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EVALUATION OF MOTOR VEHICLE EMISSIONS 
INSPECTION/MAINTENANCE PROGRAMS FOR MICHIGAN 

EXECUTIVE SUMMARY 

l. 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 quality stan

dards for carbon monoxide. (CO) and ozone (0
3

) in every part of the state. 

This demonstration is part of a State Implementation Plan (SIP) to be 

approved by the United States Environmental 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 l982. If an area is unable to demonstrate attainment 

of standards by the stated date, despite implementation of various controls, 

an extension of the attainment deadline 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 (private) 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 qual

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 .. 
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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 quality 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 portion of which is attributable to the operation of motor vehicles, 

is necessary for the reduction of ambient 6
3 

levels, and can be achieved 

through I/M. Failure to address the issue of I/M could result in disap

proval of the Michigan 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 presented in the two volume study that 

accompanies this summary. 

1.1 STUDY OBJECTIVES 

There were five principal objectives of this study. 

l. Explore a broad range of program options. 

2. perform a comprehensive evaluation of the costs and 
benefits of seven principal or "base" options- that 
together incorporate all the unique properties of 
program configurations suggested by representatives 
of the State of Michigan. 
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5 60 
COUNTIES """""' 

1. ALCONA 43. uu:::E: 40 1 2. ALGER 44. LAPEER 20 68 
3. ALU:GIIN 45. LEELANAU 

4. ALPENA 46. LENA WE£ ,........ 
s. ANTlUM 47. LIVINGSTON 65 6. ARENliC 48. LUCE 57 72 
7. OARAGA 49. MA""'-""NAC 

B. BARRY so. MACOMB-METRO ..... 
•• BliY 51. MANISTEE 

10. BENZIE 52. MAJ<Q!JttrE 43 67 
11. BERRIEN 53. MASON 
12. BR1\NCH 54. MECOSTA 

13. ClW!OON 55. MENOMINEE 
14. C>.SS 56. MJ:DLl\NO 
15. CHARLEVODC 57. MISSAIJ"KE:E: 54 37 
16. cm:BOYG>.N sa. MONROE 

17. CHI.PP!:WA 59. MONTCALM 

18. CLARE 60. MONTMORENCY 
19. CLINTON 61. MUSKEGON 

20. CRAWFORD 62. NEWAYGO 

21. DELTA 63. OAlCLAND-ME:TRO 
22. DICKINSON 64. OCEANA 
23. EATON 65. OGD<1.W 
24. EMMET 66. ONTONAGON 
25. GENESEE 67. OCEOLA 
26. GLADWIN 68. OSCODA 
27. GOGEBIC 69. OTSEGO 

28. GO. TRAVERSE 70. OTl'AWA 

29. GRATIOT 71. PRESQOE ISLE 
30. HILLSDALE 72. ROSCOMMON 

31. BOUGHTON 73. SAGINAW 
32. HDRON 74. SANILAC 
33. INGBAK 75. SCHOOLCRATT 

34. IONIA 76. SHIAWASSE:E 
35. !OSCO 77. ST. CI..AIR-ME'l'RO 
36. IRON 78. ST • .JOSEPH 

37. ISABELLA 79. T'JSCOLA 
38. Jl\ClCSON ao. V1\N BUREN 
39. =.AMAZOO 81. WAS>ITENAW 
40. 1<1U.lQSK>. 82. WAYNE-METRO 

41. ICE:NT 83. WEXFOP.D 
42. J:D.'"E1:NAW 

Figure 1. MICHIGAN OZONE NONATTAINMENT COUNTIES 
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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 l 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 separate cover. 

1.2 BASIC FEATURES OF INSPECTION/MAINTENANCE 

Volume l 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 t.o 

produce by the end of 1987 a 25 percent net reduction in emissions of 

HC and CO from light-duty vehi.cles (LDVl 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 weighing less than 6,001 pounds 

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

c. Heavy-duty (greater than 8 1 500 pounds). gasoline vehicles (HDG) 

d. Heavy-Duty (greater than 8 1 500 pounds) diesel vehicles (HDD) 

e. Motorcycles 

The overall potential for emissions reduction is also sensitive to 

the geographical scope of program coverage. Six geographic areas of 
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Michigan have been identified as meeting appropriate criteria for imple

mentation of I/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 J.982 of CO and/or 0
3 

standards cann~t be 

demonstrated. Nonetheless, it is true that more comprehensive geographic 

coveiage results i~ greater total emissions reduction. 

Potential geographic coverage: 

a. Entire state l83 counties) 

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

c. Ozone nonattainment metropolitan counties 
Detroit (Macomb, Monroe, Oakland, Washtenaw, and Wayne) -

also includes CO nonattainment area 
Lansing (Clinton, Eaton, and Ingnaml 
Grand Rapids (Ottawa and Kent) 
Flint (Genesee) 

Two elements of candidate I/M programs that do not 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 administrative 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 

following. 

• 

.. 

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/operated 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. 

5 



• 

• 

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 vehicles 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 establishments (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 programs currently in operation utilize either centralized 

facilities operated by public authority or contractor or decentralized 

private garages for vehicle inspection. For all administrative approaches 

except statistical sampling, repair of vehicles which fail an emissions 

inspection would be mandatory. Repairs would be performed by dealerships, 

service gar_ages and independent operators 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 

normal-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: 
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• Simplicity, requiring minimal training £or inspectors 

• Limited diagnosis o£ some engine maladjustments and mal£unctions 

• High probability that test conditions can be duplicated by pri
vate garages for repair diagnosis 

• Brief test time and minimal equipment requirements 

• Inability to detect some emission control system malfunctions 
that would occur when a vehicle is operating under road-load and 
higher speeds 

.. Inability to detect elevated 
a regulated pollutant 

emissions of nitrogen oxides (NO), 
. X 

• Opportunity to perform minor carburetor adjustments during testing. 

The results of any approvable short emissions test must correlate sat

isfactorily with results obtained from the Feder.al Test Procedure (FTPl. 

FTP is EPA's baseline inspection cycle of over forty minutes' duration 

which requires a twelve-hour engine-off preconditioning period C''cold 

soak") for each vehicle tested. To date, EPA has not released a list o£ 

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 (NO ) in addition to the standard HC 
. X 

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 emissions 

inspection. One version of a loaded-mode test, called the transient-

mode or Federal short-cycle 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 l25 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 
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conducted in ongoing I/M programs employs a limited selection of typical 

test speeds which 1,1sually 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 NO ) concentrations for each operational mode and vehicle 
X 

model year. Better diagnostic information can usually be obtained from 

a loaded test because failures at non-idle modes generally point to a 

specific 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 reduction greater than that which is obtainable 

from the idle mode test. 

For the engine parameter/device inspection (EPDI)., vehicles are 

subjected to a sequence of system component checks to determine the 

mechanical condition of various emissions-related systems. Components 

andjor operating parameters outside the accepted tolerance range are 

considered to have failed, and are required to be replaced or adjusted 

to manufacturer's specifications. This approach does not specifically 

include measurement of emissions levels, although 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 procedure. 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 followed by (2). visual 

inspection of the exhaust system and emission control (\evices, (3) the 

exhaust emission test, {_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 l and 

2 above would occur at position one, steps 3 and 4 at position two, and 
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RECEIVE 
INSPECTION 

VEHICLE 
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REVIEW AND 
RECORD ID 

_., 
DATA 

·MEASURE 

-~ EMISSION 
LEVELS AT 
2500 RPM 

DISCUSS 
TEST RESULTS ~ WITH OWNER 

Figure Zo 

DIRECT VEHICLE 
4 

INSPECT CONNECT, 
OWNER TO f-. CALIBRATE ~ 

WAITING AREA VISUAl~Y TEST 
EQUIPMENT 

4 

MEASURE DISCONNECT COMPLETE EMISSION M- EMISSION 
:-t' ~ LEVELS AT TEST INSPECTION 

ENGINE IDLE EQUIPMENT FORM 

RELEASE RECEIVE 
VEHICLE FROM ~ NEXT 

FACILITY VEHICLE 

Typical Inspection Sequence 



steps 5 and 6 at position three, These positions 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 repair. 

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 (gla.ss, wipers, washers, mirrors} 

e Lighting defects 

• Exhaust defects (noise and smoke) 

• Control defects (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. 

Vehicle-in-use standards and periodic motor vehicle inspection pro

grams presently operating in other states emphasize safety-related compo

nents. There is a. general belief that vehicles in good operating condition 

are less likely to be i.nvolved 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 of M;i.chigan has already established procedures and standards 

for drive-by and stationary noise levels. However, the procedure is not 

compatible with indoor test facilities· in which a large hard-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 faci~lity. 

l.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 implementation in Mi.chigan. The various· benefits and economic effects 

attributable to I/M generally are discussed in a Michigan context. Also 

discussed are ancillary issues of program implementation and operation 

(including quality assurance of testing; consumer protection for repair, 

publi.c ;information strategies· and mechanic training programs) that must 

be addressed in any program regardless of administrative approach or method 

of test. Cost categories for the program are identified and explained; 

then, total life costs and annual consumer fees are developed for a 

comprehensive set of seven basic and seventeen additional program options. 

Based on a comparison of costs,the qualitative merits of each opt;i.on 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 l.S 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 posit;i.ve 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 l presents the total emission reductions that would result from 

an I/M p:r;ogranr cpvering all light-duty vehicles (less than 8,500 pounds) 

'in each of the State's five nonattaimnent 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

ics perform these repairs. Values in the table were supplied by the Michi

gan Department of Transportation 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 variety of assump

tions and incorporates the emission reduction credits attributed to an 

I/M program by EPA (based 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 

requi.:rements of I/M; the "banking" of emission reduction credits through 

I/M in order to protect future industrial growth in Michigan; and 

miscellaneous difficult-to-quantify effect's 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 

wi.th reps.ect 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 
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Table L INSPECTION/MAINTENANCE PROGRAM RESULTS IN MAJOR URBAN AREAS 
IN THE DESIGNATED NONATTAINMENT REGION 

co 

Detroit* Fl.int Lansin2 Grand Ra;Eids .Niles 

1982, Noi/M 3 1 885,6'12 168,420 135,129 182,651 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, No X/M 2,346,511 92,333 78,492 101,874 5,514 

I/M 5 year& i,746,443 56,196 49,401 64,085 3,433 

,.Decrease 25.6 37.0 37.0 37.0 37.7 

BC 

1982, Nol/M 352,863 20,527 17,135 21,087 1,066 

I/M 1 year .340_,469 19,680 16,449 20,166 1,017 

'Decrease 3.,5 4.1 4.0 4.4 4.6 

1987, No I/M 204,066 10,868 9,424 11,648 622 

IJM 5 years .159,,350 7,882 6,883 8,349 439 

' Decrease 21.9 27.5 27.0 28.3 29.4 

Figures are kilograms per average-summer-day for 20 percent failure rate not including 
mechanics training 

• Values supplied by Southeastern Michigan Council of Govermnents. Hydrocarbon totals 
for Detroit include only reactive BC .. 

Note: I/M program presumed to include 20 percent failure rate (stringency factor) 
and repairs by trained mechanics. 
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.. 

ADMINISTRATIVE APPROACH 

State-Operated 

Contractor-Operated 

Service Center 
(Private Garage) 

Statistical Sampling 

* base option 

Table 2. ALTERNATIVE APPROACH VERSUS METHOD OF TEST 

METHOD OF TEST 
IDLE LOADED 

1. without safety & noise* 9. without safety & noise* 

2. with safety & noise* 10. with safety & noise 

3. without safety & noise* 11. without safety & noise 

4. with safety & noise 12. with safety & noise 

5. without safety & noise* 13. without safety & noise 

6. with safety & noise 14. with safety & noise 

7. without safety & noise* 15. without safety & noise 

8. with safety & noise 16. with safety & noise 

EPDI 

17. without safety & noise* 

18. with safety & noise 

19. without safety & noise 

20 with safety & noise 

21. without safety & noise 

22. with safety & noise 

23. without safety & noise 

24. with safety & noise 



bP.sis of time required to perform il. single inspection (by test mode and 

scope} factored by an empirically-derived percentage multiplier of actual 

versus £deal efficiency. The output computation procedure for each mode 

of test is discussed in Section 3.6.2 of Volume 2. The following annual 

lane cP.pacities were developed for a testing program involving light-duty 

vehicles (I.DV) • 

Idle mode 
Loaded mode 
Engine Parameter/Device Inspection 

23,000 UN 
19,200 wv 

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 vehicle 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 requirements that may result in public and private costs 

directly attributable to the program are introduced in Section 3.8 of 

Volume 2 and discuss.ed in depth in appendices to the report. Individual 

states P,re 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 cons·idered for inclusion in I/M 

legislation. 

While I/M legislation is debated and after its passage by the 

Legislature, the citizens of Michigan must be informed of all aspects 

of the impending program which will have an impact on their accustomed 

activities. The basic features of a public information effort and a 

suggested timeline for implementation of the various stages are presented 

in Appendix C. 
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·Table 3. COST ELEMENTS 

~ COST ELEMENT 

I. INITIAL IMPLEMENTATION AND CAPITA!. COSTS (NONR!:CURRING} 

A. Initial :Imolementation COsts 

1. Site Selection 
2. Bids Preparation And Evaluation 
3. Facilities; Design 
4. Training Plan Development 
S. Personnel Selection 
6. DoC'UlDe.Jlt Preparation 
7. Administrative Support 
8. System Integ=ation, Checkout, and Certification 
9. Test Schedulinq System Development 

B. CapitAl. Costs (Construction) 

1. Lane and Site Improvement Costs 
a. Land cost 
b. Site Improvement Costa 

2. Facility Construction 
3. Inst-~entation Cost 
4. Of!ice Equipment 
5. Computer Costs 

a. Hard,...&re 
b. Software 

c. Caoital Costs (Other) 

l. ~nistrative Office Equipment 
2. Quality Control Eql.lipme."'l.t ... Mobil Unit 

b. Referee Station 
c. Correlation car 

3. Consumer Complaint 

II. ANNUAL OPERATING COSTS 

A. Facility Ooeratinq Costs 

1. Personnel Costs 
2. Maintenance and Miscellaneous Item Costs 

a. Fa.cili't.y 
b. Equipment 

B. Supnort Cost:s 

l. Administ~ative 

2.. Data Analysis 
3.. Training 

C. Quality Control Operatinq Costs 

1. Personnel 
2. Supply 
3.. Main't.enance 

III. ANCILLAR'i PRDc:;AAMS ANNUAL OPE.AATING COSTS 

A. Mechanic Training 

B. Public Information Program 

C. Consumer Complaint 

D. Vehicle Test Scheduling Costs 
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An I/M program will fully succeed with respect to its intended pur

pose and to the satisfaction of the public only if qualified mechanics 

perforil) the repairs necessary to bring polluting vehicles into compliance 

with standards. Michigan i.s fortunate 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 vehi.cle repairs. However, additional mechanics must be trained 

and many mechanics retrained ~ perform the necessary repairs. Appendix 

D presents the elements of a mechanics program, discusses the two-phase 

training approach recommended by State of Michigan staff, and provides 

an appropriate program timeline. Costs developed for the training effort 

are incorporated :j:n the detailed option cost analyses of Volume 2, Section 

5.0. 

Any vehicle owne,r subject to inspection/maintenance should expect 

that accurate, consi.stent inspections 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 circumvent the system (.and thus to 

neutralize the 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 _(£or 

complaint handling), mobile quality assurance vans equipped.with instru

ment and gas calibration devices, correlation vehicle·s for comparative 

evaluation of test results from lane to lane,and a regular, internal, 

rigorously-observed schedule of instrument calibration and equipment main

tenance. These mechani.sms 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 vehicle 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 total 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 des.ign, development, docmnentation, 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 equipment; and Annual Operating Costs which are those 

expenditures necessary to a&ninister, operate, and maintain inspe.ction 

facilities and provide apprqpri~te quality assurance, consumer protection 

and public information on an ongoing basis. The specific elements of 

·each. cost category are listed in Table 3 and explained in Sections 4,2.1 

through 4.4.4 of Volume 2. The cost methodology is based on the following 

principal assumptions. 

• 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 contractorare included 

• Vehicle population growth rate of 2.8 percent per year 

• 

• 
• 

Land 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 nonattainment counties (Figure 11, which include the 

carbon monoxide nonattainment area of metropolitan Detroit, Only light

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-lane facilities 

using the three-position lanes described earlier, Options incorporat-

ing safety and noise testing use five position lanes. "Worst case" 

travel distance to a test facility (maximum) is 30 miles, An initial work 

schedule of 8 hours/day, 250 daysfyear (2,000 total hours) is assumed, The 

mandatory program would start January 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 inspection (Option 1), 
This program is representative of any state-operated 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 31. 
This program is representative of any contractor-operated 
option but with cost requirements at the lowest level for any 
contracted system. 

d) Private garage (decentralized), idle mode with manual testing 
and data processing without safety and noise inspection (Option 
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, stat:istical sampling program with automated 
idle mode testing and data processing and no safety and noise 
check lOption 7L The State of Michigan has had exJ?erience 
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 vehicle 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
tist:ical sample 0ptions, presuming the sampling rate to remain 
constant, across all possible configurations. 

f) State-operated, loaded-mode with automated testing and data 
processing and without safety and noise testing (bption 9) .• 
This is the baseline representative of possible loaded mode 
configurations, selected specifically for cost comparison with 
Option J.. 

g) State-operated, EPDI inspection without safety and noise check 
(Pption 17). This option was selected specifically for cost 
comparison wi.th Options l 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 l 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 ent:ire set of 

program options, line-item sensitivity factors to estimate the costs for 

variation among key program elements were developed and are presented in 

tabular form in Volume 2, Section 6.0. An 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 approaches 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 o
3 

nonattainment areal experienced as one 

moves along the ra.nge of possible combinations of each of the key progr~ 

elements. Computations employing these factors generated a total program 

cost and fee breakdown for each of the remaining seventeen options of Table 2. 

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

Table 4 

CONSUMER FEE IN l978 DOLLARS 
CONTRACTOR TOTAL 

OPTION NO. STATE OR GARAGE FEE 

1 $ .5. 32 $ ~ .00 $ 5.32 

2 7.04 .00 7.04 

3 l.Ol 4.80 5.81 
' 

5 l.l5 4.48 5.63 

7 7.23 .00 7.23* 

9 6.30 .00 6,30 

l7 2l.85 .00 2l,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 undergo further analysis in a later phase of the program. Although 

considerable information was derived from the alternatives costing analysis 

described above and from investigation of the relative advantages and 

disadvantages of the various options, 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. :Lt was also res,POnsi.ve to expressions of public O)?inion 

as obtained during the public hearings on the Michigan State Implementation 

Plan and through the medium of a public opinion poll conducted under 

auspices of the Michigan State Police, Office of Highway.and Safety 

Planning. 

The decision process resulted in the elimination of the following 

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

l. All inspection programs that include a safety·and ·noise·test. 

Key reasons were: 

• 

.. 

• 

.. 

• 

• 

Mandatory safety and/or noise inspection programs are not 
currently operating in 1Hchigan. 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 Legislature must 
decide if it is wise to go far beyond the intent of the 
Clean Air Act to include other programs within a program 
designed specifically to improve air quality • 

States with. safety programs currently operating question 
the ef.fectiveness of safety inspections in reducing vehicle 
defect related accidents • 

l/M )?rograms 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 l/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 systems are 
audible, .ln some cases faulty mufflers must be corrected 
prior to an emissions test, since exhaust leaks make it 
impossible to obtain accurate test results. 

22 



• Program ~plementation will take longer due to increased 
program complexity. 

• 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 alone, 

2. All options involving a statistical sampling program with par
ticipation not to exceed 25 percent of registered vehicles. 

Key reasons were: 

• it is not possible for the State of Michigan to demonstrate 
that the emission reduction from I/M required by EPA policy 
can be achieved 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 appfoach is not acceptable to the federal EPA, since 
it does~~ulfill the Clean Air Act Amendment requirement for 
I/M to be "mandatory and periodic". 

3. All options involving a State-operated network of inspection 
stat:ions ._ 

Key reasons were: 

• The initial costs to the State to implement the program are 
high. 

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

• Governmental employment will be greatly expanded as compared 
to other private sector administrative approaches. 

8 There will be a loss of property tax revenues collected by 
local governments because taxes are not levied on State
owned facilities • 

.. 
• 

Flexibility to terminate the program is lacking. 

