EPA-460/3-73-009

EFFECTIVENESS OF SHORT EMISSION
INSPECTION TESTS
IN REDUCING EMISSIONS

THROUGH MAINTENANCE

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Water Programs

Office of Mobile Source Air Pollution Control
Emission Control Technology Division
Ann Arbor, Michigan 48105




EPA-460/3-73-009

EFFECTIVENESS OF SHORT EMISSION

INSPECTION TESTS
IN REDUCING EMISSIONS
THROUGH MAINTENANCE

Prepared by
R. D. Gafford and T. A. Huls

Olson Laboratories, Inc.
421 E. Cerritos Avenue
Anaheim, California 92805

Contract No. 68-01-0410

EPA Project Officer:
Thomas A. Huls

Prepared for

U.S. ENVIRONMENTAL PROTECTION AGENCY
Office of Air and Water Programs
Office of Mobile Source Air Pollution Control
Emission Control Technology Division
Ann Arbor, Michigan 48105

July 1973



This report is issued by the Environmental Protection Agency to

report technical data of interest to a limited number of readers.
Copies are available free of charge to Federal employees, current
contractors and grantees, and nonprofit organizations - as supplies
permit - from the Air Pollution Technical Information Center,
Environmental Protection Agency, Research Triangle Park, North Carolina
27711, or from the National Technical Information Service, 5285

Port Royal Road, Springfield, Virginia 22151.

This report was furnished to the Environmental Protection Agency by
0lson Laboratories, Inc., Anaheim, California in fulfillment of
Contract Number 68-01-0410. The contents of this report are reproduced
herein as received from the Olson Laboratories, Inc. The opinions,
findings, and conclusions expressed are those of the author and not
necessarily those of the Environmental Protection Agency. Mention of
company or product names is not to be considered as an endorsement by
the Environmental Protection Agency.

Publication No. EPA-460/3-73-009
it



TABLE OF CONTENTS

SECTION PAGE
1.0 INTRODUCTION AND SUMMARY . . . . . . + « + &« « » =« &« « « « o 1-001
1.1 Introduction .+ « « v « 4 . 4 4 4 . 4 s a6+« . . 1-001
1.1.1 Inspection and Maintenance Programs . . . . . . . . 1-001
1.1.2 Program Objectives . . « . + ¢« « v o « + + = « . . 1-002
1.2 Experimental Design . . . . . . . . .+« . « . . . . 1-003
1.3 Data Analysis . . . . . . e e e e e e e e e e . . 1l-004
1.4 Results of the Effectlveness Analysis . . . . . . . 1-005
1.4.1 Test Fleet Emission Reductions . . . . . . . . . . 1-005
1.4.2 Effectiveness Index . . . . . e e e . . . . 1-008
1.4.3 Emission Reductions as a Functlon of Fa11ure
Rate . . . . . e e e e e s e « o « . . 1-009

~

Effectiveness of Repalrlng Idle Only Failures . . . 1-011
Results of Maintenance Analysis . . . . . . . . . . 1-011

.
VWWOWWOWYWOWWO~N~NI~NNoooooonUnn 0~

5.1 Modal Failures . . . . . v v ¢« « v ¢« « + o « « « « 1-012
5.2 Diagnosis of Failed Vehicles . . . .. . . . . . . 1-012
.5.3 Repair Action Summary . . . . . . + « ¢« o« « +» » «» o 1-015
5.4 Excess Repairs . . . . . . . . ¢« ¢« v ¢« ¢« « « « . . 1015
. Results of Cost Analysis . . . .. . .. . . . . . 1-016
.1 Inspection Program Costs . . . . . . + « + . . . . 1-016
.2 Vehicle Maintenance COSt . . + v ¢ & « = « « . . . 1-016
.3 Total Program Cost . . . . « « +« ¢ ¢« &« + &« « - « . 1-018

Results of the Cost Effectiveness Analysis . . . . 1-021

i R e R e e e Ll e
. . . . . e . .

1 Fleet Cost Effectiveness . . . . . . . . . . . . . 1l-021
.7.2 Cost Effectiveness Index . . . s v e e e . . 12022
. Results of the Relatability Ana1y51s e+ e . . . . 1-022
.8.1 Short Test Correlation to 1975 CVS . . . . . . . . 1-024
2 Errors of Commission . . . . . . . . « . . . . . . 1-024
. Summary Conclusions . . . . . . . « + « « « « . . . 1-025
.9.1 Effectiveness Analysis . . . . . . . . . . . . . . 12025
2 Maintenance Analysis . . . . . . . . . . . . . . . 1-026
.9.3 Cost Analysis . . . . . . e e e e e s e e e e o . 1-026
b Cost Effectiveness Analy51s e e e e e e e e e s e . l-027
.9.5 Relatability Analysis . . . . . . . . . . . . . . . 1-027
2.0 TEST PROGRAM METHODOLOGY et e e s e e e 4 e e e e 4 . . 2-001
2.1 Study Team . . . ¢ v 4 v 4« 4 « o o « s o o« « « « . 2-001
2.2 Inspection and Maintenance Operations . . . . . . . 2-001
2,2.1 Vehicle Procurement . . . « + « v v « « « « o« « . . 2-004
2.2.2 Emission Testing . . . . . . . ¢ « v ¢« « « « « . . 2=005
2,2.3 Vehicle Maintenmance . . . . . . . . +« « « « . . . . 2=-010
2,2,3.1 Vehicle Service Centers . . « « = ¢ o = v« « « « . . 2-012
2,2,3.2 1dle Service Procedure ., . . e v e e . e . . 2-012
2.2.3.3 Loaded Steady State (L.S.S.) Serv1ce
Procedure . . . . . . « . v v v v 4 e .« o« .« 2-012



SECTION

3.0

N NN
. « s e
w

.

[0}

. .

W N =

~

WWwWwwbwWwbwwiowww
. .
Ui p~wN -

ocuvuvuuunp PSP W

.
.
w N =

NNOMNNNNDNDDNDDNDNDNDND

N NN
. e

W ww
.

~N N~
.

N =

TABLE OF CONTENTS

Data Analysis . . . . . . . . . . . ..
Data Acquisition . . . . . . & « ¢« &« .« 4 .
Fleet Emission Statistiecs . . . . . . « . « &
Effectiveness Analysis . . . . . . . . « . .
Fleet Emission Reductions . . . . . . . .
Emission Reductions as a Function of
Inspection Test Rejection Rate . . . . . .
Effectiveness of Correcting Idle Only
Failures . . . . . ¢« . + « ¢ « . .
Effectiveness Index . . . + ¢« ¢« « + & + « o« .
Maintenance Analysis . . . . . . . . . + . .
Modal Failure Analysis . . . . . . . . . .
Diagnosis of Failed Vehicles . . . . . . . .
Service Center Repair Action . . . . . .
Unjustified Repair Action . . . e e e
Analysis of Exited Failing Vehlcles e e e e .
Program Cost Analysis . . . . . . . « « « o« .
Inspection Cost Analysis . . . . . . . . . .
Maintenance Cost Analysis . . . . . . . . . .
Total Program Cost . . . . . . . v « « & &+ &
Cost Effectiveness of Inspection and
Maintenance . . . e e e e e s e e e e e
Relatability Analy51s . e e e e e e e .
Correlation and Regression Ana1y51s . e e
Errors of Commission Analysis . . . . . . . .

RESULTS . . . . v & v v v v v v e o s o o o s

Test Fleet Statistics . . . . . « « « « « .+ .
Test Fleet Vehicle Composition . . . . . . .
Dependence of Emissions on Vehicle Parameters
Test Fleet Emission Levels . . . . . . . . .
Statistical Equivalence of Test Fleets

Before Maintenance . . . e e e e e e e
Equivalence of Idle and L.S. S Fleets . . . .
Equivalence of California and Michigan . . .
Equivalence of Phase 1 and Phase II . .
Effectiveness Analysis . . . . . . . . . . .
Test Fleet Emission Reductions . . . « . . .
Test of Significance of Emission Reduction .
Significant Difference in Idle and L.S.S.

Emission Reductions . . . . . « +« o « « « .
Significant Differences in Emission Reductions

in California and Michigan . . . . . . . .

iv

PAGE

2-013
2-013
2-013
2-017
2-017

2-019

2-020
2-020
2-024
2-024
2-024
2-025
2-027
2-028
2-028
2-029
2-030
2-031

2-032
2-032
2-032
2-034

3-001

3-001
3-002
3-002
3-006

3-012
3-012
3-016
3-016
3-018
3-018
3-023

3-023

3-025



TABLE OF CONTENTS

SECTION PAGE

3.2.2.3 Significant Differences in Emission Reductions
Between Phase I and Phase IT . . . . . . . . . . 3-025

3.2.3 Emission Reductions as a Function of Inspection
Test Rejection Rate . . . . e+« « « s . 3=025
3.2.4 Effectiveness of Correcting Idle Only

Failures . . . e e e e e e e e e e e e e e e . 3-029
Effectiveness Index e e e e s e e e e e e e s e . . 3-032
Inspection and Maintenance Analysis ., . . . . . . . 3-036
Inspection Test Modal Failures . . . . . . . . . . 3-036
Diagnosis of Failed Vehicles . . . . . . . . . . . 3-039
Repair Action Summary . . . . . . . . .« . . . . . . 3-042
Unjustified Repair Action Analysis . . . . . . . . 3-047
Failed and Exited Vehicles . . . . . .. . . . . . 3-050
Revised Maintenance Procedure Recommendations . . 3-053
Suggested Procedure . . . e e + e s e e s s 4 & . 3-053
Implementation Phllosophy e e e e e e e e e e s . . 3-054
Cost Analysis . . . . . . . . ¢ . ¢« ¢+ « « « « . « 3-054

(%}

.
oL N
b

N =2

WWWWWWwWLwwwwwwwwww
. . . .
AP PEAPPRPPPPULULLLLOLLLWLWWDRND

.

4.l Inspection Program Costs . . . . . . « « « « « . . 3-057
A2 Maintenance Cost Analysis . . . . . . . . . . « . . 3-059

.2.1 Average Serviced Vehicle Costs . . . . . . . . . . 3-059
.4.2.2 Excess Repair Costs . . . . ¢« 4 = ¢« « « « « « « « . 3-060
.4.2.3 Repair Cost as a Function of Inspection Test

Rejection Rate . . . e 6 s s e s e e e e e« . 3-064

3.4.2.4 Average Repair Cost for Serv1ce Actions . . . . . . 3-069
3.4.2.5 Average Repair Cost for Correcting Idle

Only Failures . . . . . ¢« ¢ v v & v « « & « . « . 3-071
3.4.3 Total Program COSES . . &+ &« & &« & o o « « « « « « « 3-071
3.5 Cost Effectiveness Analysis . . . . . . . . . . . . 3-074
3.5.1 Cost Effective Index . . . . . ¢« ¢ ¢« o+ « « . » 3-074
3.5.2 Cost Effectiveness as a Function of Inspection

Test Rejection Rate . . . . « « . ¢ « +« &« » « . . 3-076
3.5.3 Cost Effectiveness of Correcting Idle Only

Failures . . . e s s s e 4 s s s s s s s . . 3-076
3.6 Relatibility Ana1y51s e e v e e s e e e s e e e s . 3-079
3.6.1 Correlation and Regression Results ., . . . . . . . 3-079
3.6.2 Errors of Commission . . . . . . . .. . ... .. 3-099

REFERENCES . . ¢ ¢ & ¢ ¢ o & ¢ o ¢ o o o o o o s s o o o o s « « « « 3-102

4,0 APPENDICES . . . & ¢ ¢ ¢ 4 o ¢ o o s o o+ o s o s o« = o« « « « 4=001
4.1 Appendix A - Test Procedures . . . . . . . . . . . 4-001
4,2 Appendix B - Vehicle Emission Summary Tables . . . 4-001
4.3 Appendix C - Short Test Regression and

Correlation Summaries . . . . . . . . . . . .« . 4-001



TABLE

1-01
1-02
1-03
1-04
1-05

1-06
1-07
1-08
1-09
1-10
1-11
1-12
1-13
1-14

2-01
2-02
2-03
2-04
2-05
2-06
2-07
2-08
2-09

2-10
2-11

3-01
3-02
3-03
3-04
3=-05
3-06
3-07
3-08
3-09
3-10
3-11

3-12

LIST OF TABLES

Summary Statistics for All Vehicles . . . . . . . .
Summary Statistics for Serviced Vehicles Only . . .
Tests of Significance of Emission Reduction . . . .
First Year Effectiveness Index . . . . « « +. « « « &
Emission Reductions from Correcting Idle Only
Failures . . . o« 4 e o« e e e e e e e e
Modal Failures of L S S. Vehlcles c e e e e e e s
Inspection Program CoStS . . . « + « &+ « & & o o » &
Average Service CosSt . . . . & v 4« v v 4« 4 4 s o o
Average Cost for Service Event . . . . . e e e s e
Average Repair Cost of Correcting Idle Only Failures
First Year Total Program Cost - Combined States . .
Annual Vehicle Owner Cost - Combined States . . .
Cost Effectiveness of Correcting Idle Only Failures
First Year Program Cost Effectiveness - Combined
States . . . v v v v h e e e e e e e e e e e e

Vehicle Distribution by Model Year . . . . . . . . .
California Vehicle Population . . . . . . . . . . .
Michigan Vehicle Population . . . o« e e e e e
Horsepower Values for Loaded Steady State Test . . .
Emission Inspection Failure Limits . . . . . . . . .
Reject Levels for Loaded Steady State Test . . . . .
Average Miles Driven Annually . . . . . . . . . . .
Calculation of Pollutant Weighting Factors . . .
Suggested Repair Action for Idle and Loaded Steady
State Inspection Test . . . . ¢ ¢« ¢+ ¢ ¢« o « « « &
Proper Repair Action, Idle Mode . . . . . . . . . .
Proper Repair Action, Loaded Steady State . . . . .

Inspection Test Failure Rates . . . ¢« . ¢« « ¢« o & &
General Trends in Mass Emissions . . . . « ¢« « « « .
Emission Levels for All Vehicles . . . e e e e
Emission Levels for Serviced Vehicles Only e e e e e
Emission Levels for Controlled Vehicles Only . . . .
Emission Levels for Uncontrolled Vehicles Only . . .
Emission Reductions for All Vehicles . . . . .
Emission Reductions for Serviced Vehicles Only . . .
Emission Reductions for Controlled Vehicles Only . .
Emission Reductions for Uncontrolled Vehicles Only .
Tests of Significance of Emission Reductions After
First Service . . ¢ . . ¢ 4 o v v v 4 o 4 e s e s
Test of Significance of Emission Reductions After
Second Service . . . . . . . . 4 s 4 s e e e s

PAGE

1-006
1-007
1-009
1-009

1-011
1-012
1-016
1-017
1-017
1-018
1-018
1-021
1-022

1-024

2-005
2-006
2-007
2-009
2-011
2-014
2-022
2-023

2-025
2-028
2-028

3-004
3-005
3-008
3-009
3-010
3-011
3-019
3-020
3-021
3-022

3-024

3-026



TABLE

3-13
3-14
3-15
3-16

3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-24
3-25
3-26

3-27
3-28
3-29
3-30
3-31
3-32
3-33
3-34
3-35
3-36
3-37
3-38
3-39
3-40
3-41

4-01

LIST OF TABLES

Fleet Emission Reduction from Correcting Idle Only

Failures . . . . e e e e e e s e e e e e e e e
Serviced Vehicle Em1s51on Reduction from Correcting
Idle Only Failures . . . . . e e e e e e e e
Relative Effectiveness of Correctlng Idle Only
Failures . . . . . « . « . . . . . e e e e e
Effectiveness Index Input Data (Grams Per Mile
Reduction) . . +v v v ¢« v o o o o & e e e e e e e

Effectiveness Index Input Data (Percent Reductions)
First Year Effectiveness Index - 1975 CVS Data . . . .
Distribution of Inspection Test Modal Failures . . . .
Diagnosis of Repaired Vehicles . . . . . . . . . . . .
Repair Action Summary . . . . . « ¢ ¢ ¢ ¢ ¢ ¢ o o o .
Service Event Summary . . . ¢ « « ¢ &+ « o « 2 o s o =
Summary of Unjustified Repair . . . . ¢« ¢ ¢ ¢« ¢ ¢ o« &
Summary of Failed and Exited Vehicles . . « e e e .
Suggested Diagnosis and Maintenance Procedure - . .
Inspection Program Costs, State or Single Contractor
Operated . . . & & ¢ v v v o o s 4 e e s e e e e e
Service Cost Averaged Over Serviced Vehicles Only . .
Service Cost Averaged Over All Vehicles . . . . . . .
Percent of Repair Cost Which Was Excessive . . . . . .
Average Cost for Service Event . . . . . . .- . .
Average Repair Cost of Correcting Idly Only Fallures .
First Year Total Program Cost . . . . . .« ¢« v o & o« &

First Year Program Cost Effectiveness . . . . .
Fleet Cost Effectiveness of Correcting Idle Only
FAailures . o o o v o o o o o ¢« o o o o o o o « o o
Ranking of Short Inspection Test Correlation to 1975
CVS Test, 300 California Vehicles . . . . . .
Ranking of Short Inspection Test Correlation to 1975
CVS Test, 300 Michigan Vehicles . . . . . . . .
Ranking of Short Inspection Test Correlation to 1975
CVS Test, Combined States . . . . . . . . . . . .

Selected Regression Equations and Coefficients, 1975
CVS Before Service Data, California Vehicles Only .
Selected Regression Equations and Coefficients, 1975
CVS Before Service Data, Michigan Vehicles Only . .
Selected Regression Equations and Coefficients, 1975
Before Service Data, Combined States . . . . . . . .
Analysis of Errors of Commission . . . . . . . . . . .

Short Test Abbreviations . . . . . . . . ¢« v « v + .

vii

PAGE

3-030
3-030
3-031

3-033
3-034
3-035
3-037
3-040
3-043
3-046
3-049
3-051
3-055

3-058
3-060
3-061
3-061
3-070
3-072
3-073
3-075
3-079
3-081
3-082
3-083
3-088
3-089

3-090
3-100

4-002



LIST OF FIGURES

FIGURE PAGE
1-01 Effectiveness as a Function of Rejection Rate ., . . . . . . 1-010
1-02 Comparison of Repairs Required and Repairs Performed to

Pass the Emission Inspection Tests - Phase I , . . 1-013
1-03 Comparison of Repairs Required and Repairs Performed to

Pass the Emission Inspection Tests - Phase IT . . . . . . 1-014
1-04 Average Vehicle Repair Costs - Phase I . . . . . . . . . . . 1-019
1-05 Average Vehicle Repair Costs - Phase II . . . . . . . . . . 1-020
1-06 Cost Effectiveness as a Function of Failure Rate . . . . . . 1-023
2-01 Short Cycle Project Organization . . . . . . . . . . . . . . 2-002
2-02 Short Cycle Project Vehicle Flow . . . . . . . . . . . .« . . 2-003
2-03 Data Analysis Flow Chart . . . . . . . . . « « v & & & o « & 2-015
2-04 Service Center Repair Analysis . . . C e e e 2-026
2-05 Confidence Bands of Predicted CVS EmlSSlOn Levels e e e e e 2-035
2-06 Errors of Commission Analysis . . . . . . . . . . . . . .. 2-036

3-01 Distribution of Test Fleets - Phase I (307 Rejection

Rate) . . e e e 3-003
3-02 Distribution of Test Fleets - Phase II (30A ReJectlon ¢

Rate) . . . . 3-003
3-03 95% Confldence Intervals of HC Before and After Serv1ce

Fleet Means . . . . 3-013
3-04 95% Confidence Intervals of CO Before and After Serv1ce

Fleet Means ., . . .. . .. . . .. 3-014
3-05 957 Confidence Intervals of NOX Before and After Serv1ce

Fleet Means . . e e e e e 3-015
3-06 Effectiveness as a Functlon of ReJectlon Rate -

California . . . e e e e e 3-027
3-07 Effectiveness as a Functlon of ReJectlon Rate -

Michigan . . . e e e e e 3-028
3-08 Inspection Test Modal Fallures All Phase I and 11

Vehicles . . . e e e e e e e e e e e e e e e e 3-038
3-09 Failed Vehicle Dlagn051s C e e e e e e e e e e e e e e e e 3-041
3-10 Repair Action Summary . . . . ¢« ¢ +© ¢« v ¢« ¢ v 4 o o o & o 3-044
3-11 Unjustified Repair Actions . . . . s e e e e e 3-048
3-12 Distribution of Average Repair Cost per Repalred

Vehicle . . . . e e e e e 3-062
3-13 Distribution of Average Repalr Cost per Repalred

Vehicle . . . e e e e e e e e . 3-063
3-14 Average Vehicle Repalr Costs - Phase I e « s « + o+ s+ « . 3-065
3-15 Average Vehicle Repair Costs - Phase IT . . ., . . . . . . . 3-066
3-16 Average Vehicle Repair Costs Less Excess Repairs -

Phase I . . . . . . v v o v v e v o o e e e e e e e 3-067

viii



FIGURE

3-17

3-18

3-19

3-20

3-21

3-22

3-23

3-24

3-25

3-26

3-27

3-28

3-29

3-30

LIST OF FIGURES

Average Vehicle Repair Costs Less Excess Repairs -
Phase IT ., . . . . . v e e e e e e e e e
Cost Effectiveness as a Functlon of Fallure Rate -
Phase I ., . . . .. v e e e e . . P
Cost Effectiveness as a Functlon of Fallure Rate -
Phase I . . . . . . e e e e e e
Dependence of Correlation on Number of Steady State
Speeds - California . . .. . ..
Dependence of Correlation on Number of Steady State
Speeds - Michigan . . . e e e e e e e . e e .
Dependence of Correlation on Number of Steady State
Speeds - All Vehicles . . . .
HC Confidence Bands of Predlcted 1975 CVS Em1551ons Idle
Inspection Test - Phase I and II Uncontrolled Vehicles .
HC Confidence Bands of Predicted 1975 CVS Emissions Loaded
Steady State Inspection Test - Phase I and II
Uncontrolled Vehicles . . . .
HC Confidence Bands of Predlcted 1975 CVS EmlSSlon Idle
Inspection Test - Phase I and II Controlled Vehicles
HC Confidence Bands of Predicted 1975 CVS Emission
Loaded Steady State Inspection Test - Phase I and II
Controlled Vehicles . . e e e e e e e e e e e
CO Confidence Bands of Predlcted 1975 CVS Emissions
Idle Inspection Test Phase I and II Uncontrolled
Vehicles . . . . et e e e e e e e e e
CO Confidence Bands of Predlcted 1975 CVS Emissions
Loaded Steady State Inspection Test - Phase I and II
Uncontrolled Vehicles . . . e e e e e e e e e
CO Confidence Bands of Predlcted 1975 CVS Emissions
Idle Inspection Test - Phase I and II Controlled
Vehicles . . . . f e e e e e e e e e e
CO Confidence Bands of Predlcted 1975 CVS Emissions
Loaded Steady State Inspection Test - Phase I and II
Controlled Vehicles . . . . v v v 4 v ¢ ¢« v o v o o + &

ix

PAGE

3-068
3-077
3-078
3-085
3-086
3-087

3-091

3-092

3-093

3-094

3-095

3-096

3-097

3-098



SECTION 1
INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report documents the conduct, methodology, and results obtained from a
two-phase study performed for the Environmental Protection Agency under
Contract #68-01-0410, "Effectiveness of Short Emission Inspection Tests in
Reducing Emissions through Maintenance." Throughout the report, this study
of periodic vehicle inspection and maintenance will be referred to as the
"Short Cycle Project.”

This report is presented in four sections as follows:

Section 1l: TIntroduction and Summary.

