 3931269
0,4263330
0, 4559233
0, 4374455
0.503%032
0.5292320
0.5508250
0.57aa202
0, 3953983
D, 5205305

0, 6455321

FRESENT WALLE OF ANNUAL CDSTS (1973 - {991y = —3,430 RILLIDN DOLLARS

UNIFORM ANNUALIZED COST Q1978 « 1991) = =0,452 BILLION DOLLARS

E-16
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FROGEAM TO COMPUTE COST OF HOISE FEGULATIOHT

RTEUMING FAN-OFF COMPLIRNCE TESTING
WITHOUT CREDIT FOR COIT AMD TAVINGS FORMGRE EFFICIEMNT FAMHES
FAN CLUTCHED AMD EXHALET JOINTS

OPTION E RESULATION CHEDULE?
REGULATION LEVEL

TRLUZK TYFE ®3 DPA &0 DEA V3 DEA VS DER
MEDIUM GRS wve L&a2 - -
HEAWY GAR o 19va 1ass - -
MEDIUM DIESEL 1578 1ong - -
HERYY DIESEL 1578 1o - -

ALL FIGURES IN EILLIDNS OF DOLLARS

YEFAR TOTAL ci TOT OP % MHT CAPITHL
1975 0.0 0.0 6.0 0.0

1976 0.0 0.0 0.0 0.0

1977 0.0 0.0 0.0 a,0

1978 0. 0204310 a2, 0204310 0. 0104830 0, 0OAGEs)
1979 0. 0409346 0. 0614554 G, 0211400 0, 0195445
1920 0. 0815251 0. 1289937 0.031933) 0, 02%3450
1521 0. (13194941 0. 2043372 0. 0429245 0. 0390157
19ga - 0. 1355852 0,3415229 0. 0712235 0, 0653626
1933 0. 1904693 0.5319420 0. 0995145 0. 0502548
19894 0. 2432089 0.775300% 0. 1279116 0.1153972
1985 0.2947701 1.0700703 0. 1599333 0. 1358370
19a6 0. 3445734 1.4143437 0, 133591 0.151 1752
1937 0. 3930259 1.8079%700 0, 21 03330 0. 1821285
1aeo 0, 42EENAR 2, 2d444d7a4 0, APPSO IR TELY T
13389 0.47B82615 &.,722v354 0. 2622415 U. 2134202
1990 0.5127704 3.24150%8 0. 2373674 0.,2309011
15891 0, 5579194 3.7993251 0. 3128117 0.2457078
1992 0.5919301 q4.391.3%328 0. 355 0.258571%
1992 0. 6262379 5.01759%19 0, 3601893 0. 2661085
1954 0. EEQ9345 5. 6730209 0, 3333935 0,2770411
1995 0, 5461797 & . 3747025 0. 4075851 0o 2234948
1996 0. 7321655 7. 1063668 0.4316718 0, 2004932
1947 0. 7890342 . 7.8759480 0,4550179 e 3130683
1998 0, 3068659 8. 68231 0& D.480626E e F2ER3HS
1963 0.3457 095 9, 5285208 0. 5058655 0.3400437
0o 0.88575589 10, 4142385 0.531258% 0. 3545102

GRONMTH RATE FOF
MEDIUM GAS: 0,014
. HERWY SRS -0, 003
MEDIUM DIESEL: 0,615
HEAYY DIEIEL: 0,050
CO3T OF CARPITAL FPATE: 010

DEPRECI AELE TRUCK LIFE: 10,0 YERRE
STRAIGHT LIME DEFRECIATION LIED

PRESENT WALUE OF ANMUAL COSTES «19?7& - {931h.= 1,661 BILLIOM DOLLARS
UNIFORM ANNUALIZED COST 1978 - 19910 = 0,285 EILLIOH DOLLARS

E-17
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PROGRAM TO COMPUTE CDET OF HOISE FEGLLAT ITINE

BSSUMING FAM
WITH CREDIT
FEM CLUTCHES

peTION E FER

TRULE. TYFE
HEDIUM 3A%
HERAV'Y 'SH3
MERIUM DIELE
HEFYY DIEZEL

~-0FF COMFLIANCE TESTING

FOR cOST AND TAVINGE FO

y AND EMHANIT JOINTZ

WLATION STHEDULE:
REGULATION LEVEL

*3 DEH
1978

1978

L 1973

g

&0 DEA 73

1322 -
19Es -
PRty -

1#z2

ALl FIGURES IM FILLIONG OF DOLLART

YERR TOTHL
1975 0.0
1976 n.0
1977 0.0
1973 0, 1181872
1579 ~0. 22871118
19130 -0, 3253045
1951 -0, 41455588
1932 -1, 4315935
1853 ~0. 5392793
1924 ~0.5867151
1985 ~0.52637282
1986 =0, 86083202
1937 ~0.6915441
1937 =0, TEAZEDD
1389 -0, 7S5E320
1940 =3, 7EdT2eT
1991 =0, 3147573
1952 -0.3497402
1993 -0, 5547315
1994 -0, 2201574
1995 -0.9565005
1996 =D, 2941859
1997 -1, 0334497
1993 -1.0723705
1999 -1,1133184
2000 =1.,1570957
GRONTH RATE FOP
MEDIUM GAZ: 0,014

HERVY B3RSt ~0, 003
MEDIMA DIESFL: 0. 019

HEAYY DIET

EL: 0,050

cOsT OF chAPITAL RATE!

DEFRECT HELE

STRAIGHT LINE I
PRESENT VALUE BF ANHUAL COsTYE
UNIFORM AMEUALIZED COET (1a7gE = 199

TRUCK LIFES

sun TaT

0.0

0,0

0,0

-0, 1131672
-0, 3432739
-0, 6710335
-1, (e84
-1.5A7RATS
-2, 1055a53
~2.5932421
=3,318%51449
=3, 92094943
-4 ,5720853
-5, DREE0E
-5, 1515295
-6, ¥E303A
7. TS1EES3
-3, 5003053
-9, 49553562
-1, 4057802
-11, 3623310
~12, 3545654
-13,3390123
—14, 45613319
-15.57519%3
16, 73525435

0.10

10, 0 YERRZ

EPFECIATION WSED
(1973 - 19913 = -3.853 EILLION DOLLAFS

E-18

DBA

it

F WOFE EFFICIENT FAMI.

]
o

EF

aF & MNT

0.0

6.0

0.0
-0, 1334034
-n.25v3302
-0, 3707339
-0, ATERPET
-1, SPE140E
-0, 5559398
-0, 7321320
-0, 5038653
-0, FEITIE?
=0.'91897E7
-0, aTQTEY
-1, 01599551
~1, ER304S
-1, 1133900
-1, 1504150
-1.2080795
-1,2567021
-1, 3059630
-1.3590KR41
—1,418521%
-1, 4883295
-1,5285541
-1,5373250

0. 0152331
0. 0302124
U, 0445452
0, 0523097
0. 0265470
D. 1208504
0, 143450553
0,17639325
0.2029141
0, 2273304

B ZIC2YET

0. 3503544
0. 345770
0. IHNGRAE
0. 35340209
.41287224
0.3302874

—0,%2% BILLION TOLLARS

K e o
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PROGFPAM TO COMPUTE COST DF HO1SE PEGULATIOME

ATSUMING FAN-OFF COMPLIANCE TESTING

WITHOUT {REDIT FOR COST AND SF IMGS FOR MOFE EFFICIENT FANS

FAM CLUTEHES » AHD EXHAUST JOIHTS

OPTION F REGULATION SCHEDULE:

FEGULATION LEVEL
DER 75 DEA

TELCE TYPE &3 DER 20 DERA Ta
MEDILIM 3RS 197% 137349
HERVY BAT 1APE 1954
MEDILIM, DIESEL 1473 19ad
HEAVY DIESEL 197e g

ALL FIGURES IM BILLIOMS DF DOLLARE

YEFRR TOTAHL Clm TaOT
1975 G0 0.0

1976 0.0 ) 0.0

1977, 0.0 0,0

j19ra G, 0204810 . 0204810
197¢ 0. 04093495 0. 06145586
1820 0.05152:51 0. 1229937
1981 0. 0519441 0. 2048273
1932 0, 1020972 0.3070333
1983 0, 1216724 0.4237073
‘1934 0.1775%520 0,5052693
1925 0, 2323372 0.3385925
19846 0. 2862015 1.1247940
1927 0, 33RO 1.4ARAN4N
1988 0. 3876951 1, 8512993
1989 0, 43538%2 2. EREEBTY
1990 0. 412143%3 2.75217a2
1991 . 5258226 3, 2940585
1992 0.56%0333 38821401
1993 0.,6110517 4.4741917
1994 0.8475527 $.4217527
1995 0,6844273 5.5051781
1996 a, 72193391 A.5230161
1997 n, 7593755 T E2RTBEHT
19983 . 0, 7927404 3. 0346337
1969 0,38335639 9,9283939
‘3000 0.879R257 Q.S 04SI07

GROMTH FATE FOF
MEDIUM GARSs O, 014
HEFWY GRS =10, (02
MEDILM DIESEL: 0,019
HEAYY DIESEL! 0,030

COST OF LA ITHL RATE: 0,10

DEPRECIPELE TRUCK LIFEfr 10,0 YERFE
STRATGHT LIME DEPRECIATION LIED

PRESEHT YALUE OF AMMUAL COSTS <1972 - 19%31r =  1.430 BILLIONW DOLLAPS

UHIFDPM ANMUALIZED COST (1978 —~ |99

E-19

1h =

oF & MNT

0.0

0.0

0.0

0, 0104330
0.@211400
0. 0315231
0. 0429245
0. 0533969
0.0547163
0, PP3RGES
0. 1231565
0, 15225850
0. 1211519
2059303
0, 2251311
0, 2553071
(. 2926316
B 3190756
0. 3349430
0,3705215
0. 3959326
0.421335¢
04485091
(4725087
8. 4056198
0.5251254

