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EVALUATION OF MOTOR VEHICLE EMISSIONS
INSPECTION/MATINTENANCE PROGRAMS FOR MICHIGAN

EXECUTIVE SUMMARY

1.0 OVERVIEW

Pursuant to United States Public Law 95-95, otherwise known as the

Clean Air Act as Amended {(1977), all states are required to demonstrate

the attainment by December 1982 of the national ambient air gquality stan-
dards for carbon monoxide (CO) and ozone (03) in every part of the state.
This demonstration is part of a State Implementation Plan (SIP) to be
approved by the United States Envirommental Protection Agency (EPA) no
later than July 1, 1979. For most states, this has required the adoption
of special pollution control measures in order to attain the standards and
maintain them Beyond 1982, If an area is unable to demonstrate attainment
of standards by the stated date, despite implementation of various controls,
an extension of the attainment degdline to 1987 may be granted to the
state under certain conditions specified in the Act. One of these condi-
tions is that an emissions Inspection/Maintenance(I/M) program for motor

vehicles be initiated in all areas of the state that will fail to meet

the standards by December 31, 1982. It is EPA policy that the latest
permissible start-up date for such a program is December 31, 1981 if
vehicle inspections are to be conducted at decentralized (privaté) facil-
ities, and December 31, 1982 if the inspections are to be performed at
centralized special testing stations operated either by the state or

by a private contractor.

The purpose of I/M is to identify vehicles with pollutant emissions
in excess of levels considered acceptable. It is required that vehicles
so identified must be repaired or adjusted. I/M may be considered a gual-
ity assurance mechanism in support of the Federal Motor Vehicle Control
Program which since 1970 has set new vehicle emissions standards for
present and future model years and requires emission control equipment on

new vehicles.



The State of Michigan must consider candidate I/M programs for imple—.
-mentation in all or parts of the State, because the five-county Detroit
metropolitan area, at least, is expected to be unable to meet applicable
air gquality standards prior to the 1982 deadline. Officially, 37 counties
of southern Michigan, as well as Marquette County in the Upper Peninsula,
have been designated ozone nonattainment counties (Fig. 1). EPA has

determined that reduction of emissions of reactive hydrocarbons (HC),

a major portidh of which is attributable to the operation of motor vehicles,

is necessary for the reduction of ambient 03 levels, and can be achieved
thrqﬁgh I/M. Failure to address the issue of I/M could result in disap-
proval of the Michigah SIP, which in turn would result in the imposition
of restrictions on.industrial growth and possible federal funding sanctions
on the State. Because of the significant effort involved in developing
the information needed to meet the Clean Air Act requirements that mandate
legal authority for i/M no later than July 1, 1979, EPA provided funding
for Michigan to secure contractual assistance for the performance of
necessary technical studies of I/M. Pacific Environmental Services, Inc.
(PES) and Systems Control, Inc. (SCI) were selected to evaluate a range of
possible I/M program configurations to assist in the identification of

a short list of alternatives that would be appropriate in Michigan. The
findings of the evaluation are présented in the two volume study that

accompanies this summary.

1.1 STUDY OBJECTIVES

There were five principal cbjectives of this study.
1. Explore a broad range of program options.

2. Perform a comprehensive evaluation of the costs and
benefits of seven prineipal or "base" options that
together incorporate all the unigue properties of
program configurations suggested by representatives
of the State of Michigan.
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3. Develop estimates of program costs and consumer fees
for a matrix of 24 program configurations expanded from
- the base options and differentiated by administrative
mode, inspection mode, and scope.

4. As a result of this comparative analysis and consultation
with concerned representatives of Michigan, eliminate
from the matrix those candidate programs determined to
be either unsatisfactory or inappropriate for the State,

5. Prepare a program plan for further detailed study of a
specific inspection/maintenance program for Michigan.

Volume 1 of the report addresses the first objective, while Volume
2 presents the results of the analyses undertaken for objectives 2, 3, and
4. The recommended program plan for further study has been submitted

under geparate cover.

1.2 BASIC FEATURES OF INSPECTION/MAINTENANCE

Volume 1 of the report introduces the basic elements and issues of

an I/M program.

EPA policy requires that an approvable I/M program must be able to
produce by the end of 1987 a 25 percent net reduction in emissions of
HC and €O from light-duty vehicles (LDV) compared to what these emissions
would be without this program. Additional emission reductions may be
achieved if a state includes testing of other vehicle categories, such as
heavy-duty gasoline trucks. Vehicle categories that a state may consider

for emissions testing in an I/M program include the following:

a. Light-duty vehicles wejghing less than 6,001 pounds.

b. Medium-duty vehicles (generally trucks) weighing from
6,001 to 8,500 pounds

¢. Heavy-duty (greater than 8,500 pounds) gasoline vehicles (HDG)
d. Heavy-Duty (greater than 8,500 pounds) diesel -wvehicles (HDD)

e. Motorcycles

The overall potential for emissions reduction is also sensitive to

the geographical scope of program coverage. Six geographic areas of



Michigan have been identified as meeting appropriate criteria for imple-
mentation of 1/M. These areas are listed below in descending order nf
size. Again, it should be noted that an I/M program is mandatory only in a
region in which attainment by 1982 of CO and/or 03 standards cannot be
demonstrated. . Nonetheless, it is true that more comprehensive geégraphic

coverage results in greater total emissions reduction.
Potential geographic coverage:

a. Entire state {83 counties)

b. Ozone nonattainment counties of lower peninsula (37 counties)

c. Ozone nonattainment métropolitan counties
Detroit (Macomb, Monroe, Oakland, Washtenaw, and Wayne) -
also includes CO nonattaimment area -
Landing (Clinton, Eaton, and Ingham)
Grand Rapids (Ottawa and Kent)
Flint (Genesee)

Two elements of candidate I/M programs that do.ndt affect the mag-

nitude of emissions reduction, but nevertheless, are the principal character-—

istics distinguishing one candidate from another are the administrative

arrangements and method of emissions inspection. These elements are

discussed below.

Several possible adminigtrative approaches have been evaluated for
the State of Michigan. These arrangements describe the operational format
of the inspection phase of I/M, and would be characterized by one of the

foliowing.

® State-owned/operated centralized facilities, in which a public
authority of the State of Michigan would manage and operate
publicly-owned test facilities.

@ Contractor—owned/operéted centralized facilities, in which a
private firm or other entity selected through competitive
bidding would be delegated operational responsibility for inspec-
tion. The contractor and not the State would assume financial
responsibility for constructing and operating test centers.
Administrative overview and monitoring would remain the respon-
sibility of a public authority.




€ Inspection of a statistical sample of vehicles at state- or
contractor—owned/operated facilities, in which a stratified,
randomly-sampled percentage of the Michigan vehicle population
would be tested to determine if the wvehicles are tuned and oper-
ating generally within manufacturers specifications. The objec-
tive of this approach would be to establish whether or not a
full-scale I/M program is needed in Michigan, and if such a
program would accomplish its intended goal of emission reduction.

® privately-owned/operated decentralized facilities, in which the
State of Michigan would certify qualified esgtablishments (inde-—
pendent service garages and dealerships) to perform inspections.
The State would oversee and regulate the program to ensure that
I/M requirements and provisions are met.

All I/M programé currently in operation utilize either centralized
facilities operated by public authority or contractor or decentralized
private garages for wehicle inspection. Tor all administrative approaches
except statistical sampling, repair of vehicles which fail an emissions
inspection would be mandatory. Repairs would be performed by dealerships,
service garages and independent operatoxs comprising the automotive ser-

vice industry.

Three emission inspection procedures have been evaluated for imple-

mentation in an I/M program for Michigan. These are:

® the idle-mode test,
® the loaded-mode test, and

® an engine parameter/device inspection (EPDI).

Moreover, it has been proposed that an inspection for safety defects and
excessive noise be incorporated into the emissions inspection procedure.
That is, safety and noise tests would be performed at emissions inspection

stations, most likely at positions specially equipped for such testing.

The idle mode test consists of measuring tailpipe exhaust emissions
with the vehicle idling in neutral gear. Hydrocarbon and carbon monoxide
levels are measured at both normal and high-idle speed, The test at the
noxmal-idle speed is conducted at the vehicle manufacturer's recommended
idle (600 to 1,000 revolutions-per—minute) while the high-idle test is con-
ducted at 2,500 rpm. Emissions are collected by a tailpipe probe. The

general characteristics of idle-mode testing include:




® gSimplicity, requiring minimal training for inspectors
® Limited diagnosis of some ‘engine maladjustments and malfunctions

e High probability that test conditions can be duplicated by pri-
vate garages for repair diagnosis.

® pBrief test time and minimal egquipment reguirements

@ Inability to detect some emission contrel system malfunctions
that would occur when a vehicle is operating under road-load and

higher speeds

@ - Inability to detect elevated emissions of nitrogen oxides (NQX},
a regulated pollutant

® COpportunity to perform minor carburetor adjustmehts during testing.

The results of any approvable short emissions test must correlate sat-
isfactorily with results obtained from the Federal Test Procedure (FTP).
FTP ig EPA's baseline inspection cycie of over forty minutes' duration
which requires a twelve-hour engine-off preconditioning period ("cold
soak") for each vehicle tested. To date, EPA has not released a list of
approved short cycle emissions tests. However, it is anticipated that

the idle mode inspection procedure will be approved.

The loaded mode test may also be approved. This inspection proce-
dure requires the use of a chassis dynamometer and, if specified, a gas
analyzer for oxides of nitrogen (qu) in addition to the stand&rd HC
and CO analyzers. It has been determined from experimentally-derived
data that most high contaminant emissions result from specific engine
maladjustments or malfunctions that come to light under different
engine speed and road-load conditions. Therefore, it is advisable that
several different load conditions be applied to a vehicle during emigsions
inspection. One version of a loaded-mode test, called the transient-
mode or Federal short-ocycle inspection, analyzes emission samples from
nine operating modes (simulated after vehicle positioning on the dynamo-
meter) ranging from idle through acceleration to high cruise and decel-
eration over a time period of 125 seconds. The disadvantage of the Fed-
eral short-cycle test is that it is very equipment-intensive, requiring

all equipment used in the FTP. By contrast, most loaded-mode testing




conducted in ongoing I/M programs employs a limited selection of typical
test speeds which usnally include only high cruise (44 to 50 mph), low
cruise (22 to 30 mph) and idle. Exact test speeds and loads would depend
on vehicle weight. Different failure limits are established for the HC
and CO (and qu) concentrations for each operational mode and vehicle
model year. Better diagnostic information can usually be obtained from

a 1oaded_test because failures at non-idle modes generally point to a
spedific and identifiable malfunction referenced in a logic diagram or
"truth chart." However, unless mechanics are extensively trained in

the proper use of loaded test diagnostic information, the diagnostics

do not result in emissions réduction greater than that which is obtainable

from the idle mode test.

For the engine parameter/device inspection (EPDI), vehiclés are
subjected to a sequence of system component checks to determine the
mechanical condition of various emissions-related systems. Components
and/or operating parameters outside the accepted tolerance range are
considered to have failed, and are regquired to be replaced or adjusted
to manufacturer's specifications. This approach does not specifically
linclude measurement of emissions levels, &lthough in some cases, emission
measurements would be taken to evaluate the state of vehicle systems such
as oxidation and reduction catalysts. The diagnostic capabilities of the
EPDI are probably the greatest of any of the short emissions tests

discussed here.

The following sequence is generally applicable to any emissions
testing procédufe. UPon its arrival at an inspection.facility, {1) the
registration/license number of a vehicle and other pertinent information
on vehicle characteristics are recorded. This is fellowed by (2) visual
inspection of the exhaust system and emission control qévices, {3} the
exhaust emission teét, (4) recording of test data, (5) notification of
test results to the motorist, and'(6) issuance of certificate {compliance,
failure, or waiver). Figure 2 illustrates this sequence, For a drive-
through facility with three positions‘per inspection lane, steps 1 and

2 above would occur at position one, steps 3 and 4 at position two, and
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Figure 2.

Typical Inspection Sequence




steps 5 and 6 at position three, These pbsitiOns are respectively termed
the receiving station, test station, and certification station. Data
handling operations may be fully automated or manual, with automated

data handling the rule at centralized inspection facilities. Based on

the exhaust emission test data, a pass/fail decision is made and discussed
with the vehicle owner. Passed vehicles are certified, but impending mal-
functions are flagged. Failed vehicles are diagnosed as to the probable
cause of failure, then released to the motorist for required xepair.
Certain vehicles may be granted a waiver from further testing but, in
general, failed vehicles must return to an inspection station following

repair for a retest.

The proposed inclusion of safety testing as part of an emissions in-

spection program was prompted in part by the Michigan Trial Substitute

Vehicle Inspection Program, conducted during 1975 and 1976 at random check

lanes in two Michigan counties. The following items were checked as part

of this program.

® .Vision defects_(glass, wipers, washers, mirrors)

® Lighting defects

® Exhaust defects (noise and smoke)

@ Control defecﬁé (steering, brake and tire condition)

® Miscellaneous deficiencies (horn, registration, and seatbelts)

Among the findings of this program, which is no longer in operation, was
that the overall rate of inspection failure was relatively insensitive to

sample size.

VVehicle~in—uSe standards and periodic motor vehicle inspection pro-

- grams presently operating in other states emphasize safety-related compo-
nents. There is a generél belief that wvehicles in good operating condition
are less likely to be involved in accidents. The safety inspection envi-
sioned for Michigan would involve quick visual checks of the parameters -
mentioned above and a brake test using the skid plate method which is

described in Volume 2, Section 3.3.1 of the report.
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The State‘bgnﬁichigan has already established procedures and standards
for drive-by and stationary noise levels. However, the procedure is not
compatible with indoor test facilities in ﬁhich,a laxge hafd—surface testing
site and low ambient noise levels cannot be assured, Simple stationary
. tests correlatable with federal pass-by procedures would be needed for
integration into an I/M program. If such tests can be developed and
" specified, and their space requirements are not extensive, one or-more

may be performed at an emissions inspection faciﬁlity.

1.3 EXPLORATION OF SPECIFIC PROGRAM OPTIONS

Volume 2 of the report is devoted to an in-depth examination of the
characteristics of the specific I/M program options that may be considered
for implementatipn in Michigan. The various benefits and economic effects
attributable té I/M generally are discussed in a Mighigan context. ﬁlso
discussed are ancillary issues of program implementation and operation
(including quality assurance of testing, consumer protection for repair,

" public information strategies and mechanic training programs} that must

be addressed in any program fegardless-of administrative dpproach or method
of test. Cost categories for the program are identified and explained;
then, total life costs and annual consumer fees are aeveloped for a
comprehensive set of seven basic and seventeen additional program options.
Based on a comparison of costs, the gualitative merits of each option and
extensive consultation with State of Michigan Technical Advisory Com-

" mittees for air quality and inspection/maintenance, the total number of

candidate options is reduced to a set of two firm and one conditional

program configurations for further study. These configurations are dis-

cussed in Section 1.5 of this Summary.

The primary purpose and principal benefit of an Inspection/Mainte-
nance program is the reduction of vehicular emissions, However, there are
associated benefits and positive effects of a successful I/M program in
the realm of monetary savings and improved driveability for the indivi-
dual and certain direct and indirect economic effects. Section 2.0 of
Volume 2 introduces and expands upon the benefits of I/M applicable to

Michigan.
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Table i piesents the total emission reductions that would result from
an I/M program-éovering all light-duty vehicles (less than 8,500 pounds)
in each of the State's five nonattaimment metropolitan areas, under the
assumption that 20 percent of vehicles tested would fail the emissions
inspection and undergo repair. It is further assumed that trained mechan-
- iecs perform these repairs. Values in the table were supplied by the Michi-
gan Department of Transportétion and the Southeastern Michigan Council of
Governments, and were generated using EPA's MOBILE 1 computer program
which computes vehicle emission factors under a wide Variéty of assump—
tions and incorporates the emission reduction credits attributgd to an
I/M program by EPA (hﬁsed upon values presented in Appendix N of Part 51

of Volume 40, Code of Federal Regulations). Other program benefit issues

discussed in Vol, 2, Section 2.0 are the likely increases in fuel economy,
improved vehicle performance and vehicle life attributable to the iden-
tification and correction of out-of-tune and malfunctioning vehicles;

the identification of warranty parts failures; employment generation and
other economic growth effects attributable to the technical and material
requirements of I/M; the "banking" of emission reduction credits through
I/M in order to protect future industrial growth in Michigan; and
lmiscellaneous difficult-to-guantify effects including reduced health-
related costs and improved visual esthetics attributable to cleaner air.
In general, assignable benefits are insensitive to program administration
- and method of test (with those test procedures for which EPA has acknow-—
ledged emission reduction benefits) but vary with geographical scope

of coverage and by type and population of the vehicles subject to inspec~

tion.

Table 2 presents the matrix of 24 program options evaluated for
Michigan. The "base options" incorporating all unique program features
with repsect to administrative approach, method of test, and program
objectives, are identified in the table by asterisks. For each base

option output capabilities-for an inspection lane were computed on the

12



Table 1. INSPECTION/MAINTENANCE PROGRAM RESULTS IN MAJOR URBAN AREAS
IN THE DESIGNATED NONATTATNMENT REGION

co
Detroit® Flint Lansing Grand Rapids Niles
1982: Bo I/M 3,865,672 | 168,420 135,129 182,651 ' 9,557
I/M 1 year | 3,512,449 146,679 117,530 158,860 8,305
% Decrease 9.6 12.9 13.0 13.0 13.1
1987: Mo IM 4,346,511 92,1333 78,492 101,874 5,514
I/M S years | 1,746,443 %8,196 49,401 ‘64,085 3,433
& Decrease - 25.8 37.0 37.0 - 37.0 7.7
HC
1982: Wo I/M 352,863 20,527 17,135 21,087 1,066
IM 1L yerr § . 340,469 19,680 16,449 20,166 1,017
% Decrease 3:5 b 4.1 4.0 4.4 ° 4.6
1987: No I/ 204,066 10,868 9,824 11,648 622
I/M 5 years .159,350 7,882 6,683 e,349 439
% Decrease 21.9 27.5 27.0 2B.3 29.4

Fiqures are kilograms per average-summer-day for 20 percent fallure rate not including
mechanice training

Values supplied by Southeastern Michigan Council of Governments Hydrocarbon totals
for Detroit include only reactive HC.

Note: I/M program presumed to include 20 percent failure rate (Btringency factor)
and repairs by trained mechanics.
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Table 2. ALTERNATIVE APPROACH VERSUS METHCD OF TEST

ADMINISTRATIVE APPROACH

METHOD OF TEST

IDLE

LOADED

EPDI

State~Operated

Contractor~Operated

Service Center

(Private Garage)

Statistical Sampling

without safety & noise*

with safety & noise*

without safety & noise*

with safety & noise

without safety & noise*

with safety & noise

without safety & noise*

with safety & noise

10.

11.

1z,

13.

14.

15.

16.

without safety & noise*

with safety & noise

without safety & noise

with safety & noise

without safety & noise

with safety & noise

without safety & noise

with safety & nolse

17.

i8.

19.

20

21.

22.

23.

24.

without safety & noise*

with safety & noise

without safety & noise

with safety & noise

without safety & noise

with safety & noise

without safety & noise

with szafety & noise

* base option'




basis of time required to perform a single inspection (by test mode and
scope) factored by an empirically-derived percentage multiplier of actual
versus ideal efficiency. The output computation procedure for each mode
of test is discussed in Section 3.6.2 of Volume 2. The following annual
lane capacities were.developed'for a testing program involving light-duty

vehicles (LDV).

Idle mode 23,000 LDV
Loaded mode 19,200 1DV
Engine Parameter/Device Inspection 4,500 LDV

Based on these values and the required staffing complement per inspection
facility, total personnel and lane requirements were developed by county
using projected wvehicle registration for 1987. Given capacity and personnel
requirements it became possible to identify specific values by program
‘option for each of the cost elements shown in Table 3, We shall return to

this table presently.

I/M program requiremernts that may result in public and private costs
directly attributable to the program are introduced in Section 3.8 of
Volume 2 and discussed in depth in appendices to the report. Individual
states are responsible for obtaining the legal authority to implement
vehicle Inspection/Maintenance programs. Michigan does not currently have
enabling legislation. The legislation will be requested during the fall
of 1979. Legislation may be very general, or may be very specific and
assign all reponsibilities for the program, determine testing procedures,
and even set emission standards. Preparation of this legislation will
require considerable devotion of time and effort by elected officials and
staff of the State of Michigan. Appendix B of Volume 2 presents a detailed
discussion of the issues that should be considered for inclusion in I/M

legislation.

While I/M legislation is debated and after its passage by the
Législature, the citizens of Michigan must be informed of all aspects
of the impendipg program which will bave an impact on their accustomed
activities. The basic features of a public information effort and a
suggested timeline for implementation of the various stageé are presented

in Appendix C.
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-Table 3. COST ELEMENTS

TTEM COST ELEMENT

I. INITIAL IMPLEMENTATION AND CAPITAL COSTS (NONRECURRING)

h. Initial Implementation Costs

1, Site Selection

2. Bide Preparation and Evaluation

3. Facilities Design

4. Training Plan Development

5. Personnel Selection

6. Dorsumpent Preparation

7. Administrative Support

8. System Integration, Checkout, and Certification
9. Test Scheduling System Development

B. Capital Costs (Construction)

l. iapd and Site Improvement Costs
a. Land Cost
b. Site Improvement Costs
2. Facility Construction
3. Instrumentation Cost
4. Office Equipment
5. - Computer Costs
a. BHardware
b. Software

c. Carital Costs {Other)

1. Administrative Office Eguipment
2. Quality Control Equipment

a. Mobil Unit

b. Referee Station .

c. Correlation Car
3. Consumer Complaint

II. ANNUAL OPERATING COSTS

A. Facility Operating Costs

1. Personnel Costs

2. Maintenance and Miscellaneous Item Costs
&. Facilicy
b. Eguipment

B. Su poort Costs

1. Administrative
2. Data Analysis
3. Training’

c. Quality Control Operating Costs

1. Persconnel -
2. Supply
3. HMaintenance

II1I. ANCILIARY PROGRAMS ANNUAL OPERATING COSTS

A. Mechanic Training

B. Public Information Program
C. Consumer Complaint

D. vehicle Test Scheduling Costs

16



An I/M program will fully succeed with respect to its intended pur-
pbse and to the satisfaétion of the public oniy rf qﬁalified mechanics
perform the repairs necessary to bring pollutiﬁg vehicles into compliance
with standards. Michigan is fortunaté to have a vehicle mechanic and
repair facility certification and registration system already in place,
which will greatly ease the problem of identifying qualified mechanics to
perform vehicle repairs. However, additional mechanics must be trained

and many mechanics retrained figr perform the necessary repairs. Appendix
D presents the elements ofla mechanics program: digcugses the two-phase
tfaining approach recommended by State of Michigan staff, and provides

an appropriate program timeline; Costs developed for the training effort
afe incbrporated in the detailed option cost analyses of Volume 2, Section

5.0.

Any vehicle owner subject to inspection/maintenance should expect
that accurate, consistent ingpections will be performed on his or her
vehicle, and that there will be protection from improper and unnecessary
" repairs in the event of failing the test. Further, the owner should be
assured that the motorist seeking to c¢ircumvent the system (and thus to
neutralize thg contribution the honest owner is making to clean .air through
proper vehicle maintenance) will be identified and that such cheating will
be minimized. Mechanisms to assure'accurate inspections at testing facil-
ities include state—operated referee lanes or challenge garages {(for
complaint handling), mobile quality assurance vans equipped with instru-
ment and gas calibration devices, correlation vehicles for comparative
evaluation of test results from lane to lane, and a regﬁlar, internal,
rigorously-observed schedule of inétrument calibration and equipment main-
tenance. These mechanisms are all legitimate program costs directly assign-
able to the State and the operator(s) of the inspection facilities, For
quality-assured repairs the present repair facility certification program
in Michigan could be supported by periodic State inspections of garages
and emission analyzers. Mechanics must also be instructed that they should
tune a failed wehicle to manufacturer‘s'specifications. Appendix E
discusses these mechanisms in greater detail, reviews the most common

means by which some motorists would attempt to cheat the system and
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" identifies effective methods for their prevention. The costs of appro- -
priate quality assurance elements have been included in the total program

cost analysis for each program option.