Section 1 is a summary of the study purpose, methodology, results, and
conclusions. Typical and general results are presented without detailed
discussion and support data.

Section 2: Program Methodology

Section 2 provides the detailed discussion of study organization, testing
procedures and analytical methodology.

Section 3: Program Results

Section 3 provides detailed discussion of study results, interpretation and
conclusions.

Section 4: Appendices

Section 4 contains detailed test and maintenance procedures and detailed
tables of data for the 1975 CVS test procedures.

1.1.1 TInspection and Maintenance Programs

Periodic Vehicle Inspection and Maintenance (PVIM) programs are being con-

sidered in several states as one means of achieving Federal air quality standards.
EPA is required to review and approve the PVIM program proposed by each state.

The EPA, therefore, requires information on the emission reductions and associ-
ated costs of a mandatory PVIM program.



The purpose of a PVIM program is to identify and correct vehicles with exces-
sive emissions. High emissions of HC and CO are attributable to malfunctioning
components of the vehicle and generally can be corrected by appropriate main-
tenance. The inspection regimes which are best at identifying excess emissions
under some operating conditions may not be able to identify excess emissions
under all conditions. The objective of an inspection regime would be to detect
those malfunctions which are most likely to result in excessive mass emissions
to the atmosphere.

The effectiveness measure selected for this study was the amount of emission
reduction measured by the 1975 CVS Federal Test procedure. This test measures
mass emissions during a typical 7.5 mile drive (23 minutes duration) from a
"cold start" and from a "hot start." The "cold start" test is similar to the
1972 CVS procedure. The emission values are subsequently weighted for cold
and hot start operation to form a composite emission value to represent mass
emissions to the atmosphere.

1.1.2 Program ObJjectives

The "Short Cycle" project was initiated to evaluate two methods (loaded and
unloaded) of inspection and resulting maintenance. The primary objective was
to determine emission reductions, cost, and cost effectiveness of the Idle
(unloaded) and dynamometer Loaded Steady State (L.S.S.) inspection and mainte-
nance regimes. A secondary objective was to determine how well various short
emission inspection tests, including Idle and L.S.S., correlated with the

1972 and 1975 CVS Federal Test Procedures. This is important since the CVS
procedures measure the official emissions of the vehicles and are the emis-
sion certification tests for new vehicles.

The following are the principal questions which this study seeks to answer:

1. Which inspection and maintenance regime is the most effective
in reducing emissions?

2. Which inspection and maintenance regime is the most cost
effective in reducing emissions?

3. Which short cycle tests are the most accurate predictors of
emissions which would be obtained using the CVS procedures?

4. wWhat confidence can be placed in the predictions of the CVS
regsults based on short cycle test data and what are the con-
fidence intervals of the predictions?

5. What are the typical causes of excess emissions, and are automotive
mechanics able to correct them effectively?

6. What are the expected costs of correcting excess emissions?
T. Will a short inspection test fail the same vehicles which would

have failed a CVS procedure and pass-fail limits set to fail the
same percentages of the population?



1.2 EXPERIMENTAL DESIGN

The study was designed to provide a comparison of emission reductions and
associated costs for the Idle and two L.S.S. inspection and maintenance
regimes. The study was based on 600 privately owned passenger cars in a two
phase test program; each phase consisting of 300 vehicles. One half of the
vehicles in each phase {150 vehicles) were tested in Anaheim, California and
the other half were tested in Dearborn, Michigan. The two locations provided
a comparison of PVIM in two areas with different climatic conditions and
public awareness of automotive pollution.

The 150 vehicles in each city were then divided into T5 pairs of vehicles
matched according to criteria described in Paragraph 2.2.1. One vehicle of
each pair was assigned to the Idle fleet; the other member of the pair was
assigned to the L.S.S. fleet. The vehicles were procured following a
standard pattern of representative sampling, and provided equivalent Idle and
L.S.S. sample test fleets representative of California and Michigan state
vehicle populations in vehicle age and make. The same vehicle distribution
procurement and testing procedures were used in both Phases.

Phase I of the program provided a comparison of the unloaded Idle emission
inspection test plus repair industry diagnosis of mechanical malfunctions
and the L.S.S. inspection using loaded idle and two cruise modes plus repair
industry disgnosis using the failure modes of HC and CO indicated from the
inspection test. Three repair garages were selected for each vehicle fleet,
were provided with NDIR HC/CO exhaust gas analyzers and briefly instructed
by OLI personnel in emission diagnosis and repair concepts.

Phase II of the program provided a comparison of the unloaded Idle emission
inspection test and industry diagnosis with the 1..S.S. inspection using
loaded idle and two cruise modes. The failure modes were related to probable
engine malfunctions using an instruction booklet. In Phase II, the L.S.S.
inspection and maintenance procedure was the KEY MODE Emission Evaluation
System developed by the Clayton Manufacturing Company (El Monte, California).
During Phase II, three different repair garages were used for each vehicle
fleet. Bach garage was provided an HC/CO exhaust gas analyzer. OLI person=-
nel instructed the Idle garages. OLI and Clayton Manufacturing Co. personnel
instructed the L.S.S. garages.

During both phases, rejection limits were set to fail approximately 50% of
the vehicle populations. Rejection limits were based on the results of

the previous Northrop/ARB study (reference 1). During Phase II, the limits
were further adjusted to attain at least 50% rejection in each controlled
and uncontrolled vehicle subfleet.* The resulting I.S.S. rejection limits
were therefore different than those recommended by Clayton Manufacturing Co.
for both Phases.

¥Controlled vehicles were equipped with PCV and exhaust emission controls;
uncontrolled vehicles were either unequipped or had PCV controls only.
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During testing for both phases every vehicle was subjected to a two hour dyna-
mometer test sequence each time it was tested. The driving cycles utilized
and the order in which they were performed are listed below:

*¥1. 1972 Driving Schedule from a "Cold Start," CVS Certification
Test (Modified for 4 bag analysis)

¥2. 10-minute soak

¥3, First 505 seconds of 1972 Driving Schedule, CVS Certification
Test (2 bags)

4. EPA 9 Mode CVS Short Cycle (1 bag)

5. Ioaded Steady State - KEY MODE inspection test with automatic trans-
missions in drive at idle. Simultaneous mass and volumetric measure-
ments

6. Steady states - Simultaneous mass and volumetric measurements
60 mph, 50 mph, 40 mph, 30 mph, 20 mph, 10 mph.

T. Tdle - Simultaneous mass and volumetric measurements
(Automatic transmissions in neutral)

8. Two hot start 7 mode cycles - Simultaneous volumetric and 1 bag
CVS mass measurements

Vehicles in the Idle-and L.S.S. test fleets were inspected and failed by

their respective emission levels. If the vehicle passed its initial inspection
test, it was returned to its owner. If the vehicle failed, it was sent to an
independent garage for servicing. California garages were state licensed

Class A stations; Michigan garages were general service stations and general
repair garages. This service resulted in corrective action as described in
Section 2.2.3. After servicing, the vehicle was retested again using the
entire two hour dynamometer procedure. If the vehicle failed its "after first
service" test, the cause of the failure was diagnosed and the vehicle was given
additional servicing and retested or rejected without further repair if the
diagnosis indicated major mechanical problems such as valve or ring failure.

1.3 DATA ANALYSTS

Five general analyses were applied to the data for each test regime:
1) emission reduction effectiveness, 2) maintenance action, 3) cost,
L) cost effectiveness, and 5) relatability. Detailed discussion of the
methodology is presented in Section 2. These analyses discuss Phase I and

Phase II separately using rejection limits intended to fail approximately
30% of the vehicles.

The effectiveness analysis considered the emissions reductions of HC, CO,
and NOy by vehicle population for each state, model-year and make distri-
butions, average mileage accumulation, vehicle age and various inspection
failure rates.

¥These three steps represent the 1975 CVS dynamometer procedure.



The maintenance analysis identified the modes of emission inspection failure,
the work which would. be expected to correct the excessive emissions, the
actual work performed by the garages, an evaluation of excessive work and

the reason for failure of those vehicles which were not brought into compliance
with the inspection test limits.

The cost analysis included repair cost for the following types of repair:
minor adjustment, ignition, carburetion, minor parts, and major mechanical.
Cost were determined for repairs judged to be excessive or unjustified.
First service and second service costs are presented for controlled and
uncontrolled vehicles at various rejection rates.

The cost effectiveness analysis combined the result of the cost and effective-
ness analyses. The cost effectiveness for controlled and uncontrolled
vehicles is presented as a function of failure rate. The overall fleet cost
effectiveness for Phase I and pPhase II is also presented.

The relatability analysis provided correlation coefficients and equations for
the various short inspection tests and the 1972 and 1975 CVS test procedures.
Confidence intervals of the regressions were determined. The number of
commission errors of Idle and L.S.S. relative to 1972 and 1975 CVS data was
determined for several rejection rates. The relatability analysis was
performed for combined Phase I and Phase II data.

1.4 RESULTS OF THE EFFECTIVENESS ANALYSIS

This section presents the effectiveness analysis based on emission reductions
including second service. The statistical significance of the emission
reductions are also discussed.

1.k.1 Test Fleet Emission Reductions

Idle and L.S.S. fleet emission averages before and after service are shown

in Table 1-1 for all vehicles and in Table 1-2 for the serviced vehicles only,
Data for Phase I and Phase II are shown for the California and Michigan

test fleets. These emission averages and the emission reductions were sub~-
Jected to statistical tests to evaluate whether a statistically significant
reduction in emissions resulted from the service actions and, if so, whether
Idle of L.S.3. provided greater emission reductions.

Emission levels before service were generally not equivalent for the Idle
and L.S.S. fleets. In Phase I, the Idle fleet had lower emissions than the
L.S.S, fleet in California; but higher emissions in Michigan. In Phase II,
the Idle fleet had lower HC emission than the L.S.S. fleet in California

but higher HC emission than the L.S.S. fleet in Michigan. The Phase II Idle
and L.S.S. fleets had equivalent CO emissions. In both Phases, the emissions
of vehicles in California and Michigan were different.

By combining the California and Michigan fleets, the Idle and L.S.S. before
service means were found to be equivalent for HC, CO and l\TOX in both phases.
Variances were found to be equivalent except for HC and CO emissions where
the Phase IT L.S.S. fleet was higher than the Idle fleet. The variances
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Table 1-1

SUMMARY STATISTICS FOR ALL VEHICLES
After Second Service - 1975 CVS Data

9-1

Hydrocarbons (gm/mile) Carbon Monoxide (gm/mile) Oxides of Nitrogen (gm/mile)
Before | After Before After Before| After
No.
Vehicle of % ‘ % %
Fleet Cars| M o 3 o |Reduction R T K o Reduction| M o | o Reduction

PHASE 1
California 150

Idle 7515.9( 5.7|5.0(3.9 15.3 65.3143.7!55.5|34.5 15.0 2.6(1.5|2.6(1.4 0.0

L.S.S. 7516.3] 5.1{5.0(3.6 20.6 72.2|44.6]164.2]139.7 11.1 2.6(1.5(2.61.5 0.0
Michigan 148

Idle 7416.7| 5.5|5.2(3.5 22.4 84.6155.9|66.4(34.8 21.5 4.0(2.0(4.1]2.1 -2.5

L.S.S. 7416.6] 5.5(5.3(3.1 20.0 78.0149.1{61.9{34.8 20.6 4.2(1.9(4.2(1.9 0.0
Combined 298

Idle 14916.3| 5.6(5.1(3.7 19.0 74.9|50.9/60.9(35.0 18.7 3.3(1.9]3.3(1.9 0.0

L.S.S. 149(6.4]| 5.315.1(3.3 20.3 75.0146.8{63.1137.2 15.9 3.411.913.4(1.8 0.0
PHASE 11
California 150

Idle 7517.9| 8.416.014.7 24.1 93.0(51.4180.0{41.8 14.0 3.411.7|3.3(1.6 2.9

L.S.S. 75(8.8(11.7|5.212.5 40.9 96.2166.1}70.7|39.1 26.5 3.1{1.73.3|1.5 -6.5
Michigan 150

Idle 7518.6| 9.216.4 4.4 25.6 86.2142.9(73.7]39.1 14.5 4.1(1.614.3(1.7 -4.9

L.S.S. 7516.7| 7.015.112.2 23.9 185.8141.8]71.0|36.1 17.2 4.011.514.011.5 0.0
Combined 300

Idle 15018.2| 8.86.2 4.6 24.4 89.6|47.3]176.9|40.5 14.2 13.7]1.7(3.8(1.7 -2.7

L.S.S. 150|7.8} 9.7|5.2(2.4 33.3 91.0|55.4|70.8(37.5 22,2 3.5|1.7{3.6}1.5 -2.9




Table 1-2

SUMMARY STATISTICS FOR SERVICED VEHICLES ONLY
After Second Service - 1975 CVS Data

L-1

Hydrocarbons (gm/mile) Carbon Monoxide (gm/mile) Oxides of Nitrogen (gm/mile)
Before After Before After Before | After
No.
Vehicle of % % %
Fleet Cars| p o M o |Reduction P o o o |Reduction || B | o | B | o |Reduction
PHASE I
California| 43
Idle 22 | 8.5| 7.4|5.4]|2.3| 36.5 96.3(46.0(62.6(30.1| 35.0 2.3|1.9(2.3|1.6 0.0
L.S.S. 21 |10.0] 6.1|5.3{2.8} 47.0 98.7149.8|70.3(43.8( 28.8 2.0(1.3}1.9(1.4 5.0
Michigan 50
Idle 24 | 9.2 7.1{4.411.7| 52.2 116.4(77.2160.3|37.3| 48.2 3.711.8]4.1{1.9| -10.8
L.S.S. 26 {10.3| 7.5/6.5{4.2| 36.9 112.4|50.1|66.7|29.5] 40.7 3.4|1.7]3.4(1.4 0.0

Combined 93
Idle 46 8.9 7.114.9(2.0 44.9 106.8{64.3|61.4|33.7 42.5 3.0(2.0|3.3|2.0 -9.1
2 5 2 2 2

L.S.S. 47 |10. 6.9 913.6] 42 106.3149.9(68.3136.2 33.7 8|1.7 711.6 3.6
PHASE II
California| 55
Idle 26 |13.2(12.5(7.817.2| 40.9 124.9160.0|87.5(49.9( 29.9 2.6|1.5/2.511.2 3.8
L.S.S. 29 |15.5/16.8|6.2(3.3 60.0 138.3|82.3|72.1|47.4| 47.9 2.5(1.8}3.0]|1.5 -20.0
Michigan 44
Idle 22 {14.3|14.5|7.1|5.6| 50.3 107.1(38.9!64.4(30.5 39.9 4.011.9(4.712.0 -17.5
L.S.S. 22 (10.3(11.9{4.8(2.1 53.4 108.4|40.1(57.8(23.6| 46.7 3.5|1.413.7]1.3 -5.7
.| Combined 99
Idle 48 ]13.7(13.3/7.5|6.5] 45.3 116.7]51.7]76.9]43.3 34.1 3.3/1.813.5]1.9 -6.1
L.S.S. 51 |13.3|15.0{5.6{2.9| 57.9 125.4|68.5(65.9139.3( 47.4 2.911.7(3.3|1.4 -13.8




were higher because of a few very high emitters, The high emitters also raised
the means but not enough to result in statistically significant differences.
The serviced vehicle fleet emission means for HC in Phase I and CO in Phase II
were still not equivalent even after combining the California and Michigan
fleets. However, the total vehicle fleets were equivalent when California
and Michigan vehicles were combined, Therefore, the remainder of this section
discusses only the combined California and Michigan fleets in each Phase.

Emission reductions for Idle were 19% for HC and 19% for CO in Phase I
compared to 24% for HC and 14% for CO in Phase II., L.S.S. emission reduc-
tions were 20% for HC and 16% for CO in Phase I compared to 33% for HC

and 22% for CO in Phase II. Idle was equally effective as L.S.S. in Phase I.
In Phase II, L.S.S. was 1.4 times more effective in reducing HC emissions and
1.6 times more effective in reducing CO emissions as Idle. Neither regime
made a significant change in I\TOX emission.

For the serviced vehicle fleet, Idle achieved HC emission reductins of hS%

in both Phase I and Phase II. During Phase I, Idle achieved a _# reduction
in CO emissions compared to 34% in Phase II. L.S.S. achieved 42% HC emission
reduction in Phase I compared to 58% in Phase II. L.S.S. achieved 34% CO
emission reduction in Phase I compared to 47% in Phase II. During Phase I,
Idle and L.S.S. were equally effective in reducing HC emissions but Idle was
1.3 times more effective in reducing CO emissions than L.S.S. During Phase IT,
L.S.S. was 1.3 times more effective in reducing HC and 1.4 times more effec-
tive in reducing CO emissions than Idle.

The emission reductions were tested by the covariance analysis which provides

a statistical measure of emission reduction shown on each vehicle. This
analysis permits selection of the test regime which provides the statistically
largest emission reduction. The covariance test, shown in Table 1-3, indi-
cated that Idle and L.S.S. were equally effective in reducing emissions in
Phase I but that L.S.S. provided statistically greater emission reductions

of HC and CO in Phase II for the total vehicle fleet. For the serviced
vehicle fleet, Idle and L.S.S. were statistically equally effective in reducing
emissions except that L.S.8. was statistically more effective in reducing

CO than Idle in Phase II. Neither Idle nor L.S.S. resulted in statistically
significant changes in Nox emissions.,

1.4.2 Effectiveness Index

The emission reductions achieved by Idle and L.S.S. were applied to the
effectiveness model. The results of the effectiveness model are shown in
Table 1-4 for the combined California and Michigan fleets in each Phase.

The model provided a method of calculating annual reductions of total emis-
sions by accounting for distributions of vehicle make, emission reductions,
and mileage accumulation, and vehicle age. The model is described in detail
in paragraph 2.3.3.4 and the results discussed in detail in paragrarh 3.2.5.

The first year (1973) effectiveness for L.S.S. was 10% lower in Phase I but

65% greater in Phase IT than Idle. Idle effectiveness decreased slightly
(10%) from Phase I to Phase II while L.S.S. effectiveness increased over 100%.
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TESTS OF SIGNIFICANCE OF EMISSION REDUCTION
95% Level of Significance

Table 1-3

Phase 1 Phase I1
Vehicle Fleet HC co NO HC co NO
X X
All Vehicles B B N L L N
All Serviced Vehicles B B N B L N
B 1Indicates both regimes provided statistically significant but equal
reduction
L Indicates Loaded Steady State provided statistically greater emission
reduction than Idle
N Indicates neither regime provided statistically significant emission
reduction
Table 1-4
FIRST YEAR EFFECTIVENESS INDEX - 1975 CVS DATA
Equal Pollutant Weighting - Tons Per Year Reduction
Phase I Phase II
Vehicle Fleet Idle L.S.S. Idle L.S.S.
All vehicles 17,500 16,000 19,400 32,900

The increased effectiveness in Phase II for the L.S.S. regime was due to very
large emission reductions in the California fleet achieved because of correct
interpretation of the diagnostic information contained in the pattern of HC
and CO failures during the L.S.S. inspection test.

1.4.3 Emission Reductions as a Function of Failure Rate

The California and Michigan data were combined for each phase and rejection
limits were applied to the respective inspection test data to fail from 10%
to 50% of the Phase I and Phase II vehicle fleets. The rejection limits were
based on KEYMODE rejection values suggested by the Clayton Manufacturing Co.
for controlled and uncontrolled vehicles. Figure 1-1 presents this data.

In Phase I, Idle and L.S.S, were equally effective in reducing HC emissions
from uncontrolled vehicles and CO emissions from controlled vehicles. Idle
was slightly more effective in reducing HC emissions from controlled vehicles
and CO emission from uncontrolled vehicles than L.S.S. Reductions by both
Idle and L.S.5. were not much higher at 50% rejection than at 30% rejection.
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EMISSION REDUCTIONS (GM/MILE}

EMISSION REDUCTIONS {(GM/MILE)

HC

co

HC

co

CALIFORNIA AND MICHIGAN 1975 CVS DATA

PHASE |
CONTROLLED UNCONTROLLED
VEHICLES VEHICLES
40
— — — |DLE
3.0 — LSS
20 | _
-
_—"OD 2
1.0 -
—— ——0—
P
0
30 -
20 —
Qe =
,o—°—°"°—
-
10 .
%0 60 0 10 20 30 40 50 60
REJECTION RATE (%) REJECTION RATE (%)
PHASE 11
CONTROLLED UNCONTROLLED
VEHICLES VEHICLES
40
3.0
20
1.0 /‘/"—*—
0 =0
. o
o
0
30
20
gl S
10
B A T I T [ N B
10 20 30 40 50 60 ¢ 10 20 30 40 50 60

REJECTION RATE (%)

REJECTION RATE (%)

Figure 1-1. Effectiveness as a Function of Rejection Rate

1-10



In Phase II, L.S.S. was nearly twice as effective as Idle in reducing CO emis-
sions from uncontrolled vehicles and HC emissions from controlled vehicles.
L.S5.S. was 15% to 207% more effective than Idle in reducing HC emissions from
uncontrolled vehicles., L.S.S. was marginally more effective than Idle in
reducing CO emissions from controlled vehicles above 307 rejection rate. The
HC and CO emission reductions from both Idle and L.S.S. were not improved much
by rejection rates higher than 30%.

1.4.4 Effectiveness of Repairing Idle Only Failures

Idle and L.S5.S. PVIM were evaluated to determine if they were egually effec-
tive in reducing emissions from vehicles which had emission failures only

at idle. This analysis provided a basis of evaluating the cost effectiveness
of correcting idle malfunctions only. L.S.S. vehicles were evaluated using
the three L.S.S. modes. Idle vehicles were evaluated using Idle and the two
cruise modes of the L.S.S. The results of this analysis are presented in
Table 1-5 in terms of grams per mile reductions for the total fleet. These
emission reductions can be compared to the emission reductions shown in
Table 1-1.

Table 1-5

EMISSION REDUCTIONS FROM CORRECTING IDLE FAILURES ONLY
1975 CVS DATA (Grams Per Mile)

. Phase I Phase II1
Vehicle
Fleet HC Cco NOX z HC Cco NOx >
Idle 0.45 5.23 -0.02 5.66 0.40 6.64 -0.04 7.00
L.S.S. 0.70 8.38 -0.02 9.06 0.60 8.83 -0.03 9.40

L.S.S. was 50% more effective than Idle in reducing HC and CO emissions in
both Phase I and Phase IT. Idle and L.S.S. were equally ineffective in
changing NOy emissions. Correcting vehicles with idle only inspection fail-
ures contributed 40% of the HC and CO emission reductions achieved by Idle

in Phase I. Correcting vehicles with idle only inspection failures contributed
54% of the HC and T0% of the CO emission reductions achieved by Phase I L.S.S.
During Phase II 29% of the HC and 52% of the CO emission reductions for Idle
and 22% of the HC and 44% of the CO emission reductions for L.S.S. were
achieved by repairing vehicles with only idle emission failures.