CHPITAL

[ =N =R

0.
0.
0.
0. 0059530
0, 0133445
0. 0295450
Q. 0390197
0.0432004
0. 0953551
0, 0225593
0.,1091705
0, 1239164

0.&500070
0. 2661035
H.2P70dt1
D, 224746
0, 3004538
0.3130842
0.3262399
U. 3400437
0.3543103

0.1%3 BILLION DOLLARE




PROGFRM TO COMPUTE COET OF HOITE FEGULATIONT

H

Fs s
MITH CREDIT FOP COIT AND
FAM CLUTCHES, AHD EXHRPLULT

UMING FRM-TFF COMPLIAMCE TETTIMG
IACING D FOF MOPE EFFICIENT FANS,

JOINT =

OPTION F FEGULATION SCHEDULES

REGLLATION LEVEL

TRUCK TYPE 23 LEA 30 DEA TR ODEA 79 TEA
MEDIUM 5AS 1578 1954 - -
HERWY GRS ong: 15934 - -
MEDIUM DIESEL 1573 1334 - -
HEAVY DIESEL ° 1973 1934 - -
PLL FIGUFES TH BILLIONS OF DOLLAFS
YEFRFR: TOTHL cun TOT OF # MNT ICRP T THL
1975 0.0 0.0 0.0 i 0
1975 0.0 0.0 0.0 0.0
1977 0.0 0.0 0.0 0.0
1973 ~0. 1181672 -0, 1181672 -0.1334054 0. 0152388
1979 -0.2271113 -0, 23527RS -0, 2573302 0. 0302134
1930 -0, 3253045 0,571 0835 ~0, 3707538 G, 0443492
1981° ~0. 41455692 -1.0854524 —0. A7IETET 0, 0593097
1952 ~0. 4955531 -1.5513403 -0.56588847 0. 0P31957
1923 -0,5593557 -2.1511965 -0, B3BTE67 0. 0854112
1924 -0, 62052827 -2, 7720194 -0, 7331527 6. 11722283
1935 ~0. 6537452 ~3,435784% -0, 2108552 0. 1455204
1935 ~-0, 5932254 -3, 1350599 ~0.3PASBE0 0.1753735
1987 -0, PERARS7 -4, 28407 75 ~N.931527% N, 202S3Rd
1938 ~0. PSERI35 —5.&23%057 -0.9924043 U, 2245765
1989 =0, PESH98E ~5.4 0594033 ~1. 0324211 0,2455241
1990 -0, 21237826 -7.2221851 -1, 0791317 0,2564018
1991 ~0.B839132% —8. 0513203 ~1. 1251364 0, ZBE 2995
1992 ~0.8562013% ~3,592751 P9 -1,171156% 0. 3049555
1993 -0, 8945570 -8,3222113 -1.2179904 0. 3232957
1994 -0, 9292551 -1 6, 7514653 —-i.2657681 0. 3355145
1995 =0, 853905 0 11, 7183598 -1.3152645 0.3503645
1895 -1, 0014695 =12, 7178383 =1, 2563454 0.3543770
1aa? =-1.03%18% ~13, TS7021% ~1.41942657 0.3300842
1963 -1, 0755570 =14, 8355751 —1.4745770 0, 3950205
1999 ~1.1191257 —15. 954754 3 -1.5319014 0, 3127224
"E000 ~1.1417651 ~17.1165161 -1.5919%14 0.4302274

GROWTH RATE FOR

FEDIUM GAS: 6. 014

HERYY GAS: —0.003

MEDIW DIESEL: 0.015

HEAVY BIESEL: 0.050
COST OF CAPITAL PATE: 0,10

BEPRECIRELE TRUCK LIFE: 10.0 YERRS
STPAIGHT LINE DEPRECIAT ION LISED

FRESENT VALUE OF AMMJAL COSTS (1978 = 18317 = ~3,%35 BILLION IDLLARS
UHIFORM FNNURLIZED COST (1578 =~ 1991) = =0,54& BILLION DOLLAFS

E-20
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FROSRAM TO COMPUTE COST OF NOITE PESULATION:
ASIUMING FAN-0FF COMRLIANCE TESTING

WITHOUW CREDIT FDR COST ANMD ZAYIMGT FOF MOFE EFFICIEHT FANT.

FAM CLUTCHESy RAND EXHAUET JOINTE

QPTION 5 PEGULATION SCHEDLLE:
PEGULATION LEVEL

TR b S A e R T Y A e

T

YR B PRE W FERSEN Y el

TRUCKE TYFE 83 DEA 20 DEA 72 DEAR 75 DEA

MEDIUN BAS 197& - - -

HEAY'Y GASE 1973 - - -

MEDILM DIESEL 1473 - - -

HERYY DIEZEL 14738 - - -

ALL FIGURES IH BILLIONE OF DOLLARS
YEFAR TOTAL cup TOT F % MNT
1975 0,0 0. 0 0.0
1978 0.0 0.0 0.0
19v77 0.0 0 n 1, 0
1975 0, 204210 0.0204210 B3, 0104330
1979 0, 0409343 0, 0514555 G, 0211400
1930 0, 0519281 0, 1229537 1. 0319531
1931 0. 0819441 0, 2049273 0. 0429245
iaze 0, 1020972 0,3070349 0. 05 FUSES
1933 0, 1215729 0. 4387073 U, 0547163
1954 0, 1403770 0.5590341 0, 0751972
1935 0. 1531289 o.7erPe1es 0. 0352742
19868 0, 1751424 0, 9023552 0. 0550345
1937 U, 1913138 1, 0936737 0,104:4112
1953 0, 20941 1, &90293 WelldSese
1939 02174853 1. 51598827 0. 1225093
199 0, 28306491 1.74621 27 013134310
1991 0, 2435&51 1. 8901823 0, 1400?83
1992 2, 2574285 2. 2473653 G, 1433039
1993 0. 2712509 2. 5133189 0. 1578321
1394 0, 2853483 c.28041630 0. 1654332
1395 0, 2993190 3. 1039220 0, 17545324
1945 0, 3145529 3. 4186745 0, 1845537
1967 0,3299912 3. 74BLRSR B 1337964
1992 0, 3457428 4, 09daQHQ 0, 2031547
1999 0,3519714 4.45532730 0. 2187S76
-2000 0. 3737943 4,8351717 0.2225891

GROMTH FATE FOR -
MEDIUM GRS: 0,014
HEARYY SASL -0, 0073
MEDIUM DIESEL: 0,015
MEAYY DIESEL: 0,050

COST OF CAPITRAL RATE: N0, 10

DEPPECIRELE TRUCK LIFE:

10.0 YEARE

STRAIGHT LINE LEPRECIATION USED

FRESENT VALLE OF ANHUAL COSTS
UHIFORM ANMURLIZED COST (1973 - 1981

E-21

FIGFPR = 1941 = O, BEE

CAPITAL

0.0

0,0

4. 0

0, 0QHBI20
0 0133448
0. 0225450
0, D330197
0. 0422004
0. 0359561
0, 0251738
0, 072354
0., 05070
0. 0269073
e TS 2
0, 0Rd5r s

o, 0RERNE]
G 1033522

U, 102518
0. 1138130
0, 1185041
0, 1242665
0. 120133%
0. 1351948
0.14254:32
0, 1492140

ML 1582074

EILLION DOLLRRE

0,127 BILLION DOLLART



PROGPAEM TO COMPUTE COST OF HOISE FEGULATIONE

RSSUMING FAN-OFF COMFLIANCE TESTING
WITH CREDIT FOP COST and SAVINGD FOR MORE EFFICIENT FEMIs
FAN CLUTCHES: AND EXHAUST JOINTS

OFTION & REGULATION SCHEDULE:
FESHLATION LEVEL

TRUCK TYPE %3 DBAR S0 DBR P DER 7S DEA

MEDIUNM BAS 1573 - -

HERWY GRS %73 - - -
MEDTLM DIEZEL 197% - - -
HERYY DIEIEL 1972 - - -

ALL FIGURES IM BILLIONS OF DOLLARE

YERR TOTAL UM TOT OF % MNT CAFITAL
1975 0.0 0.0 0.0 0,0
1976 0.0 0.0 0.0 0.0
1977 0.0 0.0 0.0 0,0
1978 -0,1181672 -0, 1131872 -, 15334054 n, 1SS!
1979 -D, 2871118 -0,3352739 -0, 2573302 N, 0303134
19390 -0.3258045 | -0, 6710535 -1, 3707523 B, 0449492
1921 -0, 4145652 -1, 1355524 ~(0.4728787 0. 059307
1932 —0, 4955331 -1.581340% 01, SE3B247 DO e ST
1983 ~0. 5593557 -2, 151 1965 ~0. 6552667 0, 0564112
1984 -0, 8370222 -2. 7382189 -0, 7355141 0, 9SBT SIS
1485 -0, 5986158 ~3, 4R -D.A0B3ELS N, 11021322
1925 -0, 7HR226 0 -4, 2430725 —fl, ST PIRID 0, 1311565
1987 -0.3108174 -5, (532575 - =, 9415373 1313200
190y -0, 0655272 -S a19at s TR e dL 0, 17700
1935 -0, 3183460 -5, B3TPSTE -1, (5198583 0. 1431418
1950 -0, $70E341 =7 30772 -1,1197852 0. 1474312
1991 ~1.0210915 5. D207 95 ~-1.1P72438 0, 1961586
1982 -1.0722437 -5, 9013176 ~1.23%54% 0, 1831415
1993 -1,12367%2 11, 0249935 ~1,2941532 0, 1704741
1594 -1,1761866 -12, 2011205 -1, 254354% 0 ATEIETE
1995 ~1,23002%1 ~13,4312096 —1,41528%3 0, 1852297
1595 -1,2855274 ~14. 71675 11 -1,43023132 0. 19920699
1397 -1, 3428426 ~15. 0532551 -1,5451358 0, 20aS4sS
1998 ~-1,4017372 =17, 4509985 -1.5145524 0. 2123217
1996 -1,4831004 ~13, 9241 D22 ~1, EESR0ST 0, 22a7 s
2000 ~1,52699%3 -20, 45103 56 -1, PSDREAS 0, 8323745