1.4 PROGRAM COST ELEMENTS AND COSTING METHODOLOGY

Development of totél program costs for each of the seven base options
of Table 2 is based on a life cycle cost model which sums annual operating
costs and amortized implementation and capital costs over the life of the
program, and develops annualized program costs. The three principal cost

categories are Initial Implementation Costs which are those expenditures

required to bring a given I/M concept to the point of implementation and
include design, development, documentation, training, and support personnel

costs; Capital Costs which are those expenditures required for obtaining and

improving land for facility sites, constructing the facilities,and procuring

testing and support eqguipment; and Annual Qperating Costs which are those

expenditures necessary to administer, operate, and maintain inspection
facilities and provide appropriate quality assurance, consumer protection
and public information on an ongoing basis. The specific elements of
-each cost category are listed in Table 3 aﬂd explained in Sections 4.2.1
through 4.4.4 of Volume 2. The cost methodology is based on the following

principal assumptions.

e Five-year life of program

® Amortization period of five years for equipment costs, twenty
years for building costs, and perpetuity (constant value) for
land '

@ all fringe costs to state and contractor are included
® <Vehicle population growth rate of 2.8 percent per year

¢ Iand cost estimates per square foot vary by density of land
development

® Unit costs for facility construction are uniform for all options.

® All costs are expressed in 1978 dollars
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For the base options costing, costs were developed for a program that
would cover the ozone nonattaimment counties (Figure 1), which include the
carbon monoxide nonattainment area of metropolitan Detroit, Only 1ight—
duty vehicles would be covered by inspection. For determining total capa-
city requirements, the vehicle failure rate is conservatively assumed to
be 30 percent. Tests would be conducted at one or two-lané facilities
using the three-position lanes described earlier. Options incorporat-
ing safety and noise teéting use five position lanes. "Worst case”
travel distance to a test facility (maximum) is 30 miles. BAn initial work
schedule of 8 hours/day, 250 days/year (2,000 total hours) is assumed. The
mandatory program would start Japuary 1, 1983‘utilizing implementation ‘and
construction funds made available by the end of 1982, and no additional
facilities would be constructed during the life of the program; that is,

vehicle population growth during 1983-87 would be accommodated by additional

hours of operation.

The selected base options, and reasons for their selection, are des-

cribed below. Option numbers reference Table 2,

a) State-operated, idle mode with automated testing and data
processing but without safety and noise insgpection (Option 1).
This program is representative of any state-pperated program
that would involve all LDV's in the given study area.

b} State-operated, idle mode with automated testing and data
processing and including safety and noise inspection (Option
2). This option develops the cost for incorporating safety and
noise tests as part of the total testing procedure. This cost
remains uniform (by geographic area) across all administrative
or emissions test mode options.

c) Contractor—operated, idle mode with automated testing and data
processing without safety and noise inspection (Option 3).
This program is representative of any contractor-operated
option but with cost requirements at the lowest level for any
contracted system.

d) Private garage {decentralizéd), idle mode with manual testing-
and data processing without safety and noise inspection (COption
5). This was deemed the most feasible and probably lowest
(total) cost representative of the range of private garage options.
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e) State-operated, statistical sampling program with automated
idle mode testing and data processing and no safety and noise
check {Qption 7)., The State of Michigan has had experience
with a program that statistically sampled vehicles for defects
in safety-related equipment. The findings of this study indi-
cated that the incidence of malfunction was relatively insen-
sitive to the size of the sample. Therefore, statistical sampling
for wehicle emission control malfunction could prove as effec-
tive as the safety testing program in identifying gross emitters..
The selected option would be the least complicated of the sta-
tistical sample pptions, presuming the sampling rate to remain
constant,'across all possihle configurations,

f) State-operated, loaded-mode with automated testing and data

- processing and without safety and noise testing {Option 9},
This is the baseline representative of possible loaded mode
configurations, selected specifically for cost comparison with
Option 1. : '

q) State;operated, EPDI inspection without safety and noise check
{Option 17). This option was selected specifically for cost
compariseon with Options 1 and 9.

Program cost development procedures are detailed in Appendix F to
Volume 2, and program cost tables are presented in Section 5.0. The computed
annual inspection fee per tested vehicle (1978 dollars) ranged from $5.32
for Option 1 to $21.85 for Option 17. For each option involving either
a contracted or private garage testing program, a share of the fee is
allocated for state costs and the remainder for the contractor or garage

costs. Table 4 provides complete fee information for each of the options;

In order to develop program costs and fees for the entire set of
program options, line~item sensitivity factors to estimate the costs for
variatioh among key program elements were developed and are presented in
tabular form in Volume 2, Section 6.0. 2an I/M program in Michigan will
involve one of three inspection modes, any of six geographic areas, one ,
of five program stringency factors (standards set such that 10, 20, 30,
40, or 50 percent of vehicles fail the inspection), one of three admin~
istrative approéches and any of six vehicle types, The values of Tables
6-2 through 6~5 of Section 6 express the sensitivities to cost (that is,

the variation from the identified baseline of two-lane inspection stations
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for LDV testing throughout the_O3 nonattainment area) experienced as gne
moves along the range of possible combinations of each of the key program
elements. Computations employing these factors génerated a total ?rogram
cost and fee breakdown for each of the remaining seventeen options of Table 2.

These values are tabulated in Section 6, Table 6-1,

Table 4
CONSUMER FEE IN 1978 DOLLARS

: ’ _ CONTRACTOR . TOTAL

OPTION NO. STATE OR GARAGE FEE
i $ 5.32 $ .00 $ 5.32
2 7.04 .00 7.04
3 C1.01 , 4.80 5.81
5 1.15 4.48 - 5.63
7 7.23 .00 7.23%
9 "6.30 .00 6,30
17 21.85 ' .00 21,85

* This figure is reduced to $0.34 per owner if costs are equally:
allocated over the entire light-duty passenger vehicle population.

1.5 ELIMINATION OF UNSATISFACTORY OR INAPPROPRIATE OPTIONS

An'objective of this study was to reduce the total number of candi-
date programs from twenty-four to a short list of three or fewer options
to underge further analysis in a later phase of the p:oéram. Although
considerable information was derived from the alternatives costing analysis
described above and from investigation of the relative advantages and
disadvantages of the varicus optiong, it was desired to obtain additional
comments and opinions on this issue from various groups representative
of a larger constituency in the State of Michigan. Therefore, the
decision on what options would comprise the short list was made only
after extensive consultation with the Governor's Air Quality Review

Committee, the Michigan Vehicles Inspection/Maintenance Advisory and
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Technical Committees, the Legislative Advisory Committee, and guidance

of U.S. EPA. It was also responsive to expressions of public opinion

as obtained during the public hearings on the Michigan State Implementation
~Plan and through the medium of a public opinion poll conducted under -
aﬁspices of the Michigan State Police, Office of Highway.and Safety

Planning.

The decision process resulted in the elimination of the following

options. (Documentation of decisions is provided in Vol, 2, Section 7.0).

1. BAll inspection programs that include a safety and noise test.
Key reasons were: '

® Mandatory safety and/or noise inspection programs are not
currently operating in Michigan. While benefits may be
realized from implementing these programs, neither will
improve air quality, and both increase total program costs
and costs to the consumer. The Michigan lLegislature must
decide if it is wise to go far beyond the intent of the.
Clean Air Act to include other programs within a program
desighed specifically to improve air quality.

® gtates with safety programs currently operating question |
the effectiveness of safety inspections in reducing vehicle
defect related accidents, '

® 1I/M programs that include safety and noise cost 30% more than
programs testing emissions alone.

® Experience from other safety and emissions testing programs
indicates that over 50% of the tested vehicles fail the
combined test. Costs for retesting failed vehicles will
increase accordingly.

® Average repair costs for vehicles needing repair will be
higher.

® Any I/M test mode is capable of identifying most of the
vehicles that would fail a noise inspection, since most
faulty mufflers or illegally modified exhaust sysiems are
audible, 1In some cases faulty mufflers must be corrected
prior to an emissions test, since exhaust leaks make it
impossible to obtain accurate test results.
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® Program implementation will take longer due to increased
program complexity.,

e It may'be difficult to obtain legal authority for the
combined program since the required legislation is much
more complex and controversial than I/M legislation alome,

2. All options involyving a statistical sampling program with par-
ticipation not to exceed 25 percent of registered wehicles.

" Key reasons were:

® Tt is not possible for the State of Michigan to demonstrate
that the emission reduction from I/M required by EPA policy
can be achieyved by this program, This type of program may
be able to demonstrate where overall emissions are, and
what further reductions are possible through a vehicle I/M

program.

® Other control strategies either from stationary sources
or from other transportation control strategies will be
required to offset the shortfall in emission reductions
obtained through this program.

@ This approach is not acceptable to the federal EPA, gince
it doesifulfill the Clean Air Act Amendment requirement for
I/M to be "mandatory and periodic".

3. All options involving a State-operated network of inspection
stations.

Key reasons were:

e The initial costs to the State to implement the pfogram are
high.

® There is uncertainty in obtaining required funds to imple-
ment the program.

& Govermmental employment will be greatly expanded as compared
to other private sector administrative approaches,

® There will be a loss of property tax revenues collected by
local govermments becausé taxes are not levied on State-
owned facilities.

® Flexibility to terminate the program is lacking. -
® TImplementation time is likely to be greater due to the
invplvement of many state agencies, and because legal,

financial, administrative, and hiring requirements are more
complex in the public sector than in the private sector.
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4. All options involggng both initial emissions testing and repair
at private garages, '

Key reasons were:;

® There is reluctance by the private sector and consumers
to have private garages perform both the inspection and
repair due to a potential and/or perceived conflict of
interest.

® A high turnover rate (10%/year) of garage ownership is
experienced in Michigan. This makes it difficult to quan-
tify program costs since the level of participation by
garages is unknown.

® oQuality assurance costs are higher because instruments at
many stations must be calibrated and checked for accuracy
regularly. It is also necessary to check regularly for
proper testing procedures and valid repairs.

® More resources must be devoted to private garage licensing,
gquality control and complaint investigation than for the
other administrative approaches.

® So far, all of the states with private garage run I/M pro-
grams are states that had pre-existing safety inspection
facilities. I/M was added onto their safety program. This
substantially reduces planning time and capital required to
implement the program. This is not the case in Michigan.

® Most vehicles would have to be scheduled, by appointment,
for inspection at a private garage, since most garages would
be unable to achieve a high output rate. This increases
the average worklocad at private garages and may increase
average waiting times. In other inspection approaches,
only the failed vehicles (20-30%) must schedule garage
appointments. The overall effects of the added workload
and its effect on program costs and consumer costs are not
possible to predict at this time.

5. All options involying loaded-mode inspections (retaining the
assumption that inspection stations could nevertheless be
built to Specifications that would accommodate such testing
in the future.)

Key reasons were:

e The loaded mode test provides substantial diagnostic infor-
mation. The benefit of the additional information is depen-—
dent on the mechanic's ability to use the diagnostics, So
far there is no indication that mechanics effectively use
this diagnostic information when repairing vyehicles,
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A loaded test does not increase the amount ¢of emission
reductions obtained by the program,

The repair industry may find it expensive and impractical

to buy a dynamometer to duplicate loaded test results for
repair purposes, TIf a repair garage cannot duplicate the
test to see if repairs are correct there is a possibility of
additional retests and additional consumer dissatisfaction,

A loaded test costs 18% more than an idle test,
If heaﬁy duty vehicles are included in a loaded test I/M

program, special double axle dynamometers will be necessary..
This substantially increases program costs.

All options involving engine parameter/device inspection (EPDI),

Key reasons were:

Thé parameter inspection defined in this report is approxi-
mately four times as expensive as an idle test.

Very little information is available pertaining to the test
time (and subseguently output rate at inspection stations)
involved in parameter testing,

I/M facilities for another test mode may be designed to in-

clude flexibility to change to a parameter/device inspection
test mode. If a cost effective parameter test is developed

this option may be chosen.

EPA has not established a method for calculating emission
reduction credits for this test type. Currently, the burden
of proof of emission reductions from this type of program

ig on the 1nd1v1dual states.

Therefore, the remaining candidate options will be carried forward

for additional study.

a.

Contractor—operated idle mode testing and retegting at

centralized facilities.

Contractor—operated idle mode testing with retesting at pri-

vate garages (New Jersey-type program).

Alternative parameter inspections {(as information becomes

available).
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The comparative advantages of a centralized, contractor-operated

program were found to be greatest for the following reasons,

The direct costs to the State of Michigan are lowest,
Implementation procedures are straightforward.

This approach ranks second ohly to a state-operated program
with respect to assured guality and consistency of test.

Idle mode inspections were determined to be the most cost-
effective testing procedure. )

Inspection facilities will remain on municipal and county tax
rolls.

The program can be more easily terminated at the end of the
period of contract.

The opportunity for conflict of interest between inspection and
repair. is minimal.

The report has shown that total program costs are not signifi-
cantly greater than for a similar state-operated system.

The other two options carrvied forward were not identified for analysis

in this phase of the study.
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Section 1

INTRODUCTION

Recent studies conducted by government agencies, independent laboratories,
and the automotive industry have confirmed that pollutant emissions from auto-
mobiles can be reduced by proper vehicle maintenance and repair. These studies
conclude that a vehicle emission'inspection/maintenaﬁce (f/M) program that
identifies those vehicles regquiring maintenances/repair, and that reqﬁires the
offending vehicles to be repaired, will reduce the amounts of carbon mondxide

(co) and oxidants in the ambient air.

The Clean Air Act Amendments (CAAA) of 1977 include specific provisions
that require the establishment of I/M programs. Acccrding to the U.S. Environ-
mental Protection Agency (EPA), by January 1979 each state must submit revisions
to its State Implementation Plan (SIP) which specify methods toc achieve the
Naticnal Ambient Air Quality Standards (NAAQS). These methods include control
of stationary sources of air pollution, and various transportation control
measures, whose abjective is to reduce vehicle miles traveled (VMT) thereby
reducing polluticn from mcobile sources. If, in these revisions, the state
cannot demonstrate that the NAAQS will be attained by 1982, an extension to
1987 must be requested, and several provisions must be met. One provision
is the establishment of a specific schedule for the implementation of an I/M
program. Since it is doubtful that the NAAQS can be attained in the State of

Michigan through other measures, an I/M program will probably'be required.

The objectives of this study are to define and evaluate altermative approaches
for a vehicle I/M program for the State of Michigan. The Michigan Department of
Transportation has outlined a study program to provide information on the tech-

nical and economic feasibility, and the benefits of a mandatory I/M program.




This study consists of six major tasks which are described as follows:
1) definition and review of alternative administrative I/M approaches and
alternative test modes, 2) overall evaluation of alternative I/M programs,
3) detailed review of alternative I/M evaluation results, 4) identification of
candidate I/M options for further study, 5) development of Task 2 program

plan, and 6) final report preparation. These six tasks have been separated

into two volumes.

This volume documents Task 1 wherein: (a) ownership/operation options,

and (b) test medes for I/M programs are defined and reviewed:

{a) Ownership/Cperations

State-owned/operated centralized facilities
Contractor-owned/operated centralized facilities

Privately-owned/operated decentralized facilities

e ® © o

Statistical sampling of vehicle population

(bh) Test Modes

] Idle Mode -~ engine at idle, transmission in neutral, exhaust

gas analyzed

@ Loaded Mode - transmission in gear, engine loaded at one or

more speeds, exhaust gas analyzed

& Engine Parameter/Device Inspection — the engine idle rpm and
basic timing compared to manufacturer's specifications - positive
¢rankcase ventilation walve (PCV), exhaust gas recirculation
valve (EGR), etec., tested for proper performance - no exhaust

gas analysis made
@ Safety and noise inspections integrated with the above

This volume defines and reviews alternative administrative approaches and
test mode options for an I/M program. It focuses on: 1) the administrative
options; 2) U.S. EPA requirements for an I/M program; 3) the test mode configura-

tions; and 4) special related topics in the Appendix.
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Section 2 reviews the administrative options:

State-owned/operated centralized facilities
Contractor-owned/operated centraiized facilities

Privately-owned/operated decentralized facilities

Statistical sampling of vehicle population

Section 3 presents benefit and cost information of an I/M program, and

Appendix "N" (Appendix A of this repert) requirements.

Section 4 discusses the test modes: 1} idle-mode, 2) lcaded-mode, and

3} engine parameter/device inspection, and additional related modes, the

Federal Test Procedure (PIP) and the Diagnostic Tast Regiﬁe. This section
also reviews the State of Michigan Safety and Noise Testing Program as it

might be integrated with emission testing. .

Section 5 is a glossary of technical terms used in discussing I/M programs.

Section 6 contains the references, and the Appendices discussed:

Appendix N credits (Ref. 3)
Short-test emissions standards as related to the PTP
Loaded~mode tfuth chart and diagnostic procedures

Emissions-related parts list

Noise testing

The information in this volume will serwve as the foundation for the

Task 2 evaluaticn.




Section 2

ADMINISTRATIVE OPTIONS

This section reviews' the alternative I/M ownership/operation configura-

tions for the State of Michigan, and provides information that will allow a

comparison of the administrative options:

e & © o

State~owned/operated centralized facilities
Contractor-owned/operated centralized facilities
Privately-owned/operated decentralized facilities

Statistical sampling of vehicle population

This information has been compiled from past and present I/M programs, and

is organized into three subsections:

Administrative options defined - provides working definitions for

each administrative option

Raview of background information - provides an analysis of each

option utilizing past and present I/M programs

Functional comparisons between administrative options - provides a
table of organization for each option by identifying ancillary

organizations and their related support services.




ADMINTSTRATIVE OPTTONS DEFINED

The four administrative options characterize the operational format of

the inspection phase of I/M.* These administrative cptions ars:

State~owned/operated centralized facilities - A designated public

authority assumes complete managerial and operational control of

‘publicly~-owned test facilities.

Contractor-owned/operated centralized facilities - A corporation,

selected through competitive bidding, assumes operational responsi-
bility for inspection. The contraétor and not the State assumes
" financial reséonsibility for constructing and operating test centers.
Administrative contreol is still the responsibility of a public

authority.

Privatelv-owned/operated deéent:alized facilities - A public

authority certifies and licenges qualified establishments (e.g.,

independent servicé garages and dealerships) to perform inspections.
Managerial and‘operaticnal authority is provided by each respective
establishment. However, the State requlates and oversees the program .
to ensure that I/M requirements and provisions are met. This system
provides a network of decentralized inspection and repair facilities

which are certified and controlled by the State.

Random sampling of vehicle population - Statistical sampling relat-

ing to an I/M program is the process of collecting I/M data (such

as emission, costs, benefits, repair, etc.), to provide a basis for

trend characteristics.

The collection of such data cn a certain number of vehicles from a
specific vehicle population is called a sample of the data of the
populaticn, while the process (whereby the sample is selected) is

called sampling. The nature of the sampling process is very likely

*Service garages, dealerships, and independents camprising the repair industzry

vill provide the requisite maintenance for failed vehicles identified by the
inspection phase.
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to determine the sucecess or failure of the deduction arrived at from

the data.

It is necessary that the method of chcosing the sample will ensure

the sample will contain the same proportion of age/type/size/make/etae.,

characteristics of vehicles as ccntained in the total population.
To achieve these objectives, a random sampling technigue must be
introduced. A "roulstte wheel" selection of the area population could

be programmed to provide for such a random selection.

A program to test a statistical sample of vehicles is an alternative
to mandatory testing of all vehicles. It could be coperated by either

the State or a contracﬁor, but is not an acceptable method to the EPA.

Conceptually, the selection of a specific administrative option would not
have an impact on emission reduction, except in the case of a statistical
sample operation, which would be less effective. However, the specific adminis-

trative option chosen will have a substantial affect on capital and operational

expenditures, quality assurance, and enforcement. These issues are discussed

using information from I/M programs presently operating in other states.

2.2 BACKGROUND INFORMATION OF PRESENT I/M PROGRAMS

Information on I/M programs coperating in other states is summarized in

Table 2-1. The programs are classified as State-operated, contractor-operated,
or private-garage operated. For each program, detailed information such as
responsible agendy, number of vehicles tested, stringency factors, test mode

used, facility site, and estimated cost data (i.e.; capital, operation, and

inspection cost) is provided.

Government I/M programs can be divided into State-operated, county-operated,

or municipality-operated programs. State-operated I/M programs exist in New



TABLE 2-1. EXISTING I/M PROGRAMS

STRINGENCY Oh

ADMINISTRATIVE VEHICLE POP FATLURE RATE STATIONS STATUS MILLIONS OF DOLLARS
PROGRAM TYPE STATE AGENCY {MILLIONS) L.D.V. H.D.V.* jLanes §5ta. Mobile Capitala Oparatinga INSPECTION FEE
I. GOVERNMENT
A. State Hew Jaersey DMV — EPA 3.9 LDVs Idle NA 68 k:] 1 $2.50 {1972) + 1.33 $3.50 including
b 23% safety
QOregon pept. of .550 LDovs Jdle NA 14 7 1 $.38 Leased $2.22
Portland Environ. Qual. (biennial) 401 facil. (1975) 95
B. #Municipal Ohio, Cincinnati . 200 LDVs 1dte NA 4 1 Bone . $13k & safetry .13 for $3.75 including
Cincinnati  APCD 30% ' facil. ’ 11 positions  safety
Illinecis, Chicago Dept. 1.0 LDVs idle NA 10 5 6 2.0 (1973) 1.45 {1977} Program cost
Chicago Env. Control 30-15% covered by a city
skicker fee.
JI. CONTRACIOR Arizona,c Ariz. Dept., 1.1 cars, Idled EPA 6 12 1 510.5 $4.0 $5
Maricopa llealth Sex. trucks, and 30% City
and Pima motorcycles .
counties
ITI. PRIVATE Nevada Dept. Motor .500 LoVs Idle MA 218 Licensed G.17 {1974} $.4] approx. $10.00-$33.00
GRRAGE {(Clark Vehicles and Private Stations (1974) (including
Co. only) Dept. Human adjustments)
Resources :
Rhode pept. of Trans-— . 500 LDVs idle HA 923 Private Garages 1.00 (1977} Part of 54
Island portation 30% + 1 State-Operated Capital cost
challenge lane ist year
%cost data for a particular year. To update costs ko present year multiply te appropriate inflation factor.
State of Oregon, Oregon Baviraimental Qualicy Commission -~ "Repork to the Oregon Legislature on the Motor Vehicle Emission Testing Program,“
Januvary 14, 1977.
Cstate of Arizona, Bureau of Vehicular Ewissions Inspections - "Pune~up for Less Emission,- It's Working, Arlzona Vehicular Emissions Inspection

Program Operations, 1977."

dnlso test with loaded regimes.
*Definitions: BMV ~ Department of Motor Vehicles.

LW - Light-Duty Vehicle {GvW <8501 1b.}.

HDV — Heavy-Duty Vehicle (GVW 28500 1b.}),.




Jersey and Oregon. The New Jersey program, . using an idle test, inspects

4 million light-duty vehicles per year, at 38 safety inspection stations. This
requires a $2.5 million capital cost and $1.33 million annual operating cost.
The Oregon program, which uses leased facilities, required a $0.38 million

capital investment and $2.22 million yearly operating costs.

Municipally-operated programs are operating in Cincinnati, Ohio, and
Chicago, Illinecis. These programs inspect 0.2 to 1.0 million vehicles annually.
Cincinnati has only one station (four-lane capacity) but intends to expand the
program in the future. Chicago preéently operates five test stations and six
mobile test units. Capital and operating costs vary with the number of test

stations, mobile units, and stringency factor (pass/fail emission parameters) .

The only I/M program owned and operated by a contractor is located in
Arizona (Maricopa and Pima Counties). The 12 test stations annually process
an estimated 1.l million vehicles using an idle-mode test with a 30 percent
stringency factor. Capital costs are estimated at $10 million with annual

coperating costs approaching $£4 million.

California conducted a 2-year pilot program (Ref. 4), operated by Stats
personnel. At the completion of this program, California requested competitive
bids from private contractors. A contractor will operate 17 test facilities.
The capital costs are estimated to be §$14 million, and the annual operating

costs are estimated to be $22 million (Ref. 3).