Implementation time is likely to be greater due to the 
involvement of many state agencies, and because legal, 
financial, admini.strative, and hiring requirements are more 
complex in the public sector than in the private sector. 

23 



4. All options invol~ng both initial emissions testing and repair 
at private ga):"age$, 

Key reasons were; 

• 

• 

• 

There is reluctance by tbe 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 (l0%jyear) of garage ownership is 
experienced in Michigan. This makes it difficult to quan
tify program costs since the level of participation by 
garacjes is unknown .. 

Quality assurance costs are higher because instruments at 
many $tations must be calibrated and checked for accuracy 
regularly. It is also necessary to che.ck regularly for 
proper testing procedures and valid repairs. 

• Mo~e resources must be devoted to private garage licensing, 
quality control and complaint investigation than for the 
other administrative approaches. 

• So far, all of the $tates 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 tbe 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 workload 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 involving 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: 

• The loaded Il]ode 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 vehicles. 
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• A loaded test does not increase the amount of emission 
reductions obtained by the program, 

e The repair industry may find i.t expensive and imJ?ractical 
to buy a dynamometer to duplicate loaded test results for 
repair purposes. If a repair garage cannot duplicate the 
test to see if repairs are correct there is a possibility of 
additional retests and additional consumer dissatisfac.tion, 

• A loaded test costs l8% more than an idle test. 

e If heavy duty vehicles are included in a loaded test I/M 
program., special double axle dynamometers will be necessary •. 
This substantially increases program costs. 

6. All options involving engine parameter/device inspection (EPDI). 

Key reasons were: 

.. 

.. 

.. 

.. 

The parameter inspection defined in this report is appr\)xi
mately four times as expensive as an idle test . 

Very little information is available pertaining to the test 
time (and subsequently 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 
is on the individual states. 

Therefore, the remaining candidate options will be carried forward 

for additional study. 

a. Contractor-operated idle mode testing and retesting at 
centralized facilities. 

b. Contractor-operated idle mode testing with retesting at pri
vate garages (~ew Jersey-type program) . 

c. 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, 

e Implementation procedures are straightforward. 

• This approach ranks second only to a state-operated program 
with respect to assured quality 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 
~epair. 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 carried 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/maintenance (I/M) program that 

identifies those vehicles requiring maintenance/repair, and that requires the 

offending vehicles to be repaired, will reduce the amounts of carbon monoxide 

(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. According 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 to achieve the 

National Ambient Air Quality Standards (NAAQS) . These methods include control 

of stationary sources of air pollution, and various transportation control 

measures, whose objective is to reduce vehicle miles traveled (VMT) thereby 

reducing pollution from mobile sources. If, in these revisions, the state 

cannot demonstrate that ~~e 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 impleme_ntation 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 alternative 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. 
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This study consists of six major tasks which are described as follows: 

l) 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 modes for I/M programs are defined and reviewed: 

(a) OWnership/Operations 

e State-owned/operated centralized facilities 

e Contractor-owned/operated centralized facilities 

e Privately-owned/operated decentralized facilities 

e Statistical sampling of vehicle population 

(b) Test Modes 

Idle Mode engine at idle, transmission in neutral, exhaust 

gas analyzed 

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

more speeds, exhaust gas analyzed 

e Engine Parameter/Device Inspection - the engine idle rpm and 

basic timing compared to manufacturer's specifications -positive 

crankcase ventilation valve (PCV) , exhaust gas recirculation 

valve (EGR), etc., 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 

optio~s; 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: 

e State-owned/operated centralized facilities 

8 Contractor-owned/operated centralized facilities 

e 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 report) requirements. 

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

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

Federal Test Procedure (FTP) and the Diagnostic Test Regime. 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: 

G Appendix N credits (Ref. 3) 

8 Short-test emissions standards as related to the FTP 

8 Loaded-mode truth chart and diagnostic procedures 

• Emissions-related parts list 

e Noise testing 

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

Task 2 evaluation. 
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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 State-owned/operated centralized facilities 

e Contractor-owned/operated centralized facilities 

e Privately-owned/operated decentralized facilities 

e Statistical sampling of vehicle population 

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

is organized into three subsections: 

e Administrative options defined - provides working definitions for 

each administrative option 

e Review of background information - provides an analysis of each 

option utilizing past and present I/M programs 

e Functional comparisons between administrative options - provides a 

table of organization for each option by identifying ancillary 

organizations and their related support services. 
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2.1 ADMINISTRATIVE OPTIONS DEFINED 

The faux administrative options characterize the operational format of 

the inspection phase of I/M.* These administrative options are: 

e State-owned/operated centralized facilities - A designated public 

authority assumes complete managerial and operational control of 

·publicly-owned test facilities. 

e Contractor-owned/operated centralized facilities - A corporation, 

selected through competitive bidding, assumes operational responsi

bility for inspection. The contractor and not the State assumes 

financial responsibility for constructing and operating test centers. 

Administrative control is still the responsibility of a public 

authority. 

e Privately-owned/operated decentralized facilities - A public 

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

independent service garages and dealerships) to perform inspections. 

Managerial and operational authority is provided by each respective 

establishment. However, the State regulates 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. 

e 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 on a certain number of vehicles from a 

specific vehicle population is called a sample of the data of the 

population, while the process (whereby the sample is selected) is 

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

*S~rvice g~rages, dealerships, and independents comprising the repair industry 
~~11 pr~v~de the requisite maintenance for failed vehicles identified by the 
~nspect~on phase. 

5 



to determine the success or failure of the deduction arrived at from 

the data. 

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

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

characteristics of vehicles as contained in the total population. 

To achieve these objectives, a random sampling technique must be 

introduced. A "roulette 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 operated by either 

the State or a contractor, 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 operating 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 agency, number of vehicles tested, stringency factors, test mode 

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

inspect~on 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 
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ADMINISTRA'l'lVE 

PROGRAM 'l'YPE S'l'A'l'E AGENCY 

I. GOV.b~RNMEUT 

A. State New Jersey DMV - EPA 

b 
Oregon Dept. of 

Portland Environ. Qual. 

B. Mun1cif2al Ohio, cincinnati 
Cincinnati Af>CD 

Illinois, Chicago Dept. 
Chicago Env. Control 

p. CON'fRAC'l'OR Arizona, 
c AriZ. Dept., 

Maricopa uealth Ser. 
and Pima 
counties 

III. PlUVA'rE Nevada oept. Motor 
GARAGE (Clark Vehicles and 

Co. only) Dept. Uuman 
Resources 

Rhode oept. of 1'rans-
Island portation 

TABLE 2-1. EXISTING I/M PROGRAMS 

VEIIICLE POP 

(MILLIONS) 

3.9 LDVs 

• 550 LDVS 
(biennial) 

.200 LDVs 

1.0 LDVs 

1.1 cars, 
trucks, and 
motorcycles 

. 500 l.DVS 

. sao 1.ovs 

S'l'RlNGENCY OR. 
FAILURE RA'l'E 

L.D.V. 

Idle 
23% 
Idle 
40% 

Idle 
30% 

Idle 
30-35% 

Idled 
30% 

Idle 

Idle 
30% 

U.D.V."' 

,,. 
NA 

NA 

NA 

EPA 
City 

NA 

STA'riONS STA'l'US 

jfJ..anes HSta. ~ 

68 38 

14 7 

4 1 

10 5 

36 12 

210 Licensed 
Pd.vate Stations 

1 

1 

None 

6 

1 

923 Private Garages 
+ l State-Operated 
challenge lane 

Mlt.I,IONS 

capital a 

$2.50 {1972) 

$.38 Leased 
facil. (1975) 

$13k • safety 
facil. 

2.0 (1973) 

$10.5 

0.17 (1974) 

1.00 (1977} 

a cost data for a particular y~ar. 1'o update costs to present year multiply to appi:-opriat·e inflation fact.or. 

OF DO LIARS 

+ 

Operating a 

1.33 

$2.22 

.13 for 
11 positions 

1.45 (1977} 

$4.0 

$.43 approx. 
(1974) 

Par-t of 
Capital cost 
1st year 

INSPECTION FEE 

$3.50 including 
safety 

$5 

$3.75 including 
safety 

Program Cost 
covered by a city 
sticker fee. 

$5 

$10.00-$33.00 
(including 
adjustments) 

$4 

bstate of Ot·egon, Oregon Enviro1Unental Quality Conuuission - "Report to the Oregon Legislature on the Motor vehicle Emission Testing Program," 
January 14, 1977. 

eState uf Arizona, Bureau of Vehicular Emissions Inspections - "Tune-up for Less Emission,- It's working, Arizona Vehicular Emissions Inspection 
Program Operations, 1977." 

dAlso test with loaded regimes. 

*Definitions: DMV - Department of Motor Vehicles. 
LDV - Light-Duty Vehicle (GVW <8501 lb.). 
uov - ueavy-Duty Vehicle (GVW >a sao lb.}. 



.-

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, Illinois. 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 presently 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 1.1 million vehicles using an idle-mode test with a 30 percent 

stringency factor. Capital costs are estimated at $10 million with annual 

operating costs approaching $4 million. 

California conducted a 2-year pilot program (Ref. 4), operated by State 

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. 5). 

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 

testing 0.5 million vehicles 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 vehicle 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 
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a 

f'ROGRAM 'I''iPE 

1. GOVERNMI:!N'l'

OPI>R1'.'1'ED 

TABLE 2-2. 

LOCATION 

A. State-Operated New .Jersey 

B. Municipal
Operated 

oregon 
(Por·tland) 

Cincinnati, Ohio 

chicago, Illinois 

TYPICAL I/M PROBLEMS, SOLUTIONS AND ACHIEVEMENTS 

.2-Year Exemption fo.r New Cars 

.Lack Operating Capital 
Capacity Improvements Cannot be 
Made 
.O~IV Resistant to Increased Re
failure Rate Expected in 
Phase III 

.nefailure Rate is 25~ 

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

.Ta11periny 

.Low Throughvut 

.Inadequate Enforcement 

.No l'hase-In Period and No P.R. 
Program 

.t-lt'!chanics Inadequately Trained 

.Less 'l'han 20\ of Registered 
vehiclea nave Been Inspected 

SOLU1'IONSa 

.l.egislation Pending 

.Funding lias Incnl:ased $330,000 

.NO ('osition Change 

.Refailure Rate Uow 11\ 

.Inspection Period Will be Shortened 

.Trying to Implement An Annual In
spection Cycle, Requires Legisla
tion action 

.Improved Enforcement Led to 
Increased Throughput 

.P.R. Program Needed 

.Mechanic Training Program 

• Increased Enforecment Policies 
.Favor Mandatory Inspection with 
'l'hree Conditions: 
1. Fed. Govt. and Auto Manufac

turer's .Concurrence On War
rantee Program 

2. Auto Manufacturer's Compli
ance With EKisting Statutory 
Emission Standards 

3. I/M Implementation Over Reg
ional Area 

Information provided by state personnel in each state. 

ACUIEVEMENTS 

.Nation's Longest On-Going 
I/M Program 

.4,700 Garages Now Utilizing 
Exhaust Analyzers 

.Private Garage Reinspection 
Program 

.Estb1ates Reduction of IIC is 
lH and co 7\ 

.Private Garage Acceptance is 
Increasing 

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

.Communication Channels Estab
lished with Auto Manufactur
ers Regarding lligh Emission 
Levels of Late Model 
Vehicles 

.Nation's First Fully Auto
mated Inspection Program 

(continued) 
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TABLE 2-2 (continued) 

PROGRAM 'l'¥PE 

11. CONTRACTOR
OPERA'fED 

Ill. PRIVATE 
GARAGE
OPEIU\.'l'ED 

LOCATION 

Arizona 
Maricopa and Pima Counties 

Rhode Island 

.Initial Adverse Public Reaction 

.Queuing Problems 
.Tampering 
• Inadequate Inspector '!'raining 

.Minimal 

.Inadequate Training of Garage 
Mechanics 

.sonLe Garages Violated 
Regulations 

alnformation provided by state personnel in each state. 

SOLUTIONSa ACIIIEVEMENTS 

.Expected to Disappear With Increased .Nation's First contractor-
Efficiency and Better Public Operated Program 
Awareness 

.Increased Contractor Monitoring 

.On-Going Mechanic Training 
Program 

.Constant Monitoring Needed 

.DMV Control of Licensing 
of Stations and Inspectors 

.Minimal Cost 

.Program Initiated by 
Governor and Rhode Island 
00'1' With Backing From Exe
cutive and Legislative 
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 COMPARISONS 

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

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

A State agency coordinates the efforts of all organizations involved in 

the program. Other responsibilities of the State agency include quality control 

and operational guidance of the inspection centers. 

The three administrative approaches (State, contractor, and private garage) 

differ only in the operational format of the total I/M framework. For example, 

a contractor-owned/operated program (Figure 2-la) could be responsible for its 

own in-house quality control program. The state would continue to provide 

independent quality control checks of each test station. 

A decentralized (private garage) system would require State quality control 

checks and a State licensing and certification program for emission test facil

ities and mechanics. 

In addition to the administrative quality control staff, the quality control 

section would require field personnel to operate the mobile quality audit unit 

and the correlation vehicle. Each 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 inspection 

facilities. 

Referee stations would be fixed facilities to provide the following services: 

• Investigate consumer complaints 

8 Provide diagnostic capability for determining repair effectiveness 

8 Provide a waiver of further repair actions 

• Information and direction to upgrade equipment and procedures. 

11 



SUPPORT SEJ\VICES 

I AUTOMO'fiVE 

BUru:AU 

IMEG:IIANlC/ 

S'l'A'f ION 
C£n'l'U'ICA'J'ION 

EMISSION 1'ES'f SERVICES 

I 
DATA 

ANAL 'iSIS 

I 
PUBLIC I I SERVICE 

I 
I I 

I COMPLAINT I PUBLIC 
REFERUAL RElJ\'flONS 

CEN'l'RAL 
COMPU1'1NG 

SERVICES 

ENVIRONMEN'l'AL 

ADMINISTRATION 

I AIU QUAI.ITY 
CON'fROL 

I ANALYSIS 

\ 

I RECRUITMEN'I' F . ~ TRAINING I 
ENFORCEMENT 11.1 PERSONNEL ~ 

REGIS'J'RA'J'ION I i I MECUAtHC 

'--"""'"c"'o"'n!!o"'sr---J I 

I INSPECTOR t--
--------------------- -------------~-------

'-----------1------J-iMOTOR VEIIICLE ·~------v::; ___ __JL---..J 
- ~EMISSION 

CON'l'ROL 

I 

I 
QUALI'J'Y 
CONTROl, 

I 
I 

OPERATIONS IU:io'EREE 

I 

I 

I 
OPERA'J'IONIIL 

I 
S'J'A'J'ION I FIElD I 

L-------------~ L-C------l L-~·~·~r•~,~·r~o~u,____, 
CORREI..A'J'!ON I I 
VEIIICLE '-------'''--1 

Figure 2-1. Functional administrative chart 
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r 
I 
I 
I 
I 
I 
I 

- - - -

I 
INSPEC'l'ION 
CENTER 

1 

I 
FIEI,D 

OPI!:RA'l'IONS 

FIELD OPERA'l'IONS 
ADMINIS'l'RA'l'OR 

CONTRAC'l'OR-OPERA'lED - -_]-- --- - --
OPERATIONAL 
CONTROL 

I 
INSPECTION INSPECTION 
CEN'£ER CEN'l'ER 

2 n 

l 
l 
I 
I 

r 
I 
I 
I 
I I 

PRIVA'l'E 
GARAGE 

1 

FIELD OPERATIONS 
ADMitUSTRA'l'OR 

PRIVATELY-OPERATED 

PRIVA'l'£ 
GARAGE 

2 

Figure 2-la. County administered 

~ 
1-Kl'l'OR VEUICLE 
EMISSION CONTROL 

I 

I J 
QUALITY FIEI.O OPERA'£IONS 
CON'l'ROL ADMINIS'l'RA'l'ION 

I ·--
I j J 

DA'l'A 
ANALYSIS S'fA'riON STATION 

1 2 

I 
PRIVATE 

GARAGE 

STATION 

--, 
I 
I 
I 

n 

n 

I 
I 
I 
I 

Figure 2-lb. Modifications to reflect contractor decentralized (private garage) system 
and county administered system 
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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 reduction 

of pollutant emissions. Costs of an I/M program include capital costs of the 

test facilities, operating costs of the test facilities, program administration, 

and failed vehicle repair costs. Capital and operating costs are offset by 

an inspection 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 REDUCTION BENEFITS 

I/M programs will reduce pollutant emission from automotive vehicles by 

requiring repair of those vehicles which fail to meet the emission standards. 

The benefits are reduced atmospheric pollutants, and compliance with the 

Clean Air Act Amendments (CAAA) . 

Automobiles emit three major polluting gases: hydrocarbons (HC), carbon 

monoxide (CO), and oxides of nitrogen (NO ) . CO is a colorless, odorless gas 
X 

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 NO interact in the presence of sunlight to form photochemical 
X 

oxidants (smog). ozone (0
3
), the main constituent of photochemical smog, causes 

irritation to the eyes and mucous membranes, and aggravates existing respiratory 

illnesses. 
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3.1.1 Appendix N - Emission Reductions Achievable Through Inspection 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 Appendix A to this 

report. 

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 (government 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 require that failing vehi
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/M equipment, and routine auditing of inspection results. 

"b. Minimum decentralized program requirements. In order 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 S(a). 

i. Provisions for the licensing of inspection facilities which 
insure that the facility has obtained, prior to 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 signatures of opera
tors whose vehicles have passed inspection, and to submit to 
inspection of the facility. 
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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. Records must also be maintained 

· on the calibration of testing equipment. 
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 90 days to check the facilities' records, 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 also recommended 
that such inspections be used to check the correlation of 
instrument readings among inspection facilities." 

Emission 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 pollutant emissions in vehicles; 

the stringency of the emissions standards; the number 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-year); and the average number of miles each age group is driven 

annually. 

Credits are used to determine effectiveness. The units of credits are HC% and 

CO%, 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 program; the adequacy of the 

mechanics training; and the number of Technology I and Technology II vehicles 

in the program. 

Two 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 Technology I vehicles. All 1975 and subsequent model

year light-duty vehicles are classified as Technology II vehicles. The 

general use of catalytic converters in 1975 and newer vehicles is a prime 

difference between Technology I and Technology II vehicles. 
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The stringency of an I/M program is measured by the stringency factor 

which is defined in Appendix N as follows: 

"Stringency fac;tor is a measure of the rigor of a program based on the 
estimated fraction of the vehicle population whose emissions would 
exceed cutpoints for either or both carbon monoxide and hydrocarbons 
were no improvements in maintenance habits or quality 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 vehicles 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 strin

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 tests used in I/M programs, and the FTP used to certify vehicles. The 

short-cycle tests with high cutpoints are effective in predicting high FTP 

emitters, but are not consistent predictors when stringency factors higher than 

0.50 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 possibi,li ty. 

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 they may differ due to quality of maintenance provided to the vehicle popu

lation, and the validity of the cutpoints used. In subsequent years of testing, 

the fail rate can be lower than the stringency factor if vehicle maintenance 

and repair meet high standards. 
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For any inspection year, Appendix N provides first-year 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 

different for every stringency factor except the HC% for stringency factor 

0.30 as shown in Table 3-1. Those vehicle classes which have been inspected 

two or more times, gain additional credits up to the maximum for eight or more 

inspections, as shown in Table 3-2. Subsequent-year credits are the same for 

Technology 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 Technolo9Y II, and all 

mechanics training credits are a function of the stringency factor. The u.s. 

E~A determines what percentage of the maximum credits shown 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 3-5. 