GROWTH RATE FOF

- MEDIUM GHS! (.014

. HERYY BRS: -0, 083
MEDIUM DIESEL: 0. 0153
HEAVY DIESEL: 0.050

COsST OF CAPITHL RATETD  0.10

DEFRECIAELE TRUCK LIFEs 10.0 YEAFE
STPRIGHT LINE DEFFECIATION UZED

PRESENT VALLE OF RNMUAL COSTS (1973 - 19> = -4,&73 BILL1ON DOLLARS

UNIFORM ANNURLIZED COST 41973 = 1990

E-22

0,530 BILLION DOLLARE



PROGRAM TO COMPUTE CDST DF NDISE REGHWATIONE

ASSUMING FAN-OFF COMFLIAMCE TESTING
WITHOUT CRETIT FOR COST AND SAVIHGE
FAN CLLTCRESs AND EXHAUET JOINTS

OFTIDN I PESULATION TCHEMJLE:

TRUCK TYPE

MEDTIIM FAS 1973
HERWVY RS 1975
MEDIUM DIETEL 1578
HEAVY DIESEL 1378
ALL FIGURES IN EILLIO
YERR TOTAL
1975 0.0
1976 0.0
1977 0.0
1973 0.0204210
1873 0, 04083465
1920 0. 0815281
1931 0. 031944 §
92 0. 1020972
1983 0,1216724
1934 0,1775520
1935 0.23a3e72
1948 0.2852016
1987y 0.3383101
{9z 0.5371914
19839 0.7395667
1590 Q.9275891
1931 1.1179750
1352 1.3044052
1993 1.4846077
1994 1.5522887
1995 1.81238574
1996 1, 9680832
1997 2.117404%
1993 2. 2460527
1399 2.3750744
000 2. 5052442

aFONTH RATE FOR
PEDIUM GAT:  n.0l14
HERVY FASE =@, 003

MEDIUM DIESEL: (.05

HEAYY DIESEL: 0. 050
COST OF CRFPITAL RATE:

DEFREC IARLE TRUCK LIFE!

FESULATION LEVEL
&3 DEA B0 DEA T2 DRA

195 -
199
19E4
1584

N OF DOLLARS

cun TOT

G 0

0.0

0.0

0. 020431 0
0. 0514655
0, 1229437
0. 2049578
0. 3070345
0.4287073
. 852653
0. 33855230

1. 1247940,

1. 4636040
2. 0007954
2. PR43616
2. 6612511
4, PPIEIR
Be OFI333 4
7.5659402
92212219
11, 0340785
13, 0021 653
15, 1195653
17, 3656158
19, 7405921
22, 2459259

o.t0
10.0 YERPS

STRAIGHT LINE DEPRECIATION USED

aF 2

0.0
0.0
0.0

0. 0104330
. G211400
0. 0319831
0. 0425245
0, 0533959
0. 1647163
0. 0939928
0.1231%65
0, 1522550
0.181181%

0,E521458

FOR MOPE EFFICIENT FAMSs

MHT CAPITAL

0.0
0.0
0.0
0. 8059920
- 0. 0198446
0, H2HS450
0. U3501%87
0. 1432004
0. 0559561
0. 0235592
0.1091708
0.12239164
0. 1578420
0.2450453

0.4034419 0,3301245
0.5148518 0,4127373
B, 52565086 0,4523323
0, 735721z 0. 3538363
0,8436715 0.£40%9410
0. 9433665 0, 7039215
1.049034% 0, 7e3aann
1, 1483934 0.2196523
1.2440536 0.3732963
1.332214% 0, $07EFHE
1,4311150 0. 9433560
1. 52347 0% LTS e )

PRESENT VALUE OF ANMURL COSTST <1973 - 19481 =
B, 257 BILLION DOLLRFS

UNIFORM ANMUALIZED COST (1973 - 1940 =

E-23

1.8%: PILLION DOLLAFS
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PROSRAN TO COMFUTE COST DF MOISE FEGULAT IOMS

ASEUMING FAM-OFF COMPLIAMNCE TETTIMG
WMITH CREDIT FOR CDST AMD TAYINGY FOR MIFE EFFICIEMT FRNS.
FAH CLUTCHES s ANHD EXHALST JOINTE

OFTION I REGULATION SCHETWLE:

FESULATION LEVEL

TRUUICK TYFE 23 DEA 80 DBA 72 DEA
MEDIUM GHS 1978 1954 -
HERYY GRS 1978 194 -
MEDIUM DIESEL 1974 1954 -
HERYY DIESEL 1978 1984 -

ALL FIGRES IN RILLIONS OF DOLLARS

YEAR TOTAL cumn 10T
1975 0.0 0.0

1976 0.0 0,0

1977 0.0 0.9

1978 =0, 1181672 ~0.11816é72
1979 -0.2371118 ~0. 3452733
1980 -0,3258045 =0,671 B35
1921 =0.4145632 =1. 085&524
1932 -0.49%56331 =1.331:3408
1933 -0, 3693557 -2, 151195
19584 =0.68208227 =2. 7720 1%4
198% =0.6637452 =X 43576843
1386 -0.89932%4 =, 1250853
1987 -0, 7289397 =4, 8540776
1983 =0, 4183562 =5. 4324415
1959 -0.50493 03 =3.9373724
1990 -, 3888417 —6. 3762 140
19%1 ~Q.avazrve -5, E484 313
1992 -0.1602126 =5, 3097 01 5
1993 =0, 0530904 -5, 8€27901
1994 0,0414217 =5, 8212673
1995 0,1273407 =5, 5934 242
1998 0.2031445 -5.4852vH
1997 0.3807603 =-5,2045153
1993 0.3304340 =5, 5740316
1999 0,3783053 =T. 4957 52
‘ageo 0. 4246635 =5. 0711 053

75 DREA
1REE
18&E
10a8
19583

QF & MHY

0.0

0.0

0.0
~0. 1334054
=0, 2973302
=0, 3707523
=0, 4733787
=0, 56833847
~0. pSEEReY
=0, TIRISZTV
=0, 8106852
=0, B74EHP D
=, 9315279
=0, a103802
=0, 2350370
~0, 3542190
=N, 8208549
=0. 7353403
=0, 7545613
=0, 7253078
-0 701318]
=0, 530 3Eas
=0, 254 E57E
=0, 6518407
~0. 6429203
=0.5374743

CAPITAL

[=K=0-1
[=R=" -1

0. 0152331
0. D3021ES
0. 04459452
0. 0532057
. 0731567
0. 0323118
0. 117323275
0. 1423204
. 175373S
0. 202%359
(. ZAZ405E
0, 3301574
M, 46937932
0.24750%&
0. B2Be254
n.7015723
0. 7672302
b, 832925953
. 33251232
0, PAT0]1%5
0. PB227E3
1. 0212570

1. 0621386

GROWTH *ATE FOR
MEDIUM GRAS: (.013
HEAWY GAT! =-0,003
MERIUM DIESEL:  0.015
HEAYY BIESELY 0,050

LO3T OF CAPITAL FRATE: 0,10

DEFRECIRELE TPUCK LIFEt 10,0 YEARS

STRALGHT LINE DEFFECIATION LISED

PRETENT VALUE OF ANMUAL COSTS (1978 = 1991 = ~3.543 BILLION TOLLARET

UNIFORM ANYURLIZED ZOST <1978 - 19910 = —0,9%1 BILLION DOLLFRE

E-24
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FROGRAM TO COMFUTE COST OF MOIFE PEGULATIONS

ASSUMING FAN-OFF COMPLIAKCE TESTING
WITHOUT CREDIT FORF CO:T AHD SAVIMGT FOR-MORE EFFICTENT FAMT.

FAIl CLUTCHES, AMD EXHALLT JOINTE

OFTIDH J FEGLLATION TCHEIMILES

RESLLATIEN LEYEL
DEA

TRUCK, TYPE ©3 [BA S0 DEM T8
METIUNM 3RS 1573 - -
HERVY 13§ tara - -
MEBTUM DIESEL 197% - -
HERVY DIEIEL 1975 - -
ALL FIGLRES IN BILLIONS OF DOLLAFS
YERR TOTAL cun TOT
1975 fi. 0 0.0
197% 0.0 0.0
1977 0.0 00
1973 n, 0204310 0. 020451 0
1979 0. 0409845 0, 0614553
1930 0. 0615831 0. 1229957
1951 0. 0819441 0. 2049378
1982 0. 1020972 0, 3070345
1933 0.1216724 0, 42 YTO72
1984 0. 1403770 0, SER03H
1985 D. 15%123% 0, PEvE1En
193¢ 0. 5592402 L. 0514524
1937 0. 5485317 1. 6283539
1895 N, 721 RS 2. IRSHNSN
1939 0.9257817 2, 2955247
1990 1.1115112 4, 4070950
1oy 1.2902900 5. 5524521
1992 1,451 0405 71585217
1993 1. 5230675 8. 7R15905
1594 1. 7752988 10, SSIBTE 4
1995 1.9260578 12, 45552473
1996 2, 0479794 14, 5339146
1997 2. 1696215 16.7035217
1995 2.2319054 13, 9659 224
1993 2.4151220 21.4105570
2000 2.5403147 23 950I6ET

GROWTH PATE FOP
MEDINM GAST 0,019

. HERYY GASS -D, 003
MEOIUM DIEZEL: 0. 015
HEAVY TIIESEL: 0. 050

CO:T OF CAPITAL FATEt  0.10

DEPRECIARELE TRUCK LIFEs 10.0 TEARS
STRAIGHT LINE DEFFECIATION WIED

7S DEA

15Ee
1958
1920
1928

arF & MNT

I
0.0
0.0
.o
0, 0104230
0,0211400
0, 0319231
0. 0429295
0. 055E085
0. 4?1632
0. 072197
. (52742
Ve 1517441
0, @H37HET
. ANRRRIE
1.514%5387
0. 5221473
0.?273n032
Ne3305771
0, 9EB97RY
1. 1243165
1.1171303
1.2073306
1. 2962751
1. 2340675
1.4711657

0. Q0essz0
N, wl1ERades
0. 0E2s45n
0, 0290197
U, 0332004
0. 058 3%e1
0, DB 7SR
0, 0P FeSans
0. 168434810
Gy B4 HVETR
fl. 33218
. 4122429
0, 4393455
D, Se23903
D, AROTATA
0, AR3G9RS
1, 7534771
0, 2035200
0, 340400
0,8733452
0, INTH2IE
0, P430SE 0
U, 921779

FPESENT YALUE OF AHNUAL COSTS 1%7& = 1501y = &, 211 FILLION DDLILRRS

LUHTFORM ANNUALIZED COST (19?73 = 15910

E-25

T0LE00 BILLION DALLARSE
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PROSRAM TO COMPUTE COIT OF HOISE RESUWLATIONZ

ATIUMING FANM-0FF COMPL IANCE TESTING

LITH CREDIT FOF COTT AND SAVIMGE FOR MORE EFFICIEHT FRANS.