Nevada and Rhode Island are the only states that have private-garage
operated I/M programs at this time. Rhode Island has an extensive program
testiqg ¢.5 millipn vehiicles at 923 certified garages. In Nevada, 218 garages
are licensed. As expected, the capital cost expenditure for Rhode Island is
quite large ($1 million) compared to Nevada ($170,000). The Rhode Island

" inspection fee is $2. The Nevada average—cost—per-vehicle ranges from $8.50

to $§17, which includes the cost for wvehicle adjustments when required.

Implementation problems, and their subsequent solutions, are shown in
Table 2-2. The consensus is that inadequate enforcement, mechanics training,

low efficiency, and adverse public reaction, are problem-areas that deserve




TABLE 2-2. TYPICAL I/M PROBLEMS, SOLUTIONS AND ACHIEVEMENTS

PROGRAM TYFE LOCATION

PROBLEMS

. soLurions®

ACHIEVEMENTS

1. GOVERNMENT-
QPERMTED

A. State-Operated New Jersey

Oregon
(Portland)‘

B. Hunicipal-
Operated

Cincinnati, Ohio

Chicago, Illinois

.2-~¥ear Exemption for New Cars
.Lack Operating Capital

Capacity Improvements Cannot be
Made

,DMV Resistant t¢ Increased Re-
failure Rate Expected in

Phase 11X

.gefailure Rate 15 25%

.Blennial Inspection Lowers
Program Effectiveness, Created
Cash Flow and Personnel Problems
.Tampering

.Low Throughput

.Inadequate Enforcement

.Ho Phase-In Pericod and No P.R.
Frogram

Mechanics Inadequately Trained

.Less Than 20% of Registered
vehicles Have Been Inspected

a
Information provided by state personnel in each state.

-Legislation Pending
JFupding Has Increased $330,000

No Poaition Change
.Refallure Rate How 11%

.Inspection Period Will be Shortened
.Trying to Implement An Annual In-~
spaction Cycle, Reguires Leglsla-
tion action

-Improved Enforcement Led to
Increased Throughput
P.R. Program Needed

.Machanic Training Program

Increased Enforecment Policies
JFavor Mandatory Inspection with
fhrea Conditions:

1. Fed. Govk, and Auto Manufac-
turer's Concurrence On War-
rantee Program

2. Auto Manufacturer's Compli-
ance With Existing Statutory
tinission Standards

3. I/M Implementatlon Qver Reg-—
ional Area

-Hation's Longest On-Going
I/¥ Program

.4,700 Garages Now btilizing
Exhaust hnalyzers

.Brivate Garaye Relnspection
Frogram

.Estimates Reduction of HC is
4% and CO 7%

.Private Garage Acceptance is
Increasing

.Demonstrated Short Lead
Time in Adding I/M Program
to Safety Program

.Communlcation Channels Bstab—
lished wich Auto Manufactur-
ers Regarding High Ewmission
Levels of Late Model
Yohicles

.Hation's First Fully Auto-
mated Inspaction Program

{continued)
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PROGRAM TYPE

LOCATION

TABLE 2~2 (continued)

PROBLEMS

SOLUTIONS®

ACHIEVEMENTS

11. CONFTRACTOR-
UPERATED

III. PRIVATE
GBRRAGE-
OPERATED

aInformation provided by state personnel

Arizona
Maricopa and Pima Counties

tevada

Ahode Island

.Initial Adverse Public Reaction
LQueuing Problems

< Panper 1ng

.Inadequate Inspector Training

Minimal

.Inadequate Training of Garage
Mechanics

.Sone Garages Viclated
Regulations

in each state.

.Expected to Disappear With Increased
Efficiency and Better Public

Awareness

.Increaged Contractor Monitoring

.On-Golng Mechanic Training
Program
.Constant Honitoring Needed

Nation's First Contractor-
Operated Program

DMV Contral of Licensing
of Stations and Inspectors
-Minimal Cost

Program Initiated by
Governor and Rhode Island
DOT With Backing From Exe—
cutive and Lagislative
Branches

.State-Run Inspection Facil-
ity Used as Reference
Station




special attention. In most cases, when adequate mechanics training and public
relations programs have been included in the program, the problems are

minimized or resolved.

2.3 . ORGANIZATION COMFARISONS

A functional block diagram shown in Figure 2-1, rather than a table of organ-

izatisn, identifies support services needed for an I/M program.

A State agency ccordinates the efforts of all organizations involved in
the program. Other rasponsibkbilities of the State agency include quality control

and operational guidance of the inspection centers.

The three administrative approaches (State, coatractor, and private garage)
differ only in the operational format of the total I/M framework. For example,
a contractor-owned/operated program (Figure 2-1la) could be responsible for its
own in~hcuse quality control program. The State would continue to provide

independent gquality control checks of each test station.

A decentralized (private garage} system would recquire State guality control
checks and a State licensing and certification program for emission test facil-

ities and mechanics.

In addition to the administrative guality control staff, the quality control
section would require field personnél to cperate the mobile quality audit unit
and the correlation vehicle. Ea&h test station would be periodically checked
by these units. The mobile unit would check the instrumentation, and the

correlation vehicle would test the total operating system of the ingpection

facilities.
Referee stations would be fixed facilities to provide the following services:
Investigate consumer complaints

Provide diagnostic capability for determining repalr effectiveness

Provide a waiver of further repair actions

. Information and direction to upgrade squipment and proceduras.

il
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ADMINISTRATION.
SUPPORT SERVICES ' i
AIK QUALITY RECRUITMENT | =] TRAINING
CONTROL
AUTOMOTIVE PUBLIC AHALYSYS : ENFORCEMENT | PERSONNEL
BUREAU ‘ SERVICE ‘
MECIANIC/ :
STATIGN COMPLAINT PUBLIC REGISTRATION | HECHANIC —
CERTIFICATION REFERIAL RELATIONS . RECORDS
CENTRAL
COMPUTING INSPECTOR  §—
SERVICES ¥
MOTOR VEW{ICLE
EMISS10H
CONIROL
EMISSION TEST SERVICES : [ |
QUALETY ‘ OPERATIONAL
CONEROL,
l 1 l I N IR
DATA - FIELD FEREE AT y ) A 1
ANALYSIS OPERATIONS REFEREE CORRELATION STALTON STATION STATION |
‘ STATIOR VENICLE 1 2 n :

Figure 2~1. Functional administrative chart .
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FIELD CPERATIOHS

ADMINISTRATOR

CONTRACTOR-OPERATED

FIELD OPERATIONS

ADMINISTRATOR

PRIVATELY~GPERATED

OPERATIONAL l !
CONTROL I I
IHSPECTION INSPECTION INSPECTION I PRIVATE PRIVATE PRIVATE
CENTER CENTER CENTER ! l GARAGE GARAGE, GARRGE
2 n 1 2 n.
Figure 2-la. County administered
MOTOR VENECLE
EMISSION CONTROL
QUALITY FIELD OPERATIONS
CONTROL ADMIHNISTRATION
FIELD PATA
OPERATIONS MNALYSTS STATION STATION STATION
1 2 n
Pigure 2-1b., Modifications to reflect contractor decentralized (private garage) system

and county administered system




Section 3

BENEFIT AND COST OF I/M PROGRAM

I/M program benefits can include fuel savings, improved vehicle performance,
increased vehicle life, and the primary objective of I/M programs, the reducticn
of pollutant emissions. Costs of an I/M program include capital costs cf.the
test facilities, operating costs of the test facilities, program administration,
and failed vehicle repair costs. Capital and operating costs are offset by
ah.inspéction fee paid by the vehicle owner. Repair costs are normally paid
by the vehicle owner, but are shared by vehicle manufacturers when emission-

related parts fail, and are replaced under warranty.

3.1 EMISSION REDUCTICN BENEFITS

I/M programs will reduce pellutant emission from automotive vehicles by
requiring repair of those wvehicles which fail to meet the emission standards.
The benefits are reduced atmospheric pollutants, and compliznce with the

Clean Air Act Amendments (CARAAZ).

Automobiles emit three major polluting gases: hydrocarbons (HC), carbon
monoxide (CO), and oxides of nitrogen (Nox).. CO is a colorless, odorless gas
produced by the incomplete burning of fossil fuels. When breathed, CO reduces
the oxygen available to the brain and body cells and puts an extra burden on

the heart and lungs.

HC and NOx interact in the presence of sunlight to form photochemical
oxidants (smeg). Qzcne {OS)' the main constituent of photochemical smog, causas
irritation toc the eyes and mucous membranes, and aggravates existing respiratory

illnesses.
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3.1.1 Appendix N - Emigsion ReductionshAchievable,Through Inspegtion and

Maintenance of Light-Duty Vehicles, Motorcycles, and Light-Duty

Trucks

Appendix N is part of the Federal Regulations, and is published in Part 51,
Chapter 40, Code of Federal Regulations. A revision to'Appendix N has been pro-
posed by the U.S. EPA (Federal Register, May 2, 1977), and is expected to be
" promulgated in 1979. The revised Appendix N is included as Appéndix A to this

raport.

Appendix N defines minimum requirements for an I/M program to be adopted

by a State, and states that:

"Basic program requirements. There are two basic types of operation which
may be utilized for an I/M program, namely a centralized inspection
system {(govermment or contractor-operated) and a decentralized inspection
system (private commercial garages). In order to obtain full emission
reduction benefits for either a centralized or decentralized inspection
system, certain minimum requirements are established, which if not met,
will result in assessed emission reduction lower that those listed in
Tables 1 through 5 of this Appendix.

"a, Program requirements—--Minimum for all programs.

i. Provisions for regular periodic inspection (at least annually)
of all vehicles for which emissions reductions are claimed.

ii. Provisions to ensure that failed vehicles receive the mainte=
nance necessary to achieve compliance with the inspection
standards. The basic method is to regquire that failing wvehi-
cles pass a retest following maintenance.

iii. Provisions for quality control. The reliability of the inspec-
tion system and equipment accuracy must be ensured. This will
include routine maintenance, calibration and inspection of all
I/4 equipment, and routine auditing of inspection results.

"b. Minimum decentralized program raquirements. In oxder to receive the
basic emission reduction benefits for a decentralized I/M program,
the following requirements must be included in addition to provisions
listed in Section 5{a). ' ‘

i. Provisions for the licensing of inspection facilities which
insure that the facility has obtained, prior te licensing,
analytical instrumentation which has been approved for use by
the appropriate governing agency. A representative of the
facility must have received instructions in the proper use of
the instruments and in vehicle testing methods.  The facility
must agree to maintain records, to collect zignatures of opera-
tors whose vehicles have passed inspecticn, and to submit to
inspection of the facility.

13
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ii. Records required to be maintained should include the descrip-
tion (make, year, license number, etc.) of each vehicle inspected,
and its emissions test results. Reccords must also be maintained

-on the calibration of testing eguipment.
iii. Copies of these inspection records should be submitted on a
periodic basis to the governing agency for auditing.

iv. The governing agency should inspect each facility at least once
every 20 days to check the facilities' recards, check the
calibration of the testing equipment and observe that proper
test procedures are followed. '

v. The governing agency should have an effective program of
unannounced/unscheduled inspections both as a routine measure
and as a complaint investigation measure. It is alsc recommended
that such inspections be used to check the correlation of
instrument readings among inspection facilities."

Emigssion reductions attainable through in I/M program are documented in
Appendix N. In the revised Appendix N,‘I/M effectiveness is given as a function
of the levels of technology employed to: reduce pellutant emissions in vehicles;
the stringency of the emissions standards; the mumber of years the program
has been in force; and the adequacy of mechanic training. Other factors used
to calculate program effectiveness are: the number of vehicles in each age
group (model-vyear}; and thé'average number of miles each age group is driven

annually.

Credits are used to determine effectiveness. The units of credits are HC% and
C0%, and represent the approximate amounts of HC and CO emission reductions
accomplished by the program. The number of credits per program vary with:

the stringency of the program; the age of the prdgram; the adequacy of the
mechanics training; and the number of Technology I and Technology II vehicles

in the program.

Twe levels of emission control technology are used to classify light-
duty vehicles, and to determine credits., &all light-duty vehicles built prior
to model-year 1975 are Technolegy I wvehicles. All 1975 and subsequent medel-
year light-duty wehicles are clagsified as Technology II wehicles. The
general use of catalytic converters in 1975 and newer vehicles is a prime

difference between Technology I and Technoleogy II vehicles.

le




The stringency of an I/M program is measured by the stringency factor

which 1s defined in Appendix N as follows:

"Stringency fagtor is a measure of the rigor of a program based on the
estimated fraction of the wvehicle population whose emissions would
exceed cutpoints for either or both carbon monoxide and hydrocarbons.
were no improvements in maintenance habits or gquality of maintenance
to take place as a result of the program."

The stringency of the emissions standards has a direct relationship with
the effectiveness of an I/M program. High stringency factors provide more
credits than lower stringency factors since more wvehicles will fail the test
because of lower cutpoints required by higher stringency factors. These lower
cutpoints (lower percentages of CO and HC in the exhaust for pass/fail points)
also require that the £failed vehicles be adjusted and/or repaired to provide
lower emissions to pass the retest. Since more vehicles will fail high stxin-~
gency tests, and the failed vehicles must pass the retest at low emission levels,

the emissions reduction is greater than provided by lower stringency factors.

Stringency factors greater than 0.50 are not used because they may be
counterproductive. This is due to the poor correlation between the short-
cycle tasts used in I/M programs, and the FTP used to certify vehicles. The
short-cycle tests with high cutpoints are affsctive in predicting high FTP
emitters, but are not consistent predictors when stringency factors higher than
0.530 are used. If stringency factors greater than 0.50 are used, some of
erroneously failed vehicles, could produce high levels of HC and CO after

repair. An analysis of data presented in Appendix B supports this possibility.

The.stringency factor and the fraction of inspected vehicles failed (fail-
ure rate) may be nearly the same the first year the I/M program is in.force,
but théy may differ due to quality of maintenance provided to the vehicle popu-
lation, and the validity of the cutpoints used. In subseguent years of testing,
the fall rate can be lower than the stringency factor if vehicle maintenance

and repair meet high standards.
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For any insﬁecticn year, Appendix N provides first—yegr credits (CO and
HC reduction in percent) for all model-year vehicles inspected as a function
of stringency. The credits for Technology I vehicles and Technology II are
diffarent for every stringency factor except the HC% for stringency factor
0.30 as shown in Table 3;1. Those wvehicle ¢lasses which have been inspected
two or more times, gain additional credits up to the maximum for eight or more
inspecticns, as shown in Table 3-2. Subsequent-year Credits.are the same for

Technoleogy I and Technology II vehicles.

When mechanics training is a part of the program, additional credits may
be added. As with the basic credits, first-year credits are applied to all
vehicles inspected, and subsequent-year inspection credits are additive.
Different percentages are shown for Technology I and Technology II, and all
mechanics training credits are a function of the stringency factor. The U.S.
EPA determines what percentage of the maximum credits showﬁ in Tables 3-3

and 3-4 can be used.
An example of the reductions in CO and HC emissions that could be achieved

for calendar year 1987, as a function of I/M program starting date and strin-

gency factor used, is shown in Table 3-3,

3.2 OTHER I/M BENEFITS

3.2.1 Puel Savings

There are fuel savings for owners of vehicles that have been repaired to
meet the emission levels mandated by an I/M program. The reduction of CO and
HC in the exhaust emission is due {(in part) to more complete combustion of the
fuel by the engine (partiéularly in Technolegy I wvehicles), resulting in
improved mileage because more useful energy is extracted from a given amount
of fuel. The fleet wide fuel savings are a function of many variable. The
stringency factor, the number of miles traveled, the number of vehicles
inspected, and the improvement in fuel consumption for failed vehicles after
repair are particularly important. They are related to the fleet fuel saving

in the following manner:
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Table 3-1. FIRST YEAR OF PROGRAM CREDITS

PERCENT
HC Co

Tech- Tach- Tach- Tach=-

STRINGENCY nology nology nology nology
FACTOR I IX I II
0.10 1 1 3 8
0.20 5 3 8 20
0.30 7 9 13 28
0.40 10 16 19 33
0.50 11 24 22 37

Takle 3-2. SUBSEQUENT YEARS PROGRAM CREDIT

ADDITIVE CREDIT

NUMBER OF HC co
INSPECTIONS (%) (%
2 7 8
3 14 15
4 | 20 19
5 25 23
6 - 30 27
7 33 30
8 or more 36 35

19



Table 3-3. MECHANIC TRAINING FIRST YEAR CREDITS

TECHNOLOGY I TECHNOLOGY II

STRINGENCY HC co HC co

_FACTOR () (%) & &
0.1l0 L 5 3 7
Q.20 3 7 5 10
C.30 4 = 4 10
Q.40 & 8 1 7
0.50 7 7 1 5

Table 3-4. MECHANIC TRAINING SUBSEQUENT YEAR CREDITS

TECHNCLOGY I
NUMBER OF INSPECTIONS

2 3 or mora
STRINGENCY HC co HC co
FACTOR (3) () @ e
0.10 3 3 15 18
0.20 4 8 10 15
0.30 51 -] 9 9
0.40 5 5 5 5
0.50 3 2 3 2
) TECHNOLOGY IT
NUMBER OF INSPECTIONS - 2 CR MORE
STRINGENCY HC co
_ FACTCOR ﬂ _(_ﬂ_
0.10 i0 4
0.20 8 2
0.30 2 1
0.40 L 3
0.350 1 1
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TABLE 3-5. LIGHT-DUTY VEHICLE EXHAUST EMISSION REDUCTIONS
FROM INSPECTION/MAINTENANCE PROGRAMS AS OF DECEMBER 31, 1987

BASIC PROGRAM  W/MECHANICS TRAINTNG®'P

STRINGENCY  STARTING co  HC co HC
FACTOR % paTES 8) &) ) o)
10 07/01/80 22.7 26.0 46.8 42.5
07/01/81 21.5 24.7 46.0 42.3

07/01/82 19.6 22.6 43.2 39.0

12/31/82 18,3 20.8 41.6 37.3

20 07/01/80 29.3 30.4 54.2 49.0
07/01/81 27.9 28.7 52.0 47.2

07/01/82 .  25.9 25.7 50.2 45.3

12/31/82 24.5 23.9 48.8 43.6

30 07/01/80 34.0 33.6 57.7 52.1
07/01/81 32.3 32.6 56.3 50.9

07/01/82 30.4 30.0 54.5 49.3

12/31/82 28.6 27.5 53.2 a7.6

40 07/01/80 38.2 35.7 61.1 57.7
07/01/81 36.6 34.2 59.8 54.3

07/01/82 34.3 3l.8 57.9 53.1

12/31/82 32.8 30.0 56.5 51.2

50 07/01/80 41.4 36.8 62.5 57.2
07/01/81 40.0 35.5 61.1 56.1

07/01/82 37.9  32.9 59.3 54,3

12/31/82 35.5 31.0 57.9 52.8

NOTE: Policy guidance regarding the utilization of
of I/M credits is due in November 1978.

aAssumptions:
1, All model years are included in the program. ‘
2. Nationwlde averages of wvehicle mix by model year plus
distribution of wvehicle miles traveled by model year
are assumed.

bUtilization of all or part of this credit can be made with USEPA
approval. '

cMandatory repair for failed vehicles is initiated on this date.

Ref: "Motor Vehucle Emission Inspection/ Maintenance Information
Kit," BEPA-460/3-78-013
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Fa V xT xF (F =P )
s m v ] ca ch

where:
Fs = Fuel saved per year {gallons)
o . Miles
Vm_ = Average miles per vehicle year (Vehicle Yoar
Tv = Total number of vehicles inspected {(Vehicles)
= Stringency factor (No Units)
. . Gallons,
ca = Average fuel consumption after repair ( Miles }
= g i Gallons
Fch = RAverage fuel consumption hefore repair (Milas }

Results of preliminary studies indicate that fuel economy can be increased
from 3.0 to 3.8 percent (Ref. 5). Other reports indicate fuel savings from
0 to 12 percent. The amount of fuel savings depends on the nature of the
vehicle population and the I/M program (Ref. 6,7,8). The methodology for
calculating fleet wide fuel gsavings is expanded and applied in Volume II,

Section 2.

3.2.2 Performance and Increased Vehigle Life

Although studies to date have not béen conclusive, it seems reascnable to
assume that a pfoperly maintained vehicle will experience less wear than if it
is not maintained to manufacturer's specifications. If this relationship is
true, an I/M program will have a positive effect on wvehicle life, and emissions
will be reduced to its minimum pollution capability after it is repaired to

the manufacturer's specifications.

3.2.3 Warranty Benefits

The emission control system performance warranty, contained in Secticn 207
of the Clean Alr Act, may provide possible benefit to motor vehicle cwners
under an I/M program. Section 207 of the Clean Air Act mandates a new vehicle

and engine emission warranty that includes a general defects warranty in 207(a),
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a performance warranty in 207(b)*, and an enforcement and recall provision in
207(c). Section 207(a) has generally been interpreted to require manufacturers
+to warrant vehicles or engines to be free from defects in materials and work-
manship that will cause them to violate applicable regulations, including

applicable emissions standards.

An applicable list of emissions control items is presented in Appendix D.
It is assumed that failure of these items would degrade the emissions performance
of a wvehicle. Section 207(h), which specifies a performance warranty generally
provided for in 207(a), cannot be implemented at the Federal level until the
administrator promulgates a correlatable short emissions test on which the
performance warranty can be based. When the EPA determines th#t a short test
Vis available which is "reasonably capable of béing correldted" with the official
certification test, manufacturers will be liable to correct wvehicles which fail

such a test regardless of whether any specific part defects have been identified.

_ Manufacturers argue that the‘élean Air Act Amendments of 1977 showed that
Congress intended to limit the 207(b} performance warranty to "hang-on" com-
ponents only {(e.g.; air pump, catalyst, EGR valve). Congress has diminished
the scope of the 207 (b) warranty to some extent and its interpretation needs

clarification.

It is assumed that the 207 (b) warranty presently applies only to "hang-on"
components after 24,000 vehicle miles. Before the 24,000-mile point has been
reached, however, 207(b) applies to a broader range of emissicns-related com-
ponents., This range is, as yet, undefined, since the EPA has failed to

promulgate a specific list.

Congress did not amend the scope of the 207(a) defects warranty. It still
applies to a broader range of emissions-related components (as yet undefined on
a Federal level) for the full useful life period of 50,000 miles. The warranty,

however, has limits with respect to abuse, neglect or improper maintenance.

*Performance warranty means a warranty that a vehicle's emission will not exceed
the certification emission standards for its useful life, as evidenced by a
correlatable short test.
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In 1977, the State of California completed a surveillance test program on

1975 and 1976 medel-year wvehicles. (Ref. 7).  These vVehicles were testing using£

FT? 73 test used in new car certification

Federal Highway Fuel Economy Test (HFET)

@

8

& Loaded-mode test

@ Acceleration/deceleration driving sequence EPA modal test
]

Sealed housing evaporative determination (SHED) test

Only 9 percent of the failed wvehicles were failed due to defective com~

ponents. These defective components may not have been covered by warranty

because of:

] Lack of maintenance

Abuse of vehicle

] Other noncoversd reason

It is obwvious that the subject of warranty repailr work performed regquires

further study.

3.3 COSTS OF AN I/M PROGRAM

I/M program costs vary substantially depending on the type of administra-
tion, the type of test, the stringency factor, and the local economic conditions
{(e.g.; labor rates, land cost, etc.). The costs of an I/M program include
implementation, capital, and operating costs. To the vehicle owner, there are
inépection fees and repair costs. This subsection presents. information on

costs of existing I/M programs.

3.3.1 Implementation, Capital and Cperating Costs

Capital costs for an I/M program include all the costs accrued o provide
the test facilities. These include; construction costs; land costs; test

equipment costs; other equipment costs (tools, desks, chairs, ete.).
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Implementation cost includes all cost to develop the operational details of
the program, such as procedurss and training plans to make the inspecticn

facilities ready for'operation.

Operating costs include: costs of hiring and training personnel; salary
costs (wages and benefits); utility costs (gas, electricity, watexr, telephone);
taxes (property, payroll, supplies, etc.); costs of consumable supplies (paper,
calibration gases, etec.); cost to repair and maintain facilities and equipment;
travel and transportation costs; demurage costs for calibration gas bottles;
cost of mechanic training program; and interest costs on money borrowed for
capital expenditures. Operating costs include all costs of those items required

to provide continuing operation of the facilities.