3.2 OTHER I/M BENEFITS 

3.2.1 Fuel 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 (particularly in Technology I vehicles) , 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-l. FIRST YEAR OF PROGRAM C.'<EDITS 

PERCENT 
HC co 

Tech- Tech- Tech- Tech-
STRINGENCY no logy no logy nology no logy 

FACTOR I II I II 

0.10 l 1 3 8 

0.20 5 3 8 20 

0.30 7 9 l3 28 

0.40 10 16 19 33 

o.so 11 24 22 37 

Table 3-2. SUBSEQUENT YEARS PROGRAM CREDIT 

ADDITIVE CREDIT 
NUMEER OF HC co 

INSPECTIONS i!L i!L 

2 7 8 

3 14 15 

4 20 19 

5 25 23 

6 30 27 

7 33 30 

8 or more 36 35 
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Table 3-3. MECHANIC TRAINING FIRST YEAR CREDITS 

TECHNOLOGY I TECHNOLOGY II 
STRINGENCY HC co HC co 

FACTOR ill.. ill ill ill 
0.10 1 5 3 7 
0.20 3 7 5 10 
0.30 4 9 4 10 
0.40 6 8 1 7 
0.50 7 7 1 5 

Table 3-4. MECHANIC TRAINING SUBSEQUENT YEAR CREDITS 

TECHNOLOGY I 
NUMBER OF INSPECTIONS 

2 3 or more 
STRINGENCY HC co HC co 

FACTOR ill ill ..w_ ..w_ 

0.10 3 3 15 18 
0.20 4 8 10 15 
0.30 6 5 9 9 
0.40 5 5 5 5 
0.50 3 2 3 2 

TECHNOLOGY II 
NUMBER OF INSPECTIONS - 2 OR MORE 

STRINGENCY HC co 
FACTOR ill ill 
0.10 10 4 
0.20 8 2 
0.30 2 1 
0.40 1 3 
0.50 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 TRAININGa,b 
STRINGENCY STARTING co HC co HC 

FACTOR % DATE0 
ill (%) ill ill 

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 47.6 

40 07/01/80 38.2 35.7 61.1 57'. 7 
07/0l/81 36.6 34.2 59.8 54.3 
07/01/82 34.3 31.8 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 I/M credits is due in November 1978. 

a . AssumptJ.ons: 
1. All model years are included in the program. 
2. Nationwide averages of vehicle mix by model year plus 

distribution of vehicle miles traveled by model year 
are assumed. 

of 

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," EPA-460/3-78-013 
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where: 

F s 
v 

m 

= Fuel saved per year (gallons) 

= Average miles per vehicle year ( Miles ) 
Vehicle Year 

= Total number of vehicles inspected (Vehicles) 

= Stringency factor (No Units) 

= Average fuel consumption after repair (Gallons) 
Miles 

= Average fuel consum. ption before repair (Gallons) 
Miles 

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 ~~e 

vehicle population and the I/M program (Ref. 6,7,8). The methodology for 

calculating fleet wide fuel savings is expanded and applied in Volume II, 

Section 2. 

3.2.2 Performance and Increased Vehicle Life 

Although studies to date have not been conclusive, it seems reasonable to 

assume that a properly 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 vehicle 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 Section 207 

of the Clean Air Act, may provide possible benefit to motor vehicle owners 

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 vehicle. Section 207(b), 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 that a short test 

is available which is "reasonably capable of being correlated" with the official 

certification test, manufacturers will be liable to correct vehicles which fail 

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

Manufacturers argue that the Clean 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 emissions-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 model-year vehicles. (Ref. 7). These Vehicles·were testing using: 

G FTP 75 test used in new car certification 

e Federal Highway Fuel Economy Test (HFET) 

e Loaded-mode test 

e Acceleration/deceleration driving sequence EPA modal test 

8· Sealed housing evaporative determination (SHED) test 

Only 9 percent of the failed vehicles 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 noncovered reason 

It is obvious that the subject of warranty repair work performed requires 

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 

inspection fees and repair costs. This subsection presents information on 

costs of existing I/M programs. 

3.3.1 Implementation, Capital and Operating Costs 

Capital costs for an I/M program include all the costs accrued to provide 

the test facilities~ These include; construction costs; land costs; test 

equipment costs; other equipment costs (tools, desks, chairs, etc.). 
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Implementation cost includes all cost to develop the operational details of 

the program, such as procedures and training plans to make the inspection 

facilities ready for operation. 

Operating costs include: costs of hiring and training personnel; salary 

costs (wages and benefits); utility costs (gas, electricity, water, telephone); 

taxes (property, payroll, supplies, etc.); costs of consumable supplies (paper, 

calibration gases, etc.); 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 cost 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 inspection of approximately 0.5 million vehicles. 

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.) 

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 condition 

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 conclusions relating to repair costs for vehicles failing 

emission inspection- criteria 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 vehicles that failed an idle 

test was $29.13 when diagnostic information was provided for the 

mechanics diagnostic routine. In contrast, the average repair cost 

for servicing vehicles 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 based 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 vehicles 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 mandoatory I/M 80 percent 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, $0 to 

$10; minor tune-up, $13 to $40; major tune-up, $30 to $100; engine 

overhaul, over $100. 

3. Scott Research Laboratories, Inc., Exhaust Emission and Test 

Evaluation of the State of California Roadside Idle Emission 

Inspection Program and State of California Evaluation of Mandatory 

Vehicle Inspection and Maintenance Programs (Ref. 12) 

In this study, approximately 100 vehicles failed to pass inspection 

requirements; subsequently, they were directed to 34 different 

Class A repair stations located in the San Bernardino and Riverside 

areas 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 Repair 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 
1975a 33 53.00 

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

Technology I vehicles manufactured in 1967 through 1969 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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4. 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 controls (1968-1977 model-years) • No 

distinction between Technology 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 Specialists 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. 

5. 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 vehicles, 

representing the l9S7 to 1970 California vehicle population. 

6. Additional Repair Cost Studies - Additional repair cost studies are 

presented in Table 3-8. 

TABLE 3-8. AVERAGE REPAIR COST FOR FAILED VEHICLES 

Stringency 
Idle Loaded Factor 

California Study (Ref. S) $21 $23 3S% 
Northrop (Ref. 9) 34 30 50 
EPA (Ref. lS) 26 28 so 
Olson (Ref. 16) 26 so 
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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 savings achieved. For most owners of failed 

vehicles, the cost of repair is well within acceptable limits. For the very 

small percentage of vehicles that would require a major tune-up or an engine 

overhaul to meet established emission 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. 5), examines the 

effect on I/M program benefits (improved fuel economy, reduced co and HC 

emissions), when the failed vehicles with the highest costs-to-repair are 

exempted from 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 repairing those vehicles with repair 

costs over $100. When a loaded test was used, the cost was $120. This data 

indicates that exceptional economic hardships on vehicle owners can be eliminated 

by exempting those vehicles from repair when repair costs exceed the established 

maximum without significantly reducing the program benefits. The increase in 

public acceptance of an I/M program that provides for exemption based on 

repair cost ceilings should be 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: 

e Idle 

8 Loaded 

e Functional 

4.1 FEDERAL TEST PROCEDURE 

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 soak, 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) requires 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 (C0
2

) and oxides of nitrogen (NOx). 
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TABLE 4-l. VEHICLE EXHAUST EMISSION STANDARDS 
(LOW-ALTITUDE, NONCALIFORNIA EMISSION STANDARDS) 

1. LIGHT-DUTY VEHICLES 

Model Year Hydrocarbons 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 

*350 ppm mole volume *2.0% mole volume no standard 
*275 ppm mole volume *l. 5% mole volume no standard 

1970-1971 1/ 2.2 gm/mi 23 gm/mi no standard 
1972 y 3.4 gm/mi 39 gm/mi no standard 
1973-1974 3.4 gm/mi 39 gm/mi 3 gm/mi 
1975-1973 y 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 displacement; using 7-mode 
driving cycle test 

!( Using 7-mode test 
~ Using 1972 FTP 
Y Using 1975 FTP 

2. LIGHT-DUTY TRUCKS (LOT) 

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

Model Year Hzdrocarbons Carbon Monoxide 
gm/mi gm/mi 

Oxides of Nitrogen 
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+** 0.99 9.4 1.5 

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

Model Year Hydrocarbons Carbon Monoxide Oxides of Nitro~en 
gm/mi gm/mi gm/mi 

Pre-1979 SAME STANDARDS AS HEAVY-DUTY GAS VEHicr;'1:s 
1979-1982 1.7 17.9 2.3 
1983-1984** 0.99 9.4 2.3 
1985+** 0.99 9.4 1.4 

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

3. HEAVY-DUTY GASOLINE VEHICLES 

Model Year 

Pre-1970 
1970-1973 

1974-1978 

1983-1984 

1985+ 

1/ g/mi equivalent 
2; g/mi equivalent 
3; g/mi equivalent 
4; g/mi equivalent 
y g/mi equivalent 

Standards 

no standards 
co = 1.5% mole volume 
HC = 275 ppm mole volume 
NO = no standard 

y cox = 40 grams per bhp-hr 
y HC plus NO 

cox 
= 16 grams per bhp-hr 
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standard is 
standard is 
standard is 
standard is 
standard is 

3/ = 25 gm/bhp-hr 

~ HC = 1.5 gm/bhp-hr 
HC + NO = 10 gm/bhp-hr 

cox = 29.7 gm/mi* 
HC = 2.85 gm/mi* 
NO = 5.35 

X 

159 gm/mi Co 
12.4 gm/mi HC 
140 gm/mi CO 
3.2 gm/mi HC 

13 • 3 gm/mi NO 
X 

gm/mi 

and 15.3 g/mi NO 
X 

4. HEAVY-DUTY DIESEL VEHICLES 

Model Year 

Pre-1973 
1973 
1974-1978 
1979-1982 
1983+* 

5. MOTORCYCLES 

Model Year 

Pre-1978 
1980-1982 
1980 
1983* 
1985* 

Carbon Monoxide 

no standard 
1.5% 
40 g/bhp-hr 
25 g/bhp-hr 

SAME AS 

Hydrocarbons 

no standard 
5-15 gm/km 

5 gm/km 
0.97 gm/km 
0. 97 gm/km 

*Predicted standards 
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Hydrocarbons p1ux Oxides of Nitrogen 

no standard 
no standard 
16 g/bhp-hr 
1.5 gm /bhp HC and lOg NO or: 5g HC + NO 

X X 
GASOLINE HDV' s 

Carbon Monoxide Oxides of Nitrogen 

no standard no standard 
17 gm/km no standard 
12 gm/km no standard 
12 gm/km no standard 
12 gm/km 0.14 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 and specify the necessary repair(s) (Ref. 17). A 

chassis dynamometer is used to simulate road-load at idle, full throttle, 

cruise, and a transient deceleration mode. During each of the operating 

modes, the exhaust is analyzed for HC. CO is measured in all modes except 

deceleration. Vehicles exceeding 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 modes that stress certain emission

critical components. Components that fail 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 repair costs. A sample of a typical diagnostic analysis report is 

shown in Table 4-2. 

4.3 IDLE INSPECTION TEST MODE 

Although various emissions studies indicate very low correlation between 

the idle-mode test and the FTP, the idle-mode test does identify FTP high 

emitters. 
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TABLE 4-2. DIAGNOSTIC ANALYSIS REPORT 
(REF. 3) 

Car Number 
Function 

License Number Alr Cleaner 
Heat Riser Date 
Carb. Choke Action Test Start Time 
Rhythm Test 
PCV Val•te Action s u Visual Check 
Air Injection Pump Battery Appearance 
Air Injection Check Valves Cables 
Gulp Valve Belts 
Emission System Hose Cond. Hoses 
Polarity Radiator 
Cap Oil Leaks 
Rotor Fuel Leaks 
Condenser 
Coil jREPAIR INSTRUCTIONS 
Idle Speed 

Spec Actual t 
Dwell 

Spec Actual 
Timing (Vac Hose Off) 

Spec Actual 
Mechanical Advance (Vac Hose Off) 

Spec Actual 
Total Advance (Vac Hose On) 

Spec Actual 
Vacuum Advance (Total-Mech Advance . 

Spec Actual 
Firing Order 

--------
Power Drop Test (5 Sec per Cycle) 

--------Plug Condition-Idle 
Carb - Idle 

AFR co 
Pl.ug Condition -Loaded Test Completion Time 

Carb - Power 
AFR co REMA.RKS • 

Plug Wires 
Points 
Detonation 
Carb - Cruise 

AFR co 
Carb Sure;es 
Blew - By 
Valve Action 
Knocks 
Head Gasket (On decel - use Bloc Chek) 

NOTE: Remove & replace radiator cap 
ab ave 2000 RPM 
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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) . 

it occurs under 

operation) • 

However, NO cannot be successfully 
X 

loaded conditions (low and/or high 

measured at idle, since 

cruise-open-throttle 

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 frequently used to describe this test since 

the vehicle is also operated at higher rpm (2,500) as part of the inspection 

test cycle. Vehicle system malfunctions which result in high emissions at 

idle rpm, frequently contribute to high emissions over a typical load/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 additional 

malfunctions that can contribute to high emissions. During the idle test 

procedure, engine operations 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 information 

when the vehicle fails is: 

A. Pre-Test 

Prepare vehicle and equipment for test: 

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

equipment per manufacturer's specifications 
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2. Test 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 

B. Test 

Perform HC/CO and rpm measurements and compare to 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. 

c. 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 overrich air/fuel ratios which are 

caused by abnormally 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. Ml\LFUNCTION TRUTH TABLE 

HC CO 
Malfunction High Very High High Very High Rough Idle 

PCV Valve Dirty/Restricted 
Air Cleaner Dirty/Restricted 
Choke Stuck Partially Closed 
Carburetor Idle Circuit Malfunction X 
Intake Manifold Leak X 
Ignition Timing Advanced 
Leaky Exhaust Valves 
Ignition System Misfire 

Source: Northrop Study (Ref. 19) 

4.4 LOADED TEST 

X 
X 
X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

The loaded test is performed on a chassis dynamometer at vehicle speeds 

and road load that are calculated to expose engine faults. The operational 

speeds are idle, low-cruise, and high-cruise. After vehicle pretest activities 

are performed, the vehicle is positioned on the dynamometer and emission test 

equipment attached. The initial 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 period, the 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 NO concentrations. By referring to a 
X 

logic diagram called a "truth" chart, corresponding probable engine malfunc-

tions 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 testing when the vehicle fails is: 

A. Pre-Test 

Prepare vehicle and equipment for test: 

l. Test Equipment - Calibrate HC/CO/NO test equipment per manu
x 

facturer's specification 

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

3. Hook-Up - Position vehicle on dynamometer, adjust controls for 

proper dynamometer load setting, and insert probe in exhaust 

tail pipe 

B. Test 

Perform HC/CO/NO measurements and compare to test standards: 
X 

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

test vehicle weight. Record HC/CO/NO measurement 
X 

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

test vehicle weight. Record HC/CO/NO measurements 
X 

3. Idle - Operate engine with transmission in neutral in manual 

shift vehicle; drive in automatic transmission vehicles at idle 

rpm and record HC/CO/NO measurements 
X 

C. 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-load and inertial-load specified for the weight of the 

vehicle. This cycle is more representative of emission levels produced on the 

road, and requires all the equipment used in the FTP. 

4.6 ENGINE PARAMETER/DEVICE INSPECTION 

For this approach, vehicles are subjected to a sequence of inspections 

that determine the mechanical functional condition of various emissions

related vehicle systems. Components and/or operating parameters with measure

ments outside of accepted tolerances, are required to be replaced or adjusted 

to specification. Table 4-4 presents test parameters and their emission 

relationships. This approach does 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 concentration to evaluate proper 

idle air/fuel ratio adjustment) . 
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Table 4-4. ENGINE PARAMETER/DEVICE TEST AND EMISSION RELATIONSHIPS 

EMISSION CONTROL SYSTEM 

1. Carburetor System 
a. Choke 
b. Metering rod 
c. Power valve 
d. Idle adjustment 
e. Float and valve 

INDICATION OF Ml\T,FllNCTION 

Adjustment 
Adjustment 
For ruptured diaphragm 
Fuel mixture 
Float level 

f. Vacuum break valve Ruptured diaphragm or 
loose vacuum hose 

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 

ll. Reduction Catalyst 

12. Oxidation Catalyst 

Electrode deterioration 
Cable deterioration 
Terminal corrosion or 
erosion 

Terminal corrosion or 
erosion 

Ruptured diaphragm or 
loose vacuum 

Deterioration 
Adjustment 

Ruptured diaphragm or 
loose vacuum ho.se 

Stuck 

Clogged 

stuck 

Clogged 

Broken hose or fault air 
pump 

Stuck 

High ppm HC 

o
2 

emissions statusa 

o
2 

emissions statusa 

POLLUTANT EMISSION 
RELATION 

HC 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

co 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

NO ._..,. 

X 

X 

X 

X 

X 

X 

ain lieu of o 2 emissions status, a gas sample would have to be checked before and 
after the catalyst. 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 ASSOCIATED PROGRAMS 

There are s~veral 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 derived 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 condition 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 developing safety-related VIU inspection standards include: 

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

Safety Administration (NHTSA) , the Motor Vehicle Manufacturers 

Association (MVMA), and the American National Standards Institute 

(ANSI) . 

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

In addition to these organizations, state and local governments with 

periodic motor vehicle inspection 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 

NHTSA witn those developed by MVMA, ANSI, and Michigan for vehicles under 

10,000 pounds, is presented in Table 4-5 (Ref. 20,21,22,23, and communications 

from the State of Michigan) . 
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Table 4-5. SU!'MARY OF NHTSA, MVMA, ANSI AND MICHIGAN 
SAFETY STANDARDS FOR VEHICLES UNDER 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 X X 
Tires X X X X 
Wheel Assembly X X X 

xb Lighting X X 
Electrical X X 
Horn X X 
Glazing X X 
Mirrors X X X 
Windshield X X XC 

Wipers X X 
Washers X X 
Body/Sheet Metal X X 
Exhaust X X X 
Fuel X X 

xd Emissions X 

Source: 1. J.D. Flora, R.F. Corn, R.C. Copp, Highway Safety Research 
Institute, The University of Michigan, Report 
UM-HSRl-76-9-2. Evaluation of the Michigan trial substitute 
vehicle inspection program, ASG 1976. 

2. J.D. Flora, R.F. Corn, R.C. Copp, Highway Safety Research 
Institute, May 1976 (Report UN-HSRl-76-9-1. 

3. J.D. Flora et al, UM-HSRl-77-57 Ltd-August 1977. 
4. U.S. Department of Transportation, Evaluation of Diagnostic 

Analysis and Test Equipment for Small Automotive Repair 
Establishments, July 1978. 

bAll lights. 
c 
Safety and vision impaired. 

d k . Smo e test~ng only. 
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The State of Michigan conducted a 2-year study to evaluate the effects of 

the Michigan 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, and 

condition of mirrors. 

e Lighting Defects - Headlight aiming and output, high-beam indicator 

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

e 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. 

Miscellaneous 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 

effect of a 15-percent check-lane inspection program and to compare 

this with the estimated effect of a periodic (annual) motor vehicle 

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. 

Q The sampling check to simulate a periodic motor vehicle inspection 

indicated that the simulated periodic motor vehicle inspection 

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 ~ accurately 

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

easier to perform and was recommended for adoption as the inspection 

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 have been shown to 

be major cau~l or contributing factors to accidents (i.e.; brakes, steering 

and alignment, suspension, tires, and wheel assemblies), while ANSI, MVMA, and 

Michigan also include standards for automotive systems that have less direct 

causal relationships 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 general 

urban noise. Automobiles and trucks contribute about equally to the total 

amount of noise in urban and rural areas, particularly~ major highways. 

Individual trucks generate more sound than automobiles, but automobiles 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 conditions. The noise sources are: 

Engine 

exhaust noise 

inlet noise 

radiation from engine casing 

-due to combustion 

-due to valves 

-fan and other ancillary equipment 

Running Gear and Accessories 

drive train 

tires 

Aerodynamics 

air flow over wheel wells and other surfaces 

irregularities 

SHED. vcrtici ty 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, it is known that other 

individual sources (such as the fan and tires) can be strong contributors to 

the radiated noise. In most cases, tire noise and aerodynamic 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 be as follows: 

LOW-SPEED (URBAN) 

engine exhaust 

cooling fan 

engine casing radiation 
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HIGH-SPEED (FREEWAY) 

tires 

aerodynamic noise 

engine noise 



4.7.2.3 Truck Noise 

Existing 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, wqere trucks with straight exhaust can be as much as 20 to 

25 dB noisier. In general, noise of motorcycles is also 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 30, 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 

establish final noise emission standards for new medium and heavy trucks by 

establishing a new Part 205 of Title 40 of the Code of Federal Regulations. 

This final rule-making is promulgated 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) . 

Standard and Effective Date ~ The regulation establishes standards and 

enforcement procedures for noise emissions resulting from the operation of 

newly manufactured medium and heavy trucks over 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 measure

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) 

83 

so 
(Reserved) 
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Effective Date 

January 1, 1978 

January l, 1982 

January l, 1985 



The enforcement procedures include production verification, selective 

<;!nforcement auditing procedures, warranty, compliance labeling and anti

tampering provisions. 