1.5 RESULTS OF MAINTENANCE ANALYSIS

Idle and L.S.S. vehicles were reviewed to establish the reasons for emission
failure, the maintenance which would have brought them into compliance,

the maintenance actually performed, the incidence of unnecessary or excessive
repairs, and the incidence of vehicles which were not repairable. Differences
in initial fleets and garage performance were summarized for Phase I and II.
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1.5.1 Modal Failures

Table 1-6 presents the modal distribution of L.S.S. failed vehicles. Sixty
seven (67%) percent of the failed Phase I and 567% of the failed Phase IT L.S.S.
vehicles failed only at idle. Idle plus cruise mode failures occurred for 18%

of the Phase I and 36% of the Phase II L.S.S, vehicles. Cruise mode only
failures occurred for 15% of the Phase I and 8% of the Phase II L.S.S. vehicles.
An Idle inspection would therefore have failed 857 of the Phase I and 927 of

the Phase II vehicles which had failed the L.S.S, inspection test. Cruise mode
failures indicating potentially high excess emissions occurred on 33% of the
Phase I and 447 of the failed Phase II L.S.S. vehicles, The majority of failures
in both Phases and for all modes were for CO or HC plus CO,

Table 1-6

MODAL FAILURE OF L,S.S. VEHICLES
Percent of Failed Vehicles Before Service

. Idle Only Idle and Cruise Cruise Only
Vehicle
Fleet Phase 1 Phase II Phase 1 Phase 11 Phase 1 Phase I1
All Vehicles 67% 56% 18% 36% 15% 8%

Approximately 637 of the failed Idle vehicles failed at idle for CO only. in
both Phases. Approximately 73% of the failed Idle vehicles failed CO and HC
plus CO in both Phases.

1.5.2 Diagnosis of Failed Vehicles

The minimum amount of work which should have resulted in the failed vehicles
passing their inspection test are summarized in Figures 1-2 and 1-3 for Phases
I and II respectively, Approximately 80% of the Idle vehicles could have been
corrected with only an idle mixture and timing adjustment. Seventy (70%)
percent of the failed L.S.S. Phase I and 547, of the failed Phase II vehicles
could have been repaired with only idle mixture and timing adjustments. ‘Many
of the idle plus cruise failures represent idle mixture richness carried into
the low cruise mode.

True ignition failures were rare in all test fleets; averaging 4% for Tdle

and 8% for L.S.S. Ignition repairs were performed for many cases of marginal

HC failure, particularly in Phase I, which were actually due to other factors
such as carburetion, valves or vacuum leaks. The criteria for ignition mis-

fire was HC emissions greater than 1500 ppm HC. If a lower emission level had be
been used, more ignition failures would have been diagnosed,

Carburetor repair was required by 97 of the failed Phase I and 6% of the failed
Phase I1 Idle vehicles. Carburetor repair was required by 15% of the Phase I
and 297 of the failed Phase II L.S.S, vehicles. The emission reductions of CO
would, therefore, be expected to be greater for L.S.S. in Phase II than in Phase
I and greater than Idle in either Phase.
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1.5.3 Repair Action Summary

The actual work performed by the service centers is also shown in Figures 1-2
and 1-3, Both Idle and L,S.S., service centers performed more extensive work,
particularly ignition repair, than diagnosed as necessary to achieve compliance.
During Phase I, 52% of the failed Idle vehicles and only 22% of the failed
L.S5.S, vehicles received idle adjustment and or minor parts replacement.

During Phase II, 50% of the failed Idle and 52% of the failed L,S.S. vehicles
received Idle adjustments.

Ignition repairs were performed much more frequently by Idle service centers

in both Phases and L,S.S. service centers in Phase I than required by the
emission malfunctions of the vehicles. During Phase II, L,S.S. service centers
performed fewer ignition repairs than Idle service centers in either Phase or
the L.S.S. service centers in Phase II.

Carburetor repairs were not performed on any Phase I Idle vehicles although 10%
had been diagnosed as requiring them. In Phase II, Idle garages performed con-
siderably more carburetor and carburetor plus ignition repair than actually
required. In Phase I, L.S5.S. service centers performed twice as much carburetor
repair than required, but during Phase II performed only slightly more work than
diagnosed as required.

Various major mechanical repairs which had been diagnosed as being required to
pass the vehicles were not performed because of program cost restrictions.

1.5.4 Excess Repairs

Both Idle and L.S.S. garages tended to perform excess repairs. The excess
repairs were predominately replacement of ignition components which appeared
to be in "poor or bad" condition but which did not result in ignition misfire.

The incidence of excess L,S.S. repairs in Phase II (23%) were less than one-
half of that occurring in Phase I (65%). Excess repairs for Idle were not
significantly different in Phase I (48%) and Phase IT (42%). The improved
L.S.S. performance was attributed to correct application of the diagnostic
information in the L.S.S. test by the Phase II garages.

Even during Phase II, however, the excessive repairs (primarily electricai)
occurred to 287 of the serviced Idle vehicles and 17% of the L,S.S. vehicles,
This was due in part to the past experience of mechanics who practice preven-
tive maintenance (replacement) of the electrical system rather than emission
failure maintenance. It was also likely that instructions did not adequately
distinguish ignition misfire from other malfunctions which cause moderately
high HC emissions such as lean mixtures, rich mixture, oil consumption (blow-
by) or valve leaks,

Unnecessary carburetor replacements were made on 137% of the Phase I L.S.S.
vehicles but only 4% of the Phase II L.S.S. vehicles. Excessive carburetor
replacements were performed on only 4% of the Idle vehicles in Phase T and
12% in Phase II. Since the Idle garages did not have cruise mode data, they
were not concerned that the problems might include main system failures.
Idle adjustments were sufficient to solve most CO emission failures at idle.
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1.6 RESULTS OF COST ANALYSIS
This section summarizes the cost analyses performed during the Short Cycle
project. The analysis addresses inspection cost and maintenance cost

separately.

1.,6.1 Inspection Program Costs

The inspection program costs were derived from a previous Northrop Corporation
study for the Califormia Air Resources Board (reference 1) as shown in

Table 1-7. L.S.S. in a state-operated system was estimated to be approxi-
mately 647 more expensive to install than Idle but not significantly more
expensive to operate.

Table 1-7
INSPECTION PROGRAM COSTS

Idle L.S.S.

Cost per Vehicle* $ 1.16 $ 1.35
Statewide Investment Cost

California $12,084,000.00 $19,830,000.00

Michigan 6,646,000.00 10,907,000.00
Statewide Operating Cost

California $ 9,978,000,00 $10,919,000.00

Michigan 5,500,000, 00 5, 995,000.00

*Investment cost amortized for 10 years at 6% interest per year

1.6.2 Vehicle Maintenance Cost

Table 1-8 presents the average cost for repairing Idle and L.S.S. vehicles
which failed the initial inspection test. The average cost per serviced
Idle vehicle was approximately $27 in Phase I and $31 in Phase I1. The
average cost per serviced L.S5.S, vehicle was approximately $37 in Phase I
and $31 in Phase IL. Idle cost increased in Phase IT because of more exten-
sive repair actions required in California. 1.S.S. cost decreased in Phase
IT because fewer excessive repairs were performed in Michigan. An average
of approximately $10 per serviced vehicle was identified as excessive cost
for Idle in both Phases and for L.S.S. in Phase I. In Phase IT, L.S.S.

excess repair cost was reduced to an average of approximately $4 per serviced
vehicle.

Table 1-9 presents the average cost of performing various typical classes of
vehicle maintenance. 1In general, the average cost of performing a given
repair was lower for L.S.S, than for Idle. The average serviced vehicle
cost in Phase I was higher for 1.S.S. than for Idle because the service
centers performed each type of repair more frequently than did Idle., 1In
Phase II, the L.S.S, service centers generally performed only those repairs
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Table 1-8

AVERAGE SERVICE COST
Dollars Per Vehicle

Phase 1 Phase I1

Vehicle Fleet Idle L.S.S. Idle L.S.S.
Cost as Incurred

All Vehicles 8.27 11.38 11.37 10.76

Serviced Vehicles 26.78 36.81 31.14 31.03
Less Excess Cost

All Vehicles 5.49 8.08 ] 7.04 9.40

Serviced Vehicles 17.77 26,07 21.11 27.11

Table 1-9

AVERAGE COST FOR SERVICE EVENT - ACTUAL COST
Dollars Per Serviced Vehicle

Minor
Minor Parts Ignition Carburetor
Adjustments Replacement Repair Repair
Vehicle Fleet Idle | L.S.S. | Idle | L.S.S. | Idle | L.S.S.| Idle | L.S.S.
All Serviced Vehicles
Phase 1 11.43 | 12,18 }7.62 | 5.66 |29.38| 25.14 8.50 | 25,57
Phase II 12.64 | 9,48 | 6,33 | 6,09 |24.15]22.87 | 38.62| 36.62

suggested by the diagnostic information of the L.S.S. test and, therefore,
achieved lower serviced vehicle cost as well as lower service event cost
than idle,

Table 1-10 presents the average cost of correcting those vehicles with only
idle emission failures. These vehicles represented approximately 60% of the
failed vehicles. During Phase I, Idle repair cost was $29 per serviced vehicle
compared to $32.50 for L.S.S. During Phase II, Idle repair cost was $27 per
serviced vehicle compared to $17 for L.S.S. The cost for repairing Idle
vehicles in both Phases was approximately equal to the cost of an ignition
tuneup as shown in Table 1-9, The cost of L,S.S, in Phase I was higher than
the average cost of ignition repair, reflecting the large number of excessive
repairs in L.S.S, The cost of L,S.5, in Phase II, however, was approximately
equal to the sum of replacement of minor parts and labor for minor engine

ad justments for L.S.S. as shown in Table 1-9. The diagnostic information
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of the L.S.S. test, when correctly utilized, limited repair effort and
resulting cost to the malfunctioning idle system components and adjustments.

Table 1-10

AVERAGE REPAIR COST OF CORRECTING IDLE ONLY FAILURES
Dollars Per Serviced Vehicle

Vehicle Fleet Phase 1 Phase 11

All Vehicles

Idle 4,89 5.24

L.S.S. 7.32 3.43
All Serviced Vehicles

Idle 29,13 27.13

L.S.S. 35.20 17.71

Figures 1-4 and 1-5 present the average repair cost as a function of failure
rate for Phase I and Phase II respectively. During Phase I, Idle was less
expensive than L.S.,S. at all rejection rates. During Phase II, L.S.S. was
more costly for controlled vehicles than Idle at all rejection rates but
slightly less costly for uncontrolled vehicles.

1.6.3 Total Program Cost

Table 1-11 presents the total annual program cost for statewide implementation
of Idle and L.S.S., The data represent the sum of California and Michigan
costs for Phase I and Phase II. The total program cost is based on the
inspection program cost (Table 1-7) and the maintenance cost (Table 1-9).

The total program cost was determined by multiplying the cost of inspection
and repair averaged over all vehicles in each state's test fleet by the
corresponding vehicle population. The privately owned vehicle population

in California and Michigan was estimated to be 10 million vehicles and 5.5
million vehicles respectively.

Table 1-11

FIRST YEAR TOTAL PROGRAM COST - COMBINED STATES
Millions of Dollars

Phase I Phase II
Cost Element
Idle L.S.S. Idle L.S.S.
Inspection 18 21 18 21
Maintenance 126 165 169 185
Total 144 186 187 206

Capital cost amortized over 10 years at 6% interest
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As shown in Table 1-11, the cost of inspection, assuming 10 year amortization
of capital costs, was approximately 10% of the total program cost. L.S.S.

was found to be 30% more costly during Phase I but only 107 more costly during
Phase II than Idle. Total annual cost for Idle was estimated to be $144
million in Phase T and $187 million in Phase II. Total annual cost for L.S.S.
was estimated to be $186 million in Phase I and $206 million in Phase II.

The differences in total program cost between Phase I and Phase II was due

to differences in vehicle owner cost of repair.

Table 1-12 summarizes the average annual vehicle owner cost based on the
average of California and Michigan maintenance cost. The owner of a passing
vehicle would pay only the cost of inspection, which was estimated to be
under $1.50 per year if performed at a high-volume state owned inspection
facility, The owner of a failed vehicle would pay the cost of inspection,
plus the cost of corrective maintenance, Thus, the owner of a failed Idle
regime vehicle would pay approximately $28 based on Phase I and $32 based

on Phase IT. The owner of a failed L.S.S. regime vehicle would pay approxi-
mately $38 based on Phase I and $32 based on Phase II. During Phase II, the
vehicle owner cost was essentially the same for both Idle and L,S.S. vehicles.

Table 1-12

ANNUAL VEHICLE OWNER COST -~ COMBINED STATES
Dollars Per Vehicle

Phase I Phase II1
Cost Element Idle L.S.S. dle L.S.S.
Passed Vehicle 1.16 1.35 1.16 1.35
Failed Vehicle 27.94 38.16 32.30 32.38

1.7 RESULTS OF THE COST EFFECTIVENESS ANALYSIS

This section summarizes the results of the cost effectiveness analysis and
combines the results of Section 1.4 (Effectivenss) and 1.6 (Cost). Cost
effectiveness has been calculated in two ways: 1) Fleet Cost Effectiveness
which addresses only the cost effectiveness of the test fleet and

2) Cost Effectiveness Index which combines the Effectiveness Index and Total
Program Costs. The Fleet Cost Effectiveness was calculated in terms of
emission reduction (grams per mile) per maintenance cost for various failure
rates and for those vehicles with only idle failures. The Cost Effectiveness
Index was calculated in terms of annual pounds of emission reduction per
dollar of program cost.

1.7.1 Fleet Cost Effectiveness

Table 1-13 presents the cost effectiveness of correcting only those vehicles
with idle emission failures, These vehicles represent the largest group of
both Idle and 1L,S.S. regime vehicles, L.S,S, was more cost effective than
Idle in correcting vehicles with only idle malfunctions in both Phases of
the program, During Phase I, L.S.S. was approximately 40% more cost effec-
tive than Idle, During Phase II, L.S.S. was twice as cost effective as
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Idle. This indicates that the diagnostic information conveyed by the L.S.S
test can significantly improve the service industries ability to correct
simple failures at low cost.

Table 1-13

COST EFFECTIVENESS OF CORRECTING IDLE FAILURES ONLY
Gram Per Mile Reduction Per Dollar

Vehicle Fleet Phase 1 Phase I1
Idle 1.14 1.34
L.S.S. 1.24 2.74

Effectiveness values from Table 1-5.
Cost values from Table 1-10 for All Vehicles.

Figure 1-6 presents the cost effectiveness of emission reduction at rejection
rates from 10% to 50%. In Phase I, Idle was found to be more cost effective
than L.5.S. at all rejection rates for correcting HC and CO emission failures
on uncontrolled vehicles and HC emission failures on controlled vehicles.
Idle and L.S.S. were equally cost effective in repairing CO emission failures
on controlled vehicles, 1In Phase II, L,S.S. was more.cost effective than
Idle at all rejection rates for correcting HC and CO emission failures on
uncontrolled vehicles and HC emission failures of controlled vehicles, 1Idle
and 1,S.S. were equally cost effective in repairing CO emission failures on
controlled vehicles. The improved L.S,S. performance in Phase II resulted
from the higher emission reductions and lower repair cost achieved by using
the 1..S.S. diagnostic information.

1.7.2 Cost Effectiveness Index

Table 1-14 presents the cost effectiveness index based on the Effectiveness
Index (Table 1-9) and the Total Program Cost (Table 1-11), Data are presented
for inspection and repair cost separately, Idle was more cost effective in
Phase I than L.S.S. However, in Phase II L.S.S. is more cost effective

than Idle. The cost effectiveness of Idle did not change appreciably between
Phases. The cost effectiveness of L.S.S., however, increased from Phase I

to Phase II. This increase was due to higher emission reductions at low
average repair cost. The improved L,S.S., performance was due to the correct
use of the L.S.S. diagnostic data by the L.,S,S, service centers.

1.8 RESULTS OF THE RELATABILITY ANALYSIS

This section presents the results of the correlation analysis performed on
each of the short emission inspection tests relative to the 1975 CVS test
procedure. In addition, this section discusses the relatability of Idle
and the Loaded Steady State to the 1975 CVS test procedure in terms of the
number of commission errors.
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Table 1-14

FIRST YEAR TOTAL PROGRAM COST EFFECTIVENESS - COMBINED STATES
Annual Pounds Reduction Per Dollar

Phase 1 Phase 11
Cost Element Idle L.S.S. Idle L.S.S.
Inspection 195 153 216 313
Maintenance 28 19 23 36
Total 24 17 21 32

Effectiveness values from Table 1-4.
Cost values from Table 1-11.

1.8.1 Short Test Correlation to 1975 CVS

The various short emission inspection tests listed on page 1-4 were correlated
to 1975 CVS data for before-service. Combined Phase I and II data were used
since maintenance effects would not affect the correlations of the before-
service fleet emissions. The various steady state speeds were correlated
singly and in combination utilizing a stepwise multiple linear regression.

The correlation analysis methodology is described in paragraph 2.3.6.

The short mass emission inspection tests generally provided better correlation
than volumetric short emission inspection tests for HC, CO and NO,. The 1972
CVS test and the 1975 CVS test were highly correlated in all cases (greater
than 0.95). The most highly correlated short emission inspection test was
either the EPA Short Cycle or the multiple regression of the mass emission
steady state speed data. Volumetric emission inspection tests generally
ranked between 5th and 22nd best out of the 22 inspection tests which were
ranked relative to the 1975 CVS, 1Idle was consistently least correlated with
correlation coefficients between 0.6 and 0.8 for HC; 0.5 and 0.6 for CO and
less than 0,1 for NOyx. The L.S.S. (three steady state speeds corresponding to KEY
MODE) showed correlation coefficients of 0.8 to 0.9 for HC and CO; and about
0.7 for NO,. L.S.S. generally, although not always, ranked lower than the
7-mode and volumetric emission multiple regression of the steady state speed
volumetric data. The numerical difference in correlation coefficient was,
however, less than 0.1

The multiple regression analysis indicated that inclusion of more than four
speeds gained negligible improvement in correlation coefficient. Hence a three
or possibly four speed steady state volumetric test will provide nearly as good
a correlation with 1975 CVS emission data as can be expected without a mass
test.

1.8.2 Errors of Commission

Errors of commission occurred when a short emission inspection test failed a
vehicle which would have passed the 1975 CVS test with the rejection limits
of the respective tests set to fail the same fraction of a vehicle population.
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The analysis consisted of calculating predicted 1975 CVS emission values for
each vehicle using the regression coefficients developed from the test program.
The predicted 1975 CVS emissions were then ranked and the highest 10% to 50%
decile groups of the controlled and uncontrolled vehicles were examined to
determine if the actual 1975 CVS value was greater or less than the predicted
1975 value corresponding to the rejection limit for each decile group. If the
actual 1975 CVS value was greater than the predicted 1975 CVS value the vehicle
represented a valid failure. If the actual 1975 CVS value was less than the
predicted 1975 CVS value, the vehicle represented an error of commission,

The analysis indicated that Idle and L,S,S. generally provided the same
number of errors of commission, At rejection rates between 30% and 40% of
the total population, errors of commission become greater than 10% of all

the inspected vehicles. Commission errors for CO were higher for uncontrolled
vehicles than controlled., Commission errors for HC were about the same for
controlled and uncontrolled vehicles.

Numerical correlation to the 1975 CVS test was not satisfactory for determining
pass-fail decisions on individual vehicles for either the Idle inspection or
the L.S8.S. test.

An alternate definition of commission and omission errors could be proposed

based upon the ability of the regime to identify correctable engine system
malfunctions or maladjustments independent of CVS emission levels. Using
malfunction detection rather than emission measurement as a goal, L.S.S.

was found to commit fewer errors of commission than Idle., 1Idle did not generally
commit commission errors but did commit omission errors on vehicles with low

idle emissions but excessive power mode emmissions.

1.9 SUMMARY CONCLUSIONS

This section summarizes the principle conclusions resulting from each of the
analyses described above.

1.9.1 Effectiveness Analysis

(1.1) 1Idle inspection and maintenance provided 22% HC and 16% CO
emission reduction and no significant change in NO, for the
total fleet immediately after maintenance. Degradation was
not considered.

(1.2) Phase I Loaded Steady State (L.S.S.) inspection and maintenance
provided 20% HC and 167 CO emission reductions and no signifi-
cant change in NO, for the total fleet immediately after mainte-
nance. Degradation was not considered.

(1.3) Phase IT L.S.S. inspection and maintenance (based on the "KEY
MODE Emission Evaluation System") provided 337 HC and 22% CO
emission reductions and no significant change in NOx for the
total fleet immediately after maintenance. Degradation was
not considered.
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1.9.2

1.9.3

(1.4)

(1.5)

(1.6)

(.7

(1.8)

Phase II L.S.S, was 50% more effective in reducing HC emissions
and 38% more effective in reducing CO emissions than either Idle
or Phase T L.S.S. PVIM,

Idle and Phase I L,S.S, were statistically equal in reducing
emissions for all fleets and at all rejection rates,

Phase II L.S,S. provided statistically significant greater emis-
sion reductions of HC and CO than Idle PVIM.

Phase II L,S,S. provided greater emission reductions than Idle
at all rejection rates.

Phase II L.S5,S, provided greater emission reductions than Idle
on vehicles which failed only idle emission limits,

Maintenance Analysis

2.1)

(2.2)

(2.3)

2.4)

Marginal ignition systems which did not result in ignition mis-
fire were frequently repaired by garages for 'preventive main-
tenance' because of erratic oscilloscope patterns.

Most excess repairs were for unncessary ignition component
replacement for both the Idle and L,S.S. fleets in this program.

Excessive carburetor repairs were performed on L.S.S. vehicles
more frequently than on Idle vehicles but defective carburetors
were not replaced on Idle vehicles in some cases because the
vehicle passed Idle rejection limits.

Present repair industry diagnosis and repair procedures did not
clearly distinguish the need for minor adjustment from repair
and replacement actions. Clear understanding of and proper use
of modal failure data provided by the L.S.S. regime permitted
the repair facilities to achieve greater emission reduction
effectiveness and cost effectiveness than using present repair
industry diagnosis even when aided by idle emission measure-
ments.

Cost Analysis

(3.1)

(3.2)

(3.3)

Average repair cost for servicing failed Idle vehicles was $26
for uncontrolled vehicles and $28 for controlled vehicles in
Phase I. Average repair cost for servicing failed Idle vehicles
in Phase II was $36 for uncontrolled vehicles and $22 for con-
trolled vehicles.

Average repair cost for servicing failed Phase I L,S5.S, vehicles
was $39 for uncontrolled vehicles and $32 for controlled vehicles

Average repair cost for servicing failed Phase II L.S.S.

vehicles was $34 for uncontrolled vehicles and $25 for con-
trolled vehicles,
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1.9.4

1.9.5

(3.4

(3.5

(3.6)

An approximate average of $10 excessive cost was incurred in
repairing failed Idle and Phase I L.S.S. vehicles,

An approximate average of $4 excessive cost was incurred in
repairing failed Phase II L,S,S. vehicles.

Average inspection cost including 10 year amortization of
equipment and facilities and annual operation were $1.16
per vehicle for Idle and $1,35 for Loaded Steady State.

Idle was more cost effective in reducing emissions than Phase I
Phase II L,S.S. was more cost effective than Idle or Phase I
L.S.S8. was more cost effective than Idle in reducing emissions
of vehicles with only idle inspection failures in both Phases.
Diagnostic assistance provided by the L.S.S. test can provide

more cost effective repair of emission related engine mal-
functions than present industry diagnosis.

Neither Idle nor L.S.S. provide sufficiently good numerical
correlation to CVS tests to satisfactorily estimate CVS
emission levels on individual vehicles.

L.S.S. provided better correlation to 1975 CVS and 1972 CVS

Idle and L,S.S, provided approximately the same number of errors
of commission for HC and CO emissions based on numerical corre-

The 1972 CVS and 1975 CVS test procedure were nearly perfectly
correlated with each other based upon calculating the 1972 CVS
data from the first two bags of the 1975 CVS test.