Costs of existing I/M programs were presented in Table 2-1. In the New
Jersey State-operated program, the capital cost per inspection lane was $36,800;
the average operating ¢ost was $19,600 per lane per year. The New Jersey
program also includes safety inspection. The State of Oregon had a lower
capital cost by leasing the test facilities. Total capital costs for the test
equipment and mobile vans was $380,000, The operating cost was $2.22 million

for biannual inspectiaon of approximately 0.5 million wvehicles.

3.3.2 Consumer Inspection Fee

Vehicle owners pay an inspection fee in most states. This fee offsets
the capital and operating costs of the program. The inspection fees for
existing I/M programs range from $3.50 to $12. (In Nevada, the fee includes

the cost of vehicle adjustments (when required) and varies from $10 to $33.}7

3.3.3 Repair Costs
In addition to the emission inspection fee, the consumer absorbs the cost

of repair if the vehicle fails the emission test. . Several studies have dealt

with the vehicle repair costs that result from failure of an exhaust emission
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inspection. Repair costs depend primarily on the scope of engine adjustments
and/or tune-up required to pass the retest, level of mechanics training, the
usefulness of the repair instructions given to mechanics, the general conditien
of the vehicle, and the technology employed in the vehicle (Technology I or
Technology II). Detailed maintenance procedures have been prepared to aid
mechanics to diagnose engine malfunctions. Unnecessary repairs can be

drastically reduced when mechanics are instructed in proper engine diagnostics.

- Major report cenclusions relating to repair costs for vehicles failing

emigsion inspection c¢riteria are:

1. Olson Laboratories, The'Short-CYcle Project; Effectiveness of

Short Emission Inspection Tests in Reducing Emissions Through

Maintenance (1973) (Ref. 10)

The average repair cost for servicing wvehicles that failed an idle
test was $29.13 when diagnostic information was provided for the
mechanicé diagnostic routine. In contrast, the average repair cost
for serviecing wvehicles that failed the loaded test without diagnostic

information provided to the mechanic was $35.20.

An approximate average unnecessary cost of $10 was incurred in
repairing failed vehicles hased upon a review of actual repairs
accomplished versus the repairs indicated by the diagnostic

information.
An approximate average unnecessary cost of $4 was incurred in
repairing failed wvehicles after a more thorough training of repair

shop mechanics was completed.

2. Elston and Cooperthwait, New Jersey's Auto Emission Inspection

Program: An Assessment of One_Year's Mandatory Operation (June

1975} Ref. 11)

During the first year of mandocatory I/M 80 pexcent of all failed

vehicles in New Jersey required only idle adjustments or minor
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tune-ups. The average repair cost for all failed vehicles was
less than $40. Repair cost ranges were idle adjustment, 50 to
$10; minor tune-up, $13 to $40; major tune-up, 3$30 to $100; engine

overhaul, over $100.

Scott Research Laboratories, Inc., Exhaust Emission and Test

Evaluation of the State of California Roadside Tdle Emission

Inspection Program and State of California Evaluation of Mandatory

Vehicle Inspection and Maintenance Programs (Ref. 12)

In this study, approximately 100 wvehicles failed to pass inspection
requirements; subsequently, they were directed to 34 different

Cléss A rapair stations locatéd in the San Betnardino and Riwverside
arsas of California. The average repair costs by model-year are .

shown in Table 3-6.

TABLE 3-6. AVERAGE REPAIR COST BY VEHICLE MODEL-YEAR

Model-Year Vehicles Repaired Repalr Cost

1966 10 $29.39
1967 13 : 37.89
1968 13 42.10
1969 .14 37.72
1970 _ 24 21.23
1971 16 32.49
1972 8 33.47
1973 2 26.10
19752 33 53.00

SRiverside data - range $8 to $175 (Ref. 2).

Technology I wvehicles manufactured‘in 1967 through‘l969 had com-
paratively high average repair bills. In contrast, late-model
Technology I vehicles (1970 to 1973) were slightly lower. Tech-
nology II vehicles (1974 model-year only) had a higher average

cost than any Technology I vehicles.
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State of Arizone, Arizona Vehicular Emissions Inspection Program

Operation 1977

In this report, repair costs were listed by type of repair facility
and by two vehicle categories--vehicles manufactured without any
exhaust emissions controls (model-years 1964-1967) and vehicles
with exhaust emissions contrxols (1268-1377 model-years). No
distinction between Technelogy I and Technology II for the second

category vehicles was made. The costs are shown in Table 3-7.

TABLE 3-7. ARIZONA - DECEMBER 1977 REPORT (Ref. 13)

Type Facility 1964-1967 1968-~-1977 1964-1977
Franchised Dealers $41.25 $26.82 $27.97
Service Stations 23.06 19.81 21.14

" Merchandisers 15.53 20.29 19.43
Tune~-up Specilalists 36.19 22.86 24.72
Independent Garages 21.33 27.46 26.79
"Do-It-Yourselfers" 14.27 20.61 19.08

Dealerships, as indicated in this survey, have the highest average

repair costs.

Clean Air Research Company, An Evaluation of the Effectiveness of

Automobile Engine Adjustments to Reduce Exhaust Emissions (Ref., 14)

i
The average cost to repair 300 vehicles was $27.47 per vehicle for

both controlled (Technology I), and uncontrolled wehicles,

representing the 1957 to 1970 California wvehicle peopulation.

Additional Repair Cost Studies - Additional repair cost studies are

presentad in Table 3-8.

TABLE 3-8. AVERAGE REPAIR COST FOR FAILED VEHICLES

‘ Stringency
Idle Loaded Factor

California Study (Ref. 5) $21 $23 35%
Northrop {Ref. 9) 34 30 50
EPA (Ref. 15) 26 28 5
QOlson (Ref. 16) 26 - 5¢

28




Both the idle and loaded emission inspection programs can be performed on
a cost/benefit basis if the cost of I/M is measured against the amount of
emission reduction and fuel saﬁings achieved. For most owners of failed
vehicles, the cost of repair is well within acceptable limits. For the very
small percentage of wehicles that would require a major tune-up or an engine
overhaul to meet established emisgion criteria, states can set a ceiling on
‘the maximum dollar amount that would be required to be paid for emissions-

related adjustments.

Repair Cost Ceilings, from a California study (Ref. 35), examines the
effect on I/M program benefits (improved fuel economy, reduced CO and HC
emissions), when the failed vehicles with the ﬁighest costs-to-repair are
exempted £rom repair. This table indicates that some failed vehicles can be
exempt from repair without producing a mathematical significant reduction in
program benefits. For example, when idle tests were used, there was no signif-
icant increase in benefits derived from rapairing those vehicles with repair
costs over $100. When a loaded test was used, the cost was $120. This data
indicates ﬁhat exceptional economic hardships on vehicle owners can be eliminated
by exempting those vehicles from repair when repair costs exceed the establiished
maximum without significantly reducing the program benefits. The incrsase in
public acceptance of an I/M program that provides for exemption based on
repair cost ceilings_should beé weighted against any decrease in program benefits

that would result from exemptions.
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Section 4

TEST MODES DEFINITION

In reviewing the emission test modes, safety and noise will be integrated

into each. The short test modes are:

Idle
Loaded

Functional

4.1 FEDERAL TEST PRCOCEDURE

The Federal Test Procedure (FTP) is used to ensure that all vehicles
meet the emission requirements promulgated for their model-year as defined in
Table 4-1. The FTP provides the most reliable measure of exhaust gas emissions,
and is used by the Federal government as a baseline emission test. The FTP
requires a preconditioning period called a cold socak, that requires the vehicle
to remain inoperative for at least 12 hours prior to the emission test. The
test is performed on a chassis dynamometer which provides road-load and inertia
simulation. The dynamometer must also measure the distance traveled during
the test. The vehicle is operated over a driving schedule (simulating a
typical urban route) regquires approximately 41 minutes to complete. The
driving schedule has three distinct phases: cold transient; cold stabilized;
and hot transient. Exhaust gas samples are collected in bags for each phase

of the driving schedule by a constant volume sampler (CVS).

Each sample is analyzed for hydrocarbons (HC), carbon monoxide (CO),

carbon dioxide (COZ) and oxides of nitrogen (NOX).
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TABLE 4~1. VEHICLE EXHAUST EMISSICN STANDARDS
{LOW-ALTITUDE, NONCALIFORNIA EMISSION STANDARDS)

1. LIGHT-DUTY VEHICLES

Model Year Hydrocarbonsg Carbon Monoxide - Oxides of Nitrogen

Pre-1968 no standard no standard no standard

1968-1969 *410 ppm mole volume *2,3% mole volume no standard

*3150 ppm mole volume *2.0% mole volume no standard

_ *275 ppm mole volume *1,5% mole volume no standard

1970-1971 1/ 2.2 gm/mi 23 gm/mi no standard

1972 2/ 3.4 gm/mi 19 gm/mi no standard
1973-1974 3.4 gm/mi ' © 39 gm/mi 3 gm/mi
1975-1973 3/ 1.5 gm/mi 15 gm/mi 3 gm/mi
1977<1979 1.5 gm/mi - 15 gm/mi . 2.0 gm/mi
1980 © 0.41 gm/mi 7.0 gm/mi 2.0 gm/mi
1981+ 0.41 gm/mi . 3.4 gm/mi 1.0 gm/mi

*Emission standard varied with vehicle’s engine displaéement; using 7-mcde
driving cycle test :

1/ Using 7-mode test’

2/ Using 1972 FTP
3/ Using 1975 FTP

2. LIGHT-DUTY TRUCKXS (LDT)

a. LDTs less than 6,000 pounds curb weight:

Model Year Hydrocarbons Carhon Monoxide Oxides of Nitrogen
gm/mi gm/mi gm/mi
Pre~1975 " SAME STANDARDS AS LDVs {AUTOMOBILES)
1975-1978 2.0 20 3.1
1979-1982 1.7 - 17.9 2.3
1983-1984%*+* 0.99 9.4 ' 2.3
1985-4%* 0.99 9.4 1.5

b. LDTs between 6,001 and 8,500 pounds:

Model_Year Hydrocafbons Carhon Monoxide Oxides of Nitrogen :

gm/mi gm/mi gm/mi ;

Pre-1979 SAME STANDARDS AS HEAVY-DUTY GAS VEHICLES {
1975-1982 1.7 17.9 2.3
1983-1984*%* 0.99 9.4 2.3
l.4

1985+** 0.99 9.4

**predicted standards
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TABLE 4-1. (continued)

3. HEAVY-DUTY GASOLINE VERICLES

Model Year Standards
Pre-1970 no standards
1970~1973 o = 1l.5% mole volume
‘ HC = 275 ppm mole volume
NO = no standard
1974-1978 1/ co® = 40 grams per bhp-hr
‘ 2/ HC plus NO_ = 16 grams per bhp-hr
3/ co* = 25 gm/bhp-hr
4/ HC = 1.5 gm/bhp-hr
5/ HC + NO_ = 10 gm/bhp-hr
1983-1984 co® = 29.7 gm/mix
: HC = 2.85 gm/mi*
1985+ Nox = 5,35 gm/mi

1/ g/mi equivalent standard iz 159 gm/mi Co

2/ g/mi equivalent standard is 12.4 gm/mi HC and 13.3 g/mi NO
3/ g/mi equivalent standard is 140 gm/mi CO x
4/ g/mi equivalent standard is 3.2 gm/mi HC

5/ g/mi equivalent standard is 13.3 gm/mi NOx

4, HEAVY-DUTY DIESEL VEHICLES

*Predicted standards
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Model Year Carbon Monoxide Bydrocarbons plux Oxides of Nitrogen
Pra-1973 no standard ne standard

1973 1.5% no standard

1974~1978 40 g/bhp-hr 16 g/bhp-hr

1979-1982 25 g/bhp~hr 1.5 gm /bhp HC and 1Qg NOx or: 5g HC + NO
1983+* : SAME AS GASOLINE EDV's X

5. MOTQORCYCLES

Model Year Hydrocarbons Carbon Monoxide Oxides of Nitrogen
Pre-1978 no standard ne standard no standard

1980~1982 5-15 gm/km 17 gm/km no standard

1980 5 gm/km 12 gm/km no standard

1983* 0.97 gm/km 12 gm/km no standard

1985% 0.97 gm/km 12 gm/km Q.14 g/km



Alternative test procedures should be evaluated on their ability to
correlate with the FTP. "ppendix B contains data that correlates the idle-
and load-mode test procedures for light-duty vehicles (LDV). While the FTP
reads in grams-per-mile, the idle- and loaded-mode short tests used in I/M

programs provide readings in parts-per-million (ppm) mode volume.

4.2 DIAGNOSTIC INSPECTION TEST MODE

The most sophisticated inspection and test concept involves a chassis
dynamometer, an oscilloscope, and other engine analysis equipment operated by
a skilled diagnostician, following a well-developed procedure, who can analyze
faulty engine operation ahd specify the necessary repair(é) (Ref. 17). A
chéssis dynamometer is used to simulate road-load at idle, full throttle,
_cruise, and a transient deceleration mode. During each of the cperating
modes, the exhaust is analyzed for HC. CO is measured in all modes except
deceleration. - Vehicles exceediné the established limits are diagnosed using
the oscilloscope. The patterns displayed for common malfunctions are illus-

trated, and serve as a diagnostic aid.

The test procedure includes engine-load modas that stress certain semissicn-
critical components. Components that falil during the stress conditions may
be marginal under normal operating conditions. Replacement of these marginal

components may preclude subsequent failure and resultant high exhaust emissions.

The diagnostic test identify specific component failures and direct the
vehicle owner to accomplish specific repairs. This technique could reduce
the owner's repailr costs. A sample of a typical diagnostic analysié report is

shown in Table 4-2,

4.3 IDLE INSPECTION TEST MCDE

Although varicus emissions studies indicate very low correlation between
the idle-mode test and the FPTP, the idle-mode test does ildentify FTP high

emitters.
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TABLE 4~2. DIAGNOSTIC ANALYSIS REPORT

(REF'. 3)
P Car Number —

- ; uncticn License Number
Alr Cleamer :
Heat Riser Date B —
Carb. Choke Action Test Start Time
Fhythm Test
PCV Valwve Action _ si U ' Visual Check
‘Alr Injecticn Pump Battery Appesrance
Alr Injection Check Valves . Cables
Gulp Valve . Belts
Emission System Hose Cond. Hoses
Pclarity Radiator
Cap , 0il Lesaks
Rotop ) Fuel Lesks
Condenser
Coil REPAIR INSTRUCTIONS
Idle Speed i

Spec Actusl
Dwell

Spec Actual

Timing (Vac Hose Off)
Spec Actual :
Mechanical Advance (Vac Bose Off)
Spec Actual
Total Advance {Vac Hose On)
SPet e Actual
Vacuum Advance (Total -Mech Advance] _ -
Spec Actual
Firing Qrder

——-—qﬂ—t-——_-—u—q———

Ay D | w—— w——— — et m— AR

Plug Condition-Idle
Carb - Idle ‘
PiizacaEEIZZEh - ggaded :E?st Completion ?}me
Carb - Power : . -
AFR CO0 REMARKS -
Flug Wires
Points
Detonaticn
Carh - Cruise
AFR
Carb Surges
Blew - By
Valve Action
Knocks
Hesd Gasket (On decel - use Bloc Chek)
NOTE: FRemove & replace radiatcor cap
above 2000 EFM

o B
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Recent studies by some automobile clubs, the California Air Resources
Board (ARB) and the State of New Jersey, indicate that the emission measure-
ment at idle engine speed is capable of identifying high emitters of HC and
CO. {(Ref, 18). However, Nox cannot be successfully measured at idle, since
it occurs under loaded conditions (low and/or high cruise-copen-throttle

operation) .

In the idle inspection test, the engine is run until proper operating
temperature is reached. While the engine is operating at idle, a sample of
the exhaust is analyzed for HC and CO concentrations, and the results recorded.
If the vehicle does not pass the established emission limits, it will be

required to be repaired.

The term "two-speed idle" is freguently used to describe this test since
the vehicle is also operated at higher rpm (2,500} as part of the inspecticn
test cycle. ﬁehicle'system malfunctions which result in high emissions at
idle rpm, frequently contributzs to high emissions over a typical locad/speed
range as measured by the standard Federal test. However, the sensitivity of
idle testing can be improved by performing additional testing at higher engine
‘speeds. The loads during higher rpm operations, provide an opportunity to
measure effectiveness of off~idle carburetor circuits and to detect additicnal
malfunctions that can contribute to high emissions. During the idle test
procedure, engine cperatiéns and emission measurements are accomplished at
2,500 rpm, prior to performing idle measurements. This sequence provides the

opportunity for engine temperature stabilization.

A description of a typical idle test sequence, and diagnostic ihformation

when the vehicle fails is:

A, Pre-Test

Prepare vehicle and equipment for test:

1. Test Equipment - Service, warm up, and calibrate HC/CO test

eguipment per manufacturer's specifications
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2. Tegt Vehicle - Verify engine is at normal operating temperature

(warm up as required)

3. Hook-Up - Insert probe in exhaust pipe (driver's side, if dual

exhaust), hook up tachometer per manufacturer's instructions

Test

Perform HC/CO and rpm measurements and compare o idle test standards:

1. High-Idle =« Operate engine in neutral at 2,500 rpm and record

HC/CO measurements.

2. Low~Idle rpm - Operate engine at low idle rpm and record HC/CO

measurements. If the vehicle is equipped with an automatic
transmission, it is placed in drive during the low-idle

portion of the test to duplicate its use during normal driving.

Diagnostic Information

High HC - High HC is caused by misfires due to ignition misfires,
advanced ignition timing, exhaust valve leakage, and/or over-lean

mixtures.

High CO -~ High CO is caused by overxich air/fuel ratios which are
caused by abnormaliy restricted air cleaner, stuck or partially-
closed choke or carburetor idle circuit failure,

Rough or erratic idle can be caused by PCV valve malfunction,

Idle HC/CO failure/malfunction truth table (Table 4-3) can be used

as a guide to identifying failures.
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TABLE 4-3. MALFUNCTION TRUTH TABLE

. HC CO
Malfunction High Very High High Very High Rough Idle

PCV Valve Dirty/Restricted X X

Air Cleaner Dirty/Restricted X X

Choke Stuck Partially Closed . : X

Carburetor Idle Circuit Malfunction X : X X
Intake Manifold Leak X X X
Ignition Timing Advanced . X

Leaky Exhaust Valves X X X
Ignition System Misfire X X p:4

Source: Northrop Study (Ref. 19)

4.4 LOADED TEST

The -loaded test is performed on a chassis dynamometer at vehicle speeds
and road load that aﬁe calculated to expose engine faults. The operational
speeds ares idle, low-cruise, and-high—cruise. After vehicle pretest activities
are performed, the vehicle ié positioned on the dynamometer and emission test
equipment attached. The initlal test is at high-cruise conditions. The
driver accelerates to a speed and load range of 44 to 50 mph and 21 to 30
horsepower (hp}, depending upon vehicle weight. The load is applied to simulate
actual road=load conditions. During this pericd,lthe engine temperature is
stabilized. High-cruise emission measurements are performed, and the vehicle
speed and load is reduced to 22 to 30 mph and 6 to 12 hp depending again upon
vehicle weight. After measurement, the vehicle is returned to idle for £final

measurements prior to post-test operations.

Those operating modes that expose these engine faults are-high-cruise,
low-cruise, and idle (Ref. 20). For each of these modes, different failure
limits are established for HC, CO, and Nox concentrations. By referring to a
logic diagram called a "truth" chart, corresponding prchbable engine malfunc-

ticns and adjustments are denoted as an aid to the repair technician.
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A description of a typical loaded test sequence with diagnostic informa-~

tion derived from-tesﬁing when the vehicle fails is:

Pre~Test

Prepare vehicle and equipment for test:

1. Test Equipment - Calibrate HC/CO/NOx test equipment per manu-

facturer's specification:

2, Test Vehicle - Verify engine is at normal operating temperature

3. Hook-Ug - Position wvehicle on dynamometer, adjust controls for
proper dynamometer load setting, and insert probe in exhaust

tail pipe

Test

Perform HC/CO/NOx measurements and compare to test standards:

1. High-Cruise - Operate vehicle at speed and load appropriate for

test vehicle weight. Record HC/CO/NOx measurement

2. Low-Cruise - Operate vehicle at speed and load appropriate for

test vehicle weight. Record HC/CO/NOx measurements

3. Idle ~ Operate engine with transmission in neutral in manual
shift vehicle; drive in automatic transmission vehicles atr idle

rpm and record HC/CD/NOx measurements

‘Diagnostic Information

Diagnostic information is derived from a diagnostic truth chart. An

example of a truth chart and it‘s'use is included in Appendix C.
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4.5 TRANSIENT-MODE INSPECTION AND'TEST (ALTERNATIVE LOADED~MODE)

A transient-mode driving pattern, frequently used for emission testing,
consists of a nine-mode cycle called the Federal short-cycle test. This short
¢cycle consists of specific changes in vehicle speed, and acceleration/deceleration
rates, over a time period of 125 seconds. The vehicle is positioned on the
dynamometer and driven through this cycle. The dynamometer must be‘calibrated
to apply top road-lcad and inertial-load specified for the weight of the
vehicle. This cycle is more reprasentative of emissioﬁ levels produced on the

road, and regquires all the egquipment used in the FTIP.

4.6 ENGINE PARAMETER/DEVICE INSPECTICN

For this approach, vehicles are subiected to & sequence of inspections
that determine the mechanical functional condition of various emissions-
related vehicle systems. Components and/or cperating parameters with measure-
ments outside of accepted tolerances, are required to be replaced or adiusted
to specification. Table 4-4 presents test parameters and their emission
relationships. This approach dees not actually measure emission levels,
although emission measurememts may be made to evaluate the state of certain
vehicle systems (e.g., measurement of idle CO congentration to evaluate proper

idle air/fuel ratic adjustment).

39




Table 4~4.

EMISSION CONTROL SYSTEM

l. Carburetor Systam
a. Choke
b. Metering rod
c. Power valve
d. Idle adjustment
e. Float and wvalve

f. Vacuum break valwve

2. Ignition System
a. Spark. plugs

b. Wires
c. Cap
d. Rotor

e. Vacuum advanced

f. EI Mag trigger
g. Timing

3. Thermal Air Inlet

4. Heat Riser

5., PCV Components

6. EGR Components

7. EVAP Components

8. Air Injection System

9. Spark Delay Valves
10. Three-Way Catalyst
11. Reduction Catalyst

12. Oxidation Catalyst

INDICATION OF MATLFUNCTTION

Adjustment

Adjustment

For ruptured diaphragm

Fuel mixture

Float level

Ruptured diaphragm or
loose vacuum hose

Electrode deterioration

Cable deterioration

Tarminal corrosion or
erosion

Terminal corrosion or

ercsion
Ruptured diaphragm or
loose vacuum
Deterioration
Adjustment

Ruptured diaphragm or
lcose vacuum hose

Stuck
Clogged
Stuck

Clogged

Broken hose or fault air

pump
Stuck
High ppm HC
. \ a
02 emissionsg status

, . a
O2 emissions status

ENGINE PARAMETER/DEVICE TEST AND EMISSICN RELATIONSHITS

' POLLUTANT EMISSION

RELATION
HC ce NO
— — —x
x x
X
X x
x X
X
x
X X
X X
x
X
X x
X
x
x X
X b4
X X
X
x
X x
X
x b4 X
X
% X

In lieuw of O, emissions status, a gas sample would have to be checked before and

after the ca%aiyst.

Visual inspection could be made for a general status; dis-

coloration of the stainless steel case is indicative of higher temperature
effects and possible malfunction.
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4.7 ASSCCIATED PROGRAMS

There are séVeral associated programs that may be efficiently integrated
with I/M. These programs are categorized as follows: Safety Inspection,
Noise Inspection, Safety and Noise Integrated with I/M. The Safety and Noise
Inspection paragraphs discuss the benefits defived from these inspections and

the current developments in inspection techniques.

4.7.1 Safety Inspection

The vehicle-in-use (VIU) standards and periodic motor vehicle inspection
programs presently operating emphasize safety-related components. There is a
general belief that vehicles in good operating conditicn are less likely to be
involved in accidents. Periodic motor vehicle inspection is recognized as a
factor in reducing automobile accidents. Organizations that have a significant

role in.develbping safety~related VIU inspection standards include:

-] For Vehicles Under 10,000 Pounds =-- The National Highway Traffic

Safety Administration (NHTSZ), the Motor Vehicle Manufacturers

Association (MVMA), and the American Natiocnal Standards Institute
(ANSTI) .