Motorcycles - On May 28, 1975, the EPA identified motorcycles as a major 

source of noise. 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 Federal Regulations establishing noise emission regulations for new 

motorcycles and new motorcycle replacement exhaust systems. Compliance with 

the proposed standards is expected to cause an average 5 db reduction in new 

street 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 

Act, regulation of motorcycle operation after the time of sale 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 NOISE EMISSION STANDARDS 

EFFECTIVE DATE 

Street motorcycles: 
January 1, 1980 
January 1, 1982 
January 1, 1985 

Moped-type street motorcycles: 
January 1, 1980 

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

Sound Level 
(dBA) 

83 
so 
78 

70 

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

Off-road motorcycles, engine displacement 
more than 170 cc: 

January 1, 1980 86 
January 1, 1983 82 
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It was proposed that all motorcycles 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 noise 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. 707c. (1) After April 1, 1978, a motor vehicle shall not be operated 
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: 

(i) Ninety DBA 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. 

(iii) Eighty-eight DBA under stationary run-up test. 
(b) A motorcycle or a moped as defined by section 32b: 
(i) Eighty-six DBA if the maximum lawful speed on the highway or street 

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

is 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) : 
(i) 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 highway or street 

is not more than 35 miles per hour. 
(iii) Ninety-five DBA under stationary 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. 25) 

Common 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 noise 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 15m (50 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 stationary 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 instantaneous vehicle noise is dependent mostly on 

the engine power (throttle setting) and the engine speed. An example is given 

in Reference 26 where a 15m (50 feet) pass-by motorcycle test is transformed 

into 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-mode emission test, integrated with the vehicle 

stationary engine acceleration noise test, and the Michigan safety inspection 

as described previously, is as follows: 

A. Pretest 

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 windshield, mirrors, and tires (bulge, breaks, 

and tread} . 

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

up, and calibrate HC/CO/NO test equipment per manufacturer's 
X 

specifications. Perform safety check of wipers, washers, 

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

directional signals, etc.}. 

3. Test Vehicle/Exhaust System Check - 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} 

B. Test 

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

1. 2,500 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 

transmission}, record HC/CO measurements. 

C. Post-Test 

Remove emission test equipment, perform brake safety checks, and 

prepare diagnostic information. 

1. Test Equipment - Post 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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3. Diagnostic Information - Derive diagnostic information from 

malfunction truth table (see Appendix C) . 

4. Vehicle 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. Pretest 

Prepare the vehicle and equipment for emission testing, perform 

visual safety checks and vehicle noise acceleration test. 

l. Vehicle Identification/Exhaust Visual Safety Checks - Record 

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

and tread). 

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

and calibrate HC/CO/NO test equipment per manufacturer's 
X 

specification. Perform safety check of wipers, washers, horn, 

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

signals, etc. ) . 

3. Test Vehicle/Exhaust System Check -'Verify engine is at normal 

operating temperature and check exhaust system for smoke. 

4. 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). 

B. Test 

Perform HC/CO/NO measurements and compare to test standards. 
X 
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1. High Cruise - Operate vehicle 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 HC/CO/NO measurements. 
X 

3. ~- Operate engine at idle rpm and record HC/CO/NO 
X 

measurements~ 

c. Post Test 

Remove test equipment, perform brake safety check and prepare 

diagnostic information. 

1. Test Equipment - Post calibrate check of HC/CO/NO on test 
X 

equipment. Remove exhaust pipe probe. 

2. Brake Check - Remove vehicle from dynamometer and perform 

moving/stoping foot brake safety test and parking brake safety 

check. 

3. Diagnostic Information - Derive diagnostic information from a 

malfunction truth table (see Appendix C) . 

4. Vehicle Checkout - Certify passed vehicles or supply diagnostic 

report to owners of failed vehicles. 

52 



Section 5 

GENERAL DEFINITIONS 

These definitions are commonly used in inspection and emissions testing 

procedures and I/M programs. 

accuracy: The degree by which an instrument is able to determine 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. 

air-fuel ratio: The expression of the proportional mixture by weight of air 

to gasoline 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 instrument which samples and determines the concentration of a 

particular gas of interest. 

calibration gases: 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: An 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 so that the motor vehicle 

meets emissions standards. 

certified station: A private facility certified by the State or I/M program 

office, to install, repair and adjust motor vehicle engine emissions

related components and pollution control 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 a motor vehicle. When positioned on the 

dynamometer the vehicle 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 acceleration 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 established 

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 purpose 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 vehicle. 

failure rate: The percentage of vehicles tested that fails inspection. 

fleet operator: The owner of a fleet of a designated number of vehicles. 

fleet owner authorized stations: Stations operated by a fleet owner under 

certified authority to perform vehicle emissions inspection and limited to 

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 weight rating for the individual 

vehicle. 

hang-up: HC which clings to the surface of the sampling and analyzer system in 

contract with the gas sample stream which causes an erroneous indication 

of HC in the measured value. 

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 molecular composition consists of 

atoms of hydrogen and carbon only. Gasoline is composed of various 

hydrocarbons. 

idle test: An 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 person, 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 vehicles 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 use 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 emission inspection program which measures the exhaust 

emissions from a motor vehicle operating under simulated road load on a 

chassis dynamometer. 

medium-duty vehicle: A motor vehicle designed for highway use with a gross 

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

model-year of vehicle: 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 station test time defines the output rate. 

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

pollution purposes, only nitric oxide (NO) and nitrogen dioxide (N0
2
). 

pollution control device: Equipment designed for installation on a motor 

vehicle to reduce pollutants emitted from the vehicle, or an engine 

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 ventilation, these gases which 

are rich in hydrocarbons escape to the atmosphere. 
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prescribed inspection procedure: Approved procciure 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 association 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 sample4 

response time: The period of time required by an instrument to provide a read

out after a step-change in gas concentration level. initiated at the tail 

pipe sample probe. 

smoke: Small gasborne 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 who is licensed 

to sell motor vehicles. 

vehicle emissions standard: A specific emission limit allowed for a class of 

vehicles. The standard is normally expressed in terms of maximum allow

able concentrations of pollutants (e.g., parts per million). However, a 

standard could also 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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~.l!asicprocnmrequlnments;.., 
outllne4 for botll tile oentrallzec! a.nd 
~tnll:Eec1 prognm concept. Attacll· 
ment 1 prov!<ies a dlscuso:lon at the mo-
4elln;r technlques utlllze4 to pnerate the 
·eml:!alon re4uotlon estimates. whlle At
"tacllment 2 prov!clu coall>Ut&tlonal ex-· 
Jlnll)les llluatz':r.tlnlr the uoaee of Appen-
'dlx N. · 
l"'R P'URlEER. INFORll.A.'riON CON .. 
TA=: 
• Jolm 0. Rl4Jnnr, Illrector, Ctlloe ot 

Transportetlon an4 ·Land Use Polley 

<AW...WS> U.S. Ell'7lronment&l Pro<ec· 
tlon A&'ene7, t01 M Street 5W. Wa.<h
'~ D.C. ::o.ieo <~02-755-4>4ao>. 

ADDRESS: SUbmittal ot O>mme•><a: 
Cmnm...,ta upon APJ>endlx N r.re re
qut!Ste4. 8ueh eommenta aboul4 be dl
i'e:l¢ to the 1ncllvl4ual below an4 post· 
multe4 no later tll&n Ausuat 1, 1877. 

:cated: Aprll18, 19'l'l. 

1:1011Gi.4S M. c=. 
A4mi.WtTato1' • 

In Put 51, of Title 40, COde of Fe<:leroJ 
~tlons, AppendiX N ls revised to 
read u fol!awa: 
~ N-!:xlssioJI' ll.%1n:rC'n0Ka ..l..ln) 

Ac!:tnUU: Tluo'ti'GH• IlfU"ZC'TlO!f ~ 
l4A..Dr'n:H.ufc::z 01 Llcnrr 'OcTT V1::SlCLU, 
~ JJiifO t.:.aaT .um H.s.l.n DoTT 
T&~ . 

AV'nlcar.rT: &ecd.on SOl(&) ol tho Clean 
4.1:' Ar..ci u t.tD.ended. by aect.101:1. Ui(c) (2) at 
Pub. I. ;1~. IK St.a.L rlU; 11 St.U. &.04 
(~ tr.S.O.lii61C(&) ), 

i.. l11i'l'oCU.:,£aft.. Tht3 .Appeud!% p:re!M:D.ta 
ut1m.e.tas of 'ttte pot.8!ltia1 111T1 1 .. 1MI re4UC• 
tLoll ~eA t.1 ~ tn tl:re judgl::l::lent ot the 
~tor. -an: lilady . to be: ac:uanble 
\hro~ the appUcat2on O'l a. properly l'tr'UC• 
tw'ed. ..ad. ~ tnapec'tion/mal.n~ 
(1/14) progra.m. S1tlce t.be pubHca.Uoa Of t.na 
~ Append.U N, n..., data obUW::lecl an4 
upoe.ri.enoe c11.nec1 f~m opoan.t.tn.s: progn.ms 
han &bowu t.l:le necesatty for & nvtsion to 
Cllf"'t&.ll1 porttom ot th1& document. In &d41· 
Ucu. 111tim&tea of emimton red.uct:.1oua ..... u
a.ble f.h.roueh retro"dt progr1U%1B. !Onnerly oon· 
tal.necl 1D. Appen4.1.% N, h.& n 1:loen dela"-84. 
B.etro.At guidance wUl be placed 1n a aepa.nt.e 
appeDdl.X c:oua.tst.ent Yit!l • f~t to be .tol· 
lowed. for,otb.u atratet:t-. 

To the este:nt JXS111ble. ~tes ln this 
Append.U:. U1t baaed. o:c amptzi.CIJ data. HOW• 
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..... la4 ot d.i;;;:;w arnen.l &rea& w .oeoea
ltt&t.ed utnpol.t.Uon of empJric:al t1&t.a. u.&1J:I.i 
mod~ tacll~uea ~ on aau.n4 ~
coeri.D.c juligmeDJ,. A dactiptlcu. ol theM' 
mod.eJJ.n.c t.echc.lquea t. cou.tatn..:t .in Att.&c:h .. 
m.ent 1. A& new data beeome a'J'&lla.ble. or 
u p.redtct.eci a:xtn.potat1o:r:w c.b.&.a.p. tl118 
..l;)pa.o.diZ W1ll be nnaed. ~ ~ 
"""""""llY. ' 

Seftf'&l dednltioM ban l>eeJ:l mocWl.a to 
re1l«M:t tb.e!.r LD.t.e:ad.e4 ~. lolc:5\ 1mpor· 
'Cact. "'U::J.tia.l !allure rt.tA .. 1:&1 been ndelned. 
aa a ""''trt:agency t&cl:or ... Hcpetu.Uy, th.ts n•w 
dedl11t1on wtll CU..~l -pLSt m.lsa.ppre.be:wczr. 
concerning the '"1J:I.tti&l failure rate .. conc.p't:.. 
In ad.dtUon, the Idle t.eG ha.s been IUghUy 
redeAned. to "tl.ect &et"Ual 1dle e..r:oJ;g:lon t.ast• 
11:.\g currently be1l1i UMd.. 

The mtntmu.m requi:r-em.enta of Ul 11M 
pt"Ognm .., del1ned.. nO&* ~ wl:!.1~ 
an caut.emplat.1.l1.f th.e ua.e o.t a. pr1n.t.. prs.ga 
IM progn.m a.bouh1 aot.e t..l:!.e .rpeci&J. rcqut..n
mezlta .c.ecel!sary to obtam Ul.e buie cmi.l::&1.oD. 
reduction CHd..tta.. 

J::p:U&aton M!<lucttona tor l~ht _duty n.J:Ucl• 
&.re est!mA~ not. only !OT t.b.e ru-n reu or 
an 1/U program but a.lao fer rub.s.eque.c.t J$l"S 
Iince modeUng bu ahowu th&t. 'the re-d.Uc't.l.on 
blme"l!ts C&l1 tncresse wtth tim~. Add..1t1o11Ll 
em.1a.s1on red.uct1ocs an- es'tim&ted. !0!' t.hOM 
prognms wbteh tnclude t1rl.ee-&·ye&r m..pec-.. 
Uon &.e.li ape-cbJ mee.h&n.ic tra.tning. !:atl.rn.a.t.ea 
ot emlnton reduct.toaa reru.lt1J:I..i rram Lfld 
programs tor Ug.b.t-duty tru~a. beATf-d.Ut'7 
trucU.. and tnDtorc"fClea 8Z'S' Wo c:1nn.. 

OrrrtU1c:a.Uo11 data and recent aunew...nce 
data. t.z:1d1e&te tba.t. I/W e.:reeuveneae may be 
J%"611lt.at' (eapeci&Uy tor e:a..rbou mcnox1d•) ra:r 
c::t.t.a.J:rst equipped. in•uaa 'lehJcle. than tot" 
pn-cat:Lif1't 'le.btcles. :Sy tb.e Ume mULy I/ll 
pto«rama an tully tmplem~tlted. c:a.w-,n. 
oqU1pped 'leblclll!lll wW d:oa:l.inate t.b.e nhtde 
m.u:. Entmat.ea an t..l:!.ere!ore g1ve:1 tor t:l.• et· 
tactionueu o! lJl,! OD Ncb. v.llteln., d .. ptte 
tho U.mited. dsta. ~ at the ~t time. 

Tr.Oles 1 throug.l:!. $ aummutu the e.m.Li• 
&1tm re4U-rt10WI Obt&inable trom I./14 pro-

• 
!· 



- TIIAi """"" _, -..s bf ... ,. 
81lll'tlt (R nc10D J.mp14melltmc • well~ 
l'fOC1'UD mar uceed the emu.JoJ:II. reduo-
doaa llalad. . - --""',..,._., l>o .... eftl'. woW4 b&ft to be abowtL t.l1.toulh AA 
a.deq'aate IOW'Ct Nn '11•=.,. siU4y. 

lL De~- ... "eu>pob>t" - ~ 
1eft1 ot em'Mfon• wtucll ~- be
....,.... t:J:I.OM ~- requ1rtz:lc e:m11a1oQ_,.. 
lai.:l ~tca:lCO &D4 QOIII that 4o 1I.A 

.. "!'odenl 'r>ln --~ tl"':P)--.1.__ .,-uUIIM4l>f-- Ia 
1DdllotUft fthJcl4J ubau.i .fm1M1on• ctW • 
~ ,.._ dr111l>C C)'o:IO. 

0. ..... .,. ... tf ~- maa. tar u.. 
,_ af-~. pocllD4-
--w-QVWI&-111&A 
uco pGQndo. . c. "'141e· •=wt, ~ ar "'idle 1elrt'"' 
me&Da a ~ pmc84ure tor -.mpllDc Uha~ 
emtwtgns wAJdl req1J1.ra Opll t\cQ QC ~ 
~n~Ul• IJl t'ta !dlli mode OD.i7, ,A$. A mlntm'Qm. 
Ul.e idle ten &boul4 COIWat ot the !oUOW'Ula 
proe841lni CIU'rie4 ou'l ou a.ruuy W'lloZ"m.eQ .. up 
~: a ~=em ot ~· uhau.i emJa
lkm caaoect:nUoDI tor • pc1Qd. ol timo ot .. -··-Wrtl7a:tert.l>o... :r"IUI. &$ 2.CCO to 2,$00 rpm wtt:t. DO lGa4 
tar awz 'metlly eo ~ 

.. ~maJJ:l~· lll-.m .. 
.cmt..,- to Nd.w:. cm11r1.1oca Uom 1D-t&ae ft
hiol.• bf 14ent;LtJ1.l:tc ~ tbat D:.-cl e.m.llo
Jkla.o..nl:at.ld. m.eJAten&Dee &Z:!.4 'requ.t.:m:c 
~ m.Cb. lisatA'tilll:lanat 1M p.rfarmacL 

t. "'t..S&ll.Wuit' nl11Cla" meams & ~ 
t::lll ail' puMnp:r CU' d«iftti'ft capable at 
--=ac 12 ~ 01 1-. 

r. "l..CC>~ ~-f.,.-p-

- af - Appo=dlz. • - -- -IIC<>o4 pr1mu{IJ tor <bo -r.w.- ot 
prDpllr'ty, or t21a dertn.ttoa. ot such a ~ 
wboae GV"W 16 8600 poul'lda ar l.aillll. 
· h. ""Las4 emt.et!on• t.en• ar ""1aadad tast"" 
~ a -* pnx:ed:Ul'e fer wmp"ns az!laust 
•=1a1a:. wtiJc:b. ~ tJle an.g1ne tmcl8ir 

lao<llnc by - •at • .,..... - "' 
wt:Smulat.ill KC'1:I&l dn"''tnn' eondltlcJ:D&. .6a & 
JIW:tim"Um ~t. the load...:l 'tllrlt mUlA 
J»crude fmiZUDc 't.be 'Nhlde &n4 m~ · 
a:ii&uR emlmone' a; "'"' ~ w kll4a --ldl<l. Ia ~ DS.IIII.Da tc.- tho ~ est 
ta:Ua ~~ • two--wbMleci mo~ ,...,. liJolo_ ... __ ""_ 
lll'if oa. • 6tftllr& Cit h1ctnn,y. 

J.. ~ t.&4k:lr"' Ja a me~~o~~UN Gt · tlle 
l"1car at & ~ ])a.M4 OD Uie tlltimatad 
:t::aci1la 01. \be ft.h1cl• po~ulatUm. ·-rnt-•on· WOUld aceed. eutpoia.ta fOI" ei~ 
ar tloUl ca.rbou ~cS. IDA hydroc::&dxua.a 
,_. DO 1mp:ot rr•nta tn m:atn~ ~ 

... "" quaUoy ot """"" .. '""""' "' - !".. & nwu.tt'Qt ttl.e ~ 
L --rampe:Ulc'" m-.na. tct' the parpcco ot 

uua .A~ nmclerUll' 1napcn.tlft. or 1.12-
WlUGDIJ m.la&dl~" ot t.nT rrotctt .,.... 
hide doT1ct ar e.l4meJrt at di!IIIJ.p .111.~ to 
CQQ~ IZA&~ emilatOCII. . 

~ '"t'lochoolco1 r" ,...,. - gm>enl ._ 
flit ~' cmisaion CCD.tral teehnoloC7 utt ... 
u-4 ca:i &U. l]Cb:t-d.Ut'y. ,.e.b..icJa, .mbjecl to 
pn-urns P'Wl~rnK ambB1bD st&D4arda." 

& ~100 II'" ~ tb• renersl t'7'P4 
ot c:e.u-. ~ ec:trol t.echnOiOCl' uu .. 
Uad oa ~i-4Uty ,.~ aubjec:: to 10'78 
a.D4 1at.c modal JetiZ tocitJral a.b&UC. erma---s. z..- ,...,......,.. /f1l' 119/ot-4...., -
~ Ta.bial -1 tJ:I.r'o1qh 4 UIR tm.iaim:t ro
~ t~ Ucb"Wuty Td:tide~ thAi an bill 
"""' ..... _ .. -l1 ,>trucntro4 and 
...._... _..... at · ll>rpecticm/mam .... 
li&Zlce aAd .&e:CC:~.pac'J'iDg mec.b:a.nic 't:n.UW:1c. 
a.. A~ 1 &.ad. ::1 tor & d.-.i:ri;,tdoa at 
't::se 4eriftctoD at t.b...,. czoedt'ta t..~:~.d. rcr·com;... 
~ U~Lmpl• ot tb.e u. of~ taD!-. · . . 

a. 1'tttt rtNr Pf'OO"''S'Dl cnd:U . .r.. The- !Cillcnr"' 
iDe 4rlrt ,._,. c:redUa en appUc&lWI to l.'loQ 
idle aDd.~ We& 

Tuu 1.-Jl'w r- of l""'f'""" .....Ji.la 

ltlb:;"' 

.... .... ... ... ... 

Hu=beroi 
I 1 !em 

llO(-') co-
T...,_ T><h- ....... ,....... .,... ... .., 

II 
....... 

1 "i'f">' 
1 1 • • • • • .. • • .. .. 

lO .. ,. .. 
11 .. .. :r: 

ao_., co-

'trLn , -
.... .... ... ... . .. 
~ 

.. ,. 
·"' .... ... ... 