FAM CLUTIEHES s ANHD EXHALLIT JOIMTE

OPTION J FERMATIDN SCHEDULE:

FEBLLATION LEWEL
20 pER 72 DBA 75 DERA

TFUCK TYPE E3 LER
MEDILH GRE VAvE - -
HEAVY GRS LTS - -
MEDILM DNIEZEL 1478 - -
HEFRYY DIESEL 1avs - -
ALL FIZUFES IN EILLIONS OF DOLLAFE
YERF TOTAL ctit TOT
1975 0,0 0.0
1576 2.0 (.0
1677 0.4 6. 0
1972 =0, 118167 -0.1131672
1979 ~0, 3271113 — 0, 345 ETED
1930 -0, 3252045 - 05710835
1931 -1}, I SEHE -1.0E58%24
1532 -0, 4958881 -1.9213402
1933 -1, 5658557 -2, 1511965
134 ~0,537 0282 -2, PRE21ED
1935 -, 5985153 -3, 438937
193¢ -0, 50777 =4, 0R4SIR7
1997 =0, S08%95% w4, 604534
1989 =0, 3080450 -5, 135513
1959 ~1, 3039332 ~5. 2175655
1530 -0, 1975132 -5, 51507495
19%1 -0, 0943073 -5, 6055352
1992 0, BR0S4ES -5, A0S0 E5
1983 0. ORHE56S ~5. 51 95753
1994 0,1709363 5. 2487 358
1485 0.84397564 -5, 1047583
16%5 0, 29005994 -4, 2145553
1597 0. 3343303 ~4, 4502742
1992 0,37762%4 -3, 1025443
1693 0. 41994525 ~3, AE3 1855
2000 (e AH0RRIT -3, gzEameR

SROWTH FRTE FOF
OMETIM GAS: d.014
HERV'Y GATE -0, 003
MEDTM DIEZEL: 0.Q1%
HERYY DIEZEL: 0,050
COST OF CRPITAL PATE: 0.10

HEPEECIHELE TRUCK LIFE: 10,0 YEARS
STRPARIGHT LIHE TERFECIATION LIZED

FREIENT vRLUE OF ANHDAL COITS 1573

E-26

LHIFOSM ARNUALIZED COTT 1475 - 1991

1980
1536
1938
1536

OF & MHT

0.0

0.9

0.0
=0. 1334054
=0, 2373302
~0. 3707523
~0.473IZTR?
-0, 5533847
=0, 8352867
=0,7358141
=0 5059315
=0, 8120527
=0. 8058753
=0, 7395775
-0, PETI97L
-0. 74103821
-0,7133547
~ 0. 6284554
- 0.56606¢1
~0. 6423857
~0.BT14E7H
=0, 6193345
-0.0106258%
=0.504845%
=0, 5013250
=0, 2017541

T mimar

6.0

0.0

0, 0152331
0, 0202124
. 04345452
O, 0592007
U, 0731957
0. 0112
0. D927TIS
o, 1103132
0. 2083514
0, 29%e2ns
0. 3206255
D, 432082
0.542874%
., 8135522
0. BB3309%
0, 75521985
0, 8173263
0.3754434%
O, Spag sy
U.94%019%

= IFR1d = <3170 BILLION DOLLARS
—0.420 BILLION DOLLAFS

et b e T DAL )y
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FFROGFAN TO COMPUTE COST OF MDITE FEGULATIONS

ASSUMING FAN-OFF COMFLTARCE TESTING
WITHOUT CREDIT FOFR <OST AMD SAVIHSE FOR MORE EFFICIENT FAMSs
FAN CLUTSHES, AND EXHAUEY JDIMTS

OFTION ¥ FEGULATION SCHEDULE!
REFULATION LEVEL

TRUCK TYFE 22 DEA 20 DEA 7S DBA TS [EA

MEDIUN GRS 1373 1332 - &3

HERYY AT 19TE 1232 - 1324

MEDIUM DIESEL 157 (R 1Gsa -

HERYY NI ESEL 1973 19ae 158 -

ALL FIGURES [N BILLIOME OF DOLLARS
YEFR TOTHL “uUM TOT OF # MNT CAFITAL
1975 0.0 0,0 0.0 1.0
1976 0.0 0u 0.0 n. o
1977 0.0 0.0 0.0 0,0
1878 0, 020431 1 0, 0204810 0. 1043%0 0, H093%0
1979 0. 0409245 0. 5 148568 0. BE11400 0. 3198445
193] 0.06158&1 0, 1229537 0, 0313331 0. 0295450
19 0, 0315449 0, 2042372 0, 0429245 0.0 0197
1982 0. 1365552 03315220 0.0 i2zes 0. IS5 35EE
19583 0. 19045593 0, 5319920 0, 0995146 0, DPE354R
1384 0.3140594 1. 23 0915 0, 15335%4 1, 1507303
1985 0. 4354253 L.EB15170 1.2&71179 0. 2022050
15486 0.554946£42 1.8399214 0.2%039%8 0. 3835720
1837 0,5700710 2.5050520 N, 3540295 3150417
JS-T] o FAT LSS 3, 2R Te wodlelur Yo 0234 0
1939 0. 8332435 4, 1683331 0N, A7RERRT, DadNESPas
1290 0., 922143% 5, 1904774 0, 5380515 0,447 0473
1991 1. 0752535 5, 22DFING 0, Senx305 0.4342773
1392 1. 15545631 T 3anaagl 0.8443755 0, 5145928
1993 1.2401982 S, 520487 3 0, 59833049 Ul S4335802
1994 1.309274%9 3, H347R52 e 7374465 0, 33133547
1995 1.3730050 11.2127702 (I, 75773 a, 5811200
1996 1., 4458903 12, 596817 0, 8455985 0.1 2938
1937 1.516151% 14, 2793207 . 2937947 0. B&2 350
1993 1.,5261 015 15,85191%4 0. 3417038 054435850
19%9 1. 6572475 17, 5191650 I, 9252171 (U Pt b )
.20 1. 72945932 19, 2486247 £, 0379572 045913107

SROMTH PATE FOR
MEDIUY GAR3: 0,014
HERUY 3RS -0, 002
MEDIUM DIESEL: 0,5
HEAYY DIESELF 0. 050
COST OF CAPITAL PATED  0.10

LEPFECISELE TPLUCK LIFE: 10,0 YERFS
STRALGHT LLIHE DEPRECIATION WLIED

FREZENT VALUE OF mAHMDSL COSTS <197 = 19810 = 2,540 RILLION DALLARS

UHIFOR AMHUALIZED CDST <1973 - 1994y = 0,347 BILLION DOLLARS

E-27

TCAUICTEL L




PROGFAM TO COMFUTE CO:ET OF HOIZE RESMATIONS

ASSLMING FAN-DFF COMPLIAMCE TES TING

WITH CFEDIT FOR COST AHD

FAN CLUTCHE Ss AND EXHAULT J0INHTE

DPTION K PEGLLATION

TRULKE TYPE
MERIUM R
HERYY GRS

MEDILM DIES

HEFRYY DIEIE
ALL FIRJIFES

YERR

1375
197
1897
1973
1975
19&0
1981
LagE
1983
19349
1595
15985
1957
1955%
1889
1990
1591
19592
19%3
1994
(£
1Sas
1957
195
1S
zo0n

EL
L

SCHEDLLES
FEGMLATION LEWEL

™3 DER

I BILLIDONE OF DDLLAFE

=0, 481 5%

B PR RC IS
U B el
-, 4128745
-0.32449%515
-0.3530543
=0, 3381372
-0, 3323214
=0, 3129244
~0 345603
-0.3198557
-0, 3240921
=N, 3206250
-0, 3330074
=0, 3423199
=0, 35950572

SFOMTH RATE FOF

MEDILR SATE

w, 014

CHEAYY BATE =0, 003

MEDINM DI

HERWY DIESEL:

EZEL:

COST DF CAPITAL PRTE:

NEFRECTAELE TRUCK LIFE:

LN 3=}
e 050

1934
193
CUM 10T
(O]
i
(Y]
-0.1 181678
-0, 2452739

=0.5710335
=1, 0358924
=1, SETE4DS
-2, L 0ASES

=2, 5317234
= 3.1 345329
-3, 505 572
=4, 151 U773
TR L XER 8
=4, 3434 020
=3, S0 323
=8, 5450 163
-8, FEAAIYH
-6, 1PTEELS

-, 31 UAS1E
=7. 1347723
AT L ]
-7 304305
=%, 192EE03
-2 SlEzeEne

o, 1

10,0 YERARE

STRATGHT LIHE DEFFELIATEON LISED

FFESEHT YALLE OF AMHURL COSTE 1573 =

UNTFORM AMMUALIZEDR COTT

CLETE - 1931,

E-28

TRVIMGT FOR MOFE EFFICIENT

OF & MHT

[}
]
=0, 1334054
-0, 2573302

D, 0
0.0
0

T
=0, 57 R140%
=0, 5555343
=0.71EE3
LT et
-0, ¥

-0.3

=, BEnE
=0, 3340
=0, He 08
=i,
=il

=1. 33330
-1l 1329n]7

7

Iely = =R, 000

CAPITAL

0.0
(O]
0.0

1, (apsata
0, 1208650

N, 125024 %

e F0F35D-

0, 2R
W d1Edmd

I, 45a%

0, 5055

0, 54

0. 57540

730

Dy ene24 07
(ors7 054

05438

115

W, ET1951R
n,ea523251
0, TE01E1S
0, 7T4niTE%

77

TITES

Eiel 10N DOLLARY

-0.412 BILLION DOLLAFI

[ R .
——

P e Sk e e e 2
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PROGRAM TO COMFUTE COST OF HOISE FEGULATIONT