The 9-mode Federal EPA Short CVS test was the short emission
inspection test which was best correlated to the 1972 CVS and

Cost Effectiveness Analysis
(4.1)
L.S,S.
(4.2)
L.S.S. in reducing emissions.
(4.3)
(4.4)
Relatability Analysis
(5.1)
(5.2)
tests than Idle,
(5.3)
lation,
(5.4)
(5.5)
1975 CVS tests.
(5.6)

The Idle test was generally the short emission inspection test
which least correlated with the 1972 CVS and 1975 CVS tests.
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SECTION 2
TEST PROGRAM METHODOLOGY

This section describes the organization of the Study, vehicle procurement, test-
ing procedures, data reduction, and analysis techniques.

2.1 STUDY TEAM

The "Short Cycle" study team was comprised of Olson Laboratories and the Environ-
mental Systems Department of Northrop Corporation's Electro-Mechanical Division

as shown in Figure 2-1. The team members were supported by other departments

of Northrop which provided data recording, processing, and analysis. Olson-Horiba,
Inc., provided HC and CO NDIR gas analyzers for use by the participating garages.
Olson Engineering Services developed vehicle selection lists from Michigan and
California vehicle registration data, formulated vehicle procurement procedures,
prepared detailed test and data control procedures, and provided program admin-
istration. '

The Testing Services Division of Olson Iaboratories was responsible for all
vehicle testing functions. These functions included vehicle procurement, emission
testing, data recording and verification.

The data analysis function was provided by the Northrop Environmental Systems
Department. This function included generatioan of data forms and computer format,
developument of computer programs, and the performance of computer and manual
analyses. Additional functions performed by this group were the generation of
study results and preparation of the Phase .I and Final Reports.

The independent garages, under supervision of Olson's Engineering Services, con-
ducted vehicle maintenance appropriate to each test regime. XEY MODE garage
training was provided by Clayton Manufacturing Company during Phase ITI.

The Environmental Protection Agency's Office of Mobile Source Pollution Control
provided policy guidance and program direction. EPA also directed changes in
inspection test rejection limits and loaded steady state (1.S.8.) maintenance

and training procedures for Phase IT. EPA also participated as a member of the
technical review board which reviewed and approved technical progress of the
project and organization of the Final Report.

2.2 INSPECTION AND MAINTENANCE OPERATIONS

This section discusses program operation. Included are a description of the
test fleets utilized in both phases of the study, description of the procedures
used to prepare and test each vehicle, and tables showing the emission values
selected to pass or fail a vehicle. Figure 2-2 indicates the vehicle flow path
during this test program. A discussion of the procedures used to service Idle
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and L.S.5. test regime vehicles which failed to pass their respective emission
test concludes this section.

2.2.1 YVehicle Procurement

Vehicle procurement activities included determination of the vehicle population
in the states of California and Michigan, identification of required vehicles,
acquisition of privately owned vehicles, and scheduling of the vehicles during
the test program.

Both Phase I and IT involved testing two groups of 150 vehicles, one each in
California and Michigan. ZEach group was further divided into two groups com-
prising 75 pairs of essentially identical vehicles. One vehicle of each pair
was assigned to the Idle test fleet and the other vehicle was assigned to the
L.S.8. test fleet., In this manner, the vehicles assigned to the Idle and

1.58. regime test fleets were kept as identical as possible. However, the ve-
hicles were not necessarily identical in mechanical condition or emission charac-
teristics.

The T5 vehicles in the test fleet for each state were selected proportionately
to vehicle registration data in each state. R. H. Donnelly and R. L. Polk pro-
vided registration data by make and model year for vehicles 10 years old or
less. Vehicles older than 10 years were grouped as a single entry. This class-
ification of older than 10 years (pre-1962 model year vehicles) was taken as
representative of the vehicle population of 1957 to 1961 in Michigan. The data
for California, however,were modified slightly to take advantage of the 15 year
classification data developed during previous Northrop/Olson studies for the
State of California Air Resources Board (Reference 1).

Table 2-1 depicts the percentage mix.of vehicles by age for both states. The
Michigan population comprised considerably darger proportions of newer vehicles.
This differential between states might be expected to affect the fleets' average
emissions since there are fewer older vehicles in the Michigan population. This
difference, however, is counterbalanced by the two year earlier introduction of
hydrocarbon and carbon monoxide control systems in California. Therefore, the
fraction of exhaust emission controlled vehicles was approximately the same in
each state (50.0 percent in California, 47.6 percent in Michigan). The model
years were then grouped as shown to provide larger sample cells and to reflect
changes in emission control devices.

These combinations of vehicle makes and model years were referred to as "year-
make" groups and are tabulated for the California and Michigan test fleets in
Tables 2-2 and 2-3 respectively. Whenever a year-mske group contained less than
1.5 vehicles, that year-make group was assigned a zero value. The remaining
year-make groups were then progressively adjusted so that each year-mske group
and the totals for each vehicle make and model year group were multiples of

two. This algorithm resulted in 75 pairs (150 vehicles) representing the ve-

hicle population in each state. Similar vehicle fleets were procured and tested
for both phases of the study.

Vehicles were obtained by contacting owners of vehicle makes and model years
required to satlsfy Tables 2-2 and 2-3. The vehicles actually procured were
to be matched pairs in the following parameters.
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Table 2-1
VEHICLE DISTRIBUTION BY MODEL YEAR

Percent of Total Vehicle Population
GROUP Model Year CAIIFORNIA MICHIGAN
1 1971 7.3% 6.8%
1970 7.9 12.9
5 1969 9.6 1ik.5
1968 9.1 13.4
3 1967 8.4 11.0
1966 8.9 10.9
1965 10.2 10.6
L 1964 7.9 7.2
1963 6.8 5.4
1962 5.3 3.5
5 1961 & prior 18.6 3.8
(1957-1961)
® Year group
® Make
e Mileage (within 10,000 miles)
® Exhaust emission control system
e Engine displacement (within 50 CID)
e Weight (within 500 1bs.)

In the event that a vehicle could not be matched with its identical pair, and
a different pair in the same year-model group could not be obtained, limited
types of substitution were permitted (e.g., manual for sutomatic transmission,
station wagon for sedan of same make ).

Each vehicle utilized was given a preliminary inspection to ensure that it was
properly equipped with the required emission control device and was in accept-
able mechanical condition for the test program. Adequate mechanical condition
was defined to be that which allowed the vehicle to complete the test sequence,
did not affect exhaust gas dilution, and would not have caused a breakdown during
the various emission tests. Vehicle conditions which affected safety (i.e.,
tires) or test accuracy (i.e., leaking exhaust pipe) were cause for either rejec-
tion of the vehicle or correction at the discretion of Olson Laboratories.

2.2.2 Emission Testing

The testing functions encompass all activites related to completion of the test-
ing program. These functions include vehicle preparation, installation of the
vehicle on the dynamometer, instrument calibration, dynamometer test sequence,
data reduction and quality audit. Fach of these functions was performed every
time a vehicle was tested.
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CALIFORNIA VEHICLE POPULATION*

Table 2-2

YEAR-MAKE GROUPS

MAKE, T70-T1 68-69 66-67 62-65 57-61 Total
Buick 2 2 0 2 2 8
Cadillac 0 2 2 0 0 h
Chevrolet 4 6 L 12 6 32
Chrysler 0 0 0 2 0] 2
Dodge 2 2 2 2 0 8
Ford 6 L 6 8 6 30
Mercury 0 0 2 2 2 6
Oldsmobile 0 2 2 2 2 8
Plymouth 0 2 2 2 2 8
Pontiac 2 2 2 b 0 10
AMC 0 2 0] 2 2 6
Tmport 4 3 2 0 0 10
Volkswagen L L L N 2 18

TOTAL ol 32 26 ko 26 150

*This population distribution was utilized for both the Phase I and Phase II

fleets.



Table 2-3
MICHIGAN VEHICLE POPULATION*

YEAR-MAKE GROUPS

VEHICLE MAKE| 70-T1 68-69 66-67 62-65 57-61 TOTAL
Buick 2 4 2 4 0 12
Cadillac 2 0 2 0 0 b
Chevrolet 6 8 6 10 4 3k
Chrysler 0 2 0 2 0 4
Dodge 2 2 2 2 0 8
Ford 8 8 6 8 2 32
Mercury 2 2 2 2 0 8
Oldsmobile 2 L 2 L 0 12
Plymouth 2 2 2 L 0 10
Pontiac 2 L L L 0 14
AMC 0 2 2 0 0o 4
Tmport 0 2 0 0 0 2
Volkswagen 2 2 2 0 0 6
TOTAL 30 ko 32 4o 6 150

¥ This population distribution was utilized for both the Phase I and Phase IT
fleets.
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Before being tested, each vehicle was cold soaked 12 hours in a building
with temperatures maintained between 65°F and 86°F. After cold soaking,the
vehicle was placed on the dynamometer, fastened and blocked. The fuel line
was connected to a container of Indolene 30 and a cooling fan was placed in
front of the radiator. All instruments were then calibrated at a zero and
span point and placed in a sampling mode. The dynamometer was set for the
correct inertia weight and power absorption prior to vehicle installation
with a non-test vehicle.

Testing was performed according to the applicable Federal Register for 1972
and 1975 CVS tests and the hot start 7-Mcde. In the case of the steady state
tests including KEY MODE and Idle, the commonly accepted procedures were used.
During the tests, instrument deflections and pertinent test data were entered
on raw data sheets. 1In addition to the initial calibration, the CVS instru-
ments were calibrated at a zero and span point before each bag measurement.
Vehicle exhausts were simultaneously monitored using the NDIR 7-Mode bench
and the CVS instrument bench during the steady state and 7-Mode tests. Fuel
measurements were made using a 0-5 pound scale, initial readings being taken
after engine start-up at the time the '"place in gear" mark appeared on the
CVS driver's aid. The final measurement was taken at the "end of test" mark,

Each emission measurement performed during the two hour test sequence is
described below:

1972 EPA CVS Driving Schedule from a Cold Start (reference 2) - This is a 23~
minute cold start test with CVS bag measurement taken for the cold phase and
the hot phase., Separate background air bags were used for each phase. During
the hot test phase, the sample bags from the previous cold portion were
analyzed. Fuel consumption measurements were taken during this test beginning
when the transmission was placed in gear and ending at the "end of test" mark.

1972 EPA CVS Driving Schedule from a Hot Start - The CVS Hot Start is a repeat
of the first 505 seconds of the 23-minute cold start driving cycle. The hot
start is performed after a 10-minute hot soak on the dynamometer immediately
following the CVS cold start, The 1972 cold start, the hot soak and the 1972
hot start comprise the 1975 CVS Cold Start test (reference 3).

Federal EPA Short Cycle Test - The EPA Short Cycle is a 9-Mode CVS test, 125
seconds long, with composite accelerations representative of the 1972 CVS
procedure. A sample bag was used and the same background concentrations as
previously measured during the 1972 CVS hot start was assumed. The mass
emissions were calculated using the following equation:

where:
m = mass emissions in grams per mile

cycle trip length (.7536 mile)

density of exhaust component

)
]

[a 1
n
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c

measured concentration in bag

v

total CVS volume

This equation is similar to the calculation for one test phase of the 1975
CVS procedure.

loaded Steady State Test (L.S.S.) - The L.S.S. inspection test utilized the

KEY MODE inspection test (reference 4). Simultaneous measurements were

made using the 7-mode instruments and the CVS mass measurement instruments.

T?e continuous sample tap from the CVS was used to obtain a mass per unit

time value. Idle measurements were taken with automatic transmissions in

gear. The L.S.S. test was run immediately after the CVS sample bag from the

EPA Short Cycle was analyzed. Tt was also necessary to change the power
absorption unit to the horsepower values shown in Table 2-%. Three instru-

ment readings were taken 30 seconds after the vehicle had reached each speed.
These values were then averaged to obtain the final value recorded for each mode.

Table 2-4
HORSEPOWER VALUES FOR LOADED STEADY STATE TEST
VEEICLE LOW CRUISE HIGH CRUISE
WEIGHT (LBS) SPEED (MPH) 10AD (HP) SPEED (MPH) LOAD (HP)
Under 2800 23 5 37 1k
2800 - 3800 30 9 L5 23
Over 3800 33 11 Lo 29

Steady-State Tests - The power absorption unit was reset so that the horsepower
at 50 mph corresponded to road load for the vehicle's weight. CVS readings

were taken simultaneously with the T-mode bench. ZEmissions were recorded at zero
(transmission in neutral) 10, 20, 30, 40, 50 and 60 mph. Three readings were
again taken at each speed and averaged to arrive at the composite value for

that speed.

Idle Test - The zero mph speed of the steady state test (transmission in neutral)
was utilized for the Idle Test. The engine was not tested at any off-idle
condition.

The volumetric measurements for the Idle, L.S.S. and Steady State speeds were
used directly in emission averages and statistical analyses in concentration
units. The CVS measurements were converted to mass emissions per minute using
the following formula:

mph = Vo-rpm.c-d

mph

mass emissions in grams per minute

<
li

CVS volume per revolution of sample pump
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rpm = revolutions per minute of sample pump
¢ = instantaneous exhaust concentration
d = density of exhaust component

7-Mode Hot Start - The last two complete cycles of the standard 7-Mode (ref-
erence 5) test were run with the power absorption unit set at 10 hp at 50 miles
per hour. During the 7-Modes, CVS bag samples and NDIR concentration measure-
ments wére recorded. The CVS background air sample was recorded. The 7-Mode
CVS mass emissions were calculated in the same manner as for the Federal EPA
Short Cycle. The cycle trip length was 1.683 miles for two 7-Mode cycles. The
volumetric data were converted to grams per mile using the calculation procedure
found in the referenced Federal Register.

2.2.3 Vehicle Maintenance

The following paragraphs describe the maintenance procedure for vehicles
failing the Idle and L.S.S. inspection test limits, Vehicles which failed

the initial inspection test were dispatched to one of the participating garages
for the first service (see Figure 2-2). Vehicles were retested after service,
and, if found to pass the second inspection test, were returned to their owners.
During Phase I, those vehicles which failed the second inspection test were
sent back to the repair facility for second service if the mechanical failure
was identified as being correctable. During Phase II, the additional service
was performed by OLI mechanic technicians. Each vehicle which received the
second service was subjected to a third emission test sequence, If the vehicle
failed the third emission test, no additional servicing was performed and it
was exited from the test system as failing the emission limits.

The vehicles which were diagnosed as requiring valve regrind, rings, or other
ma jor mechanical work were exited from the program and returned to their
owners without repair, but an estimate of the repair was generated.

The inspection test failure limits used in this program are shown in Table
2-5. The limits were intended to fail 50% to 60% of the test vehicle popu-
lation of the California and Michigan fleet. The rejection limits selected
originally were developed for the California ARB report (reference 1l). The
Michigan limits were modified during Phase II because the Michigan vehicles
exhibited higher idle emissions than California vehicles and consequently
failed more frequently. The original failure limits also resulted in fewer
controlled vehicles failing the Idle inspection. This resulted in more
controlled vehicles in the L.S.S. service fleet than in the Idle fleet.
During Phase II the limits were revised, based upon emission data from
Phase I, to fail 50% to 60% of the controlled and uncontrolled vehicles

of each fleet.

2.2.3.1 Vehicle Service Centers - Vehicle service centers were selected to
represent typical repair facilities in each state. Each center was required
to have oscilloscopes and infrared hydrocarbon and carbon monoxide meters.
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TABLE 2-5.

EMISSION INSPECTION FAILURE LIMITS

TEST CONTROLILED
TEST LED*
CENTER PROCEDURE MODE [NCONTROLLED AIR PIMP ENGINE MOD
L LOCATION HC CcQ HC cQ HC Cco
L.S.S. Hi Cruise 550 ppm 3.5% 300 ppm 2.5% 300 ppm 2.5%
CALIFORNIA | 1 5.5, Lo Cruise 550 ppm b.5% 300 ppm | 2.5% 300 ppm | 2.5%
PHASE T L.S.S. Idle 800 ppm 7.0% 300 ppm 4,0% 400 ppm 5.0%
Idle Idle 700 ppm 6.0% 250 ppm 4.0% 350 ppm 5.0%
CALTFORNTA L.S.S. Hi Cruise 500 ppm 3.25% 300 ppm 2.5% 300 ppm 2.5%
1.S.8. Lo Cruise 500 ppm L.o% 300 ppm 3.0% 300 ppm 3.0%
PHASE TT L.S.8. Idle 850 ppm 7.0% 300 ppm h.og 350 ppm L.0%
Idle Idle 700 ppm T.0% 250 ppm 3.0% 300 ppm 3.0%
L.S.S. Hi Cruise 550 ppm 3.5% 300 ppm 2.5% 300 ppm 2.5%
M
TCHIGAN L.S.S. Lo Cruise 550 ppm 4.,5% 300 ppm 2.5% 300 ppm 2.5%
PHASE I L.S.S. Idle 800 ppm 8.5% 300 ppm 4,0% 400 ppm 5.0%
Idle Idle 700 ppm 8.5% 250 ppm 4.0% 350 ppm 6.0%
MICHIGAN L.S.S. Hi Cruise 550 ppm 3.5% 300 ppm 2.5% 300 ppm 2.5%
L.S.8. Lo Cruise 550 ppm 4.5% 300 ppm 3.0% 300 ppm 3.0%
PHASE II
L.S.8. Idle 800 ppm 6.0% 300 ppm | h.o% 400 ppm 5.0%
Tdle Idle 700 ppm 7.5% 250 ppm 3.5% 350 ppm 5.0%

*Includes crankcase devices,




California service centers were Class A State licensed garages which had par-
ticipated in the ARB study. The Class A license specified minimum equipment
complement and the Cldss A mechanic's license required a written examination.
Michigan service centers were commercial service stations or general garages
with ability to perform major ignition and carburetor repairs. The Idle regime
and L.S.S. regime service centers received only Idle regime vehicles and L.S.S.
regime vehicles, respectively.

Service managers, owners and mechanics of participating service centers were
asked to attend a four-hour indoctrination meeting in their respective city.

The meetings included a briefing regarding the program objectives, the role of
the service centers, the test procedures performed by Olson Laboratories, a
demonstration of the inspection test, the data recording and billing procedures.
Idle and L.S.S. regime mechanics were given briefings on separate days.

Questions regarding training and supervision of garages during Phase I were
subsequently raised following excessive repair costs and ineffective repairs
during Phase I. As a result, all garages in the program were changed before
the start of Phase II with the intention of starting Phase II with previously
unbiased garages. Mechanic training and maintenance procedures were altered
as indicated below for the L.S.S. Test.

2.2.3.2 1Idle Service Procedure - The Idle maintenance procedure required that
the service center inspect the vehicle for emissions of HC and CO with an NDIR
exhaust gas analyzer. If these values were greater than the established limit,
the vehicle was subjected to minor timing and carburetor idle circult adjust-
ments. If this was not effective in reducing emission to within the prescribed
limits, the garage was to initiate additional diagnosis and repair as deemed
necessary. Garages were not constrained as to the type of work they could
perform, except that no work should be performed if it would exceed $100 total
value or involve major work such as valve regrind, rings, or other engine
repairs. Any adjustment or repair which succeeded in reducing the emissions

to the emission standard should terminate the service cycle. This procedure
encouraged the garages to achieve the specified limits with a minimum of effort.
The garages were provided a standard data sheet, shown in Appendix A-1l, on
which to record inspection test results and the work performed. The Idle
service procedure was not changed from Phase I to Phase IT.

2.2.3.3 L.S.8. Service Procedure - L.S.S. service centers received a KEY
MODE Truth Chart with each vehicle. During Phase I, the L.S.S. garages were
initially instructed to attempt adjustments prior to ignition or carburetor
repairs in an attempt to minimize emissions. They were, however, instructed
to perform the diagnosis and repair actions recommended by the KEY MODE pro-
cedure for the failure modes indicated. The L.S.S. rejection limits at idle
were provided for use in final adjustments.

These instructions were believed to have caused some confusion among the service
centers resulting in some excess repair costs. In addition, some instances of
ineffective repairs occurred possibly due to the mechanics terminating mainte-
nance actions when idle readings were within specified limits. After 40% of

the Phase I Michigan vehicles had been repalred, the Michigan L.S.S. garages were
reinstructed by Clayton personnel emphasizing the use of the Truth Charts in
diagnosis.
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During Phase II, the data forms for the L.S.S. test and the maintenance proce-
dures were altered to conform with those recommended by Clayton for KEY MODE.
Garages were instructed by Clayton representatives to perform work indicated
by the Truth Charts and to use the exhaust gas analyzer only as a final adjust-
ment aid. The Clayton Truth Charts and data sheets are shown in Appendix A-2.
These instructions encouraged the garages to perform the most effective repair.

During both progrem phases, the garages were instructed not to exceed $100
repair cost without first obtaining OLI authorization. A few vehicles were
repaired at costs in excess of $100, generally for carburetor or carburetor and
ignition repairs. This instruction, however, also resulted in non-repair of
some particularly expensive carburetors or rebuilding of carburetors instead
of replacing them with new carburetors.

2.3 DATA ANATYSTS

Five general analyses were applied to the data for each regime: (1) effective-
ness; (2) maintenance action; (3) cost; (4) cost effectiveness; and (5) relat-
ability. The detailed discussion of the analysis methodology is contained in
the following section. Fach analysis was applied to Phase T and II separately
except for relatability which considers only the combined Phases. During, the
analysis, the data were analyzed at a failure rate of approximately 30% obtained
by using level V rejection limits (Table 2-6) for all L.S.S. vehicles and the
particular idle values which failed the same number of vehicles as for L.S.S.

2.3.1 Data Acquisition

Figure 2-3 shows the steps of data analyses. As seen in Figure 2-3, original
data forms received a quality audit to ensure completeness and to flag obvious
errors such as data inversion. Suspect data were compared to strip charts from
the test bench to correct any deficiencies. Approved data forms were sent to
keypunching and then tested by an error check routine to flag widely variant
emission measurements (those approximately beyond the 2-sigma values for the
distribution). Those data were reevaluated to ascertain if the vehicle was in
fact a very high or low emitter or if errors existed within the data. After
any necessary corrections, a computer listing of the complete data set was
generated to provide a permanent magnetic tape record for future use.

2.3.2 Fleet Bmission Statistics

The emission data were processed to compute the mean value, minimum value, max-
imum value, and standard deviation of the mean for each subfleet in the program.
These were computed for each state, test regime, pollutant and test phase., 1In
addition, data were characterized by the following vehicle parameters:

Make

Model year

Emission control system

Accunulated mileage
Vehicle weight

Engine size
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Table 2-6

REJECT LEVELS FOR LOADED STEADY STATE TEST*

CONTROLLED VEHICLES

IDLE LOW CRUISE HIGH CRUISE
HC co HC co HC co
I* 290 3.0 2ho 2.5 220 2.0
II* 350 4.0 300 3.0 300 2.5
IIT* hoo 5.0 | 350  3.25 | 350  2.75
v 500 6.0 | ko  3.75 | koo  3.25
*
v 600 7.0 450 L.25 450 3.75
VI T00 8.0 500 L. 75 500 4,25
UNCONTROLLED VEHICLES
IDLE LOW CRUISE HIGH CRUISE
HC co HC co HC co
I* 700 5.5 450 k.0 450 3.0
IT* 800 7.0 550 4.5 550 3.5
TII* 900 7.5 600 5.0 600 k.o
Iv*® 1000 8.0 700 5.25 | 700 k.25
v* 1200 9.0 900 5.5 900 4.5
vI* 1300 9.5 | 1000 6.0 ]1000 5.0
VIiI 1500 11.0 1200 7.0 1200 6.0

* Suggested Clayton KEY MODE rejection levels
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Averages were calculated for before service, after first service, and after
second service. The following basic subfleets were considered:

e All vehicles (serviced plus unserviced)

e Serviced vehicles only

e Controlled vehicles only

e Uncontrolled vehicles only
The t-test and F-test were applied to the 1975 CVS emission data to establish
if test fleets were statistically equivalent prior to maintenance and if the
reductions achieved were statistically significant. The t-test for equivalence

of sample means was applicable to groups of unequal sample size and variance
and had the following form:

1 2
t:
o2 502
n * n
1 2

where: ;i and Eé are the mean of the first and second sample

81 and S, are the standard deviations of the first and second sample

ny and n, are the sample size of the first and second sample
The t-test determines whether the means are statistically identical or not, tak-
ing into consideration the number of data points and their distribution. Associ-
ated with the t-test is a probability of occurrance. The t-test analyses per-
formed for this study can be interpreted to mean that population means are statis-
tically equal at a 95% level of significance when the t~test is satisfied.