-I 
t &«mant 

ao co ac -co -·>--• • • • • 
• • • • s 

,...._17 
N ........ ol 

llC-.. 
* ~ 
1 
l 

II .. • • • 
ll 
II • • J 

......... 
co~ 

• = 1 • l 

'n1e a.bo'fCI 'l"&bJ4 4 czoedJ:ta ate appUcabl.e to 
Ye.l:Uclee wbJdl ha-n Ul11:W'go:u~ more th&A =• Wpect;ian l)y the beg2.u.1n.g ot the calc.• 
cl&r' 1'PAZ at Ulc.ere.i.. 7'or .. mo:iel 'J'f!!1lZ Jl'OUP 
ot ~ t.lle &P"PffJPP'1ate e:z"'ed1t la ,.... 
lectad aa the 'b&cia at =• t.echnolOO' lenl 
crt tu ftbtd.al. ttl4 uumbet ot tta; t!oae 
a. 't'lalW:.1ea haft Ulclm'ed. by tbe ~n!!1nt 

af - _,.. 79U af .,. ....... and -
_.,- ta.:tcr at tl>o !JU ~ 'I'l>o 

:t..___ . ' 1 c:red1i la ihm added. ta 'tl:le appropriate ern 

::-_--=== ! : =::w~ad~ ~~! = 
~:-•• -•• -.:.-_ : : cu.lat.e4 tram TaDlaa 1 ..U4 2. Qed1ta &Z'It ...,.. 
lemon._ a 15 p.Uca.ble to both U:l.e idle &:J.d. Uw lca4e4 ~ 

--------------------------- ~~~~ ·~ c. 
e. ,_._.,.,....., 1/!14 """'""" .....Ut. A 

cndi' a:f o~ pef"Cllmti pa:r wbuquent JCtai .. 
ADAU&l ~11 may "oil addad.. U}) 100 U 
Umeal.. to t.Ae 1lnR 10V ('I':\.~:~ lA 1) aecU.ta tor - - req- oem~ • ..,.ua~ m~ 
spte"'..um. 'l"h11 crec:Ui Is t.pplleable at all a'CriU• 
PllCf !acton tar betA Be and co. ldlAI m4 
loaded te!r1a.. md. both t.cdUloiOC leftlL 

d. 11 e:Aa:n.:tc tre"ia.J' ,.ovr~m Cf1!dj.t. nw 
-- &<1....,.,_ .....Uta may bo talwl 
tar tbe preMnCI ot an adequate prcgn.m_ at 
mec:!w:Uc. tr&.iilJnC.s Table S proYidel the 
bulc a'8dlta tar mec.b.ania tz":rJ.z11nC. wb.Ua 
Table <l llat.a tb.e appropril.ie ezedtta ta be 
added to T!lble s cndJt. tar .ubslequel'l$ 
,.an ot program opouat10ZL. Ttl• sum ot Tabla 
a aDd • Q'ed.l'C:II !a Ulel'l to b4 &4c:t.1 to tha 
bulc c::ect1'l cc:mpuied. t:om T&Dla '1 .a..:d z. 
T.l..liL& 3.-M..Wn.:. lrciniRjl j.m -
. . t:nGv. ' 

.... 
.:JJ ... ... ..... 

I • • • • 
• T • • T 

• • • I 
I 

• , . 
"' ' • 

l "nw "'Wequxr" ct • m"<"b•n 1o ~:DC 
~ YW. tor ~· present.. Oo det.u'l::llin.ad. 
CID. a <:Ueooby-eaat ~ OUidalln• 'Will boo 
t.lued I.a. U1• tuta:re 1f found to till teut~ 
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...._.... ... ... appllc:r.ble ... _.,. 4uty 

r-Un. tuel.e4 t:z'ucU and -~ ... 
_,. .. 113h• 4uty -ld-. 

.. ""'-rod- ""' !IIOtaro,ela -
llfJU dui7 inw:b.. 'nl.e f~Rtmai«t ern'sr'M 
reducUo.a.e fer ~ ;roUp ot·~ H'll tall 

"""" .. - - "" :r'>blao 1 tlu'ouCil ~ 
tar ,.....,n"""CJ I --=or ~ 

"' ""'- ,......,.. ,... "*""~ d .... 
eruc.a. Bat:lm&ied. .~ nduct1one · <1ue 
Ia Ill«- tt:J< pooW:Ia. tuelo4 ..... .,. l1tt'7 -
h1Cl:l&. U3ln&' etther m 1dla ar .loaded ama
ldCD& 'ted are u follcWI: 

!bl:aaoaJ ...... llC- 00-

U> IL< LJ 

·"' ,... ... ... , .... , ... .... 17 • .2 ,... 
ADa!,.,. af cis I& ( _ .... t.S ~y - 0117 at 

ll'•w Tor& UDder EPA. cnn:t) an M ~=-
1Ddlcat.a tha~ liM 1a a potent1&lly Tt&ble amiloo 
rdna. redu~og atn.~. ne flrll'dJ::aat.o4 eu:WI-
11=. recuctJ.ons ginn t.bon a.n ba'!ec:l on 
th- llm:itad. eta~ No Uta. OD t.b.e d.eter.l.on.
tsca. ot t:ruc.l:a wttb. or without I/l4 are aTIJl• 
&t.ltt. The afSIJUmpt.tcu ut.lli.zed. to deotelcp 
TJ.Dle a 1.1 tba,; the ann.p J111U1y elfec'ti..,... 
nae 111 oae-bal:t ot Ute UUU&4 bene.dt t.ehintd. 
u t. r-ulC ot t. N=. ... up. 



r 

c 

{ 

( 

' 

........ _.. .. ..._'n>oro ... 
two bMto. tJPM ot opar u=n ~ 21&7 be 
\ltWD4 w- a.a l/14 pxocn.m,. :&:rllll' a.: ~ 
t:raUM4 ~ IJNDl (J'O'NT3m«n1 G&" 

--..,....t.oot) 6A4 ·---!:1---(Ft-~p.. 
--) •. Ill. - "' ... _ - ........... 

· ftltlXCcD bez:udlta. t« ac.r .. omtn.l1a4 
'W' decimftsHftd ~ ..,...wm. ~ 
''811n1m=il .nq~t:a aft· lil'*•h'!eh ... _ 
1ftddl u liD'& liUii. 1f1U rwul\ J;l:!........a. lz:aJa.-

.. _ -- - """' -- lA Ta~>Ja 1-a «t w. .~>-=<~t<. 
a.. ~ tc~LI Y'n'mnm.· for oD- . . 
L !'>D-=a too ~ poriodlc -· tioa. (&\ l.oaA a:mually) ot. Ill nw:t1c1• tar 
~ ·~-r.cl~ are-- d.IJ.me4.. 

Ua l'"lo 1 'stem to enaun ~' fa.lled 'Ye.bJ .. 
......, recctw 1be- .maJ.Atanaz:w:e ~ to 

· ~ 410mp1'en.ee ..nua, ihe ~ 
~-~ ~ method ~ .., Z'*I,Uile 
Ula'i tan1J::Ic 'ftt~Jclel pea- a ~ to.Uo~ 
m.&tDte~ce. 

w. ProTiaklu • for qa.al.!:t;J oontrca.. n.e 
~U1>7 ot ""' I I """' - """ ~=ani ~ mu.R 'bo ~ '1'lUa 
1l2ll 1Jsduct. l"'Q't'i.me z:W~:tenaz~.ce, e.a.11M'&-.111m--"' ..u lllol tqui-i. 8D4 1'CI'ai:lzle aud1t!nc _ ot. - lti8U.ttL 

b.. JliAim.U1"1 Uc.mms.liul:£ JII'Orf'llm N• 
f'UU'~ In CX"dc- to niCIIift tbe bW.c 
emiaa10D Nd.uctkm. brel:leAill fer: ... 4~
~ Ill& ~ 1ibe touo..mc- requh
mea.ta ~ be tncludecl 1ll a.ddltum to Pl"'"' 
'$10Da UAe4 11:1. .&rtct1aD ,,.) .. 

1.. P.ro~:a.~ !r:sr th4 J'cenrlnc at ~ .. 
UoD. ta.cw.U. vll.kh 1Dru:'e ~ UMr fAcW.'Cl' 
- 01>-ecl. prier ... U.O"""'& ...... ytlcal 
~ia"UaD w.bic.b h.u ~ ap~ 
2lar ,.. b'f tb.e a.ppropr:IAt.o ~ ~· 
.A rePfWCC"tatlvo cat ULe t-.clltty mud haft 
2'88811'114 ~ct1o- iD '1M p!'Opa' ,.. ol 
... ~w aDd m ?e.bJcl• ~ 
~ "l:he tad11tJ mUIR acr- tom.a.LtL1.1JJ:t. 
·JtiCQr'da,. to cclldset m,cna"'¢tU"at ot op.e:r.tora 
"8'bcM 1"4lbJcles haft pra.aa«:1 ~ aa4 
to Rbm1t.10 SJ:uip t:iwl at the tad.Uty, 

1L l'&IDccrda Nq~ to. be m.tr.iut&i:oet 
llbollld lncJ.ucle Ule 4elc:ript::!aD (~ )"eelol". 
»cmM l:l~. «tc.) o:f ~ fthl.c.l8 t:a, .. 
~ &:nd tta en.tpdoro• ~ raNll&. ~ 
orda mua-c &laG bt m.J.n1aJ:aed. CIZl ~ ca.l.ll::lra.
tlcJl "' '""""« ~ ........ 
!11.-ot-~mow.d. 'bo rubmlu..ct CA a p&rlocUc 'bM:Ia \Q 

- - . .....-:7 t~ """'""«-
IT. '1'll4 - _..q &I>O<Il4 I:Dopoet 

.'1Mb. f...::.Wty &to 1--.R OtlCt eftr7 10 d&-p, tl) 

ebed: tb t.a.cmts.• nccrda. check the cal!• 
'brat1an ct tn. ~ oqu:!;lmuli &n4 ob
_.,. ~i prop~r we proceclurat are !cl---Y. 'l"h•· aon:x 1ns t..(Ce1 lboa.ld bAn u 
tdacaw pt"'O:ram. ol .,.,..n"onne., 1~ .. 
1lW. ~Cb& botl:l ... ~ ~ ~ 
BZMI. .. & c::ampiaJ.ut t.n~ca. ~. n 
a -.lao reoommand«l thai audl. ~ 
'M 1JIJIMt. -;o etl4c.t 'QI.e CII:III.'T'd&tlcu tJt iDstz"a. ... 
IIMni: ~ AmaZ14 ~u!ad.UU& 

eo .B'ot.cwq-cU eN M.cn7J duty truck ~. 
,..... ~- ""' ..... p ..... Ill< -
crsm ~r::r ma~• ll.n4 t::ruckl. mlll'l tz:r.
dacle "the u.ma p:n:n1.1:1ou. ~ Ln 5ectjcz:L 
J tar I(.ht 4ut}' ~In a4d.ltJ.CD. • IO'U%!:It 
acu 1 "en"' ~ rQCh u ~ 1n 
.a.c:tum d(e) w ma.itcll' I m•nded. fer: s.ny 
em.l.aDon f'ltd.uctlo.rs cwtimates tor mct.orc'7cla 
ud ha't']" ¢!rtT "TelUc.laa. The \.eR prooecltU"'!S 
ADd. ~ cSea1p for U&a en.tust1ea. ot 
~ J'Sr4~ -ilbooJd. be :tme-...ct -!:D. 
ti¢Yazlclll bJ %P .A.. n. .IIOCZ"CCI m • ,,, noe p:ro.. 
psm c:&Jl 1Dc.11Uia loZl •• :at at •112J..ardGA 
44ic1on.tJc:a. ... tM optlOU ot • da'ba. Wltb .. 
out Reh &:& ~ui. U:!.e ~tsoa Y1ll 
be !IUid.e Uwt.t ·~ ~17 t::ll'ec:tt:tttneae 2& 
1:wlt ot tbl .l.l:IJ.tW 'brolM:At t~ 

.. ... ,!t1 ! re; 1:1 b:1M1on red~ 

o.J414 ... -..ou.t .... ~ .. ----4o--:r-·' mtttaUy tzlclUiift en ot ~. lal;at. a.v..u .. 
a.ble_ dat.& mcUCI.W no 0'9'lmtJ1 4111' -.llCII 1n Be 
&tid. 00 m:JJaiCJl ro4uC'Ual:w btt'ne:l U:l.e two 
1eltRL nwa •'f&lla..bte Mia 4D ~ \blAt Qe 
1014..S. tan c:iD <o. men eaeattn 1A nd.uc:mc 
""''"1°Cf UmD ~ J4le test. bat on1:11f :raa
~an cn..n.1?e!y~ 1n the proper 
,.. ot.lol.deQ ta.t ~c lD!czmatsoD.. :Par 
'UUa ~ AO ...:L:UUOIW. crwd.lt 1a £i"f'e=. tear 

·"""'"" - ~' '1'll4 loo4e4 -~ 4cet. bowvvw. he-w the poteD'U&J.. to 
~ ~ ot zut:rog:en !rom a.utcr:DoOU. 
emtsston•- t.D4 ca.a. 'tb-andan ~ a- n.luUila 
"Pn.tea 1u a.re&l --. ~ .... - l.a & ~ 
lf'OX p~lem.. 

b. %' ... ~ ....,..,.__ ""'"'""""" .... 
nual red:ucttona 1A ~na ca.=. De &CJ:IJaTed 
f>oln • 11"'-m ot - _.... ... 1:1 
ocnjuucUQA Yit.l:l erc:m..a:ions lnlp4et1on.. n. 
a.motll1'i at l'8d.uc:tion aecute<t. 1J11l ~ • fw1c .. 
t2ca ct. ~ JQP.b.i6t1c.&t.icm &Ad ccm;JlWty a: 
the t&mpoertug 1n~rpect1on a.nd. t.he tra.J.m.ng ot 
t.be t=lpect,.on. Ta ob't.&.b:l th.eat ncluC'Uona 
ibe:t'8 .tll"UIIt 1M> ~D and, m&.lJ:I.~ 
,. ....,._ &l=o: """ ........... I/lL A::ly 
pi.a.na tar t&zn~ J.:o,apeet1on &houJ.d be re
Y1Cv"ed. Yit.b XPA 1u t.dn.nce m. IX"'ie:r to eatl.
maie t..:M ~u.J. ~ta. 

c....4.4d4d. ~11~ ~ 'llf"'
If'=".. n. • pcae:bl• Ul.a~ ... u ~ wu1 
m·r·gw' IJ14 ~ ....uJ. ~'" ~ 
red.Uct1o!UI UW::l t.bale est:i.mr&t.ed. l.u ~ ~ 
pendlx, '1'bia e&D ~ bee&UM deterton.t1an n.• t.nd other !&oaora may 'be clUl'eH:~.t tar 
q>ec1!1o a:~hic lloZ1lliL& or l)ec.aUM the Mn
lce 1il4u.a-y l.& 4a.tn.c a. batter Jcb than MtJ. .. 
m.&t.i ~ bec$UN pubUc tti&IJ;J.~ ~11& 
Jm;l.ron lfct'' ,,.., ntJ.y 1n n:sponae ;o tl:le pro
JI'SI:I1. 

To ~ U~.e ~ a.aod&te4 
W'ttb. tae t.bo'f8 lt- 1ll l .,..nd.4'4 'U:LAt • 
aNreril 81ll"'Nil1An<::e prosn.m 'be perf~ 
'I'lM Nllln,llta Cit .ucb. • program woUld al.lcw 
IIC&i.H a.M uew to update thG em.\&aiOll ""' 
4UC'dooD b•J:16G:i tot l,.tU H d.&ta. ~ L1"10Jl,... 
~- 8u.:b. liOW"':::I I'\U""''eJll. Ru.d.J4I6 ca.a. 
datan:a:1na t.hr9e :tiff ptec:eG ot 1l:llotm.a.tlQZI.! 
~ mtt1e.l :rect-uet:ioa which M!!Jclae Clllon 

~ Ill tho &7t )"flU at &-~ M • 
nsc.J:l at ~ U;4 n-pa.tr. \he eh.a.tl.g• tn 
Uf'ectmo 'N.b.J.cle e:rmaaon 4ete!'ionUQn vtud1 
c:ra:t lMo ered1ted. to yaa:-17 i:Dap&G' 1ona &.tad a.n 
~ locat1oa. .rpeeU1c. ....,lnqfon l.nftlltczT 
:pl1ar io ·IIl4 'lmpl~t&t.1CJ1. 

.A.A 1/U ~ b.e,s ~ pot.&rlttal 'SO 
~ both ihe ~ 1'SIV uzs..l;;u1o:a, rat. ~ 
1.bo llte~ c1e'twton:t1cn C\U"'N, Smce 6 
aou:rce ~~need& to be ceN

l'tlll7d~ t.o ... _.. ... T ~ """""'" 
attrilN\Atde ·to IJ1,(, aillt.et ue e.ncoUl"'a.pd. to 
I'II'Yt .... IIO'tU'Ce ~a.ace .tud.7 ~ 1t1tll 
he;tcma.l EPA emcee l)etan ~ I'UI:h 

!"OCt ms ~ """"""" for -
d4cl.p. fi.Qd. a:t:t:~n& ot tali ampl• W1ll be 
aftllable !rctll %P A.. 

· lD. use abeenot ot • ao..t:'OI I'I:U"J'efll.&nce ~ 
,BZ"Sm,. ~ reqWrec1 to a1.1b=.i"e ~ 
1:km. 012At:rc.l pJ.e.n.a m.UR UM il).e · Slt.1.1::c.t.1:.all 
ooa.taJ.ned. 1: Ul:!a ~dl% 1:1 t;t,e do~ 
ZD.b:l&tieu ot emlaiOll red.tactio:aa tram ~:s .. 
'8pOC'ti~!D~CD ~Ill a.d41Ua:l. 
O'Uft"eDt and: p:ro~«1Ad. ftniaictl. t.aciona IUP
l'Ued. ~ J:PA mua~ bit uaed 1D tb._. dot.u-oo 
mtn&t1ai'J.a. 'lm.1elal .ubcta.=;U&~C' J'I.WWI,ca-
1kn1 tor otJlcr ta.cianl 1a pnn14ed.. 

At the pt'lllllii.Qt ttme. :ZP A. il loa&mc U Ulo 
pcralbW"ty ot wa.tDc lhort !m.poc'thm t..-1.4 to 
deW:rmJ.no bcUl ~t o..a:1.1..Mion J'eoduci:to.a. 
4ue ~ ~.Jon .&.ad m..a.blta:c..&Dce, I.D4 
~ Gt~o:r:aikm of Tehiele• o,.e:r UJ::a.o.. 
Tho ~Wtr to uae ll:!.Cl"t t.1a t.o doUm=J..ue 

· )Cr'Ce~:t Hl:tlado:a rw:hzct:1ons dus 1o au..lrl.tlooo 
zaanco YUl. 4epcwt upoc the ecrnlatiOQ ot 
ue f.bort W~l!ftJ:l ~ ~ Taft Prooo
clwe. A4d1U.Olia.l IO\U"CCII I"W'TOUla.nori .lmpl~ 
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awa"i&t!aD tmcm..Uca 'Will ~ ava.u .. 
ablo M C'Un'C."'- &D&l.,._ azo.. com;llet.e.4.. 

d.. Alc.wnwtltJC Ap)7f~ •. Wa.i.ut.ena.Ace... 
ane.n.t.eci ~ u.,-; emptor ·~ 
oeb.c tb;a.: _ ~ t:.ert1:o.-r 1Zl6J' "bo cap&-blo 
crt ~ mUas.km n4~ far ll:l·~Jae 
mccor· ftl:Ucl•. 8'ac!:l •PP'f"'OILL:l:lOII.o includ.1l13 
D:LAJ:~,4at.or'T Dlaln~ pt'OC:$d\lt811 anc2 aa. .. 
Cine pan.mria' ~ v1ll bo .accept&l:lle 
only 1t ~t d.ata. are :Pf'OTkler:1 to .fu.IWT 
~- eml.la:io:a nd.ttctu)tl.ll · &lt1mate.S. 