4 For Motorcycles --. The ANSI and the Motorcycle Industry Council. -

In addition to these organizations, state and local govermments with
periodic motor vehicle ilnspection programs also have a limited role in develop-
ing safety-related inspection standards. States that have adopted standards
and methods have chosen those initially promulgated by the NHTSA and/or the

cognizant industry associations in most cases.

A comparison of the Federal VIU Standards {(Part 570) developed by the i
NHTSA with thoga developed by MVMA, ANST, and Michigan for vehicles under g
10,000 pounds, is presented in Table 4-5 {(Ref. 20,21,22,23, and communications |
from the State of Michigan).

41



Table 4-5. SUMMARY OF NHTSA, MVMA, ANSI AND MICHIGAN

SAFETY STANDARDS FOR VEHICLES UMDER 10,000 POUNDS

AUTOMOTIVE ORGANIZATION
SYSTEM NHTSA {(Part 570) MVMA ANSI (D7.1-1973) Michigan

Service Brake X X X X

Power Brake X X X X

Steering X X X X

Suspension X )4 X

Tires X X X X

Wheel Assembly X X. X b

Lighting X X X

Electrical X X

Horn X X

Glazing X X

Mirrors X X X

Windshield y' X x°

Wipers X X

Washers X X
~ Body/Sheet Metal X X

Exhaust X X X

Fuel X b4 4

Emissions X X

a
Source: 1,

bAll lights.

J.D. Flora, R.F. Corn, R.C. Copp., Highway Safety Research
Institute, The University of Michigan, Report
UM-HSR1-76-9~2. Evaluation of the Michigan trial substitute
vehicle inspecticn program, ASG 1976.

J.D. Flora, R.F. Corn, R.C. Ccpp, Highway Safety Reseaxrch
Institute, May 1976 (Report UN-HSR1-76-9-1,

J.D. Flora et al, UM~-HSR1-77-57 Ltd-August 1977,

U.S. Department of Transportation, Evaluation of Diagnostic
Analysis and Test Equipment for Small Automotive Repair
Establishments, July 1978.

c I
Safety and vision impaired.

d
Smoke testing only.
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The State of Michigan conducted a 2-year study fto evaluate the effects of
the Michiqén check lane inspection system as defined in References 21, 22, 23.
The Michigan trial substitute vehicle inspection program required that a 6 to
15 percent statistical sample receive the safety inspection as noted in
Table 4~5. The safety inspection was performed as follows:

@ Vision Defects - Visual inspection for glass (safety glass, windows

cracked or chipped, operating windshield wipers and washers, ard

condition of mirrors.

] Lighting Defects - Headlight aiming and output, high~beam indicator

lights, tail lights, stop lights, and license plate lights.

] Exhaust Defects - Noise and excessive smoke.

& Control Defects - Steering, the foot and parking brake by the wheel-

pull method, and by the moving/stopping test method. Tread depth,

tire condition, and tire pressure.

L Miscellanecous Defects -~ Horns, licenses and registrations, and

seat belts.
The conclusions and recommendations are:

. ~The primary purpose of the vehicle safety study was to estimate the
affect of a lS-percent check-lane inspection program and to compare
this with the estimated effect of a periodic (annual) motor wvehicle
inspection program. It was concluded that the increase in the rate
of inspection from a level of about 5 percent (Statewide) to a level
of 15 percent did not change the overall rate of failure of the

inspection.

] The sampling check to simulate a periodic motor wvehicle inspection
indicated that the simulated periodic motor vehicle inspecticn
group did not experience a significant improvement rate from one

year to the next. It was concluded that operating the check lanes
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with an inspector to select vehicles for test was successful due to
his ability to visually select vehicles that appeared to have defects.

Thus, it was not a random sample, but a select sample check.

- ® - The comparison of the moving/stopping test with the wheel-pull brake

inspection indicated that the moving/stopping test more accurately

determined the car's braking capability. It is also quicker and

easier to perform and was recommended for adoption as the inspecticn

procedure for checking brakes.

& Drivers in Jackson County showed a greater knowledge and awareness
of the check lane inspection than did those in Monroe County. = This -
coincided with a more intensive information campaign in Jackson
County. It was recommended that the public information campaign be

continued.

As shown in Table 4-5, the standards developed by NHTSA, MVMA, and ANSI
are similar to those in Michigan. The greatest difference is that the NHTSA
VIU standards prescribe tests for only those systems which hawve been shown to
be major causal or contributing factors to accidents (i.e.; brakes, steering
and alignment, suspension, tires, and wheel asSembl;es), while ANSI, MUMA, and
Michigan alsc include standards for automotive systems that have less direct

causal relaticnships to accidents (e.g., glazing and lighting).

4.7.2 Noise Inspection

4.7.2.1 Contribution of Surface Transportation to Urban Noise

A variety of noise studies have shown that surface transportation composed
of automobiles, trucks, motorcycles, etc., is the major component of geheral
urban noise. Automobiles and trucks contribute about equally to the total

amount of noise in urban and rural areas, particularly near major highwavs.

Individual trucks generate more sound than automobiles, but automcbiles tend

to make up the difference by outnumbering trucks.
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The basic noise sources for automobiles and trucks are the same, but they
do not have the same relative importance for these two vehicle types under

the same driving conditiors. The noise sources are:

Engine

exhaust noiée

inlet noise

radiation from engine casing
~due to combustion
~due to wvalves

-fan and other ancillary equipment

Running Gear and Accessories

‘drive train

tires

Aerodynamics

ailr flow over wheel wells and other surfaces

irreqularities T

SHED verticity from the vehicle

boundary layer turbulence

Considering all of these sources, the most definitive work on noise
levels has been done on the engine itself. However, -1t is known that cother
individual sources (such as the fan and tires) can be strong contributors to
the radiated noise. In most cases, tire noise and aerodjnamic noise become

important in the same speed range. It may not always be possible to separate
these two sources from each other.

4.7.2.2 Passenger Car Noise Sources

For passenger cars, the evidence shows that a rank order of noise sources

would bhe as follows:

LOW-SPEED (URBAN) HIGH-SPEED (FREEWAY)
engine exhaust tires
cooling fan aerodynamic noige
engine casing radiation engine noise
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4.7.2.3 Truck Noise

Exiétinq data indicates that motorcycles and trucks generally are noisier
than passenger cars. A well-muffled truck is only about 10 dB noisier than a
passenger car, where trucks with straight exhaust can be as much as 20 to
25 dB hoisiér. in general, noise of motorcycles is.aiso due to inadequate
muffling on some models. These sources can be reduced to acceptable levels

with adequate muffling.
4.7.2.4 Promulgated Noise Regulation

Medium and Heavy-Duty Trucks - On October 3¢, 1974, notice was published

in the Federal Register (39 FR 38338) that the EPA was proposing noise emission
standards for new medium and heavy trucks. The purpose of this notice was to
eétabliéh final noise emission standards for new medium and heavy trucks by
establishing a new Part 205 of Title 40 of the Code of Fedexal Regulations.
This final rule-making is promulgéted pursuant to Sections 6, 10, 11, and 13,
of the Noise Control Act of 1972; 86 Stat. 1234; Public Law 92-574 (the Noise
Control Act). o '

Standard and Effective Date - The regulation establishes standards and

.enforcement procedures for noise emissions resuiting from the operation of
newly manufactured medium and heavy trucks ovér 10,000 pounds gross vehicle
weight rating (GVWR). The standard (specified A-weighted) sound pressure

level is measured at a distance of 50 feet (15.24 meters) from the longitud-
inal centerline of the truck, using fast meter responses, ‘The standard ﬁeasure—
ment procedure.used to obtain the data is presented in more detail in S205.54

of the Code of Federal Regulations.

The standard and effective dates are:

Sound Level Decibel A-weighted (dBA) Effective Date
83 . January 1, 1878

80 January 1, 1982

{Reserved) - January 1, 1985
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The enforcement procedures include production verification, selective
enforcement auditing prdcedures, warranty, compliance labeling and anti-

tampering provisions.

Motorgycles - On May 28, 1975, the EPA identifled motorcycles as a major
source of nolse. In accordance with the requrement of the Noise Control Act,
this notice proposes to add two new subparts to Part 205 of Title 40 of the
Code of PFederal Requlations establishing noise emission regulations for new
motorcyeles and new motorcycle replacement exhaust systems. .Compliance with
the proposed standards is expected to cause an average 3 db reduction in new
streeﬁ motorcycle sound levels by 1985, and a 2-to~9 db reduction in sound
levels of new off-road motorcycles. Proposed noise standards for motorcycle -
replacement exhaust systems are anticipated to cause significant reductions in
‘motorcycle noise impact by eliminating the availability of ineffective motor-
cycle replacement exhaust systems. Under the provisions of the Noise Control
Aét, regulation of mbtorcycle operation aftar the time of séle is reserved for

State and local authorities.

Standards - The proposed noise emission standards and effective dates for

street and off-road motorcycles are presented in Table 4-6.

Table 4-6. PROPOSED NQISE EMISSION STANDARDS

Sound Level

EFFECTIVE DATE ' {dBa)
Street motorcycles:
January 1, 13880 83
January 1, 1982 80

January 1, 1985 78

Mopéd—type street motorcycles: ‘
January 1, 1980 74a

Off-road motorcycles, engine displacement
170 ce and below:

January 1, 1980 83
January 1, 1982 80
January 1, 1985 78

Off-road motorcycles, engine displacement

mere than 170 ce:
January 1, 1980 86
January 1, 1983 82
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Iﬁ was proposed that all mdtorcycles manufactured after the effective
dates would be required to meet the above values. To assure compliance with
"not-to-exceed" standards, it is expected that manufacturers will produce

motorcycles that will be several decibels below the specified limits for noise.

There are no promulgated or proposed regulations on light-duty vehicles
by the Federal government. However, the EPA is studying the feasibility
of such promulgation. These nolise standards promulgated by the EPA will

preempt all state noise standards for new vehicles.

The State of Michigan has established the following drive-by and stationary

noise levels (Ref. 24).

"sec. 707¢. (1) After April 1, 1978, a motor vehicle shall not be cperated
-or driven on a highway or street if the motor vehicle produces total noise
exceeding 1 of the following limits at a distance of 50 feet except as provided
in subdivisions (b) (iii) and (c) {iii):

(a) A motor vehicle with a registered weight of 8,500 pounds or more,
singly or towing a semitrailer, pole trailer, or trailer or a combination of
those trailers:

{1) Ninety DEA if the maximum lawful speed on the highway or street is
treater than 35 miles per hour.

{ii) Eight-six DBA if the maximum lawful speed on the highway or street
is not more than 35 miles per hour.

(1ii) Eighty-eight DBA under stationary run-up test.

{b) A motorcycle or a moped as defined by section 12b:

(1} Eighty-six DBA if the maximum lawful speed on the highway or street
is greater than 35 miles per hour.

. (1i) Eighty-two DBA if the maximum lawful. speed on the highway or street
1s not more than 35 miles per hour.

(iii) Ninety-five DBA under stationary run-up test at 75 inches.

{c) A motor vehicle or a combination of vehicles towed by a motor vehicle
not covered in subdivision {a) or (b):

(1) Eighty-two DBA if the maximum lawful speed on the highway or street
is greater than 35 miles ‘per hour.

(ii) Seventy-six DBA if the maximum lawful speed on the hlghway or street
is not more than 35 miles per hour.

(iii) Ninety-five DBA under statlonary run-up test 20 inches from the end
of the tailpipe.”
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4.7.2.5 Stationary Vehicle Noise Acceleration Test (Ref. 23)

Coﬁﬁon vehicle pass~by noise test procedures specify a measurement dis-
tance of 15m (50 feet) which necessitates a large hard testing site and low
ambient nolse levels. For inclusion into the I/M program, it is desirable to
test vehicle noise at a shorter distance, and in a stationary mode, to have

the results closely correlated with the pass-by test at 13m (30 feet}.

Previous studies have shown weak correlation among noise measurements
made at various microphone distances ranging from Sm (15 feet) to 30m (100
feet) when the microphone is at a fixed height aboveground. There are methods
to improve the correlation by preserving the acoustic interference pattern at
various measurement distances through adjusting the microphone height. Then
the noise levels follow closely the spherical spreading law, and correlation
is improved. Noise testing at shorter distance, therefore, is possible.
Simple statiohary tests correlatable with the Federal pass-by procedures are
required in order to be integrated into an I/M program. Reference 25 notes
that stationary tests can be devised without using external loading; e.g..,
dynamometers, because the instantanéous vehicle noise is dependeht mostly on
the engine power {(throttle setting) and the engine speed. An example is given
in Reference 26 whers a 13m (50 feet) pass-by motorcycle test is transformed
intc a 3m (10 feet) stationary test. Experiments performed at Sandusky, Ohio

and in California showed good correlation between the two procedures.

The stationary noise test could be integrated in the inspection process
as a screening for noise enforcement of in-use vehicles. Appendix E reviews

noise testing.

4.7.3 Safety and Noise Integrated with Exhaust Emission Testing

A description of an idle-mcde emission test, integrated with the vehicle
stationary engine acceleration noise test, and the Michigan safety inspection

as described previocusly, is as follows:

A. Pretaest
Prepare the vehicle and equipment for emission testing, perform
visual safety checks and vehicle noise acceleration test.
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1. Vehicle Identification/External Visual Safety Checks - Record

vehicle ID, check windéhiéld, mirrors, and tires (bulge, breaks,

and tfead).

2. Test Equipment/Internal Visual Safety Checks -~ Service, warm

up, and calibrate HC/CO/NOx test equipment per manufacturer's
specificaticns. Pexform safety check of wipers, washers,
horn, steering and lights (e.g.; headlights, tail lights,

directional signals, etc.).

3. Test Vehicle/Exhaust System Cheqk ~ Verify engine is at normal

operating temperature and check exhaust system for smoke.

4, Hook-Up/Noise Test ~ Hook up tachometer per manufacturer's

instructions and perform vehicle noise acceleration test.

Insert probe in exhaust pipe (driver's side, if dual exhaust).

Test

Perform HC/CO and'rpm<measurements and compare to idle test standards.

1. 2,300 rpm ~ Operate engine in neutral at 2,500 rpm, record

HC/CO measurements.

2. Idle rpm - Operate engine at idle rpm {(in drive if automatic

transmigsion), record HC/CO measurements.

Pogt~-Test

Remove emission test equipment, perform brake safety checks, and

- prepare diagnostic information.

1. Tegt Equipment - Pogt calibration check of HC/CO on test equip-

ment, and remove exhaust pipe probe.

2. ' Brake Check - Perform Michigan moving foot brake and parking

brake safety checks.
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Diagnostic¢ Information - Derive diagnostic information from

malfunction truth table (see Appendix C).

VYehicle Checkout - Certify passed vehicles, supply diagnostic

report to failed vehicle operator.

The following is a description of a loaded-mode emission test integrated

with the vehicle noise acceleration test and the Michigan safety inspection.

A.

B.

Praetest

Prepare the vehicle and equipment for emission testing, perform

visual safety checks and vehicle noise acceleration test.

1.

Test

Vehicle Identification/Exhaust Visual Safety Checks - Record

vehicle ID, check windshield, mirrors, and tires (bulge, breaks

and tread).

Test Equipment/Internal Visual Safety Checks - Service, warm up

and calibrate HC/CO/NOx test equipment per manufacturer's
specification. Perform safety check of wipers, washers, horn,

steering and lights (e.g.; headlights, tail lights, directional

signals, etc.).

Test Vehicle/Exhaust System Check -~ Verify engine is at normal

oparating temperature and check exhaust system for smoke.

Hook-Up/Noise Test - Position vehicle on dynamometer, identify
proper load settings, and hook up tachometer per manufacturer's
instructions. Perform loaded vehicle noise acceleration test.

Insert probe in exhaust pipe (driver's side if dual exhaust).

Perform HC/CO/NOx measurements and compare to test standards.
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1.

High Cruise - Operate wvehicle to a speed and load range of 44
to 50 mph and 21 to 30 hp, depending on vehicle weight.

Record HC/CO measurement.

2., Low Cruise -~ Operate vehicle at 22 to 30 mph and 6 to 12 hp,
depending upon vehicle weight. Record !—IC/CO/NOx measurements.

3. Idle - Operate engine at idle rpm and record HC/CO/NOx
measurements.

Post Test

Remove test equipment, perform brake safety check and prepare

diagnostic information.

1.

Test'Equipment - Post calibrate check of HC/CO/NOx on test

equipment. Remove exhaust pipe probe.
Brake Check - Remove vehicle from dynamometer and perfiorm
moving/stoping foot brake safety test and parking brake safety

check.

Diagnostic Information - Derive diagnostic information from a

malfunction truth table (see Appendix C).

Vehicle Checkout - Certi}y passed vehicles or supply diagnostic

report to owners of failed vehicles.
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Section 5
GENERAL DEFINITIONS
These definiticns are commonly used in inspection and emissions testing
procadures and I/M programs.

accuracy: The degree by which an instrument is able to détermine the true

concentration of a pollutant in the exhaust gas sampled.

air contaminants: Any fumes, smoke, particulate matter, vapor gas, or any

combination, but excluding water vapor or steam condensate.

alr-fuel ratio: The expression of the proportional mixture by weight of air
to gaseline created by the carburetor. Usually expressed as a numerical
relationship such as 14:1, 13:1, etc.

ambient air: The surrounding or outside air.

analyzer: An Ilnstrument which samples and determines the concentration of a

particular gas of interest.

calibration géses: A blend of hydrocarbon and carbon monoxide gases at known

concentrations using nitrogen as the inert carrier gas.

carbon monoxide: A nonirritating, colorless, odorless, but nonetheless toxic

gas which has the molecular form of CO.

catalytic converter: Device to reduce automobile emissions by converting CO

and HC emissions to harmless carbon dioxide and water.
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certificate of compliance: A document whi.'h is issued upon completion of
inspection which records the results and serves as proof for vehicle

owner.

certified mechanic: Aan individual certified by the State or I/M program
office, to install, repair and adjust motor vehicle engine emissions-
related components and pollution control devices sc that the motor vehicle

meets emissions standards.

gertified station: A private facility certified by the State or I/M program
office, to install, repair and adjust motor wvehicle engine emissions~
related components and pollution centtrol devices so that the vehicle meets

applicable emissions standards.

chassis dynamometer: A test instrument equipped with two parallel rollers that
support the rear wheels of é motor vehicle. When positioned on the
dynamometer the wvehicle may be "driven" to simulate the road operation.
A power absorption unit is connected to the rollers to simulate the
loading from the various sources of fluid and mechanical friction present‘
during road operation. Weights can also be coupled to the rollers to
simulate the inertial effects of vehicle mass during accelerétion and

deceleration.

crankcase emissions: The products of combustion emitted into the ambient air

from the engine crankcase ventilation system.

cut point: A threshold value of measured tail pipe pollutant emission concen-

tration above which a vehicle will fail an emissions inspection.
degradation: An increase in emissions due to normal wear of engine system.

deterioration: A synonym for degradation indicating an increase in emission

levels .due to wear.
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drift: The amount of analyzer meter reading change over a period of time,
Zero drift refers to change of zero reading when a zero gas is flowing
through the analyzer., Span drift refers to a change in reading of an
analyzer meter when a calibration gas of known concentration is flowing

through the analyzer.

emission inspection program: An inspection and maintenance program in which
each vehicle is subjected to a test of its emissions under specified
conditions., The emission levels are compared with a standard eétablished
for the vehicle class. If the emissions are higher than the standard, the
vehicle fails and must be adjusted or repaired to bring its emissions to

within the standards.

engine family: The basic classification unit of a manufacturer's product line

used for the purpese of test-fleet selection.

engine~system combination: Both an engine family-exhaust emission control

system and a fuel evaporative emission control system.

exhaust emissions: The gases emitted into the ambient air from any opening

downstream of the exhaust ports of an engine.

exhaust gas analyzers: Instruments that can determine the amounts of one or

more gas(es) in the exhaust of a motor wvehicle.

failure rate: The percentage of vehicles tasted that fails inépection.

fleet operator: The owner of a f;eet of a designated nﬁmber of wehicles.

fleet owner authorized stations: Stations operated by a fleet owner under
certified authority to perform vehicle emissions inspection and limited %o

his fleet only.

fuel system: Combination of fuel tank, feeder lines, fuel pump, and evaporative

emissions control system.
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gross vehicle weight: The manufacturer's gross welght rating for the individual

vehicle.

hang-up: HC which clings to the suxface of the sampling and analyzer system in
contract with the gas sample stream which causes an erronecus indication

of HC in the measured walue.

heavy-duty vehicle: Any motor vehicle designed for highway use having a gross

vehicle weight of more than 8,500 pounds.

hydrocarbons: An organic compound whose molscular composition consists of
atoms of hydrogen and carbon only. Gasoline is composed of various

hydrocarbons .

idle test: BAn emission inspection program which measures the exhaust emission
from a motor vehicle operating at idle. (No motion of the rear wheels.)
A vehicle whereby the automatic transmission may be in "drive" with brakes

applied or in neutral gear,

independent contractor: Any perscon, business firm, partnership, or corporation
with whom the State may enter into an agreement providing for the con-
struction, equipment, maintenance, personnel, management and/or operation

of official inspection stations.

inspection and maintenance program: A program to reduce emissions from in-use
vehicles through identifying wvehicles that need emissions control-related
maintenance and requiring that maintenance be performed. Abbreviated as

I/M program.

inspection station: A facility used for inspecting or testing motor vehicles

and pollution control devices for compliance with applicable regulations.

inspector: An individual who inspects motor vehicles and pollution control

devices for compliance with applicable regulations.
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light-duty vehicle: A motor vehicle designed for highway uze and less than
6,001 pounds gross vehicle weight. . Further distinctions are sometimes
made between light-duty automobiles and light-duty trucks such as pickup

trucks.

loaded mode test: An emizsion inspection program which measures the exhaust
emissions from a motor vehicle'operating under simulated road load on a

chassls dynamometer.

nedium~duty vehicle: A motor vehicle designed for highway use with a gross

vehicle weight between 6,000 and 8,500 pounds.

model-year of wehicle: The production period of new vehicle designated by the

calendar year in which such period ends.

motor vehicle: Any self-propelled vehicle which is designed primarily for
travel on public right-of-way streets and is used to transport persons

and/or property.

output rate: The number of vehicles that can be processed at a test lane per

unit time. The longest work statlcn test time defines the cutput rate.

oxides of nitrogen: Any molecule containing nitrogen and oxygen only. For air

polluticn purposes, only nitric oxide (NO) and nitrogen dicxide (NOZJ.

pollution contrel device: Equipment designed for installation on a motor
vehicle to reduce pollutants emitted from the vehicle, or an sngine

modification resulting in pollutant reduction.

positive crankcase ventilation: A system designed to return blowby gases from
the crankcase of the engine to the intake manifold to burn them in the
engine. Blowby gas is unburned fuel/air mixture that leaks past the
piston rings into the crankcase during the compression and ignition cycles
of the engine. Without positive crankcase wventilation, these gasas which

are rich in hydrocarbons escape to the atmosphere.
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prescribed inspection procedure: Approved procelure for identifying vehicles

that need emissions control-related maintenance.

quality: The results of engineering and manufacturing that determine the

degree to which the product meets design specifications.

registered owner: An individual, firm, corporation, or asscociation whose name

appears in the files of the Department of State as the owner of the vehicle.

repeatability: The instrument's capability to provide the same value for

successive measures of the same sample.

response time: The period of time required by an instrument to provide a read-
cut after a step-change in gas concentration level initiated at the tail

pipe sample probe.

smoke: Small gasborme and airborne particles, exclusive of water vapor,

resulting from insufficient combustion in sufficient number to be visible.
stringency factor: A design or theoretical failure rate.

tampering: The alteration, modification, or disconnection of emission control

devices.

vehicle dealer: An individual, firm, corporation or association whe is licensed

to sell motor wehicles,

vehicle emissions standard: A specific emission limit allowed for a class of
vehicles. The standard is normally expreassed in terms of maximum allow-
able concentrations of pollutants {(e.g., parts per million). However, a
standard could alsc be expressed in terms of mass emissions per unit of

time or distance traveled (e.g., grams per mile}.
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Appendix A

EMISSION CREDITS GIVEN IN THE CODE OF FEDERAL REGULATIONS
Proposed Appendix N - Emission Reductions Achievable Through

Inspection and Maintenance of Light-Duty Vehicles, Motorcycles
and Ligh- and Heavy-Duty Trucks.
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APPENDIX H-—EMISSION REDUCTIONS
ACHIEVABLE THROUGH INSPECTION
AND HAINTENANCE OF LIGHT DUTY
VEHICLES, MOTORCYCLES, AND LIGHT
AND HEAYY DUTY TRUCKS.