ASSUNING FRNH=OFF COMPLIAMCE TESTIMG

WITHOUT CRELDIT FOF COLT AMB S ITHGE FOR MOFE EFFICIEHT FRMZs

FAM CLUTLHE S+ AMD EXHAUEIT JOINTS

OPTION L RESULATIOM SCHEIDULE:
REGULATION LEYEL

TRUCK TYFE 22 DBA E) DEA P2 DEBA PS5 DEA

MEDIM GRS 1973 1952 - 1334

HERYY BAS 1973 195 - 1534

MEDLIM DIESEL 1973 1958 - -

HEFYY DIE SEL 1973 1aga - -

ALL FIGURES IM BILLIOMS OF DOLLARS
YEAP TOTAL cuM ToT 0oF % MHT CAPITRL
1975 0.0 0o n.0 0.0
1976 0.0 0.0 0.0 0.0
1977 0.0 0.0 0,0 n,o0
1973 0. 02042190 9. 0204210 0, 0104220 1, BYa9980
19799 O, 0409245 0, 0513555 D.0211400 D, 0192444
1930 0. 0515231 [V eyt blc 0. 0219231 0. 0285450
1931 0, 0219491 T S0P BPH 0. 0429345 0. D3SG1AT
19382 0. 13588%: ., 3315289 . OFL2EE% 0, DRS3EEE
1933 0. LS045%2 ] 0, 0SS as U, 0303548
1984 0.2275874 0. 13458272 0. 1330700
1935 0. 38322907 0. 1991979 0. 13209731
1988 0.474234) 0, 24a2988 0, 2838359
1987 0. So2S94E i, &dod 032 0, 26519132
Hpnid 0,582 00d e dtbaoms Ve SULUSSS
198% n.721801% 0, 3224078 0, 332347
19490 0, 7947934 [UAE ) Aol b iy O, 3530947
1991 0, 802319 . a727ere 0. 3901239
1992 0. #23093S 0.51aaues e 3103047
1993 0, $302922 g. 5501802 0. 4302765
1994 1. 0293424 0.5847294 N,44321133
1995 1. 0787754 (. 622888 0, 45ES110
1955 1.1275506 0, 8570244 Q. 4704770
1997 1.1754031 11. 5787349 N, n913574 0, 4850447
1993 1.22042%3 18, 3042145 0, 7231562 0. 5002424
1949 1.2750222 14, Upa2aia 0, 79263 D.S14104032
2900 1.3291531 15, 4043561 0,7929051 0.5326507

FPOWTH FRTE FOF
FEDTUM GRS 0,019
HEARYY 3A%D =0, BO3
MEODIHM LIESEL: 0.5
HEAYY DIESEL: e 050

COST QOF CAPITAL RATE: 0.110

DEFRECIABELE TPUCK LIFE: 1u. 0 YERFT

STRAIGHT LIME DEFFECIATIDN LIED

FPRESEHT WALUE OF AHNMJAL COSTE o137% - 1534 = 2,20% BILLIBH hOLLARS

UHIFORM AHNLUALIZET COYT (197% - 18510 = 0,

ey " A L e D ek sy il PRt e g

&% BILLION DOLLAFY

e e ettt o g o



PROSFAM TO COMPUTE £OST OF MOIIE PESULATIBNHT

ASSLMIMNG FAN-OFF COMFLIRMCE TEITIHG

WITH CREDIT FOF COET AHD SRV IMGE

FAH CLUTCHES AHDD EXHALELT JOIHTI

ORTION L FPEAULATION SCHEILILE:

TRUCE TWFE
MEDTLIM GRS
HERVY GRS

MEDIUM DIESEL
HEAYY DIESEL

LE

f
T

az
147
157
1375
197

o0 00

A

PEEULHTIGH LEVEL
@0 IBEA 72 DEA

1522 -
1952

ALL FISMFES IH BILLIONS OF DOLLARS

YEAR

1975
1976
1977
1978
1979
1990
1931
1932
1983
1285
1935
1955
1987
1983
1929
1950
1951
1952
1993
1994
1595
1994
1847
1933
15 9%

‘anag

TOTAL

0.0
0.0

0. 0
-0, 11E1572
-0, 2271118
-0, 32R045
-0, 4145692
-0, 4315935
-0, 5292799
-0, 5532093
-0.5603318
-0, 5609231
=-N. 5579714
-0, 557747
-0, 5577449
-0.55&0414
-0,563441 4
-0. 5752501
“0, 5601353
-0.6133911
~0.8335510

=0, BA59326

=0, 6937594
=0.7243357
-0, 7557183
=0, 79155612

SRMITH PATE FOF
IEDIUM &SR3 0, 014
HEAVY R3E -0,003

MEDI UM DIEZEL:

HERYY DIESELY 0. 65

DT OF CAPITAL PATE:

b.OlS

N

Cum TaT

0.0

0.0

0.0
-0, 1181672
-0, 3458785
~0, &1 0835
~1. (555523
=1,%5e7245%
-2, 1065554
-2 .AH0335T
“h, B2 08E7E
~&, PSR035
- ARREE9S
=, 3972035
=5, 4550772
=£.0140171
—5. 5774545
=7 1527424
=7, 7428770
-8, 2362551
=3, 9943158
=%, GR 02478
=10,35400%%
=11, 0793405
=1 1.8350%%
-12.5866155

0,10

DEFRECTAELE TRUNK LIFE: 1u.0 YEAFS
STRRIGHT LINE TEPFECIATION WSED

FOF MOFE EFFICIENT FANTs

OF & MNT

0.0
0. 0
.8
=N, 13234054
-0.2503302

SR ETATSZS

~0,4733737
~0. 5781408
~0, BSFAINE
~0. FEEREYT
-0, 7231401
-0.3310257
-, ATPIRAY
=, S0PEd 9
=i, BG4I T G
-0, 97715t
=1. 012051
1, DR ISE3
=1, D23%8d5 1
=1, 1225221
=1, 1533539
=1, 2063128
~1.25244273
=1, 301079
=1,.35231410
=1.340e23451

CAFITAL

0.0
0.0
u, o

0. 0152331
0. 0302154
0. 0493452

Do ST

0. 0305

0,223

o

e B S U e gy
T 2 e 2 0D A = T 0 T b e

vh
0o 13 0es0d
0, 17301570

PREIENT WALUE OF RHDURL COITS ¢15P& - 18310 = =3,419 EILLION LOLLARS

UHIFORM ANNUALIZED COST (1572 ~ 19%0)

E-30

~0, 454 EILLION DOLLAFE

e ey e

P L
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FROGFAM TO COMPUTE COST OF HOIZE FEGULATIONE

ASSUMING FAN=DFF COMPLIAMCE TEST IMNG

MITHOQUT CREDIT FOP COIT AMD IAYIINGE FOR MOFE EFFICIENT FAHEI.

FAN CLUTCHESs RARD EMHAUIT JOINTE

UPTIDH M FEGULATION ZCHETWLE:S
PEGULATION LEWEL

TRUME TYPE 23 DEA &0 nEM -3 DER TS5 DER

MEDTLI GRS 1573 : - [

HERYY GRS 1ara 1389 -

MEDIIIM LIEZEL 1573 - 1573

HEFYY DIESEL 1573 15Ed -

RLL FIGUFES IM BILLIONS OF DOLLAFE
YERR TATAL UM TOT OF ¥ MHNT
1975 3.0 0.0 0.0
1575 0,0 0.0 0.0
1477 0,0 0.0 0,0
1575 0, 04210 0, 0204310 0. 0104320
1979 0. 0409545 0. 081 4558 0, 021 14 ¢
19310 0. 0615821 . 1229427 0 u<134.1
1951 0, 0219441 0. 049378 RS
19g2 0. 1285352 0.,3419522% D 0712225
1983 0. 1904553 0. 5313520 U DSS5136
1594 0. 3109542 0.342945% (l, 153385
1335 N, 4233294 1.272275n 0, 2
1536 0. S4S8 1060 1.&17a31% 0
1927 0, RSEESES 2.4705422 0, 390382
(8113 0. 'B23Ur1 3. 2415555 i, 411?th
1539 0, 2574433 4, 1095035 G.4715703
1920 0, 9445535 S.0738821 0.5 Jﬂsw4n
1951 1.0561685 B, 1300273
1992 1. 4392221 T 2EUT430
1993 1,21338%01 S.A85099)
1994 1.287674% S, 77EP71Y L
1595 1.3581974 11, 1319655 7RHLOGS
1956 1.4249239 12.5568835 D.$d?5?5°
1as? 1, 494075987 14, D506 - :
19493 1. 5839400 15.514%052
1qa5 1.632%0307 17, 8495237
2000 1, 7078325 12,957 1626

FROWTH BRTE FOP
MEDILM GR&: N, 014
HEASY GRS =i, i0x
METIUM DIESELS 0. D15
HE Yy DIESELT 0, 050

COXT OF CAPTTAL PATET  0.14

DEFFECIAELE TFUCK LIFE: | 0.0 YEARS
ITRRIGHT LINME DEFPRECIATION LEED

CRPITHL

[T}
LY
e
U.ﬂnaﬁu4u

IR d\. T =)

— Ll AT

~3eR =y D e o

FRETENT VALUE OF ANNUAL TOETI o172 - 15%1y = 2,584 RILLION DOLLARS

WHIFORM AMNHDALIZED COYT (1572 - 1991y = 0, 343 BILLION DOLLARE

AU i S £k g b ket b i




FROSFAM TO COMPUTE COIT OF HOIZE FESMLATIONS

RTSUMING FAM-OFF COMPLIAMCE TESTIMG

WITH CPEDIT FOF COZT AND TAYING:S FOF MORE EFFICEIENT FANHIs
FAH CLUTTHES »

AHD ERAUST

LAOLNTS

DFTICH M REGLILATIAN TIHEDLLE:
FEGULATIR L EYEL
0 DFA 72 DEA

TRUCK TYFE
MEDIUN GRS
HERWY GARY

2% DER
1973
1972

MEDILN DIETEL 187E

HERYY DIESEL 1573

rEEd

ALL FIGURES IH BILLIONS F DOLLAFE

vE AR

1375
1976
1977
1978
1975
1930
1931
1a3g
1933
15934
1335
152
1937
1985
g
19490
195t

1952
199%
1994
1955
159596
1997
199%
1955

2000

TOTHL

0.0

3.0

0.0
=0. 1181672
—-0.2271115&
-0,325304%
= 4145002
=0, 431593%
~(, 9352792
—0.529742%
~0.5057 00
=0,4242040
=N, 4543451
—0.42804E5
=i, 412420
= 0. 3773937
=0, 370405
~0.3445%78
=0, 2357135
=0.3333533
=0, 3424900
~0,3430977%
-0, 2547553
-1, 35631270
=0, 3725947

=0 ERBIOI7

SrVTH FATE FOP
MED [ GAZ: 4,014

HEA Y BA3
MEDTUM DIEREL®

-0 003

HEAVY DIEIEL! 0.0%N0

LOST OF CRPITHAL PATE!