._ Proo'rdm. alt.eroijmv,. A.ltema.UOtl.l ta 
~ dad:gn clurm:g the ~ ot &n I/14 
~ ....W be e'Y&l.u&te<l en a cue-by~ 
bu:2a.. Such 1.l:tam.Uimt J:W.cb.G mctud.-e: 
~ f'rOm &D 1cllil tat, llot't.v •'ftnJ ]'MD 
at use. to .. kat.d.ed. t.el't: eh£nge trom. &.a.l:lua.l 
i:l::wpecdoa. atter WY"lttSl flltll-., ot u.s. W a 
..m.~..&.nnual l.nspecttou. 
. t. C~ipomi PGrkr.tton.f~ !'or • PTCt. ll'trl.D· 
CWllCJ' !a.ctcr (•hich 1a b::a.l.ed oc. batll hyt!zo
ea:bron.ls and. cutxm mono%1d.e}, 1l:ld.I'T14u.a.l 
w.tpctnt& for hJd.roe&rb::na a..c.d eazbon mc:n
c::dd.e ClrJl be nrled. l.J:1 & t.b.eont1ea.lly J::z:1.t1J:Ut.e 
n~ of ..-.13. Tbe red:uc:t10lla lin:l 1n tbJ.& 
A;lp.endi% lloSI'1lme Ulat the::r-e l8 & p&:t1c:ul.a::r 
f"'ii'LII.tJanah.lp betw+e:a h1dl'oe:&rbon &.r~.d. car .. 
bol1 tQ.Qlloxf.d..a ~tpointa. Th1l t'&l&tional:U-p, 
'though con.s1den.bly morv o:~mple: ~ 
ment1a:ne4 here, CIJ1 be ~ne:n.IIy at&t.ed sa.. 
fer Tecb.n.cicgy I 1'ehicla., two cvbou tnoc
a::r::s.:ie hJl:ares tor eac.b. hydroc:t.rbo:a taJJ.nr:e~ 
an4. !or Tecb.noloa II l'ehieles, ~ ear· 
bon mcnc%:1de fa.ilu:"N tor -.:.b. ~ben 
!&1Iure~ It. 1.s :poe&1ble tl:ulC aJl llt"fflf.'a put:1c'a .. 
1ar po.Duttan problem may c:a.n tar I.f]l cut-
poil:ltll U1.at rt:l51llt ln Nbst&J:1t1al cfert.&t.iot:la 
1'rom t:b.c :a:c;co rel&t10IWUJ"'I lmp11d.t m 

. U!.ia AppenU!L A-t the Sta.te'• or loca.l, an. .. 
request. EPA 'Will rnie"'ll' the p~'l cut
point ~~ a.nd. ~· ~til to 
em.l.ssiou reduct:l.oc. C"«!tt aa n~ . 

r. Bf4h. cz.ltttud.e.t, Callft:l'rfU4... All e='tw!o" 
re<tucttana estim4tad. m th.1a III!C1::1oA JU:"'S &.lao 
&9pll.c:&1)1a t.o 2:1..t.gh &.lt:ttude &l"eSa a.nd !OT:' T't
hic:lera equ.i~~ tor use 1n CaJJ.!or:aJ,.a.. 
' h.. o:K£es of "'itrogE'ft.. It ba.a DQt bsec. 

&hOWl% U2a't m.&Ul~ c11.ncted. at red.uc .. 
~ ac &%1Cl co ani.caio:r::tl!ll haa a ~a.n:t 
1:1::1~ on o::tide ~ xri'trog'Bt1 (l'f'O:) f:mia... 
ldot111. A..U anil.&b!e dat::l. &hO'IIt' n:rr minor tr.J.
~ Of' decreua :m .ROJ: J*'"lL n hM 
aJ.rw.d'y bae11 c:tt«l (Seet:faa 8 (a) ) tb.a.i a 
Jos..de4 'klr; J:l capable ot d..et.ectt:Dc h1Ch N'O: 
cmttte:ra. ll.&iu~ p-zoeedww &124 e::a. 
.nsuing eontroll'tnten' tQ reduce NOx om.Ja .. 
G1oca. tloued. en zn,c. 1r.:1t there:torv ¢CJ11C8in.
b.le. To tbe utant that tampert::o.g t1 d.1rected 
iDwvd. NO: em!saon ycrntrols,. 1. fCIC'4 anti
ta.mpertnc prorrsm c::ac. recJ.'UCC' :.""Oz flnis· - .A'rr.ACBKC'I'T 1 

DC:IIC3D'TlCM' 07 nlS SDC'C7L.I."nCJf XCDC. 

JJII.ir'edu.ctioft.. !::Z:I:q:lirlcal dati. tzmn ~ 
~maJ.l:Ltena..aee. (I,/Y) ~ haa 
-abmm. ttl.at ~ i:cspe<:'tto:zz a..t1d. 
maJ.n~ 'IP1ll .rwult ln. ~t &.lr 
qua.UtT 'bendta. ~ f1n'Un l>e.ua:O.ta an 
to 1M II'Z'pi!Ct.ed ... rucl:L ~ ~ 
aiabWBad.. LB .. the ?lth!de po~t!.ou ha.a 
been Nb1ect to I/11. ~ementa 4~ ttl. 
tall utedme. C'Urrellt11' &nJ..lablo d.&t&. how
....-e:-, 1a aota~JYh&t Umit;ed 1J:l Jta &h.Ulty to 
.-um..t.Jt ~ !u""C:Un breneAta qu.&.u'dt&~ffiy. 
Pl:!l" thJa reuoi::l.. •· mathem&t1c::aJ. mod.e.1 o:c t.b.• 
t;:W procasa .:hu -=. d.ti!'Nlcpoi.d. ~ wtuctl 
11.nJla.Olt ampir1c:aJ 4a.:t& 1a utU!»a4 "' ~ 
.the .m.ad.&l u raJ.b~ M pouibl•. "'."h.1a ap-o 
proa.c..b. .... UM-4 to dui?e the ~t.&s ot 
br&cle.tit pre~ent.e<Z m. Ap-pend1z ?f. 'l"'wo ~Pi 
ct ·ftb.!cloa 'Vtlnt CC~:~~ldft""ed. a.nd. ~eee s:roups 
0! "-b.Jcl• a.re dec1gn&'CII'd. u T~log::r I 
&.lld. T~Oioa' Il. T~OIOC' I 1''41hicla8 ln
c.lU44 a.u Ug.b.t-d'Uty n.hl.cl$1. tll&.C.U:&Ctund 
pz1Ql" 1Q tll• lln-5 model 1~ thai wet"'e d.e-o 
.&:1pacl to :a:t.!Mt pn-1975 •%hauu cm1sdon 
at&l:1d.a.rda. Tecl!.nclca II fthJc.laa tnduda a.U 
polrtwll"74 llch't-.d.Ut)' ~d- ta&; 'V'a'9 do-



ap."" to """'' ""' ,.,.. -· ,..,. -laW 8IEIIJ.IIiJdo:a ~ s.mplet ot ft~ 
04 t.Jle two techM'OC1 1..,.18 """ tnput to 
~ ~ e.A4 .... t&h11 .. l"''pp"U'Q~ 
at '1'aol>Ju)l<>a I &114 T-l<>a :C: ftiUcl• 
o:a. .a. uaUoavtU bllidtL Pt-... note: au OOEiloo 
pu.ta.Uotaa l:l A:ttaeb:cwuta 1 a.=ct 2 are buod. 
Upoll tJ:1a D18Cz1c JJWtam. 

L .D&:IIc l"'fp_.. Of :A4 'IUft'Ulll#otl ft'loCIIIi,d Of 

!lOo -~--- ,........ "Il>o IlK ~ u c=renU7 ~"194 fl1 tbl D2Ddel 
~ at t.bll toUOW'IJ.\i' nca.ta: 

1- 'lnumnn d8Wicn.Ci:IOA troa:a. ~ -:L-W.O-atBQOOI4CO 
Inet.. tame U!e ~ tan to detect hictt, Pl7 
tlmiU.. (NOs ~ an U::lll:tpUIC&Dt: ai 
!die. &114 ~.,.. an not OODid.4an4. m Ullt -). 

•• ,..., ........... _ (...Wtmc In,.,.. 
emiMlaa. lnel.l). U • 'n~Udo taUI Qle tzwpto. ...... 

Ea,c.b. ~ und lt)&l4 thf.a s.quersc. Cit 
ftll!ltl ~out: ua a.Mttll ur, 1l'tiJI:.h 111 
........t 10 "" ........ )'OOrO. .. &ppr=lm&toll 
uo.ooo~ 

'%'lie mcdol ¢101Zl1*N1•nnce 7't? em1'Pkee 
tD 1i.lllt cue Yben m 1/K prcc:ram Sa ~ 
uaca.t, wttll emiMlcaa m uu. caM c ... u 
till pregnm u2lt.&. 5ane11 • c&lculai«t .. 
tho puccD.' l"Bd.UC'tS.I:Izl m :P"'''P Ul:l1aldona !JoQm 
tM. &~ lfmll izl ~ DO Ii1.l CUI&. 1'T.P 
~ lanla an -..4 to ~ ba~Wlt: 
.mce t.b.e l"'1'P c1riTfDC cte1e .la II8IUD1«i to l:lt 
repreaenta.UYe ot ftQJ.cle opuatic:Q. m UZ'bul 
.,...._ T"lrO type~ ot lMD.eat can be CCZDJIQtaod.: 
(1) tJie ·~ banaAt emir • T'8h.l.ct.'a uta. 
LD4 (2) tb• beul!dt: 1n • ~ }Wol' at • 
'Ye.bid.e'l U:a. Both types CJt benlldt An c»o 
peDdent U\)OG. Ul8o Teb.l.cle., l6'ftl at ~ 
CCJ:ltrol t.:hnclqy a.M. t.be number at ~ 
'ttl• .,~ bAll l:l4e.a. rub je::tod. "' • tD&Ud.a,... 
tory ~UOJl p~ Tho "'"C'&P bclCI.t: 
fQr It popul&=cz:t. Ill T41biclea ln .. &iY&A ca.lta
cl» r-.r w com;Nilld. .t.ra:r:u the J;:Q.4t't14uat 
.... hno'c!C' Ian! TehJ.c:.le bene4tl gi"feQ 1A Ap
poDdl% "· """"' ... at ..... ~ .,.. "Il>o 
caJCUl&t::loD. m.thoctoloe 1a dJal::uae4 m a. 
la<w - o< """ Appo:ad1:<. 

I"""'" 4fu:ti.'Af1 aUM4t.ed 1111 bctu;lt.Bea
cd.i fbi• to .t/11( dependa ti1)QI:l tho ~ 
~ UMd to 1mp1UQ!mt the Gm~ ot 
Ule IlK procaa; that ill. the N~~~W:t~.pt:toaa 
auttoun.cU.n.c the ~ ena.tll ldeat:SAed. 
~ ... Becau. tDe C"Un"mtly a'hiJlable data 
&r8 Umitad. ...umptiCDII ""'" tQ.&4a; rep.rd• 
tDc aom. Q( t.bll .,.. tha.'C logicaUy 84-=t 
beo.eAt.. TlM ~1 reCectl "thello:f aaumptiozw. 
W"bJc.b. 'fnlft bMe4 OA o~Ai1Deerine Jud.gmec:C. 
~ l.auet ~ ,.a..umpt:1ou an ~ ... .,.,. 

luut~1. ~ lnoel.ll of T.t1ic!M U l'lnri - ..... 
~- Be!Witl' lJl t.be !1m &1:14 mt.e

qwmt; ~ 1-.n1 Ia upecie4 to de9in4 
oa tJut ~ lewl:l ot ni:Uc.l.• ai tl:l.eil' "Cnt 
~Oil. 'tbere are ~ 111'11.,.. 1.n vtl.ldl d1f .. 
ten~ in tJ:ut 4niC ~ ftD!Iatoa. lnela eou14 
J""'d.UOII mg:ntfto.n'l cWf.,..lteele Ul b.ta.dt,. 
JP!.nrC, li 1a pa.t'bW tbat tor Tlth.!Cle~~ ot a giT.n 
IC1t thent will be dU!'erm:LC$1 1n tA• <Uat;r:tbu
tsoa. of ~1o4 Ients at ~ ~.JoA 
fJoa:l ODt techno!...,. l.,..l to SDOtbAr, fer &X• 
aaapto. 1t xmpt be the c:u.t ti:IA'l for oa.e 't.8ch• 
.DiOloC7 S.ftl ?U!Jclel ha'CO .ttber 'f'W'1 low 
or ""'f'Z7 l:U&h .,•.tone •' Ala'l ~Sea.. 
~tar &AOUl.,. ~on' lew! 'N.btct• 
haft em•eet=• '1Pbicb. an clumped c.lc»erty 
topt.b.u U'OW1d. ecme &TftSP nlula. Th1a 
c;ullo&:lo4 oou.l4 poaliblT r.wt 1D. mon beJ»o 
At tor tlle ant teclmolOQ' le'nl au., u.n 1f 
tu -=o ~tace ot ~- ot .-ell t.ecb, .. 
noloa len.l .,.... t.o ran &D. ~a.. Uot 
WlUZ'M t:A t:. .tl.nS* tec:h.uolOCJ' leftl c...
eould. rsult; 1ll 'bi.Q"Sr drop~ J.D. «n1Mkmll 

--84cocd. '"'""" • tecmu>toc leftl, 4U!ereat ami.lldoCl lon.ll t.t the time at 
'II'M tmplea:td:a.tat:km 1ftll ~,. a::l.l't; far 

.wr-- f081f ... - ... """ It Ia -llblll tbaC tb..... a.baoluto numa:Lcal 41.l:'fll'<o 
- W1U ...u• In-· (<II' I"" • ._, 
d::ll!'...a.c.u....U. . 

.......... """"". "Il>o liM r- Appocdl:l: 11' 
~t&, a.Dd 1Dd1ncU7 tu boeneG.ta .tor MCb. 
I'UbloqueJ1i 1n.llpoct:toa. r-r ..... _.. ~ 
1oJ' ~ - .....,...,.,. porlormaAoo ot 
ora..fUI'--oid. CIH'I wtQ Ul4 wt~ I/K. 
&epania blludta ,..... ca.1cul.&5ed few UM 
Tocl>Aolca I ....t Tocllllaloe7 :a: ..-.Too:.!>· 
DOIOCf I 4.ftrC. yeez ~'l'lta wve betJecl oa. 
'IIIUMIO!M data OA 1110 11"13-14 ~ ta.rt.t 
m tu rr 'T.l zrn•-1., r.ctorr Prot:nm-. 'hcll
nck~C II l!:n1i 1QI' ~dta ......,. bue4 oa. 
em!aitcc.l da&a. OD !81 lnl ~ t.-ta4 1D. 
UJ.e n .,.. J'.:m£81dOQ. ftGtlor .Progn.m.. Th ... 
ftb.tc.I.M ,.... t,U;eD, 1Jo tMi repl'MeD.t&t::l'ft 0( 
U:ae ua.t:.an"'J'i1a mtz ol. tow &lUWd.e %:11011.• 
C&Uf~ CQPo)"'Wol'-old. Tec:h.DolDO' I wad. 
T"""""'oa :a: .-c~-. ._t~ffil', m
at mJJ-.p ..x.d %:1Jn~C8 ~aL 
A.a Appt~ lf blnedt n:um.bc'l 1Dd1caie, IlK 
bomedta 411%co bJ tecbncloC t.ftl, &' Ieut;. tar co. . W'Wl-tod_,_r-_ 
--.u """'el,.... ..... ., ... -ct a,p. obtain the ~ itnR 1eM' 'l>end1:11. 
'l'!Ua ~tsoa. ta 'bue4 upoQ. ~ premiM 
u.i. !« pUbUo accepta.:sce t"$UUD&. t.b• d:s'i 
1...:r p.ra.;t.u cu:;pcmw 1II"'Ul4 dJ:I!c 1l'tliZI. 
a.p Cll' modal ywz ., tM.' an Teh1del WOUld 
~ IJmJla;r t&UUZ'It rat.. IJmJ.ted. d&a 
ll:ld1cate Ul.a& ~ 1:b1a pnm.JM, 'bre:a.dW (oa 
• p•c•o:t.a.re·wUie bu:ta) '" Jtm1la:'. 

1,.... Z~ J::mia:toa. dater'1on.itolr:L 

c~. ---- 1.1 -pr.oc... 1rtlcreb1' "Te.b.icla em1.u1on t"ata m-
c:reue over ~ trom tbe lutia a.t whtc.b. Uw 
ftbid..- ,.. mta:ad.e4· to am1-; 1lt'!lcL J:~eW. 
'Krnfw!oa. ~mtloD. .lnc1u4at ~ tzL 
ecaiu:tc:aa due t1:1 ~ "'ff"'rAZ' at •~I 
III!XJJ.atcn· coa.t:rol. oompcmat:ltl ... yeJl .. 

e!:w:lc- 1l:l amislkma clue tiQ ~ w --- . .Lan&mpflon&. no dateriors:tiCII. r.t. 1JJIIII4 
b:l ~ model · U"8' axpz a 11 u a p:lr'CIItl~ 
of 1atr ·milela.p &"fW'&P l"'n" nJ:u• prerc" .,..,..r. 
"l"!t1e1eoe p8r'OU1t:&ge rae&~ an ~ to be 
oqua.l !Oif aJl T8h.icl• ot a g1n:a. +ecbnoh'"«" 
left~. a.l:ld. an C~CD~~t:ant OTIIl' tlma.. SpodAcall]'. 
~ rat. .,...... t:&lt8A to be 13 pcr"C181lt prar 
,...,. toe .Ero ADd. 1a percent per r-.z tJ:e 00 
tor 'l'lldmolOil" t nbJcl•; :2. pereeni pc 
,..u ttX :a:o amt. a ~· ~ ~ t"OIIf co 
t« +e:hno'<lQ' n Tehiclea. nea. n.t. ar:e 
~ oa 4at. rrom XP .a. .. n -n t.b.roaeh 
l'T "T4 ~011 l"actal' ~ a.ncl nrpN<o 
aea.t T'eM:le ~UOA U11dar trPksl own. 
ma.t:1~ pncticera. l"or • gi'T1111 poilU .. 
ta.n"& and. fthtcle. ~ m.od.al co.caidiSI'I tU 
Prl' ..... ot ~""" ,_ ,.... (-/ 

. k:.Uometal"/,...,.) to ):)a ccmWoz:t.t Oftl: "U.ma. 
'nlua, deter.tcn.iiOa. 111 mociele4 ... • un.r 
pbmo.ca.eDOD. 'I'h• Jl"fomml~l,._,. 
'NJ.ue !I& cal.eUlat.cl ,. "U:I.a onn.D. 4~ 
tton rata, (Ul pccaa:c) mUlt1pu.d. "by ~ .Ln .. 
dl'Ytd.ual T8b.icJ.e'a ~,..,. em1• 1oa 1~ 
Thws, MCb. T'8bicle 111 ~ to be &ll 

lnbefta:U.y low at hJc.b em.ttter YI.Ul ~ 
to -=. poUutani; nh..lclaa 1t1:11dl ban loW 
cm.t..toaa wtum. neY will ooc:tl.nue to :baft 
:rti&tf:,..Jy low ftnialliaD8 u tl1•7'. a.ccumulau 
:Ul-.g-e. :s:a:u-tom ot nb1c.l• J.D. tl1e 1:1.1) 1..1¥ 
cu. a.re .-umed. to detar'1on.W ~out 
U1elr 1liiUn.l. uta un1:U tll.,. f'MoC1l the t.T~ 
l'"oeia ot :pn-coll"Uolled: can &'l 181.000 k1loDl
...,.(100,000....,..). 

8lcnUI.C~~:Ai J>IW'CCID.~ ot ca&a.t.yttc oon
l"'llr'ier t&.Uun mar OCc:W' ""tt1t.h ~ .,.... 
hide a.p and 1f .ruc.b. r. dtuadon dca occu:r. 
-ea. am.t.loa. rat. "'W1ll ~ lhUp.ly 1zl. 
later reuw; U~at 1a, a ~t det.erJ~ 
:rst.e ... ump-t1Cm will DOt be n.ll4. Hcl....,.w. 
ttt. Rrl'eill.a..ace data ~a.tJ:r, ·~b.t. to 
J::PA do· DOt CDft!r' mU-.p ~ ~ 
~ to .um&te U:M t.requ.ac:y &D.4 e1f'ed 
ot rae!J. .tail1zr-.. -
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"Il>o Prl' dot4riontlcri . ....... ,........, 
~~) Ja t.lll'llm.Gd ;a.ot; ., b4l at .. 
fl~i~Cted. by t.bo ·~ ot a.A IlK ~ 
~. 1t &Zl t/11: ~ ta O'pmrd:=a.l, 
~ d4tar1.c:ratiDa. ~ la .t!.C\ CCilt.J.nUO'Uit 
beci.UM dat:e:rioratio.a. 11 b:1:terru~ by a.a. .. 
D.uaJ. 1dJo t.t em'refan• ~ U & ,.... 

b.lcle tiJla ~· 1dl8 t.an. lta ·mt·•en• an .,.. 
IIUlZUid to be n4'1:1Ced. 11a ma.m:tcc&DOe c::f' 

-to - - pnodetcm1.uo4 """ ... Si:&Ddarda. 'nl.tt :r'n' emiaiona an aau:a:a..S 
tG be reduced CIOftelpond-tng!l', M dfrt4r ... 
min.lld by ~G nlt.tian&Cipe. Jlollov• 
1D& aa IlK repe.tr. =:le 4etmcrst1oa ~ 
oa.a.Uuuee '11D.d.• the a.-um:p~ U:U.'l ., ,.... 
b.J41e'• 1'8Ul1 rate ot det:.e::1onUon (am/ki:D.) 