AGENCY: Environmentsl Protection

Agency :

ACSTION: Proposed rigle, -

BUMMARY: This Appendis Dresenis es-
timates of potential emissions reduction
bensfits which, {n the judgment of the
Administrator, are lkeaiy to be achisvable
through the spplication of 3 properly
snictured  and Inspection/
malntenance (1/30 program. Estimates
af stlssion reductions svallahle through
zetrofit programs, formerly cotitalned in
Appendix ¥, have besn deleted, Inspec-
tion/Maintspance program sffectiveness
j2 given as & function of the lavel of
technology, the siringsncy of emissiom
standarde, the lengih of program opera-
tlon, snd the asdequacy of mechanie
fraining. Basis program requirements are
outlined for both the centrallsed and
decentralized program coticgpi. Atiash.
ment 1 provides g discussden of the mo-
deling techniques utilized to geserate the
‘emission reduction estimsaies while Ats

‘tachment 2 provides computational ex-

;ﬁni:s Olustrating the wsage of Appen-

;2?-1- PURTHEER INFORMA'TION CON-
John O. Hidingsr, Director, Oﬁce of
Transpartetion and land Use Policy

BLe 4 byt

{AW-445) U3, Environmental Protec-
tion Ageney, 401 M Street SW., Wash-~
‘Ington, D.C. 20460 (202-TE5-0430),

ADDRESS: SBubmittal of Comments:
Comments upot Appendix N zre re-
quested, Such comments gshould be di-

rected to the individual below and post-
marked oo latar than August 1, 1977,

_ Dated: April 19, 1977.

Dowus . CosTL,
. Administrator,

Tn Part 61, of Title 40, Code of Feders!
Requiations, Appendix N & revised to
read as follows:

Arroory N—Dasuon  BIDUCTIONS AND
AcEzxvaBlX THROTUGH. INEFESTION 4AND
MawTovance or Licer Dorr Vooooo,
MoTorcTCLEs, MWD Linat axn Hisvy Dory
TROCRS '

AUTHORTTT: Bection 301(s) &f the Clest
Alr Art sz amended by section 15(¢)(2) of
Fub, L. 91-504, B4 Staf. IT13; &1 Stal &4
(42 VB0, 1857g(8) ).

1. Ixtroduction. This Appeudiz pressats
sstimates of the potsntial emimsions reduce
Hon banefits which, in the Judgment of the
Administator, ara lixely $o0 ba echlerabls
through the application of e properiy struce
tured and managed o0/ malntensnce
(/M) program- Since the publicutlon of the
original Appendix N, new data obtained and
sxperience galned [rom opersting prodrains
kave ahown the nDecessity for & revisicon %
cartaln portions of this decument. In sddi-
tion, estimates of smimsion redugiions avail-
abls theough retrofit programs, [drmerly oou.
talned in Appendiz N, have bmen . delatsd.
Betufit guidance will he placed in & saparats
Sppendiy cotisiytent with & format to be fol-
lowred for other sirntogie.

To the extent pomaible. estimates [n this
Appendiz xre based on empiricsl dsts, Howe
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gver, lack of 4% 10 seversl wreas hak neceg.
sitated extrapolation of empirical deta using
modeling taschniquen based on sound sogis
neeribg judgment. A description of thezs'
modeitng techoloues s contained iz Attacha
ment 1. A¢ new datk bacomes svallable, ar
a5 Ppredicted extirapolntions change, this
Appendix will be revised mnd smendad
accordingly. '
Saveral defnitions have been medifed to -
sct thelr Intanded mesning. Mot {oapor-

. tant, “toitisi failure reta™ hag been redefined

a4 % “mringency Iector.” Hopefully, thix new
definition will dispel past misapprehension
concerning the "initial failure rata™ eobecept,
In additicn, the idle test has Deen slightly
redefined to refiect actual ldle amisrlon taste
ing currently being 1sed,

The minimum requirements of s I/M
progimrn are dennsd, Those programs which
are contempiating the use of b privaia gurigs
I/M program should gots the special require-
mants necessary to obtaln the basic emimion
reduction eredits.

Emission reductions for light duty vehicles.
ore extimatad not oniy for the Arst year af
an I/M program but also for subsequent yeary
since modeling has shown that the reduction
benefits can incregse with time. Additionsl
emiasion reductions sre estimated far those
programs which include twice-a-yeor inspacs
tion and specisl mechents alning, Estimates
of smisson Mduciions resulting from I
prograss for light-duly trucka, beavy-duty
trucks, and motorcycles ary kizo given

Cortification datz end recent sgurveiilance
data indicata that I/M efectiveness may e
greater (especlally far carbon monoxide) for
eatalyst equipped [(ne.use vebicles thsen for
pro-catalyut vehicles. By the Ume many I/ M
programs are fully lmplamented, cutalyst.
equipped vehlcles will dominats the yvehicts
mix. Estimstes ars therefore given for the af-
fectiveness of /M cn such rehicles, deapits
the limited deata base st the present tims.

Tobles 1 throygh 5§ eummarize the amlds
slon reductions  obtainshie from I/M pro-

Pl SR




grums. Tha actyal beonafit obtalned by sny
§EBLE oF Tegion Implamenting ¢ well-dasigned
PrEepam . may axcesd the smimlons reduoce
ticns listed. Such highgr- reductions, howe
over, would Zave to bs shown through

t:piul\ammﬁuqda.

L3 'Hmry-dutr whicle” mesni for the
purpae of this Appendix, & ghsoling fusled
motor yehicls whoze QVW I8 greater than.
F T .

m*mmm- te® o “Htle tast™

sugine in the idls mode oniy. At & minimum,
the idle tewt abould consiat of the following
procsdire cartied out on a-fully warmed-up
AEgIns: & Teasurement of the exhaust emige
sion eonmmotrstions for & pericd of time of
&% laast 13 seconds, shortly siter the engins
wag ran st 2,000 to 2,500 rPm with no load
mwmymm .
mAlntenAncs” M &

mugymndummmmmmm-mn-
hisiea by ldentifying vehiclas (On% Dosd awnlse
slonp-related  mainispance and requiricg
that sach maintamanoe B pecfontied,

£ "Lighteduty vehicie” means s Dassenge’
car o pasesnger oar deviveiive capable of
EAtng 13 persona of leus,

L e lohded et mues

regiremgn )
inchnds rooning the vahicie and mossaring

exhpumt emissions pé two spende and losds
okliar then iile.
L "Hotarcyels” mesns fo the porpoms of

erty an & srewt o highway.
WWhammmdtao
maammbudmmnuﬂmstd
fraction, &f the weshicls population whoss
smissions would sxceed cutpoints {op either

2 & remit ol the program.

k. “Tampering” means, for the purpun of
this Appendiz, renderity inoperative, of o=
tanticnel mised)ustment of aOy motcd Yo
hisla devicw or elament of design intanded o
m:roi sxhaust smisions.

1. "Techoalogy I™ measns the genetsl tyoa
of axhsuat emismion control teshaoiogy utie
Umad of all Light-duty. velticiss. mbject o
Pre=1078 Pederal emismion stendards,’

m. “Technology ™ means the general typo
of sxhaust unission cootrol tschnoiogy oti-
leed om lght-duty vahicles subject ta 1973
and lmter modsl year foderal exhaust amiigs
won Feadarte.

3 Zmitrion roductions for Hght-duly e
Adcles, Tables ! thrwugh 4 lat emismion Toe
ductions for Ught-duty vehicleg thet can b
schigwed through properiy atructured and
mAusged programs of ¢ ingpection/mainte-
sancy snd sccumpanying mechanic training.
See Attachment ! and 2 for & descripton of
e derivation of thess creditn wnd for come.

Mmmludmcm«mm‘_

& Firgt yeur proyrem credite. The followe
ing first year credits ore spplcabls it both
idle and loaded taats.

TABLE 1L—~PFirst gear of program credils

'M'w HO (purosnt) CO (puremat)
facur Toahye Trehe Teche Torde
. aalogy nology nology  Bolcmy
1 o 1 el
[ 90} 1 1 8 4
«3. § ] 8 n
3B 7 L4 13 a3
T ] o 1%. 19 =
30 u ) -] -4

. Subvequent eredit. The

yeary program
following sdditianal (to Tabie 1) credits e -

applicebie to vehiclea which have und

: more than ons inspeciizn by the beginning

af the caleodar year of interest. Thess cred-
ita are not applicabls to progrims bBarving
‘tnapection intarvels of longer than one year.

propriate credit 4 salected ai the bials of
the specific number af inspections that ha
goup has tnewrred by the beglaning of the
calendar yeur of interest. The credli is then
wdded ta the spproprisnts Lot yewr codid
Gbove, Crudits are applicable to both tech-
aniogy level cisew, to the !<de and Josded
taiiE, and to oll siringetcy factor programs.
5

Taars 2. ~wJubssquend years program credi
ﬁﬁh‘! ol Additive aredit
HOQ (pereanit) O (pavonat)

oo ™ H
4o o 1
[ F——— b3 =
- = b4
L S— J— i m
Bar marn. = =

programs requiring
spacilon, Thin credit 1s applicable st &ll strin-
gsncy factors for both HEC wad GO, !dle and

. loadsd tert, snd both technology levels.

4 Menhanic training program credit, The
following additional credits mey be takan
{or the presance of an pdegusts program of
machanic tTainlung: Table 3 provides the
haziz owdity for meshanis traloing, whils
Tabie 4 lats the appropriate credizs to be
sdded to Tabie 3 credity for mubssgquens
years of program operationm: The sum of Tahie
3 and 4 creditn ls then to be sdded to the
basic ciadiy computed frum Tables 1 axd 2.

Tazre d——Machonic fraining subiequent

year crediles
Taskmelozy |
Number of isapsetions
Btringenacy - H — E;«nmb
]
(perowail) (porcmat) (percect) (peresct)
G0 3 ] b ] ]
o 4 [ ] 10 b ]
« 30 & 1] ® [
« 4 ] ] ] 3
. _ 3 E ] 3 H]
Tesiwalopy IT
Mhﬁd Number of fospectioog—1 or mams
BC (perowmt) €O (parosnt)
amn 0} 4
2 b3 2
0 3 1
0 3 ]
- 1 1

The sbove Table 4 credits ase spplicsbls &
yehicles which have undergone tmore than

credit [s then sdded o the sppropriste St
yeur mechanis tainive credit (Teble 3) and
the result {5 added %0 tha basic credit éale
culated from Tabiss 1 and 2. Credits arg spe
plicshle to both the idle and the loaded temt.

Inspecton/malntsnancs spprosches are
axpeeted W be spplicable 40 bheavy duly
gueoiing fuelsd ucks and motarcycles, es
weail az light duty vekices,

d Bmizgion reductions for motoreyelss exd
HoRt duly irucks. The autimated emisgion,
resuctions for this group of vehiclss are tha
sama 34 thewy givem In Tihlss 1 through €
for Techuckogy @ Ught-duty vekicles,

b Zmigion reductions for Aoy duty
trucks, Estimwted omin!un reductions dus
0 /M fiz gasolitie fueled hearvy duty W
hic{os, uxing efther an ldls or loeded ermis-
Hong test are xs followe:

Tisrz S.—Jewy duly schicls [/ creda®

i BC
Btrinssnry (o) GO (pmesert)

[ %~ ] - 1
-
- 1

[

3
i3
o4
g

SRR
[T TN

TisLz 3.—Mschanic iraining frd yeor

Pachrnolory I Teachnology 1T

== 1- ] BC ca BT <o
{fxmresnt) (pereeut) (percent) (P ]
ain 1 3 3 T

. ) 3 T & 19

.3 4 N 4 It

N [] & 1 3

-] 7 1 1 &
1Ths gacy® of 5 mechanic tralping

program will, for tRw prescsi, bo determined
o 8 case-Oyecass basty Quidelines wil be
tseued mmatutmuxaudtnburuﬂm .
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. Analywis of dita {(generstsd by the City of
Few Yorkx under FPA grint) on 88 Tueks
ibdients thas I/ i o potanilally visdble emics
gon reducing strategy. The sotimated smis-
Hen reductions given sboTe are baved on
thess Umitad dsta, No data on the datericrae
Hon of trucks with or without L/ are avalle
able, The assumption atilized 0 davelop
Tahie 5 13 that the average yessly sfectivoe
nass in one=nalf of the initial benedt uhicnd
&5 & rmeitlt of & fune~up.
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1, Provisions- fof Quality m&oi. m
reliablilty of the |pspestion Bysism
qu.tpmtmmmumm
will isclude routine meintensnce, ealilrs.

tion and toepsrtion of ali I/M squipment,
ingpection

end routine suditing of TECE,

b Minimups deceniralized program ree
guirementy. In opdar to recelve the bagly
amiggon redustian bdetedia fur 3 deceniTul-
mad I/M program, ibe foilowing require-
ments xrust e inclnded In addition to pro~
virlons Usted ta Bection 5(&).

L Provisions Ior the lcenxing of ingpas-
Yon facilities which imsure thet the faciiity
has ohtained, pricr o m;uiﬂn.g, snalytical
atTumeniation which bas Deeny spproved
for wee Oy the sppawptisie

) governing agency.
A repmeseotatlve of the Izelity mivst have

Teeaived Instructions in the propar use of
e atruments snd in wehicle tagiing
marthads, The facility must agree tomaintaln

‘Feourds, to collect sighatures of operatas

Teerds

omrTe
Jowad, :

Y. The governing agency should hate an
afective of ansched -

ans both st & routine Mewsurs

28 & conplaint invenigaticn meastore, I%
B elzo recommended that gueh imapections
e used to chack the omrelsiion of iDstrm-
mant readings amaony {nypection facilitiss,
e, Hotorcycle end heavy duty truck pro=

E

yrem requirements, An sooeptable LM proe

Fam for motorcyoled wnd Tuske must ne
onds the tame Provicicn spociied in Section
B for Hght duty velilcles In additiom, & souwtes

wogram, fach a8 dissumsed in

wrerlanc
Bactlon 8(¢} d.'mn.zlr meecenmanded for any

smiseion radoctinn orfimaies for motoreyelas
and besry duty Tehiclss, The tagt procedures
and program Gaslgn for the evalnaticn of
amisgan reductons thowld be Mrtiewed n
edyancs by XFA, The socros £ velllsnos pro-
P canm includs an sssemxtheni of smpimion
dotariceation af e optlon of o rlate. With-
out soeh an smeatument, the aaumption wil
bs tmsde tSat sverige Tearly afectivenses la
half of the initisl benedt found,

pendix, This can occur becauss deteriaratlion
ralat aid olther fachors may b different {or
wpactis g-og:‘tph.lc aredd or becsuss e gerv-
joo Industry le doing a batter job than astie
mabed or beestse pubils mainteninces habita
improve sgnifcant!y 10 response to the pro-
=g -

To ovwercsmsa the unseriainty associsted
with thy ehove it 8 reccunended that a
sourcs urveillancs prograte be periormed,
The resulis of such & program would sllaw
Btatss abd areas to TRdate the armlagion ree
duction banedt for I/M e daie become sTelle
ahie. Buch pourre norvellancs Fhidlos can
-datermineg thres Egy plecss of imformoabion:
the Indtiel reduetion which vehicies can
echleve N the Aryt yeer of o (moOgTRm &4 &
reqult af {Dapection and repalr, the changs 1n
Wetlme rehlcle emisxen detariorstion which

pricr 1o .1/ troplemantation,

An I/M program Bee ihe potantial w
ahange both {he fst year semisgon Fate aod
the lfetime detarioraiion cuwrve. 8ince a
Sguree survellince program nesds to e care-
fally deaigned to sdequataly eveiuale banefits
sHTibutabie to 1AL, stais are encoursged to
raview eoures surveitlanes study dedgnas with
regicnal EPA oficms before deginning sush
progrems. Twehnicenl fuidance for program
daxign and sg=ing of st mmples will be
ovailable fram XPA,

In the absmnos aof o sUTee rurveilloince prow
Brarmn, stetss reguired @ submit CARSporiae
tion saniyol plang must Uss the- esiimates
sontaineod 1a this Appendis Iin the detar=
mination of smlonon reductions from k-
Bpection,/malnisrmnce programs. In sddition,
gurrent end projected emussicn faciors Fupe
pliad by TPA mougt Do used in theee deters
Minations, unies rabetzatinting justidca.
thom for other factors s prowidsd,

Af tha prasgnt Ume XPA {3 locking af the
poaxibility of uaing ehor inspeciion tasts to
datirinine both percent amisgion reduction
due to insperilon and msintenance, and
sminjon deteriorstion of vabicles over tima,
The ability to use short iests to determine
C peazeeni emiegion Meductions dus o malntes
nancs will depend upoe the correlation of
the short taywith the Podersh Test Prooe-
dure. Additiofial source surveillancs !mplas
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manteilcn information vl becoms avall
able 24 current aosiysm are oormplatad,

& diternative approscke:, MHalntansacse
arientad programs thmi employ spproschss
othar than atdomes tspting may be sapeble
at schisfing emimion reduoticos for ID-nss.

LRI . Will be seceptabls
myummtuummu to hastify

- the emizsion reduocilons sstimsted,

6. Progrem  alierations. Alternations o
program design during the coumsa of an I/M
program will be svaluated on 2 cass-by-cuse
bagia, Such altarmubions might include:
change IIom a0 idle teet, alfier ssvern) Jeurs
af use, 0 e loeded tagt; change from annoual
Ingpection, afiey syveral Yeass of twe, 0 8
pamniannusl inspection.

. 1, Cutpoinit varistions, Por ¢ plvean strine
gency facior (which ig based on both hydro-
carbong wnd carbon monoxids), individual
eutpoints for hydrocsrbone and cirbon mon-
cxide ¢An be varied I & thearstically InAnits
Humbwer ¢f weys, The Eddetions plven In this
Appendix seriime that thers o o

reistionahip between hydrocarbon snd car-
bon monoxide cutpoinis. This relationship,
though conxtiderably more complex than
mentioned here can by generally stated i,
for Technology 1 vehicles, fwo carbon mon-
apids fullures for esch Dydrocscbon faiimre,
snd for Technology I vehicles, three txr-
bon monorids failures for each hydrocarbon
Islure. I3 18 passible thai xn arem’s partcu-
tar pollution probiem may eall for I/M cut-
points. that resolt in substantia] deviations
from the HEC/CO relatlonshipg (mplicit In

“this Appendix. At the State’s or locml aren's

request, EPA will review the program's cui-
point @tructurs, snd make edjustmants o
enimijons reduction cwdit 82 neces=nry.

g. Figh aititudes, California. AN smizzion
seductions estimatsd In his exction pr3 alse
spplicable to high eltitiide aress end 10T V-
Riclen equippsd for use o Callfornia.

‘b Owides of nitrogen, It bas pBot hsen
whawm ihel meintmmanss direcisd st reitie-
ing BC and CO amisgions bas ¢ sigmifcant
itmpuct on ozide of mirogen (NO%) emis-
slons, All gvailable datn ahow very minor in-
Treesss OF dscresses M NOX leveln It has
piresdy bwen cited (Sectlom §(s)) that s
omded tast 15 capable of detecting high NO=
amitters, Malnienanes procedure: snd en
nauing control strategy to mducs NOx suls-
glona, Messd on /M, wy tharefore concEivs-
ble. To the extant that tampering W directsd
treard NOX smmlmion ¢ontrols, s good entds
tampering prograim CRQ Mdluce NOT smis-
pione, '

ATTACHEMENT 1
IMECRIFIICON OF TRE SIMULATION MOOEL

Indrodustion, Ermpiriesl detm from cagoing
inspection/malntensace (1/M) programs Bas
shown that mandeiory inspection and
malntanancs will remit In adgntfosnt air
quality bensdts, Incrased fUtire benafdts ary
to be exrpected a2 ¢ush baeozaa
stabilimwd, 146, the wmhicls populsticm has
bomty subject to /M requirements during ity
fall lUfetime, Currant!y svallabie data, Dow-
ever, 18 sornewhat Umited in 1ts sbilly
eutimate thses fUture benedty quantitatirely.
For this ressan, & matbetistioal model of the
/M proces -hes bean devsioped, In which
svalladie ampirical diis is wtllizsd to mars
Aibhe model ps resliztis 84 pomaible, Thiz ap~
oach Wi used to derive the sstimates of
buaoefit preventesd In Appendiz X, Two frours
of vehicles wery cunsidered, and these groups
of vehlcles are degignated sa Teehnology I
end Tachoology II Teehnology T yelicles Lh-
clude 8l Ught-duty Tebicles rmanufactursd
Prior o the 1875 model Ysar thai vere da
mgnad to meet pre-i975 ethauwt emission
standards, Tachnalogy I rehicias toeinda all
post-18T4 light-duty vehicles that were de-




signed to mest the mare sivingent 1975 wad
lstey emission standards. Sampies of webhicles

oo & Rationwids basis Plesss Dots: all coeR=
putations in Attashments 1 and 1 oro bused

leveis,

2 Inspecter line testing of BOC sud SO
lovels vsing the idle taxt to detect high PIP
anxiviars (NOX emissions are lostgnifiesnt sk
idle, and thereore sre not considersd in the
modat),

- 8. Maintenanod oF Fepalr {resulting In lowes
emisgion levels), & & vahicle fails the inrpeos
Hom, .

since the FTP driving cycie s sssurmed to be
representative of vehicle operstion in urbas
areag, TYD types of benefit 52
{1) the aversge bDanedt over & vahicle's 1ie,
and (1) the benedt in s partieuiar yeur of a
yehicle's Ufa. Both typsz of benell sre
pendent upon the vehinie's level o emiesion,
control technolégy and the number af timeas
the vehicls bas besn subjected to o mandas
tory inspection program. The Average bemelt
Ior » populsation of rebiciss In & givesn, cniede
der yemr i= compuisd Dumm the ncdividuoel

Tarver affeciing catimated 1/ benedt, Bone
et due ta I/'M depands upon the assumpe
fHond used to lmplement the wmuwmidon of

The issues and asmmmptions are
bedow, )
Isrug 1, Bmnission levele of vebiclas at frst
..