The F-test for equivalence of sample variances (standard deviation squared) was
also performed on the various test fleets. The test statistics are:
F = sl2
s22
where 51 and s, are the standard deviation of the first and second sample

The F-test determines whether the sample variance or scatter about the mean is
equivalent. The PF-test can establish if the test samples are combosed of vehicles
with widely different emission characteristics even if the means are statistically
equal. The F -test is also interpreted as the equivalence of variances at a 95%
significance level if the F-test is satisfied. The F-test implicitly considers
sample size since that is involved in calculating the two standard deviations.

The t-test end F-test were applied to all vehicles, serviced vehicles, controlled

vehicles and uncontrolled vehicles to establish equivalences of all three pollu-
tants in terms of the following groups:
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e Tdle and Loaded Steady State
e California and Michigan

® Phase T and Phase IT

Demonstrating equivalence of Idle and L.S.S. fleets prior to maintenance pro-
vides assurance that sample sizes were sufficiently large so that representative
samples were selected. The determination of whether one regime was statistically
superior to the other was based on the analysis of covariance which is discussed
in paragraph 2.3.3. The analysis of covariance is valid even if the t-test and
F-test are not satisfied.

Demonstrating that the emission characteristics are similar in California and
Michigan and during Phase I and Phase II does not affect the evaluation of Idle
and L.S.S. emission reductions. The information, however, is useful in inter-
preting different emission reductions or cost results.

2.3.3 Effectiveness Analysis

The effectiveness of the Idle and L.S.S. regimes was defined by the emission
reductions achieved. In addition to the emission reductions, statistical tests
were performed to ensure that the Idle and L.S.S. test fleets were statistically
equivalent, that statistically significant reductions were achieved, that one
regime was more effective than the other and to predict expected statewide emis-
sion reductions.

2.3.3.1 Fleet Emission Reductions - The Effectiveness Analysis began with cal-
culations of the emission reductions achieved by maintenance. Emission reduc-

tions were determined for the following four test fleets at an inspection test

failure rate of approximately 30%:

e All vehicles

e Serviced vehicles only
Controlled vehicles

Uncontrolled vehicles

These emission reductions were determined for first service data and second
service data in terms of percent reductions and gram per mile reductions. The
emission reductions were tested in two ways: (1) t-test of mean emissions
before and after maintenance, and (2) analysis of covariance of emission reduc-
tions.

The t-test was utilized to establish if a statistically significant difference
in emission levels was achieved by maintenance. The t-test utilized was the
same as previously discussed in paragraph 2.3.2. The P-test was not applied
in this case since the emission reduction is expressed in terms of the change
in mean value. Maintenance actions could, however, alter (reduce) the sample
variance of emission even though the mean values before and after maintenance
were statistically identical. This change would be manifested in small and
statistically insignificant emission reductions.
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Since both Idle and T..S.S. PVIM could create significant emission reductions,
s more sensitive tool was required to select the regime which provided the
greatest emission reduction. This tool was the analysis of covariance. The
analysis of covariance is useful in establishing if several different treat-
ments result in statistically equivalent effects, taking into consideration
differences in initial conditions. For analysis, there were two treatments,
Idle and L.S.S. PVIM, and the effect is the resulting emission reduction for
each pollutant. The covariance statistic is tested by the following F ratio
assuming completely randomized design (reference 6):

1

1
S5, - 88 r -1
YT YE / )

1
ss /(N-r-1)
YE

where:

F = The calculated F-ratio is compared to a tabulated F-value to determine
if Idle and L.S.S. result in the same effect (reduction)

SSyp = Sum of squares of after service within group deviations (8SyR) minus
the quantity: Sum of products of before and after service within
group deviation (SPy) divided by the sum of squares of before service
within-group deviation (SSXE)' Within group deviation is calculated
using the separate Idle mean values and L.S.S. mean values

SSym = Sum of square of after service total deviation (SSyyp) minus the
quantity: Sum of products of before and after services total devia-
tions (SPp) divided by the sum of squares of before service total
deviation (SSyp). Total deviation is calculated using the combined
Idle and L.S.S5. mean values

N-r-1 = The degrees of freedom within groups where r is the number of treat-
ments, i.e., Idle and L.S.S.; and N is the total number of vehicles
in both groups

r-1 = The degree of freedom among groups

The analysis of covariance, therefore, establishes if there is statistically
significant difference in the effects of the treatments, i.e., emission reduc-
tions achieved by Idle and L.S.S. The level of significance desired for the
test determines the reference value of F which is obtained from statistical
tables for the given degrees of freedom and significance level. All analysis
of covariance tests were performed at the 95% level of significance.

If the F-ratio calculated from the covariance analysis was less than the corre-
sponding reference F-value, then Idle and L.S.S. were equally effective in re-
ducing emissions. If the calculated F-ratio was greater than the reference
F-value, then the Idle and L.S.S5. were not equally effective. Scheffer
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(S-method) was used to establish which regime was greater in effect, i.e.,
emission reduction. The appropriate statistic is given below and is discussed
in Quenther's, The Analysis of Variance (reference 6).

2 _ SPE 2 _
L= 2 0¥y - — X Gy
J=1 Sst J=1
2 ssi 2 4o 2 _ 2
7L = > 0+ (Z C.x )
N-r-1 | * oo j=1 d d
J=l J s ——
SSYE
2
§° = (r-1) Fy_ g -1, W-r-1
where:
J =1 1is Idle
= 2 is L.S.S.
Cl =1
02 = -1
i'j = before service mean of test regime j
Y'j = after service mean of test regime j
nj = number of vehicles in test regime j
1 _ . : X
SPE’ SSXE’ SSYE = defined for covariance analysis
N-r-1l, r-1 = defined for covariance analysis
I? 2
If the calculated value of — » 8, the two test regimes in comparison pro-
L

vide statistically different emission reductions. Then the Idle is superior to
L.8.5. if L is negative and L.S.S. is superior to Idle if L is positive.

2.3.3.2 Emission Reductions as a Function of Inspection Test Rejection Rate - The
effectiveness analysis included assessment of emission reductions at rejec-

tion rates from lO% to 50% of the population. The purpose of this analysis

was to show how much incremental emission reduction was achieved as larger and
larger percentages of vehicles were failed and sent for maintenance. The ex-
pectation, of course, is that the greatest increment of reduction is achieved

by servicing the worst 10% of the vehicles, with service to each subsequent

10% group providing progressively less emission reduction.

This analysis was performed by using the three Loaded Steady State (L.S.S.)
modes shown in Table 2-6, The six L.S.S. limits were applied to the L.S.S.
vehicle fleets for each rejection rate. The HC and CO idle limits of the
L.S.S. test were applied to the Idle vehicle fleets. A vehicle was rejected
if any pollutant in any applicable mode exceeded the indicated values,
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The values in Table 2-6, marked with an asterisk (¥*) are Clayton Manufacturing
Company recommended KEY MODE limits. They were intended to reject from 30%

to 607 of the controlled vehicles and 20% to 70% of the uncontrolled vehicles,
In this program, these limits tended to reject more vehicles than desired.
Therefore, the rejection limits identified as level VI for controlled vehicles
and level VII for uncontrolled vehicles were established by OLI to provide a
rejection rate between 10% and 20% of inspected vehicles.

2.3.3.3. Emission Reductions Achieved by Correcting Idle Only Failure =

If most of the vehicles require idle system maintenance only, then the
emission reductions achieved by Idle and L.S.S. might be equal. The addi-
tional information available to L.S.S. garages, however, might enable them
to provide the emission reductions at less cost than the Idle garages.
Therefore, in order to test this hypothesis, the Idle and L.S.S. test fleets
were examined to select only those vehicles which had failed the emission
test only at idle. The L.S.S. vehicles with power mode failures were ex-
cluded. The Idle Mode vehicles which would have failed any of L.S.S. cruise
modes, had they been an L.S.S. vehicle, were also excluded. The average
emission reductions of HC, CO and NO_ were determined for these failed
vehicles. The emission reductions wdre then available for use in the cost
effective analysis as described in paragraph 2.3.6.

2.3.3.4h. Effectiveness Index - Effectiveness of the Idle and L.S.5. test
regimes was measured using an index which combines the effects of exhaust
emission reduction, vehicle population, model-year distribution, average
vehicle miles driven, and anticipated inspection failure rates. This effec-
tiveness index was applied to the 1975 CVS test data generated from the 600
vehicles involved in this program. The resulting effectiveness indices were
then used to evaluate total program effectiveness of Idle and L.S.S. The
effective index is presented below:

MOE = i C.P.Kn.Wn(Y).D(Y).M(Y)
n=1
where:
MOE = measure of effectiveness, in tons of pollutants per year
P = total vehicle population
D (Y) = vehicle distribution by vehicle age
M (Y) = vehicle average miles driven per year, by vehicle age
Kﬂ = proportional pollutant weighing factor (n=l,2,3)
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Wn (Y) = magnitude of change for each pollutant in grams/mile by vehicle
age as a function of model year
Y = number of model years encompassed (15 years)
C = conversion factor, grams to toms (1.1 x 10 6)
n =

index of pollutants, 1=HC, 2=CO, 3=1\TOX
Each of the above parameters is described in the following paragraphs.

Vehicle Population, P

The factor P represents the total beginning population of vehicles for which
the MOE is being computed. In this study, MOE's are computed based on 1971
California and Michigan populations, which were 10,000,000 vehicles and
5,500,000 vehicles respectively.

Vehicle Distribution by Model Year, D(Y)

The vehicle distribution by model-year are taken from Table 2-1 shown on page
2-5 for both California and Michigan. They are assumed to be constant and
equivalent throughout the program year.

Vehicle Average Miles Driven, M(Y)

The amount of emissions prevented from entering the atmosphere is dependent
on the age of the vehicle in the population and the associated vehicle miles
driven per year. Based on data generated during the California Air Resources
Board Study, Table 2-7 shows the average miles driven annually for vehicle
age category (reference 1). The data in this table were derived only for
vehicles registered in California since this study did not provide for a
survey of typical driving profiles in Michigan. The data were, however, used
for the Michigan analysis.

Weighting of Emission Pollutants, Kﬁ

g

Overall program effectiveness should be related to total air pollution reduction.
Since, however, considerable technical discussion centers on the relative im-
portance of the pollutants, simple summation of mass emissions reduction may

not be applicable to all regions. Therefore, this report presents each pollu-
tant separately as well as the two feasible pollutant weighting methods shown
below:

algebraic sum
AHC + ACO + ANOX
weighted algebraic sum
.6 (AHC) + .1 (aCO) + .3aNO0_
The algebraic sum is the most straightforward scheme. This simply creates an

overall effectiveness index which is directly proportiocnal to the cumulative
increases or decreases exhibited by the three pollutants. The equal weighting
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Table 2-F
AVERAGE MILES DRIVEN ANNUALLY

Vehicle Age in Years Average Miles Driven
Annually
Under 1 13,200
1-2 12,000
2-3 11,000
3-k 9,600
L5 9,400
5-6 8,700
6-7 8,600
7-8 8,100
8-9 7,300
9-10 7,000
10-11 5,700
11-12 4,900
12-13 4,300
13-1h 4,300
14-15 4,300
15 and over L, 300

philosophy emphasizes any reductions in CO, however, since this pollutant consti-
tutues the greatest mass of emissions and emission reductions. The equal weight-
ing method is also presented in a normalized form to enable direct comparison
with the weighted sum.

The weighted sum was selected arbitrarily by Olson/Northrop with concurrence
from the EPA Project Officér. The weighting factor is derived from the 1970-
1971 Federal emission standards and provides a method of weighting each pollu-
tant inversely proportional to its emission standards. In other words, the
weighting implies that a ton reduction of HC or NO_ is much more important than a
ton reduction of CO. The calculation procedure is shown in Table 2-8. It may
be summarized as follows:

e determine total permitted emissions by summing emission standards

o determine proportion of total emissions represented by each pollutant
e calculate reciprocal (inverse) of proportion

e sum the inverse proportions

e divide each inverse proportion by the sum of the inverse proportionsto
obtain normalized factors

Emission Changes, W (Y), Due to Maintenance

This factor accounts for changes in emission resulting from msintenance
actions. This factor is developed for each pollutant, each model year
group and each test regime. It represents reductions (or increases) in
1975 CVS emissions averaged over both serviced and unserviced vehicles.

2-22



Table 2-8
CALCULATION OF POLIUTANT WEIGHTING FACTORS

Identify Standard

"C 2.2 grams per mile
co 23.0 grams per mile
NO* 4.0 grams per mile
Sum Permitted Emissions
T = HC + CO + NO 29.2 grams per mile
Calculate Proportion of Total
HC
T 0.075
co
T 0.788
No
T 0.137
Calculate Inverse Proportions
T _
ic - be 13.3
I _
i - °° 1.3
T _
m = no 7.3
Sum Inverse Proportions
Z= hc + co + no 21.9
Calculate Normalized Inverse Propartions
he
T 0.61
co
p) 0.06
no
z 0.33
Round Off Weighting Factors
K 0.6
c
X 0.1
co
Kno 0.3

*Assumed NOx emission levels of 4 grams per mile.



2.3.4 Maintenance Analysis

After all cars were repaired and retested, an evaluation was made to determine
whether the garages had properly identified malfunctioning systems and per-
formed the minimum work to meet emission limits; or whether they had performed
unnecessary, excessive or ineffective repair actions This section outlines
the methodology for evaluating service center repair action, excessive or un-
justified repair service, failed and exited vehicles, and an OLI project staff
diagnosis of the failed vehicles. The maintenance analysis was performed on
Phase I and Phase II data separately for the vehicles failing the 30% rejec-
tion level.

2.3.4.1 Modal Failure Analysis - The modal failure analysis provided a means
of identifying the frequency of failures for different modes and pollutants.
The modal failure characteristics of the Idle and L.S.S. vehicles were estab-
lished from the respective emission inspection test data. This analysis is
presented in graphical form showing the percent of the failing vehicles which
failed for HC and/or CO at idle for the Idle vehicles; and HC and/or CO in
combinations of idle and power modes for the L.S.S. vehicles. Controlled
vehicles were treated separately from uncontrolled vehicles. The reader is
reminded that the rejection limits used here were different than those actually
used to fail vehicles 'in the test program. The analysis provided a means of
evaluating the repairs required to correct .the emission failures.

2.3.4.2 Diagnosis of Failed Vehicles - Every vehicle which failed itsfirst
emission inspection test was diagnosed to determine the repair action which
would have resulted in the vehicle passing its emission test. This analysis
was conducted after the conclusion of program testing independently of the
actual diagnosis and repailr actions performed on the vehicles. All of the
emission data available from the test program (Idle, L.S.S., and T-Mode)

was used for this diagnosis. This analysis was performed on Phase I and Phase
IT separately and for uncontrolled and controlled vehicles separately.

This analysis identified the number of failed vehicles in each fleet which re-
quired the following general types of repair work: ’

e idle adjustment only (mixture, speed, timing)

° ignition repair (replacement of plugs, points, condensor, distributor
advance mechanisms, wiring and associated adjustments)

e carburethon repair (rebuild or replace the carburetor, PCV service)
PY ignition plus carburetion repair

e major mechanical repair (repair or replacement of valves, and/or rings)

Since only emission inspection test data were available for this analysis, more
detailed diagnosis was not possible. The results of this analysis are presented
in Section 3.4.
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2.3.4.3 gervice Center Repair Action - An  analysis was conducted to determine
whether the service center disgnosis and repair actions had reflected correct
repair action. Figure 2-4 shows the inspection test and repair action sequence.
If the vehicle passed the inspection tests after service, the repair action was
evaluated as being correctly repaired. If the vehicle failed the inspection
test after service it was diagnosed by OLI and received a second repair ser-
vice. Vehicles which required major mechanical repair (valve grinds and over-
hauls) were exited as failing vehicles. Following the second -ervice and in-
spection test, the vehicles were passed or failed and exited from the system

in a similar manner to the first service and inspection test without further
diagnosis or repair.

If the vehicle had passed the inspection tests after service, it was judged as
having a correct dilagnosis as well as correct repair, although it may also
have received some unjustified (excessive) repair service. If it failed, the
vehicle was judged as having incorrect repair service. No positive engineering
Judgments were made on incorrect diagnosis conducted by the service center or
by the OLI mechanics. The second emission inspection failure could have been
due to either incorrect diagnosis of a subtle malfunction or an improperly
executed repair.

Tdle garages were to conduct minor tune-up related adjustments such as timing,
dwell, and idle mixture and speed adjustments and minor repair items such as
PCV, exhaust control systems, and filter services. If this step did not correct
the high emission levels, the repair center was directed to repair and/or ser-
vice the ignition or carburetion systems in accordance with the sequence of
steps shown in Table 2-9.

Table 2-9. SUGGESTED REPAIR ACTION FOR IDLE AND
LOADED STEADY STATE INSPECTION TESTS*

Emission Data¥ Step Suggested Repair Action

CO High 1 Minor tune-up adjustment and repair
HC Normal 2 Carburetor service (repair or replace)
CO Normal 1 Minor tune-up adjustment and repair
HC High 2 Electrical tune-up

CO High 1 Minor tune-up adjustment and repair
HC High 2 Electrical and/or carburetor service
CO Low 1 Minor tune-up adjustment and repair
HC High 2 Carburetor service (repair or replace)

% Jdle emission dsta only supplied to Idle inspection service centers. Idle,
low cruise, and high cruise emission data supplied to L.S5.8. inspection centers.

At the beginning of Phase I, L.S.S. garages were instructed to follow Table
2-9 in the same manner as the Idle garages; except that the KEY MODE Charts
and booklet mhown in Appendix A-2 were to be used in estsblishing the most
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likely cause of emission failure. The L.S.S. procedure would, therefore,
tend to concentrate diagnostic and repair effort on those items which had a
high probability of failure.

During Phase II, the L.S.S. garages were specifically instructed to follow only
the KEY MODE Truth Charts and booklet. In most instances of modal failures
which included a power mode failure, the vehicles were serviced by step 2 in
Table 2-9 with the minor adjustments being performed after completing the main
repair effort. For vehicles with Idle failures only, the Truth Charts direct
the L.S.S. garages to follow the same repair sequence as shown in Table 2-9.

The service center repair action analysis also summarized the repair actions
actually conducted by the garages. Repair invoices and the data sheets provided
to the garages were used to separate costs into the following five categories:

e minor adjustments (adjustments to the carburetor and.distributor
such as idle mixture, rpm, timing, and dwell)

¢ minor repair (replacement of parts such as filters, PCV valve,
heat riser, vacuum lines, gaskets, hoses, etc.)

® ignition repairs (replacement of plugs, points, condenser, dis-
tributor advance mechanisms, wiring, and the
associated adjustments)

e carburetion repair (rebuild or replace the carburetor)

e major mechanical repair (repair or replacement of items such as
rings and valves)

The service center repair action analysis was presented and discussed for first
service. Data is available in paragraph 3.4 to derive the information for second
service. The data 1s presented separately for Phase I and Phase II and for con-
trolled and uncontrolled vehicles separately.

2.3.4.4 Unjustified Repair Action - An evaluation of unjustified repair action
was conducted by examining the inspection test results and the repair invoices.
Generally, if carburetor related excess emission (high CO and moderately high
HC, less than 1500 ppm) were evident from the inspection test data, minor car-
buretion and ignition adjustments were justified. However, if ignition misfire
(hydrocarbons in excess of 1500 ppm) was clearly not indicated by the inspection
test,ieplacement of ignition parts was Judged to be an unjustified repair action.
If the analysis showed that carburetor idle adjustment should have corrected
high CO emissions and the carburetor had been overhauled or replaced, the repair
action was evaluated as unjustified. Tables 2-10 and 2-11 present the criteria
for judging excessive repairs for Idle and L.S.S5. respectively.-

From the results of the analysis, repairs which appeared to be ineffective,
excessive and unjustified, were identified and tabulated. The costs associated
with the excess repairs were deducted resulting in revised cost and cost effec-
tiveness indices. The possible impact of inadequate training and experience are
discussed in Paragraph 3.4 along with a revised maintenance procedure expected
to reduce unnecessary repairs.
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Table 2-10
PROPER REPAIR ACTION, IDLE MODE

Emission Data Alloweble Repair Action
CO High, HC Normal Adjustment, minor item replacement, carburetor
repair, emission control repair
HC High, CO Normal Adjustment, electrical tune-up, minor item replace-
ment
CO High, HC High Adjustment, electrical tune-up, carburetor repair or
replacement
Table 2-11
PROPER REPAIR ACTION, LOADED STEADY STATE
Emission Data Allowable Repair Action
CO High, HC Normal Adjustment, minor item replacement, emission control
repair
[
SHC High, CO Normal Ad justment, electrical tune-up, minor item replacement
[
CO High, HC High Adjustment, electrical tune-up, carburetor repair
(0]
2C0 High, HC Normal Adjustment, minor item replacement, carburetor repair
£ or replace
O
~HC High, CO Normal Adjustment. electrical tune-up, minor item replace-
= " ment
SCO High, HC High Adjustment, electrical tune-up, carburetor repair
or replace

2.3.4.5 Analysis of Exited Failing Vehicles - Several vehicles were exited

from the program still failing their inspection test after maintenance (see
Figure 2-4). 1In some instances the vehicles had received an incorrect service
action and quite often failed because of improper minor adjustments (such as

idle mixture). In other cases major mechanical repair actions such as valve
regrind and engine overhaul were diagnosed, and the vehicle was exited as

failing due to the program restrictions discussed in Section 2.2.3. Section 3.4
presents a summary of the failed and exited vehicles which includes the estimated
costs of the major mechanical services had they been performed.

2.3.5 Program Cost Analysis

This paragraph describes the analysis of the costs of implementing and oper=-
ating an Idle or L.8.S. PVIM program in Californis and Michigan. The approach
determined both annual inspection and repair costs on a per-vehicle basis in
each state. Total costs were then determined by multiplying the derived per-
vehicle cost by the respective state vehicle populations. Allocating program
costs to the individual vehicle was useful for evaluating: 1) the recovery of
inspection program costs through the inspection fee and 2) the cost of the pro-
gram to the vehicle owner and the resulting public acceptability.
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The two major categories of cost (inspection and repair) associated with imple-
mentation of a PVIM program were derived by different means. Inspection program
costs, described in paragraph 2.3.5.1, were based on those derived by purely
analytical means as part of a previous Northrop/Olson study performed for the
California Air Resources Board (Reference 1). Costs resulting from repair actions
were derived from actual repair cost data on the cars tested during the Short
Cycle Project in California and Michigan as described in paragraph 2.3.5.2.

Total program costs, the combination of inspection and maintenance costs, are
described in paragraph 2.3.5.3.