Ia .............. ,. ..... - "'" ~ 
'l'l:l.e lmpllcati.oc 1a 1bat. tl:le l.n.bces:t:t e=Ja
UoDa ~CI of • Teh.1clO c::&:U1Qt. be 
lmp:ro.,ed. n. ~- !f • l"ehld.• pa..-. t:b.e 
l4l.e teat. lta ec:u.s.do~ AN Ltft. ~ 
for "b:le ca.leulAUon of the &"Tua.p ...,,.,on 
1e'nJ.8 (g:m/'i:m.) !OUowtn,g tl:t.a round. of I/lL 
Tba det.en.on.t1oa. ~ Ut.fl11 ccnttnu.. 
'lm1:D. Ul• nai &DDU&l lnapec::tl.on oc:cma. 

'l'!w Idle ted d.etertond:o.a. ra"UI ptllr' ,...z 
(pef'CeA$ CO or ppm. HC) ta &:1.110 ~ to 
be OOUit&l:l"& cnov tlme fOf' ea=. fthtcle. Idlo 
tan 4etfttors:t1oQ :.tM a:e determm.t ~ 
l"'1"l" 6etenC't'&'tton. r.t.e. u111.nc tb.8 foUc.....mc 
ra.dc.a.a.ltt: The elfectl.ncea. ot IlK lA reduo
tz:c 1D•UM nC.Icle emfea1np• u tneut:tr"ed 
0\'W t!le PrP ~ U3.6t. fhe abc:l:r't tell 
llllad. 1U ttl4 1nspectiQa, taAe be loA ao:un.te 
pred1ctlce' ot l""''P ~ or fallun. Oae '"'" 
to ~ t:L£1 ls -to r!ebe the lcl:l4 d.etericn,.. 
ttcm !'Mat .I:D, "te:rmll at ~ l'TP d.at.ricn.tioa. 
n.te. CU:mtntly tn tho model tJW A~WU:~;~tlcm. 
fa mad.o ~&t. 1""'"P ~unt.alllqJU C&D. be quan· 
ttt&d:..,..lt pnd1cte4 t:rotn 141e tart ~ 
en.ct Tioe "'"9mll.. The 141• ~terlO'f"&Uo!l Z"We 
!Of • p,._, "'Nb.lde • d.~ .tzoom. tM 
PTP dat.as1on.ttou. l"'ot.lt Slid. • ~ :r&-> 
la.ttouatU:p. l!ued. 011 da&a. O'Nl" a Umiiad 
~ ranee, l:bG .ralaJ::Icnahips ue ~ 
io be 1:c4ep rcd.-ea.t ot m.u...;e -Gd. .J::I2.&1nt.
ll&DOI atat.e. 

IU"~U l. Sl1crl tat praa/faD. cu~ 

c........,n. Tl>o J7'11'POOO "" .... ""'-"""' 
~ ~ 1.11 to red:UCit tb&t em.1.aa 
Qoaa at LD.-UM Te.b.!clee aa ~ G"t'C' 
tl\o JT.P. A. .srbcJrl em.iiW.~ t.t; p:roc«<W"e 
la tl:liacded. tl:l proT14o .. practical llll9thod. 
(U .... quick a.n4. ll:ld%pen&lv•) ror Ioden~ 
hJ.cb. PTP cnittU:Ic nAiclOI. Tb.• bin:!,e4i: ....,... 
dated. with a.a: IlK progn.:D. la d:llilpentiant 
em t2» metb.cd.o!CC' UMd. to deioarmi.D.a the 
&bt.lrt t:.est ])&*1/fa.l.l eutpcint. for e6Ch poll~ 
ant. trom ,-ur to }'e$l'. 'nlo m.etbod. ot do
t:r:TC:tn'nc 1ll1t:la.l &b:crt ten <:at:potnt.. hM 
TVied. 1D. prs&:;t1ce .tro.ra. ~ C:Ut::poinQa 
tbA& an .ma.t.•tmo::tal ~ to ....,Vt'nc 
ca. Mt ot cutpolnta tor aU U~"& d:uty TllbJ ... 
d.• wtth •l.m!l.u emillldOII. eoa.tral ~
noloO'· T.b.e poutbWty at eh-ns:tng ab.orl tect 
cutpatnta to ~ TebJc1.l! &C'I 1s M.o Ul. 
lmport.aot CO!Wd.erattca... 

..f.NtUnp«ot\1. T.b.o llC .l.tld. CO CU"tpob:Lill 
o:a. 1Pt:rlcb. Ute ~paa.41% .N tloetl..O.t.B :.,.. beMd. 
an teeh:oo'ogy l•T~ ~ T21ua. aU nCJ.:. 
cl• oi .. g1"YOZI. am1:111ca. COD.t:rcl ~toa 
(for ua.m.ple, e&t&!}'St··eq,,tJ:ppoll:1 can~) ue 
....w:DIIId: to han tbe lll.a:28 cu~t:a. Otli
poi.D.t& tor tJ:to ~' -raz ot that &1mul&w.:t 
I/lo( l"~ ,..... ari by ~ ~ ~ 
a~acy t&etcr a.nd. the.a. Ul..:l.i.,-:.1ne' ~
~ EPA em..t.~.oa. !....::cr d&ta. em oc.c-y~ 
ol4 T81Uc1c w.b..lc.A 1Nft ~ to ~ l'11PN-' 
MO.t.&t1,.e ot. t.h• a.&t10D."W'tlilt DU:I: ot O"CO<ofe&r• 
o&.4 TtlobJc.l•. Th• t.C:~J..,.U l'NU.lied m Ule 
cM~tion. at Idle t..t p&a~~/f.aJ.l CU'i;lpoilla 
tar B"C a.=.d 0 wbJdl: ~ to ~ 
~ ........ ....,. ""'- ,__ """"' 
10 pcor"l' \o 50 percmt;). Par ~ .. SZ 
• ~ pereac.t atr1..1::1..gt.IU:T r.a.:t.o:r ,... t:p«1"M 
Q.l-a. HC aAd. CO kUo t..c c:utpob:lU ....r.t'll die
tcm..Lne:t .., that ~zia:lAt.al.y 30 ~t 
ol aJl ~ 11"0ul4 tall t:be kilO "-" ... 
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*-~........me-CUd liM·~ 1ll.eiJ' l:D&b:l.~' :ba.bt1a 
- - 'J1>Icai!Y loo creet ~"'= to u.o ----IJ>t. '%'lie I'Oiatt ... ...._., - 1\:lr l!C! -co,.,.. d~- b1 ~ tJ:La.t .. oa,r 
omttti"C N - !.lie l!C! J'l?·- >a 
~1'- "'"·be f..n.t - ·- =v 1l'tiJdl 
il· ·cm=mc at wtoe- u. c:o Jl"r.P .... 3 reS.. 
~ lliiiiGICptihm 18 am.ly· CIQit ot &D !ml:Uilt 
znz:mber at waJII · Uw.& :l"'lClw' 110 GUt 00 

--... - bo -- .. .............. opod.li..S - -- :.... tar .. J!ar cumpJ•. Gee liDCIN .AQC:3I UOiJIId. 
aml:al.aa.& o:d.d.a.ni emiad«l. ~ ~ u
C111414 am.bt•:a' co ~ • cu .. , hrk:ll 
111M Be l"T!' emiMI.oza ·~ CIOUl4 bt (lii:D• 
llidel'ed ..q'Q&ll::t' l!ka17 _, ta.U u • CIIZ wl:l1c:Q. 
S. •'* four ume. tb..e 00 7r.P ~ 'nwl 
IWINl" ot- '\21 .... ~'tiDe c::ntm:toa. ~ .... 

appl>od l8 - •• - - -... _ .. - lo<z• _., ot fthicl• 

--bo ....... - "'l>1c'> CQ---------·--t.c-·-ct: HO ta.Q:un .... Ot~ a.t -=n:a-
- ~ ... G( "' ,.....,.. -s . ...., .... lUJ 
~ II ,..... u lllch .. CO t.Jlun, .PO<
_..,._ 

em. ot - _ .. c:ltlc&l ...,.ptkmo. 
'Oi'lll ....pnt_to ~· _ ...... .Ill -· 
1ibe .azn. ,..., =ipain t.a ocm.;m,. to lilt ued. 
.,... Ulot :roar' to do- Yhlob fthl<lai 
V1U 'pa.el ar ta.a t.b4 liSle ~ OJM .tmp.UcaUoa. 
ot .... ...-ptt= 0( """""""""' ............ 
ft,~ta OTW tU:I:I4 ill ~; ~- CIUl coa, .. 
OboU.1o bo ~,., .......... ....,.. ~-..... .,...- _.. ___ ot ~-... -·-In _. ot t::'• """""'~'"
data trcm 'tbe aT.l- &:4 19'1 J:PA Ill-use 
Oompl!•QC"-~ {Iti'<:P) ~ m.:u .. 
ea.te 1b.Ai "MlUd.ea Cll.l1 oontln uo ~ be .repcJ,:f'I8Cl 

to 7IP - """ btl- ldlart .... -
--._. $0 -·-1...-u ......,.,. lll4l>rtry - "'pal>111ty II -
IWJl«l ~ bot ~ (84 iD. 1;be 'beao CIIM 
~p 1" lf =-t.tta. ~ taue4 fthielq ..... 

~,.."' -· -ldlo - eutpom .. ). mot.J2M tnp11<athm !a that ~ JI'CII"C'lltiLp ot 
f&Ua4 'Nh1clea ~ oftr \b:c:e 'to a.bov.1i 
i'wlc. ~ lnt:t:1&1 ~o:r hiC"t:or Jt. ae ~ 
ID04ol ~ ~cs.nl 'YQluntary awne 
matl:iWDAnee doea J1Qi CICCUZ" .. I::a.ta trc= 1.114 
JII'OI:l'S=8 ta. l'few Jewy and. Cl:J.icaco lndieatlt 
tb&C: 13M t.11"ar8 n.t. ct & Cf.?al model ,..,.r 
01 ~ dlo DGe ~ f'a:pto.-.;ruy-... 
l'eb.tc.l.llll ~. •'O'ft!l ~ tbll .ame··~t
• appUcld.. 'l"h,UI,. e:l'tb!r ~ble Yahm• 
._, m&Ui~ » or:::cttn'1nC or moehul1m 
.... ·~ fthlcloo "' - -.,..,uy 

- .u.. u.. -- noqulrl<t -~ z .... 4. Senlct _..,.- ca-wty. 
Cooi:.-pt. AJr qut.Uty ben"'lt d .... - """' 

Ill I/lL procnt.m la clepcd.en.i OD tJ:le ~W:ty 
ot the lel"T1ot tndustrr to perfOrm the l"8'ppUr 
,.,..t. ~ to tower l!ltZUM:tona. Depe:nd.lD.c 
C the 1~ at wn1.ce lmlustry ~. idle 
cUad.oaa COUld be reduceQ just iO ~ eut
potnti, ar wen balow the euipotnta, poeen ... 
it&D.T resul~ In cWr.ere1:1:t 'bolnla6t4 to &ir 
tpallty. 
~mpt:fon.l. T.be bue c:8.M bcae:dta ·11Tea. 

1D Tab!• 1 td A.ppeD41% M .....ume t.tl&t ttt.e 
~01 ~ ~ caJ)&Ole ot ~ lJl 
talloct ftA!clea cuw:tly to the 1414 tMt =t
potn"- 'nl.en the tq'Q!ftla:c l"'1'? leftJA &re 

~utoct 110 ·\bat t.M ·~ a:b&n brule
At. CILJ:l IN ~'tod.. ~ model ~ 
~c • yti)Jcle wDJcA la t&Ued U:u::o:'J"'SC'tly o.a. 
·-u:s.·tdle tllldt 4oe. J:ia'C h&ft 1bl rrP tm'-1""• 
either l'lrol.ae4 or low~ "by t.be repair fJtOC'" 
..._ Tbie modltl a.l..:lo U&Ulnll!ll t:l&t a. ~· 
YtiJch ta1l& tar =• po1la.t&:at only 'fl1l1 haft 
t.bot oCu poUutl.at emilaiOlla lo~ to tbo 
.l"t? tqu:tnJ.e:o.t 141• at.a.:o.da.rd 1.u t::::aMO nero 
.a:rara at a=.l&Co.a. OCC1:IZTed.. 

44cUttoC&.l 1M:o.td:1t ls Pl"f'CUCiod. 1t JDICha,.Dic 
1n..m1nc I.e m. t:lfect. "nl• lnOdei &MWZ~-. tb&t 

me:b•nte tn.1n.mc voal4 rart11t m t.be-reQao ... 
tlaQ. at """'af'M• ot fa.De4 ~ to -i!).O 
PrP ~ Aa m the bt.M C~W~RP. t.ha .IZIOI:Sel 
~ UL&""C; It a-~ taDa tor c:o.e pol• 
l'lz1ao>< 01117, ........... poUU'Ian< 11111 &loo bo 
~ 'to tb4 7l'P ~ u aA tft'Cf',·Qt 
.,. d ~ no :~n& 'fOtl6l cnrd.f.ia m
d.bte ... ~a::o.cy 0: ~ ~
Per ~ 'J'ChjcJ-. t:a. tlmdtme'J' Ia for JD~too 
ch&AIO ~ to ba" Ulo laz';'eR etfed ca 
- v1'lll .......,....,. - ot :10 ... 4 to ~i. Th1a fa ~bl• becauae-· the 
a::r~ ol meehantc ~ s. jointly d.epend--= oa. tZ:lo pa"C:Ult ot can. tauec:l a.nd 1.ho da
l"'t ol t=lpt'O'r'I!C:Ioe.Ut 1D' '&he "71'P lowla ot 
rapaUercl Teb.1c.1.ea n!ISU!tmc t:rcm. Ulo m... 
- ~ ~._....: U cml7 10 -t at aJl ar.rs a.:-. f&Lllll4 1nit:f&Uy. Ulen Ot:l.l7 10 
J*"':C.t ot au ca:s are l'epiW'$d ., U:a.at nea. 
A appan1::1tty ~c:ant mc:r-- sed reduc:t1aa. 
4ae to mec:h&l:Uc tn.ln.l.ng W1.ll be .am.ewh&t d&m- by 1he tact ""'' a ll"'d percon>oco 
ot the ~ can &nr u.udcu.Ot.ed.ly h1«b, 
1"tP ez:nti'l'.ca w.b.ic:h Gm:p.ty '1tC"e ~ c:aug:b:t. 
Jr. CZl 'UI.e ot.b.C' baz:u1,. 60 ~t &:"& t&.iled. 
aad. thel'TP ~ 111 g:a1l'l:m an &l'Pf"'%
Jma-iely -.quaJ. to ~ l'rP l......tl Wlltw; ad-' me to the men ~i 141• t.ort ~tpo.Urta 
&ddJ;~ ~:i 4ue to meehs.z11C ~ 
V0<114 bo _.., ...... ,.,.. pn<&t&l71< co. 
- ...... .,.,. d-=1be<l .-.. al<llaup ,_ 
~'&. ltll1 .....=..a to be ~i. Bawwnzo. 
pt'lll:atl.llft 20 e:zlUb.ttl • ~ tar m.s
- ~ .. ha ... ., ""'""'""'c et! ... 
w:ttll uacr dnc ~ tactcr. The Wc.d· 
.....,. II oxpl.oJ.J>ed by - '""' tb&t , ...... 
da.~ Yhich were tcput to the caa::~.PQ.ter pro
pam. Ule.ac np ~ m ~ wu 
l!ii;2W:lCIUI.tty lowe:r tJ:l&n U111t PTP lctnJ. aar..
n.poud.1nc to the idle t.sst ErC cu~t. ft't"lll2l 
&I; ~- ot 60 to &0 ~t. ..A& .. 1"fflm> 
I'Q.lt_ an ma-e t.asd pc'C8tlt&ce crt fa.fl~ .,.... 
hicl• coa-ttn'QIIIt1to produce ~ :beuctlt 
ctue to meo:hsn1c ~ .. 

'r.b.o model 8oliiiUZD6II tb&t ~ ta.rcpcrt.nc
ton~· \he '*f1JC1Cit Cit fl'e::a.ta: faJltU'It ot 
ta. 141e tast. ?ltbJcle repra.tr • .azw1 stU:reequct 
~ ot tho kU4 te.i, 4oea lXJ't OCC'W:'. amc. 
motorla1:.1l floequen:t.ty attrt.buw dri'r-.lU:Uty 
probJAma to p:ropar.ty-~ emhP1on 

-- --. w. ......,_ may bo 
tcral.lnf'ba'i umwa.1ta'tic tU:IJ ... m"C'hPl:l!r" 'ba-
OOIDe mare ~led.K'e&ble c.b:rut U:le ~ 
Dl!a ~n paz:tox:IS!!ianot &JUt em1m1co. rat.as. - .. .--.... -~ 
"""' 04eet .. ·-,..,_ (el"- vt'lll 
or "'P't'1bcn%t D.l:} Sa DDC a'f'aU.able at tb.-~t 
itme .. l4.crwt'c, UIA bomatU CNdl'ia zj.Te:Q ill 
~ N nqu1n tlle e:xJat===e ot ILD et
tectift ant1 ... tam:pc1n:r ~ 

l..u1u s. ~ Of lDap ct1Cd 
Con.ceyt .. S1nco •~ 44tcr~ 11 

mcdeJIS4 to OCC'C:I' contll:r.uoualy Oftr -um.,. t.he 
thquencr at ~ca. de~ the a .. 
teet ol ~ 4ot.e:ricr:&dQa. boet'ween l:Upe.e ... 
Uona. The mare trequeni tJlot m..pection, the 
1elra t.he ftl11cJa d.etenorue &Del t.b.ua the 
~rUle Ill' ~t.-
.Luum~. 7w U:l.e beet CUlt ~ta 

c:tvea. t:.a. ~Qe.n41x N. ~ona an mod.ale4 
to t&ke p.l&ce t.Z:IJ:ltl&lly. A.dd.tt.1ot&&l be.tldS:C 
.I'ISNit .t:=::t. -=U~6ZUI.WIJ ~cu.. ne ~ .. 
fannce lJ:L bale:Ctll trota tbo &A:n.U&.l to th.e 
etm.i-&D.D."ual ca. Ia pniiiiOD~ 1zl ~tcm 
l(c) <rt· A.ppendJ% N. 

1......, '· ~ trw&. pt'CCEdunt Qllled. 1D tb4 
~cc l:&a.e. 

COft,CC'JIC • .smca ~ tntw:t~ ot Lll .I/14 pro.. 
l2'&al 1s to -"Ddv.ce ~· ftDladon.a elf b::a-uee 
ftbJ.clflll .. =--u.re4 O'fC _t.he.l'"l'P, 011.- 11"0uld 
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Appendix B 

SHORT TEST EMISSIONS STANDARDS AS RELATED 

TO THE FEDERAL TEST PROCEDURE (FTP) 

B.l SHORT TEST CORRELATION 

The correlation attributes between short test programs and FTP tests for 

noted gaseous emissions for model year 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. Environrnentai 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-1. 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. Proceed 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 of correlation of data points as 

plotted with respect to FTP test requirements. 
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TEST 

1975 FTP 

HWY FET 

FED SCY 

NY/NJ 

KEY MODE 

EMlSSlUNS 
READINGS 

GMS/Mile 

GMS/Mile 

GMS/Mile 

GMS/Mi 1 e 

Concentration 
ppm/pet 

TWO-SPEED Concentration 
IDLE TEST ppm/pet 

FED THREE- Concentration 
MODE ppm/pet 

Table R-1. TEST TYPES 

TEST PROCEDURE CHARACTERISTICS 

Defined in sections 85.076-14 through 85,075.24 
of Federal Register Vol. 37, No. 221 

Defined driving cycle of 10.2 miles and 765 
second duration 

Driving cycle of 125 second duration and .7536 
miles in length and 9 modes 

Driving cycle of 75 seconds duration and .2792 
miles in length consisting of 7 mode 

3 Steady-state operating conditions high-speed, 
low speed and idle plus presoak 

Nonloaded test having two speeds: idle and 
2,250 rpm 

Similar to Key Mode with dynamometer loads 
simulating the average power as required on the 
FTP under NADA weight class 

74 



Table B-2 presents correlation coefficient for short-test emission measure

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

B.2 IPLE 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 emission test procedures in identifying 

malfunctions of those systems. The relative importance of identifying various 

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 drawn, based on the general characteristics 

of various test procedures. 