Concept. Banefit In the Hret snd sabuse
quent inspection yeers s expected o depand
on the smiming lnwels of velricies st thaeir frst
lngpwction. Thars are two ways in which dit.
fersnocns in the Arst year wnimion levels coujd
producs smgmifosnt differsuces {0 benefid,
Flrst, 1% a8 possible that for vehicies of & glven
sge thern wil de diffmencss In the dlatribu-
oo of amimion levels st frest Inspeciion
from ong tschnaiogy Tevel 10 abother: for ox-
ampie, it might be the case that for ong teshe
Dology lewel rebiciea have sithsr verr low
o very high emissiona st Arst (nepeciion,
whareas {or another tachaclofy level rahicles

siuntion sould poexibly reszit (2 pmors Detide
ft for the fArx technology level cuss, ewan if
the ame percantage of Tebicles of sach tech-

1712 implemantatios Wil naturally erist

" kilomster/yesr)

diferent modal peur vehicles, and (% ig poss
fble that there sbeolute numaries] dAifer.
ey will repult in benefit (of peresniage)
diferences g wefl, .

dsyumpiions, Tho Arst year Appecdiz W
Denafity, and Indirecily the banefits fop sach
bt;bﬂqmpt nspoction ywar, wers detarmined

e FY "1 Fmimion Fuster Program. Theww
vehicias ware taken t0 bDe representative of
the nationwide miz of low stituds 2ot
Californin cos-ymur-old Technology I and
Technology IT vehicies, rsspectively, In termas
of milesge i malntsnance charactaristios,
As Appendiz M boneft numbers indicats, I/
:conﬂudmﬂwmmgunl.nmxw

With regard to diferani frst year emiiscion
Tewsls that all model Year vahiclen, regurdloss
of nge, obytain the eatne At year bDensfita
Thic a» Hon i based upot the p
thai, for public sccepiance tsazons, the first
pas/Iall cutpeoints would difer with
o mmodat year so thst sl wehicles would
similar fajiuze ratan. Limited dedis
incicate that under this premis, benafits (oo
® parcantage-wisa bhasis)} are siniler,
lovwe 3. Ernirsdon deterioradion. .
Concept, Emizsion detsrioritios 18 the
process whereby vehicls emission ralew e
creaad over tme from thee lovels 28 which the
vehiclsy were Intsnded. to amit when Iew.
Roisgion dstaciorstion ineoludas changes N
emigatons dus o normal wear of engine/
enisdon oontrol componentd td well &8
changes I emissions dos ) tampering o
pooe meintenanes. )

of low mileage sverzge FIP veluss pee year,

‘Mmmnmmmmm

equal for all vebicles of & given tschnology
level, and are constant over time. Specifically,
the rates were taken to be 13 parcant per
yeor for A and 13 percent Der year frw COQ
for Twehnology I vebicles; I1 pervend Dk
yuer fo¢ HO and 14 percant per jear for CO
fo tochoology I vebicles Thime rates are
hessd on detn from IPA's PY "T1 through

practices, For & glven poilu-
tant and vehicle, the model considers e
PIP rata of detariovation par year {grarmm/
to be ¢oowmnt over time.
Thus, detariorstion is modsied 33 & Lner
s/ Rllomatar/ yer

tion rate, (it paresnt) multipiled by the in=-
dividusi vehicle’'s Arat-year emission levol
Thus, sach vehicle !s considered to be en
inkerantly low o Righ emittse with reypect
3 sash poijutani; vehicles which have low
emissions whean ew will coatinue to have
relatively low emissions s¢ they sccumulais
milesge, Rmissions of vehiclas in the no I/M
caae e Asmumed to detariorats throughout
thelr ueeful e untll they reach the everage
levels of pre—controlled cars &t 141,000 Xilom-
stars {100,600 miles). :
Significant psrcontages of catalytie con-
variar Iallure may oocur with locrmsing ve-
hicie sge sad I such » situation doa occur,
the smission mates will loeTesse sharply 1o
later years; that iz o constant detaciaration
mts amsumption will not be miid. Howwrer,
the surveillance dats cwrently awmilable to
A 4o Dod cover mileage ranges exteusve
snough o sstimats the equancy and efach
of pucl fnilures, :
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The lmplication ! that the Ipherent smis.
tions charscterlitics of & vehisle smanot be
mproved vis repair. ¥ 4 vehicls puases the
idls test, ! emismiors arw laft unchangwd
for Qe calculation of the average smission
lovels (gm/Xm) following the round. of LML
Tha deteriorsiion process thenm continuss
untll the nexi sanual inspection occurs,
The idle tewt detarioration rate per yeer
(percent CO or ppm BC) iz also ssumed tg
bé constant over time for esch vehicle, I'die
oot detarioration rates are detarmined from

prodictog of F'IP passage & fallure. One way
to snsure this is to dafine the idle datyricen-
rede I termm of the FPIP detaricrsiion
rein. Cizrently in the shodsl the assummption
st FTP smisgions can b quan-

FIP dotariorssion rate aod & reqeesion res
lationship. Bused an dats over & lmited
milsage range, the raletionships e pémurned
1o b indspendent of milsge end matnipe
Dnnog stats,

Japus 3, Soort test pam/fall cutpoiotz,

Comeept. Ths parposs of sn
maintenance program 1 to reducs the smige
clana of in-uxe yebicies 8 meesured gved
the PTP. A sbort emimions test procedure
i3 lntsoded to provide s practcal methed
{la, quick and lnsrpensive) for dentityineg
high FTP emitting vehiclies. The betielt smaom
ciated with sx I/ prograsm ln dependent
oo the methedology uasd to detarming the
ahort tsat pasa/Tall cutpoint for each pollut-
ant from year to Year. The method of de-
rmining inital short teet cutpolnis has
reried In practice from asaigning cuipoings
that sre maka/modal specifiz o wigning
one set of cutpolnts for sil Lght duty rahi.
cles with zimiler emisson contmnl techs.
nology. The pousibility of changing shors test
catpoiniy to redort vebicle age i siso an
lmportaot conalderation.

Arrumplions, The HC and CO cuipoints
on which the Appendiz N benoedts sre heasd
aee technology laval specifie, Thus, il yehi-
oles of & given emimicn control technology
{for example, catalyut-spuipped curs) s
aspumed o have the sames cutpaints. Cute
pointz for the At year of the simutated
I/M program were at DY frst apecilying a
STALgeRey Iaoiur abd then wlalyTing approw
prisis IPA smission factn daia on cbOd-yemr-
ald veiicies which were samumed i3 ba Tepres
ssntative of the aationwide mix of ona~year-
ol vehiciss, The anAlyrs rswiited in the
doterminstion of idle tant pass/Tail cutpoints
for BEC snd O whicl ocorrespondsd to the
opacified Tingency facior (reagitg from
10 pecownt W 50 percemt). Pur szampla, iF
& 30 pereont stringency factor wis specified,
then HO and CO idls tast sutpolots wers de-
terminet 20 that approdimataly 30 parcent
of all vehlclas would fall {he W9 tert o
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, from the 1873 and 197 EPA lo-uss
Camplisnce Progrars (TUCP) progyams Indi-
ants that vahicles can sonRDUS O be rvpalred
o PTP lawls well bulow short test lovals
‘which repremeat 50 pereent siringency levels

If emrviow indusTy repair cnpabllity is sa-
gumed o be minimal (86 in the. base case
Sppendiz N caxdite, whese falled veblsles are
Tepalred, Et 10 Meet the iils et cuipoints),
another imtalication i that the parceniage of
niled vehiclem ineressms over Hise to sbogt

gﬂ
i

Frograma n New Jarssy and Chicagu indienis
that e Maiure rels of & given modei year

o vehicles do not ncreaes ggnifcantly Bs

g

lowels. :

lsrwe 4. Service induslry repalr capability.

Comcept. Alr quality benedt derived from
an I/M progyam s dependent on the sbility
of the rervice industry to perform the repalir
wevk nesassary to lower onissons. Depauding
o the lovel of mrvice lndustcy Sraining, ldle
smisxons could be reduced just to the eute
pointd, or well balow the cuipoints, potens
Hielly resulting In diferent baments to sir

 Assumptions. The base tnis bamedts piven
i Tabie 1 of Appendizr ¥ aunime that the
smryioe industry ls capable of repairing all
falled vuhicies sxsoctly to the ldle ilsst sute
points, Then the squivalent FIP levels are
compiited m that the aversgs urban bafiz~
Ata can Do smlaniated. Ths mods] sEcIngs
“$hat 8 yehlcie which iz falled ineorrscily on
“the idle’ tast deem 50C have itn PTP etaisuicns
either ralsad or lowersd Dy the repair peoc-
4=, The modal sles asumes that & vehicle
which Mmilz for sne pollutani only will have
e other poliutsit smissions lowersd o the
PP squivalent ldie standard I8 chases whetw
ayrors of aulesion ocenzrad,

Addittona] Denefit is Predictad if mechanie
fTeining ls in efact. The Model asstimen that

trelning progeamm: If onty 10 paroent
of s8]} ears are falled initiglly, then oniy 10
percant of all carg are repairsd g0 that sven

If, om the other dand, 3 pervent sre falled
and the FIP standsrds In grm/XIm arw epproxe
imately squal to ths FTP levals correspand.
mmthcmnmtwamtmtpolnu_

" would b lnsdgnificent, Por precatalyst CO,

the lendamey deacribed sbove, although lem
epparvnt, rHll ssams to be presant, Howwnr,
Precmtelyet HO exbibits o siouiency for Duge

shapis Taining to have an increasing efect

with focressing sirtngency facior, The temde
i by the fact that fovr the
dats, which wers Input to ths computer Rrow

&R, the X0 FIP standards in gmy/xm was -

mgnidcantly lower than the FIP level oore
reaxponding to the idls tast HO cuipaint, even:

The mxmde! aemnlmss m;tmhmpwmg'

following the sequence of vwents: faurs of
the {dle test, velicle repalr, and Subzequent
pramage of the kile test, doeg Dot ocour, Bines
Imotorists frequently atiributs drivesbfity
problams to properly-functioning emission
conirul deviems, this sssumption may be
somawhat unrealistis uniews mechanics bow

madelad to ocomr continously over time, the
froquency of imspeciion determines the #x-
tent of vehicle deterioration between mepac.
tions, The more frequent ths inepection, the
lass ihe Teliclen detericimnts and thus the
greater the I/ vonent.

Assumpiions, Por the bDase oase beblofity
given 1o Appendiz N, Inspections are modaled
0 takp nplace sanually. Additionsal betiefts
remuls from semi-annual Depections. The dif.
{erence o Denedts from the sanual to the
sitnj-annusl ches i3 preseuted in section
8{a) af Appendix N,

lssus ¢, Short test procedurs Geed in the
epertion lnae.

Concept. Sines the intent of an I'M pro-
fram s to redoce the smisvions of in-ase
Tehiales o4 Maskyured over the FTP, cne would
ideslly bo sbhie to design s shoet spuizaions
tegi procedure whose resuliz coutld bo Used
o acsuretely pradict FIP emisaion levels
From & practical standpoint, the short test
procedura must be guick, inexpensye, and
applicable, 3o rvehimleg In & warmed-up
sondition, ]

Aszumptions, Benefts presentsd In Appen-
dix ¥ wre bessd on the sseumption that the
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GO smisgions for & ghran culeatder ywar, the
Appendix N numbers must B0 spplied to
the swoario by gquestion. The scensrio 1B
epociiad in detevmiving the following for
the calendar year | of Intarsgt;

1. The ealendar Year, y, in which an I/M
Program was mplementad, .

2. The Dumber or perceniage of vehicles
of each moxdel year (1—13 through {) con-
wibuiing to the total vehicls population
{vebicles of maodel yewrs sariier thap {—12
should Bo conxidersd. a2 model yeer {-13),

£ Avernge vehichs Xllomsters irsveled by
apch model yeur proup of Tedilcles, ’

¢ HC and CO emiszlon fsciars {gramse/
Eiotneier) for esch meodsl Jear group of
vohicles, esavzning I/M has Dever bewn in
afect,
'+ The caloulaiion o emimon Teduction In
Elograms for & given pallwtant (HC or CO)
in celender year { B partormed us followy:

1
D 2 b“‘ﬂ“il“ﬂ.-
Lot 15

Jor vetichos of

t The beoedt paminey b Teble | throogh ¢ &f 4 *
&N(Mwmhhnm'duma
they svhiz whare annns

The culculstion of bemefits in parcent,
B, In calendsr yesr | requires oms (urth
j1-0-H .

{
B=100 Dc/( > fﬂ’“uﬂu>'
bafem |2

where the defnitions of =, 8, &2d ¢ are &
abote. T

1! only the persent refuction 18 of Mtarest.
mibher than the diograms, the foliowing al-
tarnative calctiation of B+ cnp Da used:

{ .
E Bisiemu P
B,=100 1-¢:-1= .
2 €ty Paa
t=—=12

where b, ¢, und m, are defined ag shove, snd 9
fa the fraction &f TYehlcles on the roed In
calendar yeur { wihich ars of mmode! year .

The calculaticon of the scaparis’y reduced
emission factor (grams/xilorpeter) In cajem-

.




dor yeoor { sa u recult of 1734, 3 peelormad &
fallown:

{BF) =

(Bomem)(Eymen)

whers D, s, B, 30d Rear o dedined sbove,
mnfl«fuhpuvmyﬂdﬂlm

Appendix N can slao bw usd to compute
the avsrage Devvaniage Denedt of I/M foe &
given vehicle over its useful lfe, which &
sxrumoed 10 be Nine Yeurs of approrimaioly
150000 Elometary and represents sight s

(166~ 5,}=
100

Sogatroction of ‘wial vehicles on sn-md i
ﬂhﬂdll'yurlﬂl whiah wre -7 Fa 3
{obitained froun ATF=43).

Hmmmmdmnmmm

Luws drn i 4,

The following tabies detal] the caleutstion
o both the numersior snd dencxninstor of
h!aﬁcmdccz

. Nte  Denom-
nusl I/M [Dspections If the vehicls & of ] tw, .- @1 By PW,; mew  Ioator
model yer ¢ snd I/M began o calendar {paroent) x| Srodust
Jexzr ¥, this parcent rsdnction o emissions o
for » specific pollutant i cxmputed &
iollows: ' ;o S 9 a3 2§ zom O 1m

. wn, ... & LI 33 .10 .7 Y-
U100 . [T S i LY 2y @ .8 258
’ Wk 3 LiFy o1 . L L8
8 . . glg--__ ™ L4 ks @ ta tm
(Govtma)[(Feme) 57 2] B8 i i
L k=t . wm_ T o 43 Wy 4 LS (%
pmcalandar covering the ussi life of re=StavadE~ S-S - S~ S S 4
wenl TOArs o i 5 Yo [ . .
hicle of Mool year 1 ded, 141, ¢ % 0, iy, Pro-ie., M i ;3 .1m ax 7.9
= parcent reducticn 3 schissions o Tebiales of —— e
madai year | in calander year &} 488 oot
£ =animion el etat} Sor veblobe of .
oo et b s et o v womaming [ '
B o avTaags Kiometar travelad by vehicks of madal HC: Sora (147754 1) X100 3T,
year ¢ in calendar yues b ) . -
1 The benafit nurnbers tn Tabla 1 throagh § of Ap- Nit+  Dewoome
pamdiy N {which e bekly the bese cizs of /M and ! bw, ¢ @3, Wy, 1 pwW,s Darw [noelar
the oee Whetn o cnh:ﬁ m%/or + suonl-ensfosl {parcant) tar  pwodne
e e Coroioey vl sspoemeried by ablales Pt
™ P
o dmmt and the nomber of Indpactione which
dmkndon‘.rywky?‘rb:m o mb,m(h—m P L. 9 AT M4 odm s . nE
dar yeary aftar onletider yeas 7} fextnelly fLLi I, = e AR (L0 M4 2
& the munimam of (k-—g) i (A=) or an snonel UM o0, S a4 me s Jom &4 i
Program, whors ¥ e the Tear in M e Imples P4 M 3 i LB ME =Y
matitad, ¢ 18 the modal yesr, sodt & enlendse yeae, gg“""- ‘g :; %; {'& %g ;&2
Note 3% bu ;=0 bor £ Lo than or squsl to 5. L 3 g us :% A a:
e S .
e ool ot e s B — 21 21 CE &) &
your of Intsrest, sand aversge kilometars 16 ® TG W Jm ®m3 o0 &
traveied by each model yesr venicle fog tha — iy
talander year of interest can be chiained hy ;|1 s

AF-42, Tubies 2 attd X Provids, for Husastive
purposes culy, sampie amission Isctors foe
calsadar years 1977-1930 i formai o be
utilized {n the upcoining revision of
Supplament 8.

Izamples of the eppiication of the Mmaik~
edology for clculating benafit.

Spacificatiorn of sgnavio for problem toe
amples I end 2. The Satlonwide mix of vehi-
ciest &y age and average VEIE, 2a givem B
AP—43, applies. An I/ program with & 40
percant sTingency acior wus nplemented i
1978, and vehitiss ona-year-old or older were
tested DY the end of calendar year 1973,

Probiem . Dotsrnine the present raduc-
Hon o semissions for HC and CO in U7 1977,
sspuning that the /M inspectons v an-
ousl, and that oo methanis Guining progmm,
B in aTeck, . A

Jolution, The percant rsducton, Bw, can
be calouiated o the formula;

T
. r."Eu Bey, sy, Wty s PG
Bruw=22 X 100,
. Lo L N} ]
T
witare :
dmy e fuetoant tedoctin i valisies of
Iundal yver ¢ In opstd rear WIT (obinised Stam

CO: By (259, 1879.3) X1 -00m JL

Prodisss 2. Datestmine the percent reduo-
tHoa in smissions, Bw, fo HC and CO i
CY 1971, susuming that the Dspartiong s
sanual Ead that an sdagquuie mechanlo
training progrant s In effect,

Jolution. The method used fo Problem 1
uppliss, Only the bw.s numbers will differ &0
refiect the presmos of Az adequate Drogram
of mechaniq training. The following tehies
detas] the calenlatinn of bokh nnmerator and
danominator of 3w fo HO and CO:

I oy, DLl Loator
AT AN R Nt
ta | prodtes;
pndoet
by A 4 0% s o 9 1.3
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ayv
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Mor Duocrg
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(pusinely o frodust

prorivst

pi [ o— 147 e a1 @ g
1908 9 164 A3 .10 ir.? 3
1675 e, 8 e Vs 17 =8 . 3
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Pre-10R.. # TLS 08 13X a3 4
e o903

ampls 1. The natlonwide mix of

. ®ugw and mverzge VXTI, s given in AP-43,

factor was Unplementad in  calendar yesr
1980, and vahicla ons year old of oidar wers
tasted by the and of calendar year 1080. Tha

will bs aamumed that 1978 and lster model
yeur vehiciez detaricrats st the wmma rmte
a3 197577 models; namaly, 17 gm/En/7e.
HC and .98 gmkm /v, OO,

Brabism 3, Determine ths percent reduce
tlon ln emissions, &, for BLC and CO Im
caleridar Yeer 1994, and the rerulting redizosd
enimion factors for HL and CO iow calendss
yeur 18094,

Salution. To aulenlaie B, the maothed used
In the solutions to Problems | and 3 applies,
The folowing tables detmil the numerical
cuiculation of both numerator and danomi-
saice of B, for ZC sad CO.

t b, ey P, mxw Ao
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1 Ra i
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188 . s, & 2y m - ni1 W)
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CO & mé 0§ .= 2 =S
185 e e, M o4 W1 .H\7 12 - N
b= — = Rl 27 .08 M7 =i
IE-........ &« B3 Ly .08 .3 oz
i~ SR, - HM: Mg A= 1.3 pL19 1
s 23 W} & ml =3
N e e oot *
-8 4 3.7
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. Te calculats the reduced smission factars: Numecsior
foe BEQ and CO, the lollowing formmla can { fos Daee Py Jeodnet Salor
be used? ‘ _ : pradact
. . Wl ... L7 M6 eom =i Lo
0 ; W6 I .10 2 2 54
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ne following tables detall the saleulation. = Y

of the nuinersior sad dsnominator: :
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Appendix B

SHORT TEST EMISSIONS STANDARDS AS RELATED TO

THE FEDERAL TEST PROCIZIDURES {(FTP)
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Appendix B

SHORT TEST EMISSIONS STANDARDS AS RELATED

TO THE FEDERAL TEST PROCEDURE (FTPR)

B.1 SHORT TEST CORRELATION

The correlation attributes between short test programs and FTP tests for
noted gaseous emissions for model vear 1975 are presented in Figures B-1,
B-2, B-3, B-4, B-5, and B-6. In setting pass/fail limits in a mandatory
inspection program using modal testing, it is required to set concentration
standards that relate in a logical manner to the Federal Constant Volume

Sampling (CVS)} test procedure.

U.S. Envirommental Protection Agency (EPA) report "Evaluation of Restora-
tive Maintenance on 1975 and 1976 Light-duty Vehicles in Detroit, Michigan"
{Ref. 27) presented emission test results for individual vehicles for test
types noted in Table B-1l. This data is plotted in the graphs as noted above
for idle and loaded mode. The data, along with its statistical analysis,
indicates a low level of correlation. Superimposed on the graph is a Federal
Test Procedure to short test procedure regression relationship established by
the EPA (Ref. 28). To establish a starting point for any one level of -gr/mile
as required by the Federal registration, read the FTP Reading and project this
to regression line, Procead to read the corresponding ppm reading. This is
a starting point to establish the promulgated regulation ppm reading under
Michigan law for a short-test operaticn. ' It is evident that this is a very
rough approximation because of the lack 6f correlation of data points as

plotted with respect to FTP test requirements.
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Tabje BR-1. TEST TYPES
EMISSIONS '
TEST READ INGS TEST PROCEDURE CHARACTERISTICS
1975 FTP GMS/Mile Defined in sections 85.076-14 through 85,075.24
. of Federal Register VYol. 37, No. 221
HWY FET GMS/Mile Defined driving cycle of 10.2 miles and 765
~ second duration
FED.SCY GMS/MiTe Driving cycle of 125 second duration and .7536
_ miles in length and 9 modes
NY/NJ GMS/Mile Oriving cycle of 75 seconds duration and .2792
miles in length consisting of 7 mode
KEY MODE Concentration | 3 Steady-state operating conditions high-speed,
. ppm/pct low speed and idle plus presoak
TWO-SPEED | Concentration | Nonloaded test having two speeds: idle and
[DLE TEST | ppm/pct 2,250 rpm
FED THREE- | Concentration | Similar to Key Mode with dynamometer loads
MODE ppm/pct simulating the average power as required on the

FTP under NADA weight class
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Table B-2 presents correlation coefficient for short-test emission measure-

ment procedurss on a California 1972 Idle Inspection Fleet Test Program.

B.2 IDLE TEST CORRELATION AND COMMISSION ERRORS

Until there is a sufficient data base that describes the operational
characteristics of emission control systems, it is not possible to determine
with certainty the adequacy of various emisgsion test procedures in identifying
malfunctions of those systems. The relative importance of identifying wvarious
types of malfunctions cannot be determined until operating experience with
substantial numbers of new and future emission control systems has been gained.
However, some conclusions can be drawﬁ, based on the genefal characteristics

of various tast procedures.

Thae Pederal Certification Test Procedure (FTP) is considered the standard
for measuring vehicle emissions because it is representative of vehicle opera=-
tion in urban areas. The idle-mode emission test, as compared with the FTP,

provides for testing a limited number of operating conditions.

The idle-mode test for emission testing is unable to diagnose malfunctions
of exhaust.gas recirculation (EGR) systems which are currently used by most
automobile manufacturers to ensure compliance with the 1973 Federal NOX
emission standards. When the EGR valve is functioning properly, there is no
recirculation of the exhaust gas during idle operation so the system provides
no reduction of idle NOx emissions., A malfunction of the EGR system causing
an increase in NOx emission during loaded cperating modes would not result in
a concurrent increase in idie-mode emissions. The malfunction would remain

undetectad by an idle test measurement.

A loaded-emission test includes a wide range of operating conditions and
would be generalily useful in testing future vehicles. However, all current
short emission tests are hampered by their inability to measure cold-start
emissions, which is important for vehicles equippped with a catalytic or

thexrmal reactor emission control systems.
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Table B-2

CORRELATION COEFFICIENTS FOR SHORT TEST EMISSION MEASUREMENT PROCEDURES
1972 FTP REGRESSION BEFORE SERVICE
CALIFORNIA IDLE INSPECTION FLEET DATA

Test Procedure Emission Measurement

Federal Short Cycle Mass
Seven Mode Cycle Mass
Key Mode {multiple regression) Mass

Steady State Modes (mult. regression) Mass
Idle Mode Mass
Seven Mode Cycle Volumetric
Key Mode (multiple regression) Volumetric
Steady State Modes (mult. regression) Volumetric

ldle Mode Volumetric

Correlation Coefficient

Standard Error of Estimate

Grams Per Mile

i o g O0x
0.94 0.81 0.74 2.5 32 1.1
0.91 0.70 0.70 3.1 38 1.1
0.96 0.81 0.66 2.2 32 1.2
0.9 0.82 0.71 2.2 32 1.2
0.80 0.62 0.15 4.4 42 1.6
0.57 0.77 0.43 6.0 3 1.4
0.79 0.68 0.61 4.5 40 1.3
0.81 0.68 0.63 4.4 40 1.3

0.50 0.02 6.8 16 1.6

'0.35




The evaluation of alternative inspection procedurss must also consider
‘their relationship to enforecing the warranty provisions set forth in Section 207
of the Clean Air Act. That section authorizes the EPA to establish requlations
reguiring automobile menufacturers to warrant the.emission control performance
of every new motor vehicle for the vehicle's useful life. Teo implement this
provision, Section 207 requires that there be available short-test procedures
which acileve adequate corrslation with the FTP. While the definition of
adequate correlation is yet to be established, it is clear that those short
tests which achieve the highest degree of correlation will most likely satisfy
the requirements for adequate correlation. Correlation analyses have consis-
tently shown that for current vehicles, the dynamic (loaded) tasis, as a
general category, achieve significantly higher corzelation with the FTP than
do the idle-mode tests. States are not required to consider the feagibility

of enforuing the warrantly provisions in the design of their transportation
control plans.