2.3.5.1 Inspection Cost Analysis - Inspection costs were defined as the costs
associated with establishing and operating a network of vehicle inspection
centers sufficient for a practical program of mandatory annual emissions tests
for all light duty vehicles. The two alternative inspection programs (Id1le and
L.S.5.) under evaluation involved an extremely large number of fixed and vari-
able cost items. To facilitate cost analysis of the alternatives, a linear
life-cycle cost (LSS) model was developed during the previous California ARB
study (Reference 1). This LCC model identified and quantified the various pro-
gram cost categories involved for each of four program alternatives including
Jdle and KEY MODE. The LCC model assured that the required resources were
systematically considered, assisted in the analytical process, facilitated data
acquisition and mathematical computation, and identified areas of critical re-
source requirements.

The California ARB inspection program cost analysis considered implementation
and operation of a state or single contractor operated inspection station
network throughout California. The useful lifetime of the inspection station
network was assumed to be 10 years with 5 year useful life of instrumentation.
This network was sized to accommodate the expected California vehicle popula-
tion assuming annual growth and accounting for the regional distribution of
vehicles.

The ICC model's resulting inspection cost for Idle and KEY MODE was determined
for the first year of the program. The estimated costs occurring in 1973 were
taken to be the average cost applicable to the Short Cycle Project analysis.
This total cost was then divided by the projected number of vehicles in 1973
to arrive at an average cost per vehicle for: 1) inspection system implemen-
tation and investment costs and 2) inspection system operating costs. These
per-vehicle costs were then used to estimate the cost of an inspection program
in Michigan.

The ILCC model was composed of three major submodels corresponding to the three
major program phases: 1) research and development, 2) acquisition and invest-
ment, and 3) operation and maintenance. The model had the form indicated below:

Y
e = 2+ (mp + Coav + KenCop )
n=1 . n
where:
ICC = total program cost for expected duration
n = index of years in life-cycle duration
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Y = expected number of years in life cycle

RD = program research and development expenditures, in dollars
CINV = facility acquisition and investment expenditures, in dollars
Ken = escalation factor applied for year n
COP = operation and maintenance expenditures, in dollars

In the following paragraphs the major categories are further defined:

Program Research and Development Costs LCBQ) - The research and development
category included all costs necessary to conceive, design, develop, and docu-
ment a total program capable of satisfying the identified goals and objectives.
For each of the program alternatives evaluated,this cost category identified
and quantified the expenditures necessary to finalize the concept to the point
of implementation. Specific equipment, personnel, facilities, support manage-
ment procedures, and other considerations were costed to assure complete cover-
age of resources. Most, if not all, of the hardware needed to implement the
alternative programs was off-the-shelf equipment and, therefore, no research
and development costs were required for that purpose. Potential additions or
modifications to existing procedures or equipment were also included under this

category to assure adequate funds for planning prior to selection and imple-
mentation.

Facility Acquisition and Investment Costs (CINV) - The acquisition and invest-
ment category included all the resources and costs incurred in the process of
initial program implementation. The resource elements included site acquisi-
tion, facilities, instrumentation, and manpower. Associated functional ele=-
ments ineluded facility certification, and personnel indoctrination and training.
This category included expenditures that were non-R&D or nonrecurring.

Operation and Maintenance Costs (COP) - Operation and maintenance cost elements
included personnel salaries, wages, and benefits. On-going personnel training
and upgrading programs were included to assure continuing satisfactory operation.
The maintenance of inspection equipment, purchase of tools and supplies, and
program administration costs were also included.

2.3.5.2 Maintenance Cost Analysis - The owner of a vehicle that fails to satisfy
the inspection test requirements will incur repair costs to bring the vehicle's
emission levels within the established standard. Offsetting this cost would be
any savings resulting from these repair actions. The principle savings would
probably be decreased fuel consumption due to the greater engine efficiency
achieved through PVIM. Fuel savings are discussed below. The routine main-
tenance which all vehicles require for good operation may be deferred by the
owner for any vehicle which fails the inspection test and is serviced to
achieve compliance. This savings is difficult to quantitize and would be
applied equally to Idle and L. S. S. Therefore this savings will not be in-
cluded in the Idle or L. 8. S. cost analysis of the Short Cycle Project.

In order to establish maintenance costs, a record of garage repair charges was
kept for all serviced vehicles in the test program. Costs were segregated

2-30



according to program phase, test regime, and the five types of repair actions
described in paragraph 2.3.4.3. Vehicles with major mechanical failures were
exited without repair and the as.- ciated costs were estimated from prevailing
charges for the type of repairs required. The maintenance costs were analyzed
and presented for first service and second service, and included the average
cost for each type of service action, the average cost per vehicle for the
serviced fleet, and the average cost per vehicle for the total vehicle fleet.
Cost analysis for the two phases are presented separately and in combination.
As part of the maintenance action analysis, certain repair actions were identi-
fied as being excessive. In these cases, the garage had performed repair work
in excess of that indicated by the inspection test results. Those costs which
could be identified as excessive were deducted from the actual cost calcula-
tions resulting in revised costs per vehicle. Maintenance cost was determined
as a function of inspection test rejection rate-for the same vehicles included
in the effectiveness analysis described in paragraph 2.3.3.2. Maintenance costs
were determined for those Idle and L. S. S. vehicles which did not fail cruise
modes as deseribed in paragraph 2.3.3.3 (the analysis of Emission Reductions
Achieved by Correcting Only Idle System Malfunctions).

Fuel savings were estimated on the basis of measurements made during the simu-
lated 7-1/2 mile 1972 CVS dynamometer test runs on the dynamometer before and
after repair. Annual fuel savings were calculated from measured fuel con-
sumption W, based on 10,000 miles per year of driving and a price of Lo¢ per
gallon as shown below:

Cc = AW .M. K . C

s g
where:

CS = fuel savings in dollars per year

AW = change in fuel consumption (pounds of fuel per mile)
M = miles driven per year = 10,000 miles (estimate)
X = gallons per pound fuel; constant = 3£§

Cg = cost of gasoline per gallon = $0.40 (estimate)

These data show considerable inconsistencies, wherein fuel consumption does not
always decrease with decreased emissions. It is believed that the resolution
of the measurement technique was not great enough to accurately detect small
changes in fuel consumption. Therefore, the maintenance cost analysis is pre-
sented without including these fuel savings.

2.3.5.3 Total Program Cost - The results of the inspection program cost anal-
ysis and maintenance program cost analysis were combined to give the total
program cost of Idle and L.S.S., PVIM. Costs are presented in total dollars
and per vehicle. The total program cost is presented for Phase I and Phase IT
separately. The total program cost is combined with the effectiveness analysis
in the cost effectiveness analysis as described below.
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2.3.6 Cost Effectiveness of Inspection and Maintenance

This section relates the effectiveness measures described in paragraph 2.3.3
for each inspection and maintenance regime (Idle and L.S.S.) with the cos?
analyses, described in paragraph 2.3.5, for each regime. The cost effe?tlve-
ness analysis quantified in a single index the benefits obtained per unit cost.
As such, the cost effectiveness was able to make a better selection between
the two alternatives than just examining either cost or effectiveness alone.

The cost effectiveness analysis was presented in two formats: 1) fleet average
cost effectiveness and 2) the cost effectiveness index. Fleet average cost
effectiveness considered emission reductions and maintenance cost. The fleet
cost effectiveness was presented for several inspection test failure rates and
for those vehicles which failed only idle emission levels (the amalysis of
Effectiveness of Correcting Idle Only Failures). The fleet average cost effec-
tiveness was presented using emission reductions and repair cost distributed
over all repaired vehicles in terms of emission reductions per repair cost
(gram per mile per dollar).

The cost effectiveness index combined the results of the effectiveness index
and total program cost for California and Michigan. The cost effectiveness
index combined all three pollutants according to the pollutant weighting
factors of the effectiveness index. The cost effectiveness index permitted
selection of the regime which was most cost effective at approximately a 30%
failure rate. Both actual repair costs and corrected repair costs (less
excess repairs) were presented, The cost effectiveness analysis was presented
in terms of annual emission reduction per net inspection and maintenance cost
(tons per year per dollar),.

2.3.7 Relatabillity Analysis

This subsection describes the procedures used to evaluate results of various
short emission inspection tests against those obtained by using both the 1972
and 1975 CVS tests. The concept of relatability may be understood by realiz-
ing the statistics developed in this paragraph deal with measuring how well
any given short test might do in passing and failing the same vehicles which
would have passed and failed the 1975 CVS test. Emission data obtained from
the short tests were correlated against measurements taken by the CVS pro-
cedure. Regression coefficients, correlation coefficients, estimate of errors,
and confidence limits were computed for each short test with respect to the
CVS tests. Analyses were also conducted to determine the impact of expected
errors of commission caused by the Idle and L.S.S. tests.

2.3.7.1 Correlation and Regression Analysis - Mathematic relatability was de-
fined by the regression coefficients. The regression coefficients described a
line representing a best fit through the set of paired short test and CVS
sample points. That 1s, given a short test measurement, the regression co-
efficients permit calculation of the most likely CVS measurement to be expected.

A least squares linear regression equation of the form y = a + bx was used.

The CVS measurements, y, may be "predicted"'given the short test measurements,
x, and a knowledge that when x is zero, y will be equal to some constant "a'".
As x varies, y will vary by an amount proportional to b. Thus, the appropriate
regression equation will enable prediction of an expected value of the CVS pro-
cedure emissions from a measured short test emission value.
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For the multiple steady state speeds, such as KEY MODE, more than one inde-
pendent variable was involved. A standard stepwise multiple linear regression
computer program was used which generated an equation of the form:

y = a+bl xl+b2 Xeagnuoo
The program selected the optimum regression equation, i.e., the equation which
included as many steady state speeds (independent veriables) as possible so
that more reliable expected CVS values could be computed (predicted). At the
same time, the program determined those speeds which did not significantly con-
tribute to predicting accurate CVS values and did not include them. At every
stage of the regression, the process examined the variasbles incorporated into
the model in the previous stege. A variable which may have been the best single
varisble at an earlier stege may not now be significant due to the relastionships
between it and other variables inserted into the regression equation. The
partial F criterion¥* for each variable in the regression at every stage of cal-
culation was evaluated and compared with a preselected percentage point of the
appropriate F distribution (90% significance level). Any varisble whose con-
tribution was no longer significant was removed from the model even if it had
previously been incorporated.

The correlation coefficient, also known as the coefficient of multiple regres-
sion (MR), indicated how much of the variations in short test velues were also
present in the CVS procedure values. For example, if a correlation coefficient
was computed at 0.8, this indicates that (0.8)2 x 100%, or 64%, of the vari-
ations exhibited by the given short test measurements were explaineble in terms
of similar variations in the CVS measurements. When estimating the correlation
coefficient for the total population, some allowance must be made to account
for the random variations in vehicles. Therefore a 95% confidence band (Z),

in percent of MR, was computed for each correlation coefficient. The correla-
tion coefficient plus or minus Z percent of MR indicated quality of the pre-
diction of the CVS value from the inspection test messurements.

An important qualifier of the regression equation was the confidence which may
be pleced in the coefficients of the equation. For example, if the intercept
"a" was computed to be 2.7, the degree that "a" varied ebout its computed
value because of the imperfect association between the variebles should be
known. The same type of information concerning the slope "b" of the regres-
sion equation was also desirable. For purposes of this study, it was con-
sidered satisfactory to know the ranges in which a and b will fall in at least
90 percent of the cases (90 percent confidence intervel). The confidence
intervals AL and BL presented in the Appendix represent the percentage vari=-
ation above or below the estimated mean value for a and b, respectively.

*Partial F criterion: Utilizes the value of the partial F-ratio. If this
value is less than the preselected F value, the variable will be rejected
from the regression equation. For a more complete description of the Least
Squares Method of curve fitting, the reader may refer to Statistical Analysis
by Ya-Lun Chou, Holt, Rinehardt and Winston, New York, 1969, or other texts
on statistical analysis.




Another qualifier computed for the regression equation was the standard error
of the estimated equation, SE, the square root of Se. SE is an unbiased esti-
mator of the population standard deviation of regression and measures the
variability between the individually computed predicted CVS values (using the
regression equation) and associated actual CVS values.

In conducting the regression analysis for short emission test regimes, it was
assumed that a linear relationship existed between the two variables. To
perform the test for linearity of regression, the technique of analysis of
variance was used. The F=ratio was calculated using the mean square error due
to regression (MSR) and the SE of estimate. This parameter (F) was also tabu-
lated in Appendix C containing regression equations. In this study, an F-ratio
significance level of 0.95 was chosen. If the calculated value of F exceeds the
eritical value 3.92, then the hypothesis of non=-linearity is rejected, that is,
the variables exhibit a linear relationship. Confidence bands of the predicted
CVS test values were calculated from the regression equations.

The confidence bands shown in Figure 2-5 are non-linear (hyperbolic) because
the greater number of data points clustered about the mean allows assignment
of a smaller band for a given confidence than at the ends of the distribution.
The 90% confidence band is interpreted to mean that no more than 10% of the
predicted (or actual) data points will fall beyond the 90% confidence band.
Assuming that the data is normally distributed, equal chances exist that any
one predicted CVS measurement will be either above or below the actual CVS
value; or above the upper or below the lower confidence bands. Three pairs of
confidence bands are shown: 1) the 90% confidence band of a single measure-
ment, 2) the 90% confidence band of a fleet mean and 3) the 95% confidence
band of a fleet mean.

The regression and correlation analysis wes performed on combined Phase I and
Phase II data for the vehicle fleets in California and Michigan separately
and in combination.

2.3.T.2 BErrors of Commission Analysis = An error of commission was defined as
failing a vehicle and performing maintenance on the basis of a short emission
inspection test when it actually would have passed an equivalent limit if
tested by the 1972 or 1975 CVS procedure. Errors of commission are undesirasble
in that they subject a vehicle to unnecessary maintenance thereby resulting in
minimal emission reductions. The following paragraphs describe the analytical
approach used to evaluate commission errors at failure rates from 10% to 50%
for the Idle and L.S.S. PVIM regimes.

The "predicted” CVS values were computed using the appropriate short emission
inspection test vs CVS test regression equation. The vehicles were ranked by
predicted CVS value in order from highest to lowest emitter and partitioned
into decile groups, each representing 10% of the fleet, from the highest
emitter down to the fiftieth percentile., The predicted CVS emission level
corresponding to I~0.01 gram per mile was then selected as the rejection limit
for that decile group where L was the predicted CVS emission level of the
lowest emitter in that decile group. The numerical value of I~0.0l was then

assigned as the equivalent actual CVS emissions, for the purpose of determining
errors of commission.

For the vehicles with predicted CVS emissions greater than 1-0.01, commission
errors were those in which the actual (VS emission value was less thean I~0.01
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for the rejection rate being evaluated; i.e., any vehicle which was in the group
which required service while in fact it exhibited true CVS emissions less than
the mean predicted CVS value. At each percentile, commission errors were tabu-
lated as a percentage of the total vehicles inspected. Figure 2-6 illustrates
the process. Commission errors (CE) are shown in the upper left hand guadrant.
Valid failed (VF) are shown in the upper right hand quadrant. The vehicles
above the horizontal line are all failed vehicles according to the predicted
CVS data.

The procedure was followed separately for each state, for HC and CO emissions,
for the Idle and L.S.S. PVIM regimes and for controlled and uncontrolled

vehicles. 1975 CVS data are described in the results. 1972 CVS data are not
discussed but data are presented in Appendix C.
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Figure 2-6, Errors of Commission Analysis
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SECTION 3

FROGRAM RESULTS

This section presents and interprets the data generated during this project.
Subsections are included for the following topics:

o Test Fleet Statistics

® IBmission Reductions from Inspection and Maintenance
e Maintenance Requirements and Actions

e Cost of Inspection and Maintenance

® Cost Effectiveness of Inspection and Maintenance

e Correlation and Relatability of Tnspection Tests to
Federal Test Procedures

Data are presented for Phase I and Phase IT separately, except for the Corre-
lation and Relatability Analysis which is presented only for the combined
Phase I and Phase IT data.

This section is organized so that results and interpretation are grouped to-
gether in order to distinguish differences between:

e Idle and Loaded 'Steady State (L.S.S.)
e (California and Michigan
e Phase T and Phase IT

This organization provides a single topic in each paragraph. Some effects are
dependent on more than one of the above factors. Therefore, some results are
presented in more than one paragraph. Although creating some redundancy, this
organization permits complete interpretation for each of the above factors.

3.1 TEST FLEET STATISTICS

This subsection describes the test fleet composition and inspection failure rates,
and generally discusses several vehicle parameters which influence emissions
levels. The average emission data in terms of 1975 Federal CVS procedures are
presented for the Idle and L.S.S. test fleets. Statistical equivalence of the
Idle and L.S.S. test fleet emission was determined using the t-test and F-test.



3.1.1 Test Fleet Vehicle Composition

Figures 3-1 and 3-2 show the number of vehicles in each major subfleet dis-

cussed in this report. Each Idle and L.S.S. fleet in Phase T and IT contain
75 vehicles except for the Phase I Idle and L.S.S. fleets in Michigan which

contained T4 vehicles. The data for the missing vehicles were discarded due
to verified test errors.

The Idle and L.S.S. fleets were then divided into controlled and uncontrolled
vehicles based upon mechanical inspection of the vehicle. In California the
controlled vehicle subfleet generally included 1966 to 1971 model year vehicles.
In Michigan the controlled vehicle subfleet generally included 1968 to 1971
model years. This was not always true, however, since some controlled 1966 -
1967 model year vehicles were found in Michigan and some uncontrolled 1966 -
1967 model year vehicles were found in California.

Failure limits were set to fail about 50% of each Idle and L.S.S. fleet during
Phase I. During Phase II the limits were further adjusted to fail 50-60% of
each controlled and uncontrolled vehicle subfleet. Table 3-1 presents the
failure rate in percent for each controlled and uncontrolled vehicle subfleet.
Phase I failure rates were generally lower than Phase II. Idle failure rates
were generally lower than L.S.S. failure rates in California, but higher than
L.S.S. failure rates in Michigan. During Phase II in California, more than
60% of the Tdle and L.S.S. fleets were failed. This resulted from tighter
rejection limits coupled with higher average emission levels than during Phase
I. The analysis of effectiveness, cost, and cost effectiveness were presented
for failure rates from 10% to 50%. Because a failure rate of approximately 30%
was determined as optimum, the report generally discusses a 30% failure rate
as discussed in Paragraph 2.5.

3.1.2 Dependence of Emissions on Vehicle Parameters

Several vehicle parameters were believed to influence emission levels: age,
accunulated miles, weight, engine size, emission control, and manufacturer.
These parameters, if not held constant for Idle and L.S.S., might confuse or
influence the analysis of Idle and L.S.S. differences. The Idle and L.S.S.
test fleets were selected so that differences in vehicles due to age, manu-
facturer and emission control system were minimized. The remaining factors
(weight, miles, and engine size) were controlled as much as possible by the
matching criteria for Idle and L.S.S. test fleets described in Paragraph 2.2.1.

After the test program the emission levels were analyzed to determine if they
were, in fact, dependent upon these factors. All of the data for Phase I and
Phase II were combined because these factors should be independent of the
inspection and maintenance regime and location.

Teble 3-2 summarized the before and after service emission level trends.
Detailed emission tables are contained in Appendix B-1 of the report. The

results may be summarized as follows for fleet average emission data before
service:

e No trend in emissions appeared dependent upon vehicle make except
that HC emissions were higher for the general class of "Imports"
than for domestic makes. Imports generally use h—cylinder engines
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Figure 3-1. Distribution of Test Fleets — Phase | (30% Rejection Rate}
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Table 3-1

INSPECTION TEST FAILURE RATES
Percent of Inspected Vehicles

California Michigan Combined
Idle L.S.8.| Idle L.5.5.| 1Idle L.S.S.
% PHASE I
= Controlled 20 53 43 38 31 46
2| Uncontrolled Lo 46 L3 e} 41 Lt
9 Combined 31 49 ho i 36 47
% PHASE TI
Controlled e} 51 57 50 53 51
% Uncontrolled 65 76 60 59 63 68
= Combined 57 6k 59 55 58 59
PHASE I
‘c.% Controlled 20 21 28 27 24 22
E Uncontrolled 38 35 37 L3 37 39
g Combined 29 28 32 34 31 31
B | PHASE I1
E‘ Controlled 23 ol 29 31 26 27
F: Uncontrolled 48 53 33 31 Lo 42
kY .
™ Combined 36 39 31 31 33 35
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Table 3-2

GENERAL: TRENDS IN MASS EMISSIONS

PARAMETERS BEFORE SERVICE AFTER SERVICE
HC CcOo NOy HC co NOy
Vehicle Age ST I D I I D
Accumilated Mileage T I D I T SD
Vehicle Make Nl N N N N N
Emission Control 2 2 2 3 3 3
Vehicle Weight I I T I T I

inuwun

n i

increasing emissions with increased value of parameter

decreasing emissions with increased value of parameter

no trend in emissions with increased value of parameter

gight trend in emissions with increased value of parameter, i.e., SI = slight
increase /

imports tended to have higher emissions of HC than domestics

crankcase only had highest HC and CO and lowest NOy. Air injected vehicles
had higher HC than engine modification vehicles but equal CO and NOy
crankcase only had highest HC and CO and lowest NOy. Air injected vehicles
had equal HC and equal or lower CO and NOx than engine modification vehicles.
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while domestic makes use 6 and 8-cylinder engines almost
exclusively. There were also considerable differences in
HC and CO emissions between vehicles manufactured by dif-
ferent divisions of a single manufacturer.

e Increased mileage exhibited & consistent trend to increase
HC and CO emissions. This result would be expected and
represents wear and deterioration. NOX tended to decrease
slightly with increased mileage.

e Increased vehicle age (represented by model year) exhibited a
consistent trend to increase HC and CO emissions and decrease
1\TOX emissions. These trends are consistent with those for
increased mileage. Increased mileage and age are mutually
related variables.

e Increased vehicle weight exhibited a consistent trend to
increase HC, CO and NOX.

® Engine size was not evaluated since it is related to vehicle
weight and cannot be isolated as an independent variable.

® [Exhaust emissions of HC and CO were slightly higher for crank=-
case device ‘equipped vehicles than uncontrolled vehicles and
considerably higher than exhaust emission controlled vehicles.
l\TOX emissions were higher for controlled vehicles than un-
cofitrolled and crankcase controlled vehicles.

e Vehicles equipped with air injection systems (found predom-
inately in California) had higher emissions of HC than engine
modification systems but generally equal emissions of CO and
NO_ .

X

The above trends were also apparent after maintenance independent of PVIM
procedures. Both maintenance procedures reduced scatter in the data msking the
trends more apparent.

Based upon these results, it was determined to group totally uncontrolled
vehicles and crankcase device equipped vehicles into one class termed "Un~
controlled Vehicles". In a similar manner, the air injection system equipped
vehicles and engine modification device equipped vehicles were grouped into one
class termed "Controlled Vehicles". Since no dependence of emissions on vehicle
make was determined, the effectiveness index grouped vehicles only by vehicle
age. Because the emissions did depend upon age, weight, and mileage, vehicle

procurement practices in the future should minimize differences in these factors
by matching vehicles as was done in this project.

3.1.3 Tesgt Fleet Emission Ievels

This paragraph presents summary emission data for before service, after service,
and after second service for each of the following groups :



e All vehicles - Table 3-3

e Serviced vehicles only - Table 3-4

e Controlled vehicles only - Table 3-5

e Uncontrolled vehicles only - Table 3-6

These tables contain data for Phase I and IT separately. Tables 3-3, 3-5, and
3-6 reflect approximately an overall 30% failure rate, although the actual
failure rates are shown in Table 3-1 for each subfleet.

Table 3-3 presents the emission levels for all vehicles in the Idle and L.S.S.
fleets. In general, the emissions in Michigan and California are similar,
although Phase II emissions tended to be higher than Phase I emissions in both
Michigan and California. The standard deviation of emissions before maintenance
tended to equal or exceed the mean value for HC and CO. After maintenance, the
standard deviation was considerably less than the after service mean. Second
service resulted in slightly lower mean emissions than flrst service.