IEFFECIABLE TRICK LIFE:

0. 015

UM TaT

0.0

0.0

0. 0
-0, 1181672
-0, 34527
=0, 5710225
-1, 0555524
-1.5672455
—2. 1055254
-2.5352701
~2. 1445705
-3.5231742
-4, N23401%7
-4 . 5120m 320
=-4,0129051
-5, 3912479
-5, 6432353
-5,3925942
-5, 3286104
5. 6EREER5
-7, DUBIdEG
-7, 3574438
-7 T1E1e2E
-3, 0752250
-3, 4475179
~-2,8318158

D.1n

1. G YERRT

ITPALIGHT LIME DEPFECIRTION HSED

OF & MNT

0.0

0.u

0.6
~0,13340%4
-0, 2873302
-0, ITO7O33
=11, A7 2ETT7
-1, 9721408
=0, BERTED
=N, T128%EE
-0, 793353
-, FRETPOZ
-0, 9112333
B PR = L]
- BRI
=0, BeE1ese
-0, BEARAGE
-0, 3061570
-0, 3278340
-0,351317%
-, HEPRHSS
-1. 0033221
-1, 0305092
=1, 065507
=1, LSS50
-1, 1437712

ur
—

Y]

0 O
o R

Epry oy

-0 M Do =)

L ifo s~ R
1

-

Boo b T oD B e

o e e Jea o o B e R
-

LR YU ST RS Y A

0. 52D
0.9616007
0.0921659
0. 8i3004a
0. 5348025
U.B5772R/7
0,6215225
0. 7055247
0. 73260100
0. 7593651

PRESENT VALUE OF ANMJAL COSTS ¢197% - 19913 = -3, 078 BEILLION DOLLAPS

UHIFORM ANNUALIZED COST (1373 - 19010

'E-32

~0.48% BILLION DOLLA#S

e e L )t Kl e
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PROGFAM TO COMPUTE COST OF HOISE REGULATIONS
ASSUMING FAN-OFF COMFLIANCE TESTING

WITHOUT CREDIT FOF COIT AHD SAVINGS FOR MOFE EFFICIENT FANE.

FAM CLUTCHES» AMD EMHAUTT JOINTS

OPTION H FEGULATION SCHEDLLES
REGMLATION LEVEL

TPUCK TYPE #% DBEA S0 DEA TE DBR 79 DER

METITUN 13RS 19743 198a - 1584

HEFAYY 13RE 197 198 - -

MEDIM DIETEL 1978 1982 - 1524

HERYY DIESEL 1573 1988 - -

ALL FIGUFES IN BILLIONS OF DOLLAPS
YERR TOTAL cum 70T OF % MNT CAPITHRL
1975 0.0 0.0 n.0 0,0
15975 0.0 0. 0 .0 0.0
1977 0.9 0.0 0.0 0.0
1978 U, 0204510 a, o2a4z10 0, 014230 0, QO9E320
1379 0. 0409345 0. 0614658 o.0e1140m0 0. 0153445
1230 0, 6515281 0. 1229937 0. 031923t 0, 0235450
15381 0. 0319441 0. 204537 0, 3429245 0. 0250147
1332 0. 1365352 0. 341522 0. 07122285 0, 0e5362s
1523 0.19046493 0, 5319520 0, 1996146 0. 0503548
1984 0,2815419 d, 5t 35335 0, 1484452 0. 12504822
19&S 0. 3702644 1.1837%7 0, 159&%258 0, 8773857
1835 0,455 180 1404151 i, 8330260 0.21753%&5
1937 0.530721 0 2.1301574 A, 2RAPS 14 n 25%azac
1933 0.515558449 2. 727215 0, 3233653 0.E858814
1935 0.6890529 F 488205 (g I7PNGET0 0, 3125350
‘1990 0. 73535805 4. 2450003 0.411956% 0. 3437350
1391 0.8239147 S, 0635167 (O - N G n. 3725112
1992 0.8807513 5. 9492674 0, 4887016 0. 2920527
1993 0.583%95748 G. 5048411 1,5249517 0.4106373
1394 0, 9&39n22 70555412 6.5602592 0.4236473
1595 1.0318069 &, 9005451 11, 5945552 0, 4371561
1996 1.079727¢ G, SROATIS 0. 528491Z 0.4512402
1347 1. 1275658 11. 1022373 0.8615941 10 B 48S03a]
1358 1.1763191 12, 2945545 0. 8550771 0. 4512487
1559 1.2254419 135099384 ., 7aR2a0 U, 4HPER0E
2000 1. 275221y 14.7952163 0.7513311 .51 3%50%

3ROUTH FATE FOF
MEDI UM GRZE: 0,014
HEAVY GARTS =4, 002
tEDIUM DIETEL: (. 015
HEAYY DIESEL: ™ 0. 050

COST OF CAPITAL FATET G010

LEFFECIARLE TRUCK LIFEt 10,0 YEART

ITRRIGHT LIME DEFFECIATION USELD

FRETENT WALLIE OF ANNUAL COITS (1978 -« 1951, = 2,13%2 BILLIOM DOLLAFE

UHIFOFM ANNUALIZED COST <1973 - 199%1> =  0.28% BILLION DOLLART
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AZSUMIHGE FRM-DFF COMPLIANCE TES TING

WITH CREDIT FOR COIT AND

AV INGT FOF MOFE EFFICIENT FANT,

FAH CLOTCHESs AND EMHAUET JOINTE

OPTION W FESULATION SCHEDULE:

TRUCK TYPE
MEDIUM GRS
HERYY 1375

MEDIUM DIESEL
HEAYY DIESEL

ALL FIGURES IM BILLIOWE

YERR

1475
1975
1977
1973
1979
1930
1931
1832
1933
1924
19325
1935
1%u7
1982
1939
1999
1331
1992
1953
1954
1995
1995
1997
1995
1995
2000

% DER

l??b

1avaE

1978

1973

TOTHL

0.9
0.0
0.0

=0 1181672
-0.2271118
~0. 3253045
-0.,4145532
-0.4315935
-0, 5392703
-1.5605213
~0.5735 050
=0.5301 %45
=G DEEouns
=0, 5377473
-0.5925020
=0.59¢7705%
-0, 8057227
~0. 5205402
=3, 8379538
~D. 6625136
-0, 6887531
=0, 7155550
=, 7458172
=0 773002
=0,8095732
=0, 2443034

GFOMTH PATE FOR

MEDIUN GRTT

0. 014

HEAWY 3AS: -0, 00%

FEDIUM DIESEL?
HERAYY DIESEL:

0,015
0, 050

COsT OF CARITAL RATE:

DEFFECIAELE TPUCK LIFE:
STFRIGHT LINE DEPFECIATION UIED

PRESENT ¥ALUE OF RHHUAL COSTS

OF DOLLAFS

surt TOT

0.0
0.0
0. Y
-0.1131872
=0, 3452789
-0, 8710833
-1, 03TESE
=1, 5572495
~2. 1065254
~2,567 1075
-3, 2402120
—?.d20“4b4
=4, q?lﬁ?*?
=5, 5a3VIVT
-5, 131593581
=15, TP INNT
=7. 407 9RES
-3, 0459404
=3, 7038458
=9,3972149
=10, 1137534
=10, 285993545
~11. 83618385
-13 4455551
=13, 2307372

0,190

10,0 YERPS
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HHIFORM RHNMUALIZED COST (197% = 19451

hnblLHTIDH LEVEL
73 LEA

YISTE = fohs

. PROGRAM TO COMPUTE CO3T OF HOLSE RESULATIONT

7% DER

OP # MHT

0.0

0.0

0.0
-0, 1334054
-0, 2573302
-, 3?0758
=-0.473I8F=7
*ﬂ.S?d14l?

=1, ‘:‘F_té'-'dl ]
=0, 954524
~1. 000526
~1. 035350%
=1. 0737962
~1.1122375
~1. 1521425
~1. 19435558
~1. 83848704
=1, EE5347 1%
“b. BRAT S
~1,382551%
~1 . 4315555

C
0.
0.
0.
0.

AEIT

C\GD

0152851
LO3NS1ES

u EE Rk
N NS0T
0. E0547 6
0.1806604
l’ﬂu?ﬂv

1.1Ha:

@

D 489303

0, 50%826%
D S22216%
0.STATIOW
{i. 5q“an=4

= =F.4B% FILLION DOLLAFS

~0.47S FILLION DOLLARS

a1

0 o B N a2 B



- TR A e i b

R

R R T g A

Appendix F
NET OPERATING INCOME DEFINED

Net Operating [ncome is computed as in Trinc's Blue Book [!]. Numbers in parenthe-
ses indicate the numbers in 1975 edition.