The selection of an individual inspection test requires the development
of criteria for determining what degree of correlation is adequate to satisfy

the warranty provisions. The following analysis provides a qualitative means

of making such a determinaticn.

For illustrative puxposes,'it is assumed that the points marked"a" in
Figure B-7 represent the Federal emission standard for all the vehicles in a
sample fleet. The points marked "b," "¢," "d," and "e," represent hypotheti-
cal cut points for a state inspection program. A higher cut point results in
a lower rejection rate and, thereby, reduces the fleet emission reduction
potential of the program. Any vehicle which is above the inspection cut point,
and is to the left of point "a," is defined as an error of commissicn. There
vehicles are erronecusly identified as excessive emitters. Any vehicle which

fails the inspecticn criteria and is to the right of point®a” is a valild

failure,

The feasibility of enforcing the warranty will be determined by the
frequency of commission errors among the vehicles which fail the short test.

The probability of a commission error can be reduced by raising the inspection
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tast failure criteria. At any cut point, 2 commission error is still defined
as any failed vehicle to the left of point "a." A trade-off exists

between the feasibility of enforcing the warranty and the fleet emission
reducticn achieved by the inspection strateqy. The degree of correlation
between the two test procedures is a measurs of the extant to which the short-
tast failure criteria must be raised to reduce the exrors of commission to an

acceptable lavel. -

Table B-3 presents the results of applying this type of analysis for the
idle-mode test procedure. The rejection rate, the frequency of commission

errors, and the fleet emission reductions are shown for selected shaort test
cut points,

Table B-3. ERRORS OF COMMISSICN FOR IDLE-MODE.SHORT-TEST PROCEDURES

FREQUENCY OF FLEET EMISSION
COMMISSION ERRORS  REDUCTION AFTER
REJECTION % OF FAILED MAINTENANCE

TEST TYPE RATE % VEHICLES (CO Emissions) %
Idle Mode Test 5¢ 43 17
(Coxrx. Coef. = Q.37%) 40 40 15
30 30 10
20 Ele 12
10 27 8
5 14 4

Source: Ref. 5§

The rssults of this analysis are not intended to provide sufficient
information to determine the failure criteria which should be used in a state
program. The test fleet used to demonstrate this analysis was composed of the
total model-year mix of the 1972 California vehicle population. The individual
failure criteria would have to be determined for each model-year such that the
commission errors were reducad to an accaptable level. EHowaver, Table B-3 does
demonstrats the impact of the trade-off between commission errors and the

fleet emission reducticn potential for idle-mode tast,
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Appendix C

LOADED-MODE TRUTH CHART AND DIAGNOSTIC PROCEDURES

c.1 TRUTH CHART USAGE

The truth chart (Table C-1) shows failure patterns resulting from various
types of malfunction or maladjustment. Also shown on the truth chart is a
general description of the probable cause of failure and diagnostic code for

gach failure pattern.

The test results of failed vehicles are compared with the truth chart to
determine the correct failure pattern. The inspector then determines the
general cause of failure and refers to the appropriate diagnostic procedures,
as indicated by the diagnostic code, for a more detailed analysisﬂof the

problem.

Example: & vehicle fails HC and CO in the idle-mode. The inspector uses
the truth chart and finds the correct failure pattern. The probable cause of
failure, in this case, is the idle air/fuel mixture is too rich, the diagnostic

code is 1. This portion of the diagnostic truth table is shown below.

DIAGNOSTIC
‘IDLE 1OW HIGH COMMENTS/PRCBABLE CAUSE OF FAILURE CODE

EC (:) Idle air/fuel mixture rich 1

The inspector refers to diagnostic procedure 1 and finds that a rich

air/fuel mixture at idle may be caused by one or more of the fcollowing:
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No

Co
HC

HC
co

ce

HC

HC
co

Table C~1. DIAGNOSTIC TRUTH CHART

TEST MODE . DIAGNQSTIC
Idle Low High COMDENTS/PROBABLE CAUSE QF FAILURE CODE
a b ] e
F F Faulty ignition advance and/or EGR. 8

S
(:) Idle air/fuel mixture rich. 1

F HC emission fluctuatka,
N/L " CO emission normal or low. 2

Idle air/fuel mixturse lean.

® -
(E) Faulty carburetion or air inductiecn 3
@ B system.
(:) F Faulty spark plug(s), spark plug

C) F wire(s), or ignition components. 4
® :

(:) F F Faulty exhaust valve action and/or faulty S

rings.

21971 through 1974 model LDV.

b

F

®

Mode must fail.

Mode may also fail.

1975 and lataer model LDV.
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® Faulty idle mixture adjustment
° POV restriction
@ Faulty air injection system (if egquipped)

@ Clogged carburetor idie air-bleed passages.

In addition, diagnostic procedures for determining which of the abawve
case causing the fallure are listed. The diagnostic procedures are to he
completed in the order shown. This will help to insure that the simplest,
guickest and least costly repair will be found to resclve the problem. The

repairs are then performed per the manufacturer's specifications.

Diagnostic Procedure 1 - Idle A/F Mixture Rich

‘The following procedures are to be completed in the order shown. Refer

to service manuals for specific repalr information.

Diagnhosis

Rich A/F mixture at only ine can be caused by PCV restriction, faulty
idle mixture adjustment, air inspection {if equipped), or clogged carburator
idle air-bleed passages. Rich idle A/F mixture causes failing CO and high,

possible failing HC emissicn at idle. Since this malfunction occurs only at

idle, the air cleaner, carburetor choke, and carburetor mainsystems are

satisfactory.

a. Carburetor Idle Adiustment - Make a ércss adjustment of idle mixture

to determine whether CC can be brought within the specification. If
CO can be corrected by adjustment, complete the final adjustments.

If not, continue with diagnosis.

B. BPCV System - Test PCY valve by disconnecting tube to crankcase and
feeling for vacuum ahead of the valve at idle. Replace valve if
vacuum cannot be detected. Check all components for free flow.

Listen for clicking of valve to changes in vacuum.
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C. = BAlir Injection System (if equipped) - Disconnect from air injection

pump., Feel for pressure and flow. If no flow can be detacted,

service punp.

D. Clogged Idle Air-Bleed Passages - If CO cannot be corrected by one

of the above, carburetor must be rebuilt.

Diagnostic Procedure 2 - Idle A/F Mixture Lean
Diagnosis

Lean idle A/F mixture can be caused by excessive alr leaking into the

engine at idle oxr too lean an idle screw adjustment. Lean A/F mixture results
in normal or low CO emissions (may be less than 1 percent) and high fluctuating

HC emissions. High HC emissions can also be caused by grossly advanced

ignition timihg.

A. Gross Lean Adjustment of Idle Mixtura - If idle CO emissions are

less than 0.5 percent, richen idle mixturs to determine if HC emig~

" slons can be brought within specification. If they can, then perform
ADJUSTMENT.

B. Vacuum Leak - Inspect for vacuum leaks in the induction system by
spraying a heavy hydrocarbon onto the carburetor body and intake
manifold. Idle speed will increase and engine idle will smooth out

- if vacuum leaks are prasent. Check for loose or missing vaguum
hoses. Check PCV ventilation valve to determine if it is stuck in

full flow positiocn.

c. Ignition Timing - Check timing and adwvance with timing light. Check

dwell with oscilloscope.

Diagnostic Procedure 3 - Faulty Carburetion

Diagnosis
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Faulty carburetion resulis in excessive carbon monoxide esmissiens during
low and high cruise and may contribute to excessive idle emissions. Faulty
carbureticn causes excessive quantities to fuel to be supplied to the engine.
It may also be due to problems with the air induction sysitem rather than the

carburetor itself.

A, Alr Cleaner - Inspect air cleaner elament. Replace if CO emissions

at 2,500 rpm with and without air cleaner element installed change

mere than 1 percent CO.

B. Carburetor Choke - Check to aensure that the choke is not stuck

partially closed. Repair or adjust if not fully open at normal

engine temperature.

c. Carburetor Main System ~ With air cleaner removed and choke open,

measure CO emissions at 2,500 rpm. Carburetor main system is satis-
factory if CO emissions decrease to less than one half of idle CO

emission level.

n. Fual Pump Pressure -~ Check for excess fuel prassure, If excess

pressure is present, check for restricted fuel return line and pump

bypass valve.

Diagnostic Procedurs 4 ~ Faulty Spark Plug, Spark Plug Wire, or Ignition

Companents

Diagnosis

Spark plug, spark plug wire or ignition component £ailures resulted in
secondary ignition misfire in at least one cylinder preducing wvery high HC

emissions during low and high cruise and may contribute to high idle emissions.

A. Conduct an ignition system diagnosis. Check for erroded plugs,
incorrect gap, disconnected or agpen wires, crossfire, distributor

cap and rotor condition.
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B. Conduct a diagnosis of the following components to determine where
the expected fault is occurring; coil, condensor, distributor advance

mechanisms, electronic ignition components.

Diagnostic Procedure 5 - Paulty Exhaust Valve Action/Bad Rings

Diagnosis

Faulty exhaust valve action and/or bad rings result in producing high HC
and CO emissoins in low and/or high cruise. This condition may alsoc cause

high HC and/or CO emissions in the idle-mode.

aA. Conduct a compression check to determine i1f the valve(s) ars seating.
The compression check should show no meore than 20 percent wvariation
from highest to lowest cylinder and be within the manufacturer's

recommended specification.
B. If the compression check is not satisfactory, perform a cylinder
leak down test to determine whether the rings or valves ars at

fault.

Diagnestic Procedures 6 - Faulty Ignition Advance and/or EGR

Diagnosis

on Nox_system equipped vehicles, either original egquipment or retrofit
equipment,, the ignition advance is modified to inhibit NOx formation. Many
vehicles also employ exhaust gas recirculation (EGR). These systems may

malfuncticon resulting in excessive Nox emissions during the low or high c<cruisae.

A. Determine whether emission failure is due to Nox system malfunction.
Repair or replace the system according to applicable service proce-

dures. Check for. plugged EGR valves or disconnected hoses.

B. Check for wvacuum or mechanical adwvance malfunction, incorrect basic
timing or dwell. Repair and adjustment of the timing malfunction

may correct the Nox failure.
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Appendix D

EMISSICNS~RELATED PARTS LIST

The follewing list of components are examples of emissions-related parts.

CARBURETION AND AIR INDUCTION SYSTEM
Air Induction System:

l. Temperature sensor elements

2. Vacuum motor for air control
3. Hot air duct and stove

4. BAir filter housing and element

Emissions Calibrated Carburetors:

Metering jets

Metering rods

Naedle and seat

Power valve

. Fleat circuit

. Vacuum brezk

. Choke mechanism

8. Throttle control sclencid
9. Deceleration valve

10. Dashpot

11. Idle stop solenoid, anti-dieseling assembly
12. Accelerating pump

13. - Altitude compensator

.

~N WL R W N

Mechanical Fuel Injection:

L]

Pressure regqulator

Fuel injection pump

Fuel injectors
Throttle-position compensator
Engine speed compensator
Engine temperature compensator
Altitude cut-off wvalve
Daceleration cut-off wvalve
Cold-start valve

- Y .

W00~ WA N
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b.

E.

B.

Centinuous Fuel Injection:

1.
2.

+

OWwWom-~Jo . w

1

Electronic Fuel Injection:

1.
2.
3.
4.

-
-

W @~ o in

Alx

1.
2.
3.

Fuel pump

Pressure accumulator

fuel filter

Fuel distributor

Fuel injectors

Air-flow sansor
Throttle~pesition compensator
Warm-running compensatcr
Pneumatic overrun compensator
Cold-start valve

Pressure regulator

Fuel distribution manifold

Puel injectors

Electronic coatroel unit

Engine speed sansor

Engine temperature sensor
Throttle-pesition sensor
Altitude/manifold-pressure sensor
Cold-start wvalve

Fuel Ratio Control:

Frequency wvalwve
Oxygen senser
Electronic control unit

Intake Manifold

IGNITION SYSTEM

Distributor:

1. Cam

2. Points

3. Rotor

4. Condenser _

5. Distributor cap

&,
7.

Spark Advance/Retard Systems:

1.

Breaker plate _
Electronic components (breakerless or electronic system)

Centrifuygal advance mechanism:

a.
b,

weights
springs
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c.

D.

E.

Vacuum advance unit

Transmission controlled spark systems:

a.
b.
c.
d.
.
£.

Vacuum solenoid
Transmission switch
Temperature switchas
Time delay

CEC valve

Reversing relay

Electronic spark control systems:

d.
b.
S

4.

Computer circuitry
Speed sensor
Temperature switches
Vacuum switching valve

orifice spark advance contrel systems:

a.
b.
c.
d.

Vacuum by-pass valve

OSAC (orifice spark advance control) valve
Temperature control switch

Distributor vacuum control valve

Speed controlled spark systems:

2.
b.
c.

Vacuum scolencoid
Speed sensor and contrel switch
Thermal vacuum switch

Spark Plugs

Igniticn Coil

Ignition Wiras

IIT. MECHANICAL COMPONENTS

A.

B.

Valve Train:

Intake valves
Exhaust valves
Valve guides
Valve springs
Valve seats
Camshaft

Combustion Chamber:

1.
2.

Cylinder head or rotor housing*
Piston or rotor

*Rotary (Wankel) engines only
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VII.

3.

EVAPCRATIVE CONTROL SYSTEM

Vapor Storage Canister and Filter
Vapor Liquid Separator

Filler Cap

Fuel Tank

POSITIVE CRANKCASE VENTILATION SYSTEM
BCV Valve
0il Piller Cap

Manifold PCV Connection Assembly

EXHAUST GAS RECIRCULATION SYSTEM
EGR Valve:

1. Valve body and carburetor spacer
2. Internal passages and exhaust gas orifices

Driving Mode Sensors:

Speed sensors

Solencid wvacuum valve

Electronic amplifier
Temperaturs-controllad vacuum valve
Vacuum reducing valve

EGR coolant override valve
Backpressure transducer

Vacuum amplifier

Delay valves

. . -

W W~ MWt P

AIR INJECTION SYSTEM

Air Supply Assembly:
1. Pump
2. DPressure relief valve
3. Pressure-setting plug
4. Pulsed air system

Distribution Assembly:

1. Diverter, relief, bypass, or gulp valve
2. Check or anti-backfire valve
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3. Deceleration control part
4. Flow control wvalve

5. Distribution manifold

6. Alr switching valve

c. Temperature sensor

VIII. CATALYST, THERMAL REACTOR, AND EXHAUST SYSTEM

A. Catalytic Converter:

1. Constricted fuel f£iller neck
2. Catalyst beads (pellet type converter)
3. Ceramic support and monolith cecating (monelith type converter)
4., Converter body and internal supports:
5. Exhaust manifold
B. Thermal Reactor:

1. Reactor casing and lining
2. Exhaust manifeold and exhaust port liner

c. Exhaust System:

Manifold

Zxhaust port liners

Double walled portion of exhaust system
. Heat riser valve and control assembly

N

i W
.
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Appendix E

NOISE TESTING

E.Ll INTRCDUCTION

To control the vehicle noise emission, effective state and local noise
regulations for vehigles-in-use (VIU) are required. Table E-1 shows that
Michigan, among a few other leading states, already has noise standards for
ViU, '

4

A good noise regulation for VIU alone will not control the noise environ-
ment, Its success depends on a good enforcement program. At the heart of a
sclid enforcement program for VIU is a simple and reliable vehicle noise test
that can be included in the regular state I/M inspection procedure, So far,
Michigan, Minnesota, Cclorade, and California are fhe only. states that ars

aware of this and are congidering its incorporation.

The ideal test needs to be simple in its requirements for test time,
skill, site, and equipment. Most of the time, passby test methods are used as
the ultimate standards because of the belief that passby represents the commcn
vehicle operating medes. EPA promulgated nolse standards are all based on
vehicle passby tests. These tests are not simple by any of the criteria

mentioned above,
Most of the stationary tests are substantially simpler but not very

useful. This is because their results correlate poorly with those of the

tests adopted by the EPA standards which preempt all state and local standards
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Table E-1.

IN~-USE SQUND LEVEL LIMITS

QON~-RQAD
MOTOR ON—-ROAD QFF-ROAD QFF=ROAD SNOW-- MOTOR~
STATE VEHICLES MOTORCYCLES MOTORCYCLES VEHICLES MOBILES BOATS

Alabama - Ne Ne - - -
Alaska - No No - - -
Arizona - No No - - Yes
Arkansas - No No - - -
California Yes Yes Yes Yes Yes Yeg
Colorado Yes Yas Yes Yes - Yes
Connecticut Yes Yes No - Yes -
Delaware - Ne No - - -
Florida Yes Yes No - - -
Gaorgia - No No - - -
Hawaiil Yes Yes No - - -
Idaho Yes, for Yes Yes, on public - - -

passengexr land

motor

vehicles
Illinois - No . No - - -
Indiana Yes Yes No - - -
Iowa - Ko No - Yes -
Kansas - No No - - -
Kentucky - No No - - -
Louisiana - No No - Yas -
Maine - Ne No - Yesg -
Maryland - Yes Yes Yes - Yes
Massachusetts - No No Yas Yes -
Michigan Yes Yes Yes - Yes -
Minnesota Yes Yes No - - -
Mississippi - No No - - -
Missouri - No No - - Yas
Montana - Yes No - Yas -
Nebraska Yes, for No No - - -

over, 10,000

1b.
Nevada Yes Yeas No - - Yes
New Hampshire - No Yes Yes Yes Yes
New Jersey - No No - - Yes
New Mexico - No No - - -
New York Yas, for No No No Yes No

over, 10,000
ib.
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Table E- 1. IN-USE SCUND LEVEL LIMITS (Continued)
ON-ROAD
MOTOR ON~ROAD OFF—-ROAD QFF-ROAD SNOW- MOTCR~
STATE VEHICLES MOTORCYCLES MOTORCYCLES VEHICLES MOBILES BOATS
Neorth Carolina - No No - - -
North Dakota - No No - - -
Ohio - No No - - -
Oklahoma - No No - - -~
Oregon Yes Yes Yes Yes - Yes
Pennsylvania Yes Yes No - Yes -
Rhode Island - Yes No - - -
8. Carolina - No No - - -
South Dakota - No No - - -
Tannessee - No No - - Yes
Texas - No No - - -
Utah - No No - - -
Vermont - No No - Yes -
Virginia - No No - - -
Washington Yas Yes Yes Yes - -
West Virginia - Na No - - -
Wisconsin - No No - Yes -
Wyoming - No No - - -
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for new vehicle noise., However, some efforts in developing simpler and corre-
latable stationary tests have been made and deserve some attention. These

will he discussed later.

E.2 NOISE TEST PROCEDURES

There are numerous noise test procedures proposed or in effect for passen-
ger cars, light trucks, vans, and motorcycles. Most of them require open-
field testing. These outdoor testing procedures can he classified into the

following categories:

@ Accelerated Passbhy Noise Tests - These test standards usually

require low speed acgeleration of vehicles at fixed throttle in such
a manner that a specific engine speed called the closing rpm is
reached in the end zone of a prescribed vehicle path. Once the
closing rpm is reached, the throttle is closed. The maximum noise
level observed by a microphone 1.2m above the ground and 15m (7.5m

in Europe) from the vehicle path is recorded as the noise level of

the weshicle.

This type of test is usually employed for vehicle noise certifica-
tion or regulatory purposes. The established tasks can be endorsed
by the Scciety of Automotive Engineers (SAE) standards, the California
Highway Patrol procedures, and the International Organization for

Standards (ISQ) Recommendation R362.

The Envirommental Protection Agency (EPA) has also proposed acceler-
ated passby noise tests for motorcycles and light vehicles (Ref. 25
and 26). Reference 26 propcsed a complicated test which requires
hoth specified acceleration and speed be reached in a narrow end-

zone on the wvehicle path.

e Constant Speed Passby MNoise Tests - This type of test is designed

mainly for reoadside enforcement purpese. California Highway Patrol
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has loocked into this type of test. Bouldexr and Colorado Springs,
Colorado, and Minnesota Authorities have developed improved versions
where even a single highway patrol car can be used tc monitor and
pursue high noise emitters. Reference 18 also suggested a constant
speed passby test. These tests do not correlate well with the EPA
tests.

Stationary Engine Acceleration Noise Tests = The U.5. Department of

Transportation has adopted a stationary engine acceleration test in
Reference 25; for interstate motor carriers. <Chang (Ref., 26) has
studied the engine operation theories and their applications in
transforming accelerated passby noise tests into highly correlatable
and much simpler stationary engine acceleration tests. One such
transformation has been proven so successful that the statlionary
engine acceleration test is included for consideration in the EPA's

proposed motorcycle noise emission regulations.

Stationary Constant Engine Speed Noise Test - The Swiss stationary

test, the International Organization of Standards, and the Motor-
cycle Industrial Council proposed stationary vehicle noise test
methods have been known for some time. These tests are simpler to
perform than the passby tests but were not designed to correlate

with U.S., EPA tests.

Other procsedures have been develcoped for use in inspection facilities

such as the noise tunnels in Richmond, British Columbia but the results do not

correlate directly with U.S. Federal primary passby test standard.

NOISE TEST FACILITY AND EQUIPMENT

The requirements on noise testing facilities, acoustic instrumentation,

and auxiliary equipment are different for each type of testing.
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For outdoor neoise testing, a large open plane ahout 90m by 75m frese of
large reflecting surfaces is usually requira:d for a 15m microphone distance
test. The measurement zone should ke a hard flat surface such as a concrete
or sealed asphalt pad. The ambient noise level should be 10 dB less than the

vehicle noise level.

These requirements are difficult to meet in a populous urban environment
having no large vacant lots and high ambient noise levels. Recently, Chang
(Ref. 26) has developed the acoustic similarity theory which has been success-
fully applied to reduce the noise measurement distance for motorcycles by
fivefold. Accordingly, the area requirement of the open plane is reduced by
25 times. This may be a solution to the problems in selecting urban testing

facilities.

For the indoor-type of testing, the acoustic environment of the enclosure
is of importance in‘determining the number of microphones required., The
faeility should have adequate ventilation systems to handle the vehicle exhaust

for safety reasons,

fsually ANSI Type 1L sound level meters are specified in prevailing wvehicle
noise standards. ANSI Type 2 sound level meters are less expensive and are
accepted in OSHA and local noise regulations. Other factors should include

the instrument ruggedness and its ability to interface with a computer.

Most established test procedures specify the use of wind speed, barometric
pressure, temperature, and humidity gauges. Some also require the connection
of tachometerf accelefometer, and ignition disable device to the yehicle. The
penefit of including this equipment in an inspection noise test procedure
should be carefully reviewed as should the.associated costs and other problems

{e.g., possible tampering charges on attaching tachometers to private vehicles).
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E.4 STATIONARY ENGINE ACCELERATICON NOQISE TEST

Most vehicle passby noise tesﬁ procedures specify a measurement distance
of 15m {50 feet) which requires a large hard testing plane and low ambient
noisa levels, For inclusidn into the I/M program it is desirable to test
vehicle noise at a shorter distance in the stationary mcde and have the results

correlate with the passby tests at 15m.

Previous studies have shown weak correlation among noise measurements
made at various microphone distances ranging from 5m o 30m when the micro-
phone is at a f£ixed height zbove ground. Reference 26 discusses methods to
improve the correlation by preserving the acoustic interference pattern at
varilous measurement distance by adjusting the microphone heights. Then the
noise levels closely follow the spherical spreading law and tests at short
distances with high correlation are possible. Simple stationary tests correla-
rable with the Federal passby procedures can be devised without using tedious
external loads; e.g., dynamometers, This is because the instantaneous vehicle
noise iz dependent primarily on the enginé power (throttle setting) and the

engine speed.

An example is given in Reference 26 where a 15m passhy motercycle test is
transformed into a 3m stationary test. Experiments performed at Sandusky,
Chic and California showed near perfect correlation (97 percent) between the

two procedures.

The Stationary noise test would serve within the noise-I/M integrated

testing as a screening for noise enforcement of in-use wehicles.

Further simplification is possible in eliminating the use of tachometers
as reported in Reference 26. If that simplification is successful, we would
have an ideal candidate for inclusion of the noise test in the stats I/M

pregran.
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