Table 3-4 presents the emission levels for the serviced vehicles only. Combined
Phase T emissions were generally lower than combined Phase IT before maintenance.
Standard deviations of HC were equal to the mean value before service while
standard deviations of CO and NOy were generally 50-70% of mean emissions. After
service, the standard deviation of HC emission generally was reduced to 50-T0%
of the mean while standard deviations of CO and NOx were not changed appreciably.
Second service provided large emission reduction only for the Phase II Idle

fleet in Michigan where HC emissions were reduced from 9.6 grams per mile after
first service to 7.l grams per mile after second service. The reduction was
attributable to additional maintenance on uncontrolled Idle vehicles.

Table 3-5 shows the emission levels of controlled vehicles only. Controlled
vehicles exhibited similar emission levels in California and Michigan although
Phase TI emission means tended to be higher than in Phase I. Standard devia-
tions tended to be about half of the mean value both before and after mainte-
nance. Second service was not effective in reducing emissions more than first
service in any case. Typical before service emission levels of controlled
vehicles were 4.5 to 5.0 grams per mile for HC, 60 grams per mile for CO and
4.0 to 4.5 grams per mile NOx. California NOy data for Phase I were unusually
low (3 grams per mile).

Table 3-6 shows the emission levels of uncontrolled vehicles only. Uncontrolled
vehicles in California had slightly lower emissions than in Michigan for Phase T
while in Phase II, emission levels in Michigan were lower than in California.
Overall, the mean emissions before service were 8.0 grams per mile for HC, 90
grams per mile for CO and 3.0 grams per mile for NOx in Phase I. In Phase ITI,
mean emissions before service were 10 to 11 grams per mile HC, 110 to 115 grams
per mile CO, and 3.0 grams per mile NOy. NOy data in California during both
phases were lower than in Michigan. Before service standard deviations of HC
were generally less than the mean value during Phase I and equal to the mean in
Phase II. Standard deviations of CO and NOy were generally 50 - 60% of the mean
before and after service. Second service was effective in creating additional
emission reduction only for Phase IT HC emissions of the Michigan Idle fleet.
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Table 3-3

FMISSION LEVELS FOR ALL VEHICLES
1975 CVS Data

No.

HYDROCARBONS (gm/mile)

CARBON MONOXIDE (gm/mile)

OXIDES OF NITROGEN (gm/mile

of After Service After Service After Service
Cars | Before First Second Before First Second First Second
PHASE I m o 73 o ®|o ® [ g u m| o M o

Californis| 150

Idle 75 (5.9 | 5.7| 5.0| 3.9| 5.0] 3.9[ 65.3 55.5| 34.5] 55.5 2.6] 1.5|2.6] 1L.4] 2.6] 1.4

L.S.S. 75 16.3 | 5. 5.0 3.6| 5.01 3.6] 72.2 65.6| 42.0| 6kh.2 2.6| 1.5} 2.6 1.5| 2.6 1.5
Michigan {148

Idle s 16.7 | 5.5] 5.2| 3.5| 5.2 3.5[ 84.6 66.9] 35.0| 66.4 h.o| 2.0 k.1] 2.0] k.1] 2.0

L.S.8. ™ 6.6 | 5.5| 5.3| 3.1 5.3] 3.1{ 78.0 62.01 34.7| 61.9 4.2} 1.9 k4.1] 1.9] 4.2] 1.9
Combined. |[298

Idle 149 6.3 | 5.6| 5.1 3.7 5.1} 3.7 T4.9 61.1| 35.1| 60.9 3.3} 1.9]3.3] 1.9] 3.3} 1.9

L.5.8. [149 6.4 | 5.3 5.1 3.4 5.1 3.2] 75.0 63.8] 38.4} 63.1 3.4} 1.9]3.3] 1.9] 3.4} 1.8

PHASE II

Californiall50

Idle 75 17.9 | 8.4 | 6.0 k.7| 6.0| 4.7} 93.0 80.2| 41.6} 80.0 3.40 1.713.3] 1.6} 3.3] 1.6

L.S.S. 75 18.8 |11.7{ 5.2| 2.5]| 5.2{ 2.5 96.2 71.3] 39.0| 70.7 3.1] .74 3.3} 1.5] 3.3| 1.5
Michigan |150

Idle 75 18.6 { 9.2 7.2 7.7| 6.4 L.4| 86.2 73.7| 39.41 73.7 hal 1.6 .31 1.7 .3] 1.7

L.S.8. 75 (6.7 | 7.0| 5.2} 2.2| 5.1 2.2| 85.8 T2.21 36.1| T1.0 k.0f 1.5 | k.0 1.5| 4.0{ 1.5
Combined |300

Idle 150 8.2 | 8.8 | 6.6 6.4 6.2] k.6] 89.6 76.9{ 40.5| 76.9 3.7 1.713.8% 1.7 3.8] 1.7

L.s.8. {150 |7.8 | 9.7 | 5.2} 2.4 5.2] 2.4 91.0 1.7} 37.4] 70.8 3.5| 1.713.6] 1.6f 3.6} 1.5
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Table 3-4

EMISSION LEVELS FOR SERVICED VEHICLES ONLY

1975 CVS Data

No. HYDROCARBONS (gm/mile) CARBON MONOXTIDE (gm/mile) XIDES OF NITROGEN (em/mile)
of After Service After Service After Service
Cars Before First Second Before First Second Before First Second
PHASE T [ o H o [ o 13 o 13 ag u o u o I g [ g
Californial 43
Idle 22 | 8.5] 7.b | 5.4| 2.3] 5.4] 2.3] 96.3|46.0]| 62.6 [30.1] 62.6 | 30.1 2.3 1.9| 2.3| 1.6] 2.3 1.6].
L.S.S. 21 |10.0f 6.1 | 5.4 | 2.9|5.3] 2.8 98.7[49.8] 75.1 |50.3] 70.3 | 43.84 2.0 1.3] 1.9] 1.4 1.9 1.4
Michigan 50
Idle 24 [ 9.2f 7.1 | L4 1.6} k4| 1.7 126.4 | 77.2| 61.9 |38.2] 60.3|37.3] 3.7{ 1.8] 4.1} 2.0 4.1 1.9
L.S.S. 26 [10.3}| 7.5 | 6.5| 4.2| 6.5| k.2| 112.%4 | 50.1| 67.0 {29.0] 66.7{29.5 3.4%| 1.7| 3.4[ 1.4 3.% 1.k
Combined 93
Idle | 8.9| 7.1 | b.9| 2.0| k.9 2.0/ 106.8 | 64.3| 62.2 |34.2| 61.4 | 33.7 3.0| 2.0} 3.2] 2.0 3.3 2.0
L.S.8. 47 [10.2} 6.9 | 6.0 3.7| 5.9} 3.6 106.3 | 49.9| 70.6 {39.6| 68.3| 36.9 2.8} 1.7| 2.7| 1.6 2.7 1.6
PHASE IT
California} 55
Idle 26 |13.2112.5 | 7.7{ T7.2| 7.8 7.2| 124.9| 60.0{ 87.9 |49.5| 87.5| k9.9 2.6 1.5{ 2.5| 1.2] 2.5 1.2
L.S.S. 29 |15.5 }16.8 | 6.2 3.3| 6.2 3.3} 138.3|82.3| 73.7 |47.0| T2.1| 47.4 2.5{ 1.8] 3.0| 1.5 3.0 1.5
Michigan by
Tdle 22 |14.3 | 14.5 | 9.6 12.9| T.1{ 5.6] 107.1 ] 38.9| 64.5 |31.9] 64.4 | 30.5| k.ol 1.9 L.7| 2.0 4.7 2.0
L.S.8S. 22 |10.3)11.9 | 5.2 2.1 4.8 2.1| 108.k | k0.1 | 61.8 {25.3| 57.8] 23.6] 3.5| 1.4| 3.7 1.4] 3.7 1.3
Combined 99
Idle 48 |13.7|13.3 | 8.6 r0.1| 7.5 6.5| 116.7 | 51.7| 77.2 {43.5} 76.9]| 43.3} 3.3( 1.8] 3.5 1.9/ 3.5 1.9
L.S.S. 51 |13.3115.0 | 5.8] 2.9| 5.6| 2.9 125.4 | 68.5{ 68.6 {39.2{ 65.9| 39.3] 2.9| 1.7} 3.3] 1.5} 3.3 1.k




Table 3-5
EMISSION LEVELS FOR CONTROLLED VEHICLES ONLY
1975 CVS Data

ot-¢£

No. HYDROCARBONS (gm/mile) CARBON MONOXIDE (gm/mile) OXIDES OF NITROGEN (gm/mile)
of After Service After Service After Service
Cars| Before First Second Before First Second Before First Second
PHASE I H o 1 o n o M o [ g B o I g M g H 4
Californial T3
Idle 35 k.4 5.0 3.4]2.0] 3.412.,0 | 53.4|33.2] hb7.7|28.1}| 47.7|28.1{2.8[1.3]2.7| 1.3] 2.7| 1.3
L.S.8. 38i{k4k.5/ 3.6 3.6|1.6|3.6]1.6 | 59.7|34.3] 55.9| 36.7| 55.9| 36.712.9|1.6|2.8]| 1.6| 2.8]| 1.6
Michigan T0 - _
Idle 36|L4.6]2,0] 3.8|1.6] 3.9|1.6 | 65.3|40.5 52.7| 37.4] 51.7| 36.6|5.0]1.8] 5.0} 2.0| 5.0 1.9
L.S.8. 34 | 4.6 2.1 | 4.0]1.5| k.0|1.5 | 59.7 | 48.2] u45.8| 26.0} 45.8| 26.0|5.2|1.7| 5.1} 1.7| 5.1| 1.7
Combined | 143
Tdle 7L k.5] 3.8 3.6]1.8| 3.6{1.8 | 59.4]37.3| 50.3| 33.0| 49.7| 32.5(3.911.9| 3.9/ 2.0| 3.9| 2.0
L.S.8. 72 (4.5 3.0 3.8]1.6f 3.8{1.6 | 59.7|41.1} 51.1} 32.3| 51.1{32.3{L4.0|2.0(3.9] 2.0| 3.9] 2.0
PHASE IT
Californial T2
Idle 35 |4.1) 1.5 | 3.9{1.3] 3.9|1.3 | 63.5|33.0| 56.8{31.1] 56.7| 31.2 | 4.3 |1.h| 4.3} 1.4 4.3 1.k
L.S8.8. 371{5.7)5.8 | 3.8|1.3| 3.8{1.3 | 66.8|40.9| 54.8]29.7] 54.8] 29.7 |3.7{1.7| 3.8| 1.5/ 3.8| 1.5
Michigan T1
Idle 35 5.2 3.1 | k.7 |2.8| L.7|2.8 | 62.3 [32.3] 51.5| 29.2| 51.5| 29.2 | k.7 |1.5| 5.2| 1.7| 5.2| 1.7
L.S.8. 36 (4.6]2.2 | 4.3 |1.9] 4.1}1.8 | 70.5|ko.4{ 62.4| 40.9]| 60.8] 39.7 | 4.k | 1.4| k.3] 1.5 4.3] 1.k
Combined | 1k43
Idle TO (4.7| 2.4 | 4.3 (2.2] 4.3 ]|2.2 | 62.9 |32.4] 5%.1{ 30.1] 54.1{ 30.1 (k.5 {1.5] k.7| 1.6 4.7| 1.6
L.S.S. 73 |5.1{ 4.k | b1 |1.7| k.0}2.6 | 68.6 |hOo.4| 58.5| 35.6] 57.8| 34.9 |4.0 1.6 k.0| 1.5 k.0 1.5
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Table 3-6

EMISSION LEVELS FOR UNCONTROLLED VEHICLES ONLY

1975 CVS Data

Hydrocarbons (gm/mile)

Carbon Monoxide (gm/mile)

Oxides of Nitrogen (gm/mile)

After Service

After Service

Before First Second

After Service

No. Before | First |Second Before | First Second
Vehicle of
Fleet |Cars| W o Lo p|o T o " o v s . c| p]lo|p vy
PHASE I
California 77
Idle 40| 7.2 6.0|6.4|4.6]|6.4|4.6] 75.8]|49.3 | 62.2|38.3| 62.2138.3| 2.4(1.6{2.4|1.4]|2.4] 1.4
L.S.S. 37| 8.1| 5.8|6.4(4.5|6.3(4.5| 84.9(50.6 | 75.5(45.2( 72.8|41.3| 2.3(1.2|2.3{1.3|2.3} 1.3
Michigan 78
Idle 38| 8.7| 6.9(6.4(4.4]6.4(4.4{102,862.6 | 80.3(26.7| 80.3{26.7| 3.0(1.7(3.2]1.7|3.2| 1.7
L.S.S. 40| 8.4| 6.7(6.4(3.7(6.3{3.7| 93.5(44.9 | 75.8(|35.4| 75.6/35.7| 3.3(1.7|3.3}1.6|3.3| 1.6
Combined 155
Idle 78| 7.9f 6.4|6.414.5|6.4|4.5| 88.9(57.4 | 71.0|34.2]| 71.0|34.2| 2.7|1.7|2.8]1.6]12.8]| 1.6
L.S.S. 77 8.2| 6.2|6.4(4.1|6.3|4.1| 89.4(47.6 | 75.7[40.1| 74.2]38.3| 2.8(1.6{2.8|1.5]/2.9| 1.5
PHASE II
California 78
Idle 40(11.2410.5]7.9(5.7{7.9]/5.7|118.9/50.9 [100.6(39.2{100.5{39.3| 2.6|1.4;2.5|1.2|2.5( 1.2
L.S.S. 38111.9/14.916.62.7|6.6(2.7{124.9(73.5 [87.3(40.3| 86.1{41.4} 2.4|1.4]|2.8(1.3(2.8| 1.3
Michigan 79 .
Idle 40{11.5|11.5(9.419.8|8.0|5.0(107.1|40.4 | 93.2|37.0f 93.1|36.4}| 3.5|1.5(3.5]|1.3(3.6| 1.3
L.S.S. 39| 8.7| 9.116.1/2.1|6.0{2.1{100.0(38.3 {81.3(28.6| 80.4{30.0| 3.6]1.5|3.7]1.5/3.8| 1.5
Combined 157
Idle 80/11.4)10.9(8.6]18.0{8.0]5.4]113.0}46.0 | 96.9|38.0| 96.8|37.8| 3.0]1.5|3.0{1.3|3.0| 1.3
L.S.S. 77110.3f12.316.312.416.3(2.4(112.3(59.3 |84.2(34.9] 83.2|35.9| 3.0{1.6]/3.3(1.5/3.3| 1.5




Based on the sample sizes and variances (standard deviation squared), Figures
3-3, 3-4 and 3-5 present 95% confidence intervals about the before and after-
second-service HC, CO and NOy mean emissions when Phase I and II data were
projected to a large (state) population, The purpose here was to graphically
bound the population means which might be expected to occur in a large scale
inspection and maintenance program.

In the case of HE and {30 emissions, Idle and L.S.S. generally always achieved
equivalent after-service means and confidence intervals during Phase I.
During Phase II, L.S.S. generally achieved lower means and smaller after
maintenance confidence intervals for HC and CO than Idle. Both Idle and
L.S.S. had overlapping before and after confidence intervals for NO, emis-
sion indicating no significant changes due to either PVIM regime.

3.1.4 Statistical Equivalence of Test Fleets Before Maintenance

The before-service emission data presented in Tables 3-3, 3-4, 3-5 and 3-6
were subjected to the t-test for equivalence of means and the F-test for
equivalences of variances. All tests were performed at a 907 significance
lever. The results of these tests are presented below for the following cases:

Equivalence of Idle and L.S.S. fleets
Equivalence of California and Michigan fleets
Equivalence of Phase I and II fleets

3.1.4.1 Equivalence of Idle and L.S,S. Fleets - It was necessary to deter-
mine whether the Idle and L.S.5. test fleets had emission levels which were
statistically equivalent prior to maintenance, The demonstration of statis-
tical equivalence of Idle and L.S.S. would indicate that representative
vehicle samples had been obtained and that valid comparison of Idle and L.S.S.
effectiveness could be made by direct comparison of the emission reductions.

Before-service Idle and L.S.S. fleets had statistically equivalent mean emis-
sions of HC, CO and NO, in both Phase I and Phase II except for the controlled
vehicles in Phase IT where the NOy emissions of the Idle fleet were statis-
tically higher than the L.S.S. fleet. Before-service Idle and L.S.S. fleets
had statistically equivalent HC, CO and NO_ emission variances in Phase I

and Phase II except as indicated below:

e HC California controlled vehicles in Phase I (I>L.S8.S8.) and
Phase II (I<L.S.S.)
Combined states controlled vehicles in Phase I (I >L.S.S.)

California uncontrolled vehicles and all vehicles in
Phase II (I<L.S.S.) '

Michigan controlled vehicles and all vehicles in
Phase II (I>L.S.S.)

Combined states all vehicles in Phase II (I<L.5.8.)
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® CO0 Michigan serviced vehicles and uncontrolled vehicles in Phase I
(I >L.5.8.)
California uncontrolled vehicles and all vehicles in Phase II
(I<L.8.8.)
Combined states serviced vehicles and all vehicles in Phase II
(I<1.8.8.)

e NO. California serviced vehicles (I< L.S.S.) and controlled vehicles
(I>L.8.S.) in Phase I.

In general, the fleet with higher variance contained a few more high emitters
than the comparison fleet. Because of this, the fleet with the higher variance
had a higher potential reduction than the comparison fleet and a larger emis-
sion reduction could be expected even if the mean values were equivalent.

The emission reductions generally followed the above trends since fleets with
higher variance achieved the higher emission reduction.

3.1.4.2 Equivalence of California and Michigan - The Idle and L.S.5. fleets
in California were compared with their counterparts in Michigan. This analysis
does not affect the evaluation of PVIM regime effectiveness. It does, however,
establish if emission levels of in-service vehicles were different in Cali-
fornia and Michigan.

Mean emission levels before service of HC and CO were found to be statistically
equivalent in California and Michigan during Phase I and Phase II except as
follows:

e HC Phase II L.S.S. California confrolled vehicle emissions were
lower than in Michigan.

e CO Phase I Idle California uncontrolled vehicles were lower than
in Michigan resulting in all vehicles also being lower.

e CO Phase II L.S.S. California serviced vehicles and uncontrolled
vehicles emissions higher than in Michigan.

° NOX Phases I and II Califopnia emissipps_wgre lower than in Michigan.

Variances in emission levels before service were found not to be statistically
equivalent. During Phase I, California variances of HC were greater than in
Michigan while California CO variances were less than in Michigan. During

Phase II, California variances of HC and CO emissions were greater than in
Michigan.

The above results suggest that emission reductions in Phase I might be fairly
uniform but that in Phase II, greater reductions of HC and CO could be
expected in California than in Michigan. These results were obtained as
shown in Section 3.2.

3.1.4.3 Equivalence of Phase I and Phase IT - The test data for Idle and L.S.S.
test fleets in California and Michigan were examined to determine if there
were statistically significant differences in Phase I and Phase II emission
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data. 1In California, Phase ITI emission levels were ho% higher for HC and CO
and 30% higher for NOy and statistically unequal while CO and NOx means were
not equivalent. In Michigan, Phase I and Phase II emission means were
statistically equivalent for HC, CO and NO -

Variance of HC and CO were generally not statistically equivalent between
Phase I and Phase II. Phase II variances were usually higher than in Phase I
and were greater than the mean value in many cases. NO, variances were
generally statistically equivalent.

Because of these differences, larger emission reductions of HC and CO would be
expected during Phase II than Phase I in California, while in Michigan the
emissions reductions in Phase I and Phase II should be equivalent. These
results did occur, as shown in section 3.2.
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3.2 EFFECTIVENESS ANALYSIS

This subsection describes the emission reductions obtained from Idle and L.S.S.
PVIM. Tests of statistical significance were applied to determine if the
reductions are statistically significant, and if so, which regime was statis-
tically superior in reducing emissions. ZEmission reductions for inspection
test failure rates of 10% to 50% were determined. Emission reductions achieved
by correcting only idle emission failures are discussed. The effectiveness
index for the first year concludes Section 3.2.

3.2.1 Test Fleet Emission Reductions

This paragraph presents the test fleet emission reductions in grams per mile
and percent derived from Tables 3-3 through 3-6. These reductions represent
approximately a 30% failure rate for each test fleet,as shown in Table 3-1.

Data is presented for the following groups:
All vehicles - Table 3-7
Service vehicles only - Table 3-8
Uncontrolled vehicles only - Table 3-9
Controlled vehicles only - Table 3-10

Table 3-T presents emission reductions for all vehicles. Emission reductions
were generally higher during Phase II than Phase I in Califormia but equal for
both Phases in Michigan. Reductions for the Idle fleet were around 1.l grams
per mile HC and 13 grams per mile CO. Reductions for the L.S.S. fleet were
1.3 grams per mile HC and 10 to 15 grams per mile CO in Phase I. During

Phase II, L.S.S. reductions were 3.6 grams per mile HC and 26 grams per mile
CO in California. The increase in effectiveness in California was due in

part to improved garage performance and higher before—service emissions of

the vehicles. In Michigan, the L.S.S. before—service emissions and emission
reductions were not significantly different in Phase I and II.

Table 3-8 shows the emission reductions for the serviced vehicles only.
Typical reductions for Idle and Phase I L.S.S. were 4.0 to 5.0 grams per mile
HC, and 30 to 50 grams per mile CO. These reductions represented 40% to 50%
reductions of HC and CO for the serviced vehicles. Average reductions for
Phase IT L.S.S. were 7.7 grams per mile HC and 60 grams per mile CO.