The Federal 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 NO 
X 

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 NO emissions. A malfunction of the EGR system causing 
X 

an increase in NO emission during loaded operating modes would not result in 
X 

a concurrent increase in idle-mode emissions. The malfunction would remain 

undetected by an idle test measurement. 

A loaded-emission test includes a wide range of operating conditions and 

would be generally 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 

thermal 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 

Standard Error of Estimate 

Test Procedure Emission Measurement 

Federal Short Cycle Mass 

.$even ~lode Cycle Mass 

Key Mode (multiple regression) Mass 

Steady State Modes (mul t. regression) Mass 

Idle Mode Mass 

Seven Mode Cycle Volumetric 

Key Mode (multiple regression) Volumetric 

Steady State Modes (mult. regression) Volumetric 

Idle Mode Volumetric 

Correlation Coefficient 
HC 

0.94 
• 

0.91 

0.96 

0.96 

0.80 

0.57 

0.79 

0.81 

0.35 

co 
0.81 

0.70 

0.81 

0.82 

0.62 

0.77 

0.68 

0.68 

0.50 

NOx 

0.74 

0.70 

0.66 

0.71 

0.15 

0.43 

0. 61 

0.63 

0.02 

HC . 

2.5 

3.1 

2.2 

2.2 

4.4 

6.0 

4.5 

4.4 

6.8 

Grams Per Mile 
co 
32 

38 

32 

32 

42 

34 

40 

40 

46 

NOx 

1.1 

1.1 

1.2 

1.2 

1.6 

1.4 

1.3 

1.3 

1.6 

' ! . 



The evaluation of alternative inspection procedures must also consider 

.their relationship to enforcing the warranty provisions set forth in Section 207 

of the Clean Air Act. That section authorizes the EPA to establish regulations 

requiring automobile manufacturers to warrant the emission control performance 

of every new motor vehicle far the vehicle's useful life. To implement this 

provision, Section 207 requires that there ~e available short-test procedures 

which aciieve adequate correlation 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 mast likely satisfy 

the requirements far adequate correlation. Correlation analyses have consis

tently shown that far current vehicles, the dynamic (loaded) tests, as a 

general category, achieve significantly higher correlation with the FTP than 

do the idle-made tests. States are nat required to consider the feasibility 

of enforcing the warrantly provisions in the design of their transportation 

control plans. 

The selection of an individual inspection test requires the development 

of criteria far determining what degree of correlation is adequate to satisfy 

the warranty provisions. The fallowing analysis provides a qualitative means 

of making such a determination. 

Far illustrative purposes, it is assumed that the paints marked"a" in 

Figure B-7 represent the Federal emission standard far all the vehicles in a 

sample fleet. The points marked "b, n "c,,. "d," and "e," represent hypotheti

cal cut paints far a state inspection program. A higher cut paint 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 paint, 

and is to the left of paint "a," is defined as an error of commission. There 

vehicles are erroneously identified as excessive emitters. Any vehicle which 

fails the inspection criteria and is to the right of paint"a" is a valid 

failure. 

The feasibility of enforcing the warranty will be determined by the 

frequency of commission errors among ~~e vehicles which fail the short test. 

The probability of a commission error can be reduced by raising the inspection 
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test faLlure criteria. At any cut point, a 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 

reduction achieved by the inspection strategy. The degree of correlation 

between the two test procedures is a measure of the extent to which the short

test failure criteria must be raised to reduce ~~e errors of commission to an 

acceptable level. 

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 short test 

cut points. 

Table B-3. El<RORS OF COMMISSION FOR IDLE-MODE SHORT-TEST PROCEDURES 

TEST TYPE 

Idle Mode Test 
(Corr. Coef. : 0.375) 

Source : Ref • 5 

REJECTION 
Rl\.TE % 

so 
40 
30 
20 
10 

5 

FREQUENCY OF 
COMMISSION El<RORS 

% OF FAILED 
VEHICLES 

43 
40 
30 
30 
27 
14 

FLEET EMISSION 
REDUCTION AFTER 

MAINTENANCE 
(CO Emissions) \ 

17 
15 
10 
12 

8 
4 

The results of this analysis are not intended to provide sufficient 

information to determine the failure criteria whic:h should be used in a state 

program. The test fleet used to demonstrate this analysis was composed of the 

total lllOdel-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 reduced to an acceptable level. However, Table B-3 does 

demonstrate ~~e impact of the trade-off between commission errors and ~~e 

fleet emission reduction potential for idle-mode test. 
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Appendi~ c 

LOADED-MODE TRUTH CHART AND DIAGNOSTIC PROCEDURES 

C.l 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 

each 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 analysis ,of the 

problem. 

E~ample: A 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. 

co 
HC 

DIAGNOSTIC 
IDLE LOW HIGH COMMENTS/PROBABLE CAUSE OF FAILURE CODE 

F 

® ® 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 following: 
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Table 1::-1. DIAGNOSTIC TRUTH CHART 

TEST MODE 

~ Low High COMMENTS/PROBABLE CAUSE OF FAILURE 

NO Fa Fb Faulty ignition advance and/or EGR. 
X 

co F ® 
HC @ Idle air/fuel mixture rich. 

HC F HC emission fluctuate. 

co N/L co emission normal or low. 

Idle air/fuel mixture lean. 

® F F 

co 0 F Faulty carburetion or air induction 

(!) F system. 

@ F Faulty spark plug(s), spark plug 

HC 0 F F wire ( s) , or ignition components. 

® F 

HC ® F F 

co ® F F Faulty exhaust valve action and/or faulty 

rings. 

al97l through 1974 model LDV. 

bl975 and later model LDV. 

F = Mode must fail. 

®= Mode may also fail. 
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DIAGNOSTIC 
CODE 

6 

1 

2 

3 

4 

5 



e Faulty idle mixture adjustment 

e PDV restriction 

e Faulty air injection system (if equipped) 

e Clogged carburetor idle air-bleed passages. 

In addition, diagnostic procedures for determining which of ~~e above 

case causing the failure are listed. The diagnostic procedures are to be 

completed in the order shown. This will help to insure that the simplest, 

quickest and least costly repair will be found to resolve the problem. The 

repairs are then performed per the manufacturer's specifications. 

Diagnostic Procedure l - Idle A/F Mixture Rich 

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

to service manuals for specific repair information. 

Diagnosis 

Rich A/F mixture at only idle can be caused by PCV restriction, faulty 

idle mixture adjustment, air inspection (if equipped) , or clogged carburetor 

idle air-bleed passages. Rich idle A/F mixture causes failing CO and high, 

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

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

satisfactory. 

A. Carburetor Idle Adjustment - Make a gross adjustment of idle mixture 

to determine whether CO can be br0ught within the specification. If 

CO can be corrected by adjustment, complete the final adjustments. 

If not, continue with diagnosis. 

B. PCV System - Test PCV 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. Air Injection System (if equipped) - Disconnect from air injection 

pump. Fee~ for pressure and flow. If no flow can be detected, 

service pump. 

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

of the above, carburetor must be rebui~t. 

Diagnostic Procedure 2 - Idle A/F Mixture Lean 

Diagnosis 

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

engine at id~e or too lean an idle screw adjustment. Lean A/F mixture results 

in norma~ 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 timing. 

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

less than 0.5 percent, richen id~e mixture to determine if HC emis-

. sions can be brought within specification. If they can, then perform 

ADJUSTMENT. 

a. Vacuum Leak - Inspect for vacuum leaks in the induction system by 

spraying a heavy hydrocarbon onto the carburetor body and intake 

manifold. Idle speed wil~ increase and engine idle will smooth out 

if vacuum leaks are present. Check for loose or missing vacuum 

hoses. Check PCV venti~ation valve to determine if it is stuck in 

fu~~ flow position. 

C. Ignition Timing - Check timing and advance with timing light. Check 

dwel~ with osci~~oscope. 

Diagnostic Procedure 3 - Faulty Carburetion 

Diagnosis 
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Faulty carburetion results in excessive carbon monoxide emissions during 

low and high cruise and may contribute to excessive idle emissions. Faulty 

carburetion causes excessive quantities to fuel to be supplied to the engine. 

It may also be due to problems with the air induction system rather than the 

carburetor itself. 

A. Air Cleaner - Inspect air cleaner element. Replace if CO emissions 

at 2,500 rpm with and without air cleaner element installed change 

more than l percent CO. 

B. Carburetor Choke - Check to ensure 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. 

D. Fuel Pump Pressure - Check for excess fuel pressure. If excess 

pressure is present, check for restricted fuel return line and pump 

bypass valve. 

Diagnostic Procedure 4 -Faulty Spark Plug, Spark Plug Wire, or Ignition 

Components 

Diagnosis 

Spark plug, spark plugwire or ignition component failures resulted in 

secondary ignition misfire in at least one cylinder producing very 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 open 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, condenser, distributor advance 

mechanisms, electronic ignition components. 

Diagnostic Procedure 5 - Faulty 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 also cause 

high HC and/or CO emissions in the idle-mode. 

A. Conduct a compression check to determine if the valve(s) are seating. 

The compression check should show no more than 20 percent variation 

from highest to lowest cylinder and be within the manufacturer's 

recommended specification. 

B. If the compression check is not satisfactory, perform a cylinder 

lea~ down test to determine whe~~er the rings or valves are at 

fault. 

Diagnostic Procedure 6 - Faulty Ignition Advance and/or EGR 

Diagnosis 

On NO system equipped vehicles, either original equipment or retrofit 
X 

equipment, the ignition advance is modified to inhibit 

vehicles also employ exhaust gas recirculation (EGR) • 

NO formation. Many 
X 

These systems may 

malfunction resulting in excessive NO emissions during the low or high cruise. 
X 

A. Determine whether emission failure is due to NO system malfunction. 
X 

Repair or replace the system according to applicable service proce-

dures. Check for. plugged EGR valves or disconnected hoses. 

B. Check for vacuum or mechanical advance malfunction, incorrect basic 

timing or dwell. Repair and adjustment of the timing malfunction 

may correct the NOx failure. 

86 

-- ---;.. 



Appendix D 

EMISSIONS-RELATED PARTS LIST 

87 



Appendix o· 

EMISSIONS-RELATED PARTS LIST 

The following list of components are examples of emissions-related parts. 

I. CARBURETION AND AIR INDUCTION SYSTEM 

A. Air Induction System: 

1. Temperature sensor elements 
2. Vacuum motor for air control 
3. Hot air duct and stove 
4. Air filter housing and element 

B. Emissions Calibrated Carburetors: 

1. Metering jets 
2. Metering rods 
3. Needle and seat 
4. Power valve 
5. Float circuit 
6 . Vacuum break 
7. Choke mechanism 
8. Throttle control solenoid 
9. Deceleration valve 

10. Dashpot 
11. Idle stop solenoid, anti-dieseling assembly 
12. Accelerating pump 
13. Altitude compensator 

c. Mechanical Fuel Injection: 

1. Pressure regulator 
2. Fuel injection pump 
3. Fuel injectors 
4. Throttle-position compensator 
5. Engine speed compensator 
6. Engine temperature compensator 
7. Altitude cut-off valve 
8. Deceleration cut-off valve 
9. Cold-start valve 
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D. Continuous Fuel Injection: 

1. Fuel pump 
2. Pressure accumulator 
3. Fuel filter 
4. Fuel distributor 
5. Fuel injectors 
6. Air-flow sensor 
7. Throttle-position compensator 
8. Warm-running compensator 
9. Pneumatic overrun compensator 

10. Cold-start valve 

E. Electronic Fuel Injection: 

1. Pressure regulator 
2. Fuel distribution manifold 
3. Fuel injectors 
4. Electronic control unit 
5. Engine speed sensor 
6. Engine temperature sensor 
7. Throttle-position sensor 
8. Altitude/manifold-pressure sensor 
9. Cold-start valve 

F. Air Fuel Ratio Control: 

1. Frequency valve 
2. Oxygen sensor 
3. Electronic control unit 

G. Intake Manifold 

II. IGNITION SYSTEM 

A. Distributor: 

1. Cam 
2. Points 
3. Rotor 
4. Condeilser 
5. Distributor cap 
6. Breaker plate 
7. Electronic components (breakerless or electronic system) 

B. Spark Advance/Retard Systems' 

1. Centrifugal advance mechanism: 

a. weights 
b. springs 
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2. Vacuum advance unit 

3. Transmission controlled spark systems: 

a. Vacuum solenoid 
b. Transmission switch 
c. Temperature switches 
d. Time delay 
e. CEC valve 
f. Reversing relay 

4. Electronic spark control systems: 

a. Computer circuitry 
b. Speed sensor 
c. Temperature switches 
d. Vacuum switching valve 

5. Orifice spark advance control systems: 

a. Vacuum by-pass valve 
b. OSAC (orifice spark advance control) valve 
c. Temperature control switch 
d. Distributor vacuum control valve 

6. Speed controlled spark systems: 

a. Vacuum solenoid 
b. Speed sensor and control switch 
c. Thermal vacuum switch 

c. Spark Plugs 

D. Ignition Coil 

E. Ignition Wires 

III. MECHANICAL COMPONENTS 

A. Valve Train: 

1. Intake valves 
2. Exhaust valves 
3 • Valve g--.tides 
4. Valve springs 
5. Valve seats 
6. Camshaft 

B. Combustion Chamber: 

1. Cylinder head or rotor housing• 
2. Piston or rotor 

*Rotary (Wankel) engines only 
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IV. EVAPORATIVE CONTROL SYSTEM 

A. Vapor Storage canister and Filter 

B. Vapor Liquid Separator 

C. Filler Cap 

D. Fuel Tank 

V. POSITIVE CRANKCASE VENTILATION SYSTEM 

A. PCV Valve 

B. Oil Filler Cap 

C. Manifold PCV connection Assembly 

VI . EXHAUST GAS RECIRCULATION SYSTEM 

A. EGR Valve: 

l. Valve body and carburetor spacer 
2. Internal passages and exhaust gas orifices 

B. Driving Mode Sensors: 

l. Speed sensors 
2. Solenoid vacuum valve 
3. Electronic amplifier 
4. Temperature-controlled vacuum valve 
5. Vacuum reducing valve 
6. EGR coolant override valve 
7. Backpressure transducer 
8. Vacuum amplifier 
9. Delay valves 

VII. AIR INJECTION SYSTEM 

A. Air Supply Assembly: 

l. Pump 
2. Pressure relief valve 
3. Pressure-setting plug 
4. Pulsed air system 

B. Distribution Assembly: 

l. Diverter, relief, bypass, or gulp valve 
2. Check or anti-backfire valve 
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3. Deceleration control part 
4. Flow control valve 
5. Distribution manifold 
6. Air switching valve 

C. Temperature sensor 

VIII. CATALYST, THERMAL REACTOR, AND EXHAUST SYSTEM 

A. Catalytic Converter: 

1. Constricted fuel filler neck 
2. Catalyst beads (pellet type converter) 
3. Ceramic support and monolith coating (monolith type converter) 
4. Converter body and internal supports 
5. Exhaust manifold 

B . Thermal Reactor: 

1. Reactor casing and lining 
2. Exhaust manifold and exhaust port liner 

c. Exhaust System: 

1. Manifold 
2. Exhaust port liners 
3. Double walled portion of exhaust system 
4. Heat riser valve and control assembly 
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Appendix E 

NOISE TESTING 

E.l INTRODUCTION 

To control the vehicle noise emission, effective state and local noise 

regulations for vehicles-in-use (VIU) are required. Table E-1 shows that 

Michigan, among a few other leading states, already has. noise standards for 

VIU. 

\ 

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 

solid 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, Colorado, and California are the only states that are 

aware of this and are considering 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 common 

vehicle operating modes. EPA promulgated noise 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 SOUND LEVEL LIMITS 

ON-ROAD 
MOTOR ON-ROAD OFF-ROAD OFF-ROAD SNOW- MOTOR-

STATE VEHICLES MOTORCYCLES MOTORCYCLES VEHICLES MOBILES BOATS 

Alabama No No 
Alaska No No 
Arizona No No Yes 
Arkansas No No 
California Yes Yes Yes Yes Yes Yes 
Colorado Yes Yes Yes Yes Yes 
Connecticut Yes Yes No Yes 
Delaware No No 
Florida Yes Yes No 
Georgia No No 
Hawaii Yes Yes No 
Idaho Yes, for Yes Yes, on public 

passenger land 
motor 
vehicles 

Illinois No ·No 
Indiana Yes Yes No 
Iowa No No Yes 
Kansas No No 
Kentucky No No 
Louisiana No No Yes 
Maine No No Yes 
Maryland Yes Yes Yes Yes 
Massachusetts No No Yes Yes 
Michigan Yes Yes Yes Yes 
Minnesota Yes Yes No 
Mississippi No No 
Missouri No No Yes 
Montana Yes No Yes 
Nebraska Yes, for No No 

over, 10,000 
lb. 

Nevada Yes Yes No Yes 
New Hampshire No Yes Yes Yes Yes 
New Jersey No No Yes 
New Mexico No No 
New York Yes, for No No No Yes No 

over, 10,000 
lb. 
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Table E-1. IN-USE SOUND LEVEL LIMITS (Continued) 

ON-ROAD 
MOTOR ON-ROAD OFF-ROAD OFF-ROAD SNOW- MOTOR-

STATE VEHICLES MOTORCYCLES MOTORCYCLES VEHICLES MOBILES BOATS 

North 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 
s. carolina No No 
South Dakota No No 
Tennessee No No Yes 
Texas No No 
Utah No No 
Vermont No No Yes 
Virginia No No 
Washington Yes Yes Yes Yes 
West Virginia No 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 be 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 be classified into the 

following categories: 

• Accelerated Passby Noise Tests - These test standards usually 

require low speed acceleration 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 vehicle. 

This type of test is usually employed for vehicle noise certifica

tion or regulatory purpcses. The established tasks can be endorsed 

by the Society of Automotive Engineers (SAE) standards, the California 

Highway Patrol procedures, and the International Organization for 

Standards (ISO) Recommendation R362. 

The Environmental Protection Agency (EPA) has also proposed acceler

ated passby noise tests for motorcycles and light vehicles (Ref. 25 

and 26) . Reference 26 proposed a complicated test which requires 

both specified acceleration and speed be reached in a narrow end

zone on the vehicle path. 

e Constant Speed Passby Noise Tests - This type of test is designed 

mainly for roadside enforcement purpose. California Highway Patrol 
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has looked into this type of test. Boulder and Colorado Springs, 

Colorado, and Minnesota Authorities have developed improved versions 

where even a single highway patrol car can be used to 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. 

e, Stationary Engine Acceleration Noise Tests - The U.s. 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 stationary 

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 procedures have been developed 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. 

E.3 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 noise testing, a large open plane about 90m by 75m free of 

large reflecting surfaces is usually requir:d for a 15m microphone distance 

test. The measurement zone should be 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 

facility should have adequate ventilation systems to handle the vehicle exhaust 

for safety reasons. 

Usually ANSI Type 1 sound level meters are specified in prevailing vehicle 

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 tachometer, accelerometer, and ignition disable device to the vehicle. The 

benefit 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 ACCELERATION NOISE TEST 

Most vehicle passby noise test procedures specify a measurement distance 

of 15m (50 feet) which requires a large hard testing plane and low ambient 

noise levels. For inclusion into the I/M program it is desirable to test 

vehicle noise at a shorter distance in the stationary mode 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 to 30m when the micro

phone is at a fixed height above ground. Reference 26 discusses methods to 

improve the correlation by preserving the acoustic interference pattern at 

various 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

table with the Federal passby procedures can be devised without using tedious 

external loads; e.g., dynamometers. This is because the instantaneous vehicle 

noise is dependent primarily on the engine power (throttle setting) and the 

engine speed. 

An example is given in Reference 26 where a 15m passby motorcycle test is 

transformed into a 3m stationary test. Experiments performed at Sandusky, 

Ohio 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 vehicles. 

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 state I/M 

program. 
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