Net Operating Income = Qperating Revenues (14) Minus Total Operating Expenses (21).
Total Operating Expenses (21) consist of the following:

e Salaries of Officers and Supervisory StaiT (26)

*  Salaries and Wages (27)

¢  Miscellaneous Paid Time OfT (30)

e  Other Fringe Benefits (31)

¢  Openating Supplies and Expenses
Fuel, Oil, Tires, etc. (33)

‘s General Supplies and Expenses (37)
- e Qperating Tax and Licenses (38)
& Insurance (41)
& Communications and Utilities (45)
s Depreciation and Amortization (46)
. Reyenuc Equipment Rents and Purchased Transportétion (48}
e  Building and Office Equipment Rents (51)

s  Gain or Loss on Disposal of Operating Assets (52}

F-1
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[1]

s Miscellaneous Expenses (53)

Al items listed above are attributable to the following activities, Trinc's gives this break-
down also.

s  Linehaul (54)

e  Pickup and Delivery (55)
s Billing and Collecting (56)
s Platform (57)

s Terminal (58)

®  Maintenance (59)

e Traffic and Sales (60)

e  Insurance and Salety (61)

e General Administrative (62)

REFERENCES FOR APPENDIX F

TRINC TRANSPORTATION CONSULTANTS, TRINC's Blue Book of the Trucking
Industry, published annually by TRINC Transportation Consultants, Division of
Dun & Bradstreet, Inc.
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Appendix G
METHOD FOR COMIPUTING IMPACT ON A SPECIFIC SECTOR
OF THE TRUCKING INDUSTRY

Table G.1 gives the total annual costs by truck type for all purchasers of trucks. To
adjust for the different mixqs purchased by various sectors, we compute the following
equation for n given year for each type of truck.

5
Cljzijj M Cj AN (+3))
where

Ctj is the total annual costs for truck type j,

§; is the sector percentage for the particular year in question,
BJ- is the baseline percentage for that year,

M s the market share and
is the costs for truck type j.
Example: The For-Hire Sector

The projected truck mix* for the for-hire sector is

Medium Heavy Medium Heavy
Gasoline Gasoline, Diesel Diggel
32.68% 19.21% 2.36% 45.75%,

This is substantially different from the total population given in Tuble G.2 [1]. Adjust-
ments factors for the for-hire sector are given in Table G.3. The projected market

share of trucks purchased by the for-hire sector is 50.6 percent.t The noise-control
regulation itself may cause 4 change in purchase-mix due to the use of thermostatically
controlled fans and the resulting savings. Accurate figures of the market share and purchase-

mix in the for-hire industry are difficult to obtain,

*These fpures assume that new trucks are purchased in the ssine proportion as those presently owned by » particular
sactor, The trend toward heovier diesel trucks muy change these numbers, The source for present owneeship is the 1972
Census of Transporfation, Truck [nventory, and Use Survey,

+Sce Table 7. 18 for 1980 Projected Market Shate, 1t is assumed that trucks are purchased in proporijen to revenue sharé,

G-1
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Table G.1
Total Annual Costs by Truck Type (Millions of 1975 $)

Without Fan Savings

With Fan Savings

Truck Type 1981 1991 2000 1981 199] 2000
Option A;
Medium gas ... ... 11.4 350.5 493.0 (66.9) 41,2 106.8
Heavy gas, oo v o v v n s 3.9 70,6 88.7 (63.9) (42.1) (25.6)
Medjum diesel .. ... 1.6 15.0 21.2 (4 7.8 12.1
Heavy diesel,...... 65.1 1093.8 [984.5 (283.4) 114.2 409.7
" Option C:
Medium gas .. ..... 11.4 249.7 363.2 (66.9) {68.9) (35.5)
Heavy gas......... 3.9 41.7 61.0 (63.9) (67.1) (55.7)
Medium diesel ... .. 1.6 11.2 15.7 4) 37 6.2
Heavy diesel....... 65.1 643,0 1132.1 (283.4) (338.9) (447.1)
Option E;
Medium gas ....... 114 93.6 1169 (60.9) (1594} (192.4)
Heavy gas......... 39 224 254 (63.9) (92.9) (91.9)
Medium diesel ... .. 1.6 6.3 7.8 (5] (.6) (.9)
Heavy diesel,,... .. 65.1 435.6 7357 (283.4) (561.9) (871.9)
Option N:
Mediumopas ..... .. 11.4 350.5 493.0 {66.9) 41,2 106.8
Heavygas......... 3.9 224 25.4 (63.9) (92.9) (91.9)
Medjum dijesel ... .. 1.6 15.0 21.2 (4) 7.8 12,1
Heavy diesel....... 65.1 435.6 735.7 (283.4) (561.9) (871.9)

N o



Tuble GG,2
Bascline Sales Projection Resulting Truck Mix

Truck Purchase Percent

Mix Used 1983 19835 1950
Medium pasoline . ... ... 45,40 44.05 40.58
Heavy gasaline ... ... ... 7.85 7.37 6.24
Mediom diesel .. ... .. Ve 69 67 62
Heavy diesel, ...... ... . 46,00 47.92 52.56

100 100 100
Table G.3

Adjustment Factors for the For-Hire Sector,
Using 1991 Baseline Mix*

Medium gasoline 32.68/40.,58: 8053
Heavy gasoline 19.21/6.24 3.0785
Medium dicsel 2.36/ .62 3.8065
Heavy diesel 45.75/52.56: 8704

*This Is slightly Inaccurate a5 this mix is not adjusted far the elusticity of demand.

Table G.4 shows the total annual costs for the for-hire sector. Any one company
will differ from the aggregate, Tables G.5 and G.6 show these costs as o percentage of
for-hire revenues and operating income, respectively.

Summary

To assess the impact of the regulation on any group with a different purchase mix, it
is necessary only to recompute the costs using equation (G-1). This is also true if we

o et A ol b F e, £y (i v
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Tauble G.4
Total Annual Costs for the For-Hire Sector Adjusted for Truck-Mix
and Market Share in 1990 and 2000 (Millions ol 1975 §)

Without Credit for Savings With Credit for Suvings
1991 2000 1991 2000
Option A 763.4 12539 32.7 2074
Option C 480.8 7719 (274.7y | (136.6)
Option E 277.0 426,2 (458.3) (607.3)
Option N 398.4 6053 (360,4) (460.3)

wish to adjust the mix of the 1otal poputation shewn in Table A.21*, In this cuse the
equation would be

4
F.
C, = I (BJ_)CU-
=1 e (G2

where

C, is the 1olal costs for all tour types of trucks lor a given year, and

Fj is the forecast percent of sales for cach truck type .
It is critical to remember that certuin sectors will experience a more than average share of
savings while others will experience more than average costs, Table G.7 shows the mix by
sectar of present truck ownership. These percentages can be used to compute a sector's
specific costs, assuming that trucks are purchased in the sume proportion that they are

owned.

*Thero are some indications thut the mix chessn by A, T, Kearney [ 1] is not representutive,
[ ]
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Table G-5
Total Annual Costs as o Percentage of Revenues*
For the For-Hire Sector

Without Credit for Savings With Credit for Savings
1991 2000 1991 2000
Option A 1,298 1.663 056 275
Option C 818 1.024 (467 .181)
Option E 471 565 (.779) (.805)
Optien N 678 803 (.613) (610)
*Bosed on Table 7.23
Table G-6
Total Annual Costs as a Percentage of Operating Income™
Without Credit for Savings With Credit for Savings
1991 2000 1991 2000
Option A 27.33 35.01 118 5,79
Option C 17,22 22.56 (9.83 { 3.81)
Option E 9,92 11.89 (16,40) (16,93)
Option N 14.27 16,90 (12.90) (12.84)
* Ansumes Opetutlng Income is 4.75%
Tuble G-7
Medium and Heavy Truck Mix by Sector
Medium Medium Heavy Heavy Total
Sector Gas Diescl Gas Diescl Percent
Agriculture 87.59 41 9.6 2,39 100
Forestry and Lumbering 52.99 62 24.29 22.09 100
Mining ) 4947 123 | 2407 25,24 100
Construction 11.87 4,52 48.94 34.68 100
Manufacturing 47.82 1,90 20,79 20 .49 100
Wholesale and Retail 7230 AS 16.53 10.62 100
For Hire 32.68 2,36 19.21 45.75 100
Personal Transportation 06.12 0 3.88 0 100
Utilities 79.66 1.91 17,18 2.98 100
Services 87.38 2.24 7.57 2.8 100
All Other 71.85 4.15 13.14 10,87 100

*Source; Jiased on §972 Census of Transportation Truck Use and Inventory Vol. |1

G-5
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REFERENCES FOR APPENDIX G
[1] KEARNEY,INC, A. T. A study to determine the economic impict of noise emission

standard in the medium and heavy duty truck industry (EPA Contract No. 68-01-154),
A. T. Kearney, Inc. (1974).
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Appendix H
COST ANALYSIS OF PRODUCTION VERIFICATION AND
SELECTIVE ENFORCEMENT AUDITING FOR THE
MEDIUM AND HEAVY DUTY TRUCK INDUSTRY

An analysis has been performed to estimate the costs associated with typical manufac-
turer production verification testing and selective enforcement audit testing,

For the analysis, it was assumed that most of the testing would be done at the manu-
facturer’s facility. However, because some manufacturers may prefer not to construct a test
facility, an EPA facility will be available for their use at a fee which will cover actual costs
incurred by the government. Data gathered from manufucturers and the assumptions listed in
Table H-1 served as the basis for the analysis.

From this analysis, it has been projected that the total cost to the industry lor produc-
tion verification testing during the first year of compliance will range from $64,600, if all
testing is done at manufacturer's test facilities, to $99,600 if all testing is done at the EPA
test facility, The true figure should lie somewhere between these two values, In subsequent
years, this figure can be expected to decreuse due to the fact that manufacturers may be able
to utilize the initial production verification report for at least several models, when no change
has been made in the vehicle for the next model year.

The individual yearly cost figures for production verification testing at the manufac-
turer’s facility runge from a high of $12,000 to a Jow of $4,000 with an average value of
38075, For production verification testing at the EPA test facility, the breakdown by indi-
vidual companies ranges from $22,600 to $4,700 with an average value of $!2,450.

Selective enforcement audit testing will be conducted by the manufacturer both on his
own inijtiative and upon request by EPA. Costs associated with testing requested by EFPA
conducted at the manufacturer’s facility are estimated to total $90,000 for the industry as
a whole, This breaks down to a range of $24,000 to $2,000, with an industry average of
311,250,

Manufacturers may be expected to utilize the EPA test facility to conduct selective
audit testing on their own request, primarily to determine the level of performance of their

products at the EPA facility. Costs associated with this testing, including transportation of
the test vehicles to the facility, are estimated to total $130,550 [or the industry during the

H-l




Table H-1
Explanatory Notes

Report Preparation Costs

All report costs are based on $100/test (1 day ut $25k per man year)
Transportation Costs

(For two products)

Fixed

$30.00 (Basic cost of short haul)

Variable

16 cents/mile-driver ($8.00/hr or §16,00/100 miles)

20 cents/mile-truck {12 cents/mi, for fuel, 8 cents/miles naintenance +
depreciation)
36 cents/mile = total variable cost

Summary

$30.00 + $.36/miles (transport 2 products)
$15.00 + §,18/miles (transport 1 product)

Cost of Testing

The cost of conducting the measurement methodology is estimated to be
approximately $100,

Test Requests

The number of test requests issued to the medium and heavy truck industry
each year is estimated at 45.

- e e e e e e e - R
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first year of complinnce, The breakdown within the industry ranges from a high of $36,319.
to a low of §2,750, with an value of $16,319. These costs can be expected to decrease some-
what following the first year the regulations are effective, as manufacturers become more
familiar with the compliance scheme, the production variunce of their products, and the cor-
relation of results at their facility with those at the EPA facility.

Finally, bused on EPA requesting that SEA of products be conducted at the EPA test
facility, the industry total is estimated at $40,550 per year for such testing (vost of trans.
portation only, since EPA would conduct the test at its own expense), Individual manu-
facturer costs range from a high of $14,500 to 1 low of 3750 with an average of $5,069,

Table H-2 summarizes the ¢stimates.

Table H-2
Production Verification
Manufaeturer Fucility EPA Facility*
Total $64,600 $99.600
Average 8,075 12,450
High " 12,000 22,600
Low 4,000 4,700

Selective Enforcement Auditing

Manufacturer Facility EPA Facility* EPA Facility**
Total $90,000 $130,550 $40,550
Average . 11,250 16,319 5,069
High 24,000 36,500 14,500
Low 2,000 2,750 750

*Manufacturers request,
**LPA'S request.

H-3
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Appendix 1
SUMMARY OF FAN CLUTCH FIELD TESTS
(Excerpt for Docket Submission T104, Attachment B, Docket No.
ONAC 74-2, U.8, Department of Transportation)

The enclosed results semmarize the fan eluteh data accumulated through September
1974, Separate results are given for the on-off type clutches and the modulating type since
the daty obtained from these units are in & different format.

For the on-off units, the annual average total fan-on time is less than 3 percent, For
both types of clutches, the annual average significant fan-on time (from a noise point of
view) islow | percent. These results are based on more than 30,000 hours of engine operation
representing nearly 1,100,000 vehicle miles on 24 trucks.

This summary supersedes the carlier projections since many of the units have now been
in service for at least twelve months.,

Data Acquisition

Clutches and data acquisition equipment were installed in 24 vehicles, Sixteen of these
units were of the on-off type, while the other eight were modulated drives. The fleets and
their operation are described in Table I-1,

For the on-off clutches, hour meters recorded the engine operating time as well as the
operating time of the fan, This data was used directly to obtain the *total” fan-on percent,
However, the fan is not a significant noise contributor all that time sinca many of the cluteh
engagements occur at a low engine rpm, To determine the *significant™ fan-on time (from
a noise point of view) 1 multi-channel tachograph recording is used. Cne channel displays
the engine rpm while an event marker indicates the cluteh engagements. All clutch engagements
above 1600 engine rpm were considered significant while those below 1600 rpm were not.

This engine rpm was selected as the cut-off since the fan noise would be approximately 10
dB below its maximum level at this speed.

For the modulating type fan clutch, a strip chart recording was made which contained
engine rpm, fan rpm, coolant temperature and ambient temperature as a function of time.
This recording was used to obtain the “significant fan-on time™ (defined as the time the fun
speed exceeded two-thirds of its maximum possible speed) us well as the total engine time,

I-1
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Table 1-1

Fan Clutch Installations
DOT Fan Clutch Program

Unit Type Ne. Truck/Engine Fleet Location Operation
Installed
Horton On-Off 3 F4370/NTC290/335 Farmland Omgha, Tanker, Grain
Industries Nebraska
Horton On-Off 2 COF4070A/8BVTINSS Ryder Truck Jacksonville, | Van, High Cube
Lines Florida
Schwitzer On-Off 4 F4370/NTC350 Capitol-Rent-A Omaha, Van, High Cube
N Truck{Hinky Dinky Nebraska Groceries
Schwitzer On-Off 4 CO4070A/BVTI&T ONC Los Angeles, | Doubles,
California Common Carricr
Rockford Modulated | F5070/Super250/270 Bairstow Inc. Hammond, Dump Trailer
Indiana Urban Area
Rockford Modulated 4 COF4070A/BVTINGS Leaseway Inc./ Chicago, Van, High Cube
Cotter & Co. linois Hardware
Rockford Modulated 2 COF4070A/Super 250 Arrow Motor Chicago, Van, High Cube
Transit [lincis Vehicle Parts
Rockford Modulated | COF4070A/8VTINGS Clinton Electronics Rocklord, Van, High Cube
Nlinois
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Data was reported at one week periods, which were grouped info 2 or 3 month intervais
for ease of analysis. Instrumentation problems prohibited all of the data from being included
in the analysis. Generally, data from 8 to 10 of the on-off units and 5 to 8 of the modulated
drives were used to establish the average time in each interval.

Results

The resuliing fan clutch operating time is shown in Figure 1-] and 1-2. The annual average
total fan-on time for the on-off clutch is slightly under 3 percent. There is o trend toward
increased total fan-on time during the warmer moaths, Significant fan time is belew | percent
and does not appear to change with the seuson of the year,

The moduiated fan drive shows no significant fan time during the greater part of the
year, Even during the warmer months, the significant fan time is below 1 percent, The range
of fan-on time for cach of the individual Nleets is listed below.,

Farmland Industries with Horton On-Off Clutches

Based on a T1-to | 2month operating period, the annuat average total fan-on time ranged
from 4 to 9 percent (or three trucks, Far the majority of the one week reporting periods, the
total fan-on time occurred between 0 and 20 percent. The maximum it reached for any one
truck was 41 percent during mid-July. Most of the Fan engagements occurred at low enging
speeds so that significant fan-on ranged between 0 and 5 pereent for even the most severe
periods,

Ryder Truck Lines with Horton On-Off Clutches

Based on a 1 2-month operating period with two trucks, the annual average total fan-on time
wais 2 percent and 7 percent for each truck, respectively. The range for the individual weekly
reporting periods was from 0 to 17 percent with the peak period distributed randomly through-
out the year. Significant fan-on time ranged from 0to 10 percent.

Capitol Rent-a-Truck with Schwitzer On-Off Cluiches

Data for 12 months indicates that the annual average total fan-on time was 1 or 2 percent
for the four trucks. The total fan-on time for the weekly reporting periods range from 0 to 6
percent with the maximum penerally occurring in mid-July. Significant fan-on time ranged
between 0 and 1-1/2 percent,

I-3
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Fan Operating Time

Fan Operating Time

Fan-on Time/ Engine Time in percent

Fan-on Time
Engine Time

in percent

-1 annual average
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}
I-4 ;
|
!
]
1
|

i ; pay
PTG NI TSR U Pt Y



L

B L S o g A — A n S o ey e

B S et e e s e s ek, e e o | AL

R

[

ONC with Schwitzer On-Off Clutches

The data received from the four trucks in this fleet was somewhat inconsistant dug to
instrumentation problems. The totul fan-on time for weekly reporting periods ranged between
0 and B percent with the peak periods distributed throughout the year. Significant fan-on time
ranged from 0 to 6 percent.

Bairstow Inc, with Rockford Modulating Clutch

After 12 months of operation on the truck, the highest fun speed achieved was 900 rpm,
Since this was well below the cut off speed of 1300 rpm, this unit had 0 percent significant
fan-on time,

Leaseway, Inc, with Rockford Modulating Clutches

In the 7 month period from Murch through September, 1974, the fan speed exceeded
1600 rpm for about 1-1/3 hours out of a totzl of 4025 engine hours for the four trucks (0.03
percent significant fan time), For the individual, one week reporting periods, the significant
fan-on time was near zero except on one truck during the week off August 31 to September 7
where it reached 5 percent.

Arrow Motor Transit with Rockford Modulating Clutches

Two trucks in this fleet were equipped with Rockford clutches, In the 8-month
period from February through September, 1974, the fan speed on one truck exceed 1300 rpm
for 9-1/2 hours out of a total of 1608 engine hours (0.6 percent significant fan-on time), For the
individual, one-week reporting perieds, the significant fun-on time was near zero except for the
two week period from July 6 through July 20 where it reached 8 percent.

The second truck, which was identical to the first one, showed significant fan-on times
as high as 41 percent during the periods from mid-June until mid-September. This unusually
high operating time has not been explained; however, it undoubtedly indicates a defective cool-
ing system, This truck has not been included in the summary.




Clinton Electronics with Rockford Modulating Clutch

In the 4-month period from June through September 1974, this one truck has
accumulated 9 hours of significant fan-on time (above 1600 rpm) out of 448 engine hours
(2 percent significant fan-on time), Buring the individual, one week reporting periods, the
significant fan-on was normally near G percent except for the period from June 29 through
July 10,where it reached 8 percent.
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