Table 3-9 presents emission reductions for controlled vehicles only. These
vehicles exhibited relatively low reductions due to fairly small reductions on
each serviced vehicle and the lower overall failure rates for controlled
vehicles. Typical reductions were 1.0 gram per mile HC and 10 to 15 grams

per mile CO for both Idle and L.S.S. These reductions represent 10% to 20%
reductions of HC and CO in the total controlled vehicle fleet and 30% to 40%
reductions for the serviced controlled vehicle fleet.
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Table 3-7
EMISSION REDUCTIONS FOR ALL VEHICLES

1975 CVS Data

Hydrocarbons

Carbon Monoxide

Oxides of Nitrogen

Service Action

Service Action

Service Action

No. First Second First Second First Second
Vehicle of " .
Fleet Cars | gm/mi | % gm/mi [ % gn/mi| % gn/mi | % gm/mi % | gm/mi %

PHASE 1
California 150

Idle 75 0.9 |[15.3 0.9 15.3 9.8 15.0 9.8 |15.0 0.0 0.0 | 0.0 0.0

L.S.S. 75 1.3 20.6 1.3 20.6 6.6 9.1 8.0 |11.1 0.0 0.0 0.0 0.0
Michigan 148

Idle 74 1.5 22.4 1.5 22.4 17.7 | 20.9 [18.1 21.5 -0.1 -2.,5 [-0.1 {.-2.5

L.S.S. 74 1.3 20,0 1.3 20.0 | 16.0 | 20.5 (16.1 20.6 0.1 2.4 0.0 0.0
Combined 298

Idle 149 | 1.2 19.0 1.2 19.0 | 13.8 |18.4 |14.0 |18.7 0.0 0.0 0.0 0.0

L.S.S. 149 1.3 |[20.3 1.3 20.3 11.2 14.9 (11.9 [ 15.9 0.1 2.9 0.0 0.0
PHASE IT
California 150

Idle 75 1.9 | 24,1 1.9 | 24,1 12,8 13.8 (13.0 | 14.0 0.1 2.9 0.1 2.9

L.S.s. 75 3.6 |40.9 3.6 [40.9 | 24.9 |25.9 [25.5 26.5 -0.2 -6.5 [-0.2 -6.5
Michigan 150

Idle 75 1.4 16.3 2.2 25.6 12.5 14.5 (12.5 14.5 -0.2 -4.9 |-0.2 4.9

L.S.S. 75 1.5 22.4 1.6 23.9 [ 13.6 15.9 |14.8 |17.2 0.0 0.0 0.0 0.0
Combined 300

Idle 150 1.6 19.5 1.6 24.4 12.7 14.2 }12.7 14.2 -0.1 -2.7 {-0.1 =2.7

L.S.s. 150 2.6 33.3 2.6 33.3 19.3 21.2 |20.2 22.2 -0.1 -2.9 {-0.1 -2.9




Table 3-8

EMISSION REDUCTIONS FOR SERVICED VEHICLES ONLY
1975 CVS Data

0¢-¢

Hydrocarbons Carbon Monoxide Oxides of Nitrogen
Service Action Service Action Service Action
No. First Second First Second First Second
Vehicle of
Fleet Cars |gm/mi | % gn/mi| % gn/mi | % gm/mi | % gm/mi % gm/mi %

PHASE 1
California 43

Idle 22 3.1 36.5 3.1 36.5 | 33.7 35.0 | 33.7 35.0 0.0 0.0 0.0 0.0

L.S.S. 21 | 4.6 [46.0] 4.7 | 47.0/ 23.6 23.9 {28.4 28.8 0.1 5.0 0.1 5.0
Michigan 50

Idle 24 | 4.8 |52.2 4.8 52.2 | 54.5 46.8 | 56.1 48.2 (-0.4 -10.8 | -0.4 -10.8

L.S.S. 26 3.8 36.9| 3.8 36.9 | 45.4 [ 40.4 |45.7 |40.7 0.0 0.0 0.0 0.0
Combined 93

Idle 46 | 4.0 |44.9| 4.0 | 44.9 | 44.6 41.8 | 45.4 42.5 |=-0.2 -6.7 | -0.3 -9.1

L.S.S. 47 | 4.2 |41.2 4.3 | 42,2 |35.7 33.6 | 38.0 35.7 0.1 3.6 0.1 3.6
PHASE 11
California 55

Idle 26 5.5 41.7( 5.4 | 40.9|37.0 29.6 | 37.4 29.9 0.1 3.8 0.1 3.8

L.S.S. 29 9.3 60.0 9.3 60.0 | 64.6 46.7 {1 66.2 47.9 1-0.5 -20.0 | -0.5 =20.0
Michigan 44

Idle 22 4.7 32.9 7.2 50.3 142.6 39.8 1 42.7 39.9 |-0.7 -17.5 (-0.7 -17.5

L.S.S. 22 5.1 49.5 5.5 53.4 | 46.6 | 43.0|50.6 46,7 |-0.2 -5.71-0.2 -5.7
Combined 929

Idle 48 (5.1 37.2 6.2 45.3 | 39.5 33.8 | 39.8 34.1 |-0.2 -6.1 (-0.2 -6.1

L.S.S. 51 7.5 56.4 7.7 57.9 156.8 56.8 { 59.5 47.4 |-0.4 -13.8 | -0.4 -13.8
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Table 3-9

EMISSION REDUCTIONS FOR CONTROLLED VEHICLES ONLY

1975 CVS Data

Hydrocarbons

Carbon Monoxide

Oxides of Nitrogen

Service Action

Service Action

Service Action

No. First Second First Second First Second

Vehicle of

Fleet Cars | gm/mi | % gn/mi{ % gm/mi | % gn/mi | % gm/mi % gm/mi %
PHASE I
California 73

Idle 35 1.0 22,7 { 1.0 22,7 | 5.7 |10.7} 5.7 10.7 0.1 3.6 0.1 3.6

L.S.S. 38 0.9 |20.0 | 0.9 |20.0{ 3.8 6.4 3.8 6.4 | 0.1 3.4 0.1 3.4
Michigan 70

Idle 36| 0.8 17.4 0.7 15.2 | 12.6 19.3 | 13.6 22,9 | 0.0 0.0 0.0 0.0

L.S.S. 34 0.6 13.0 | 0.6 13.0|13.9 {23.3 |13.9 |23.3| 0.1 1.9 0.1 1.9
Combined 143

Idle 71 0.9 (20.0 | 0.9 | 20.0 9.1 15.3 9.7 |16.3 0.0 0.0 0.0 0.0

L.S.Ss. 72 0.7 ]15.6 0.7 15.6 8.6 14.4 8.6 14.4 0.1 2.5 0.1 2.5
PHASE 11
California 72

Idle 35 0.2 4.9 ] 0.2 4.9 6.7 11.8 6.8 10.7 | 0.0 0.0 0.0 0.0

L.S.S. 37 1.9 | 33.3 1.9 | 33.312.0 |18.0 |12.0 |18.0}-0.1 2,7 0.1 -2.7
Michigan 71

Idle 35 0.5 9.6 | 0.5 9.6 | 10.8 16.5 |10.8 16.5 | -0.5 -10.6 |-0.5 -10.6

L.S.S. 36 0.3 6.5 0.5 10.9 8.1 11.5 9.7 13.8 | 0.1 2.3 0.1 2.3
Combined 143

Idle 70 0.4 8.5 0.4 8.5 8.8 {14.0 | 8.8 14.0{ 0.2 =4.4 0.2 ~4.4

L.S.S. 73 1.0 19.6 1.1 21.6 | 10.1 14.7 |10.8 | 15.7 0.0 0.0{ 0.0 0.0
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TABLE 3-10

EMISSION REDUCTIONS FOR UNCONTROLLED VEHICLES ONLY

1975 CVS Data

Hydrocarbons

Carbon Monoxide

Oxides of Nitrogen

Service Action

Service Action

Service Action

No. First Second First Second First Second
Vehicle of
Fleet Cars | gm/mi | % gn/mi | % gm/mi | % gm/mi | % gm/mi % gm/mi %
PHASE I
California 77
Idle 40| 0.8 11.1 0.8 11.1 | 13.6 17.9113.6 17.9 | 0.0 0.0 0.0 0.0°
L.S.8. 37| 1.7 21.0 1.8 22.2 9.4 11.1 | 12.1 14.3 0.0 0.0 0.0 0.0
Michigan 78
Idle 38 2.3 26.4 2.3 26.4 {22.5 21.9 1 22.5 21.9 | -0.2 -6.7 -0.2 -6.7
L.S.S. 40 2.0 23.8 2.1 25.0 [ 17.7 18.9117.9 19.1 0.0 0.0 0.0 0.0
Combined 155 :
Idle 78 1.5 19.0 1.5 19.0 }117.9 19.0 | 17.9 19.0 | -0.1 -3.7 -0.1 -3.7
L.S.S. 77 1.8 22.0 1.9 23.2 }113.7 15.3115.2 17.0 0.0 0.0 -0.1 -3.6
PHASE 11
California 78
Idle 40 3.3 29.5 3.3 29.5 ]18.3 15.4 | 18.4 15.9 0.1 3.8 0.1 3.8
L.S.S. 38 5.3 44.5 5.3 44.5 | 37.6 30.1 | 38.8 31.1 | -0.4 -16.7 -0.4 |-16.7
Michigan 79
Idle 40 2.1 18.3 3.5 30.4 | 13.9 13.0{14.0 13.1 0.0 0.0 -0.1 -2.9
L.S.S. 39 2.6 30.0 2,7 31.0 |18.7 18.7 | 19.6 19.6 | <0.T -2.8 =0.2 -5.6
Combined 157
Idle 80 2.8 24.6 3.4 29,8 |16.1 14.2 | 16.2 14.3 0.0 0.0 0.0 0.0
L.S.S. 77 4.0 38.8 | 4.0 38.8 | 28.1 25.01]29.1 25.9 | -0.3 -10.0 -0.3 |(-10.0




Table 3-10 presents the emission reductions for uncontrolled vehicles only.
Typical reductions were 2.0 to 3.0 grams per mile HC and 20 to 30 grams per
mile CO. These reductions represented 10% to 30% reductions of HC and CO for
the total uncontrolled vehicle fleet and L0% to 60% reductions of HC and CO
for the serviced uncontrolled vehicle fleet. The uncontrolled vehicles were
also responsible for the increase in NOy, emissions from the California L.S.S.
fleet in Phase II. The increase accompanied the unusually large reductions
of HC and CO.

3.2.2 Tests of Significance of Emission Reduction

This paragraph addresses the statistical significance of the emission reduc-
tions presented in the preceding section. The t-test was applied at the 90%
significance level to determine if significant differences existed in the
before and after—service emisgsion data mean values. If significant difference
existed, the analysis of covariance was applied at the 90% significance level
to determine whether Idle of L.S.S. provided statistically greater emission
reductions. The results of this analysiswere presented for reductions
obtained from first service data in Table 3-11. The following paragraphs
discuss the results of these analyses.

3.2.2.1 8gignificant Differences in Idle and L.S.S. Emission Reductions

Both Idle and L.S.S. resulted in statistically significant reductions of HC

and CO for the serviced vehicles and no statistically significant increase

in NOy. For the other three groups, however, Idle did not achieve statis-
tically significant emission reductions in all cases. These were predominately
in the Michigan test fleets. L.S.S. also did not always achieve statistically
significant reductions in the controlled vehicle test fleets.

When subjected to the analysis of covariance, Idle achieved statistically
larger reductions of HC than L.S.S, for serviced vehicles in Michigan during
Phase I. L.S.S, achieved statistically larger emission reduction than Idle
in several California cases during Phase II. 1In some cases, the covariance
analysis established that Idle and L,S.S., were equally effective, i.,e., had
equal reductions; but the t-test indicated that only one achieved statis-
tically significant emission reductions, In these cases, the regime which
provided the statistically significant reduction was indicated. In cases
where neither Idle nor L,S.S. statistically changed the mean value, the
result of the covariance analysis was ignored.

The effectiveness of second service was examined by the t-test and analysis of
covariance for those cases in which first service did not reduce emissions with
statistical significance. Second service did not result in statistically sig-
nificant changes from first service emission levels. However, the following
statistically insignificant emission reductions after first service became
statistically significant reductions after second service:

Phase T
California L.S.S8. - CO: serviced cars

Michigan L.S.S. = HC: uncontrolled cars
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Table 3-11

TEST OF SIGNIFICANCE OF EMISSION REDUCTIONS AFTER FIRST SERVICE
95% Level of Confidence
1975 CVS Data

California Michigan Combined
Vehicle Fleet HC co NOX HC Cco NOx HC co NOx

*A1l Vehicles

Phase I 1 N N B B N B B N

Phase II B L N 1 B N L L N
Serviced Vehicles Only

Phase I B i N I B N B B N

Phase II B L N 1 B N
*Controlled Vehicles Only

Phase 1 N N N i N N B N N

Phase II 1 N N N N N 1 i N
*Uncontrolled Vehicles Only M

Phase 1 N N N i B N B B N

Phase II B L N 1 1 N L L N

*Approximately 30% of test fleets failed., Analysis of covariance statistically compen-
sated for different means, variances, and sample sizes.

"I'" indicates Idle provided statistically greater emission reduction than L.S.S.
"L" indicates L,S.S. provided statistically greater emission reduction than Idle.

"N" indicates neither Idle nor L.S.S. provided a statistically significant emis-
sion reduction or increase.

"B" indicates both Idle and L.S.S, provided statistically significant and equal
emission reduction.

"i" indicates Idle provided a statistically significant emission reduction but
L.S.S. did not,

"1" indicates L.S5.S. provided a statistically significant emission reduction but
Idle did not.
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Phase IT

Michigan Idle - HC: all cars, uncontrolled cars, serviced cars

Michigan L.S.8. - CO: controlled

The results of the analysis of covariance after second service are shown in
Table 3=12. Second service provides statistically greater reductions of HC
and CO for L.S.S. than for Idle in several additional cases. Again, Idle
results in statistically greatest emission reductions only for HC in Phase I.
Also note that Idle and L.S.S. were statistically equally effective on emis-
sion controlled vehicles in both states and on all groups in Michigan.

3.2.2.2 Bignificant Differences in Emission Reductions in California and
Michigan

The principle distinction between California and Michigan was that L.S.S. was
statistically superior to Idle in California;but in Michigan Idle and L.S.S.
were equally effective in reducing emissions. A secondary distinction was
that California emission reduction for both Idle and L.S.S. were larger than
in Michigan. Both factors were related to the before—~service emission
profiles of Michigan and California. In California, there were more high
emitting vehicles than in Michigan as shown by the F-test of variance. The
high emitters provided the reductions required to show large reductions on
the total fleet. Because of differences in before-service emissions and
emission reductions in California and Michigan, data for the two states have
been combined to compare Idle and L.S.S.

3.2.2.3 gSignificant Differences in Emission Reductions Between Phage T
and Phase II

During Phase I, Idle and L.S.S. were always statistically equally effective
in reducing emissions. During Phase II, L.S.S, was statistically more effec-
tive in reducing HC and CO in several situations than was Idle. The reason
for this difference must, in part, be the improved instructions provided the
L.S.S. garages prior to Phase II, 1In California, during Phase II the emis-
sions levels were considerably higher for HC and CO, which provided both L.S.S.
and Idle a better opportunity to reduce emissions, Both Idle and L.S.S. did
provide better emission reductions in California during Phase II than during
Phase I. The L.S.S. reductions, however, were statistically superior than
Tdle. Because of differences in the L.S.S. procedure and before service
emission levels, the two phases have been treated separately.

3.2.3. Emission Reductions as a Function of Inspection Test Rejection Rate

Emissions reductions as a function of rejection (failure) rate for hydrocarbons
and carbon monoxide are shown in Figures 3-6 and 3=T. PFailure rates were
developed for the controlled and the uncontrolled fleets in each phase.
Controlled and uncontrolled vehicles were treated separately because dif=-
ferent fleet emissions existed and, therefore, different rejection limits
were used. The future application of the data to fleets in which the
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Table 3-12

TESTS OF SIGNIFICANCE OF EMISSION REDUCTIONS AFTER SECOND SERVICE
95% Level of Confidence
1975 CVS Data

California Michigan Combined
Vehicle Fleet HC co NOX HC co NOx HC co NOx

*A1l Vehicles

Phase I 1 N N B B N B B N

Phase II B L N B B N L L N
Serviced Vehicles Only

Phase I B i N I B N B B N

Phase II1 B L N B B N B L N
*Controlled Vehicles Only

Phase I N N N i N N B N N

Phase II 1 1 N N N N 1 B N
*Uncontrolled Vehicles Only

Phase I N N N B B N B B N

Phase II B L N B 1 N

*Approximately 30% of test fleets failed. Analysis of covariance statistically compen~
sated for different means, variances, and sample sizes,

"I" indicates Idle provided statistically greater emission reduction than IL.S.S,
"L" indicates L,S.S. provided statistically greater emission reduction than Idle.

"N" indicates neither Idle nor L.,S.S. provided a statistically significant emission
reduction or increase.

"B" indicates both Idle and L.S.S. provided statistically significant and equal
emission reduction,

"i" indicates Idle provided a statistically significaut emission reduction but
L.S.S, did not.

"1" indicates L.S.S. provided a statistically significant emission reduction but
Idle did not.
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fraction of uncontrolled vehicles is reduced is enhanced by this procedure.
Emission reductions were calculated for each set of emission levels shown
in Table 2-6 and plotted as a function of the resulting rejection rate. A
vehicle included in a given rejected population on a CO plot may be included
because it failed an HC limit and vice versa for a vehicle included in an

HC plot,

In Phase I, Idle and L.S.S. were essentially equally effective in reducing HC
and CO at all rejection rates. In Phase IT,L.S.S. achieved higher reductions
of HC and CO than Idle except that they were equally effective in reducing

CO emissions from controlled vehicles at less than 30% rejection rate.
Statistical significance of redyctions was not evaluated. In general, TO%
to 80% of the emission reductions achieved at 50% to 60% rejection rates were
achieved st a 30% rejection rate.

3.214. Effectiveness of éorredting Idle Only Emission Failures

Most vehicles in the L.S.S. fleets failed emission inspection orly because of
idle failures. Very few Idle vehicles would have failed L.S.S. cruise modes
if they had been in the L.S.S. fleet. Therefore, Idle and L.S.S. might
logically be expected to show similar effectiveness since the malfunctions
detected and corrected by each regime would be the same. L.S.S., because of
its improved diagnostic information, mev be expected to provide these emis-
sion reductions at lower cost than Tdie since the L.S.S. garages would know
that the malfunction was purely idle system-related while the Idle garage
would not<v The Idle gar-.ges, therefore, may attempt more extensive repair
than was actually required to correct the idle system malfuction.

The analysis of idle only failures represented in Table 3-13, was performed
by determining emission reductions for those Idle vehicles which failed the
Jdle Mode inspection and would not have failed any cruise modes of the L.S.S.
test. Those L.S.S. vehicles which failed the idle portion of the L.S.S.
without failing any cruise mode were analyzed to determine their emission
reductions.

L.S.S. was more effective than Idle in reducing HC and CO emissions in both
Phase I and Phase II. In Phase I, L.S.S. achieved approximately 50% greater
reductions of HC and 60% greater reductions of CO than did Tdle. In Phase II,
L.S.S. achieved approximately 50% greater reductions of HC and 33% greater
reductions of CO than did Idle. Neither Idle nor L.5.S. changed NO, signifi-
cantly.

The emission reductions on serviced vehicles with idle only inspection fail-
ures are presented in Table 3-14. The CO emission reductions achieved by
L.S.S. were 25% greater then Idle in both Phasesjeand the HC emission reduc-
tions achieved by L.S.S. were 20% greater in Phase I and 60% greater in

Phase IT than the reductions achieved by Idle. Idle vehicles failing only

at idle experienced an average emission reduction of 2 to 3 grams per mile

HC and 33 grams per mile CO. L.S.S. vehicles failing only at idle experienced
an average emission reduction of 3.3 grams per mile HC and L4 grams per CO.

Table 3-15 compares the fleet average émission reduction achieved by vehicles
with idle only emission failures and the reductions achieved by servicing
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Table 3-13

FLEET EMISSION REDUCTION FROM CORRECTING IDLE ONLY FATLURES
(1975 CVS Grams per Mile)

. Phase 1 Phase I1

Vehicle

Fleet HC co NOy Sum HC Cco NO, Sum
California

Idle 0.46 3.63 0.01 4.10 0.36 3.80 0.04 4,20

L.S.S. 0.54 4,06 0.07 4,67 0.52 7.17 -0.03 7.66
Michigan

Idle 0.44 6.82 -0.05 7.21 0.44 9.47 -0.11 9.80

L.S.S. 0.86 12,70 -0.04 13.52 0.67 10.49 -0.03 11,13
Combined

Idle 0.45 5.23 | -0.02 5.66 0.40 6.64 | -0.04 7.00

L.S.S. 0.70 8.38 -0.02 9.06 0.60 8.83 -0.03 9.40

Table 3-14
SERVICED VEHICLE EMISSION REDUCTION FROM
CORRECTING IDLE ONLY FAILURES
(1975 CVS Grams per Mile)

Vehicle Phase I Phase II

Fleet HC Co NO, Sum HC Cco NOx Sum
California

Idle 2,88 22,68 0.06 25,62 2,06 21.9% 0.23 24,23

L.S.S. 3.40 25.37 0.43 29,20 3.23 44,82 | -0.21 ] 47.84
Michigan

Idle 2,73 ] 42.32 -0.29 | 44.76 2,04 44 .41 -0.53 45,92

L.S.S. 3.36 | 49.46 -0.14 52,68 3.13 49.16 -0.12 52.17
Combined

Idle 2,81 32.50 ~-0.12 35.19 2,05 34,34 -0.19 36.20

L.S.S. 3.38 | 40,13 0.08 | 43,43 3.17 47.30 -0.16 50.31
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Table 3-15

RELATIVE EFFECTIVENESS OF CORRECTING IDLE ONLY FAILURES*
PERCENT OF FLEET AVERAGE EMISSION REDUCTION

Vehicle Phase 1 Phase II

Fleet HC Cco NOx HC Cco NOx
California

Idle 51% 37% - 197 29% 40%

L.S.S. 42% 51% - 14% 28% 15%
Michigan

Idle 297 38% 50% 20% 73% 55%

L.S.S. 667 79% - - 427 71% -
Combined

Idle 38% 37% - 297 527 407

L.S.S. 54% 70% - 23% 447, 33%

*Emission reductions shown in Table 3-13 divided by emission reductions shown
in Table 3-7 multiplied by 100%

-Indicates value in Table 3-7 is zero,
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all vehicles. The relative effectiveness of servicing only vehicles with idle
inspection failures depends upon the number of vehicles with cruise failures.
Fleets composed primarily of idle failures, like Michigan Phase-II,show rela-
tively high effectiveness for the idle failures (70%), while fleets with more
cruise problems,like California Phase II, show relatively poor effectiveness
for the idle failures (20%).

3.2.5 Effectiveness Index

To provide a single measure of emission reduction effectiveness, the three
pollutants were weighted and combined in a linear modeﬂ described more fully
in Paragraph 2.3.3.4. This model utilized the gram per mile and percent
emission reductions developed for each model year group in the preceding
discussion, and combined these reductions using appropriate weighting factors
to account for the difference in annual mileage accumulation and distribution
of ages within the total vehicle populations of California and Michigan.
This index provided a means of calculating tons per year of emissions pre-
vented from entering the atmosphere by inspection and maintenance. The
index assumed that the inspection program was in effect, that the emission
reductions achieved in this study were uniform throughout all of California
and Michigan, and that degradation of emission reductions did not occur. No
attempt was made to extrapolate these predictions into the future since the
behavior of future vehicles on the rcad and in an inspection and maintenance
program could not be accurately forecast. Tables 3-16 and 3-17 present the
emission reductions (Wn) used in the effectiveness model.

The results of the effectiveness index are presented separately for each
pollutant using the following pollutant weighting factors:

HC = 1.00 CO = 1.00 NO, = 1.00
HC = 0.33 €0 = 0.33 No, = 0.33
HC = 0.60 CO = 0.10 NOy = 0.30

The first set of weighting factors .represented the direct sum of the emission
reductions in tons per year. The last two sets of weighting factors did not
reflect a true value of tons per year emission reduction, The last set of
factors provided a measure of emission reduction effectiveness which did not
weight carbon monoxide as heavily as the direct sum. Therefore, this weighting
factor provided an index more appropriate for a region where photochemical
products are considered a more significant problem than carbon monoxide.

Since carbon monoxide has the largest mass, as well as a high percent reduc-
tion, the effect of the carbon monoxide emission reductions tended to dominate
the reductions of hydrocarbons or increases of oxides of nitrogen. The
development of the weighting factors is discussed in paragraph 2.3.3.4.

Table 3-18 presents the results of the effectiveness index in terms of tons
per year and percent reductions based on an approximate 30% rejection rate.
Reductions are shown for each pollutant and their weighted sum. In Phase I,
Idle was slightly more effective in reducing emissions than L.S.S. In
Phase IT, L.S.S. was more effective than Idle in reducing emissions,and in
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Table 3-16
EFFECTIVENESS INDEX INPUT DATA

Grams Per Mile Reduction - 1975 CVS Data
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Table 3-17
EFFECTIVENESS INDEX INPUT DATA

Percent Reductions - 1975 CVS Data
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Table 3-18
FIRST YEAR EFFECTIVENESS INDEX - 1975 CVS DATA

30%. Rejection Rate ~

California Michigan Combined
1973 Phase I Phase II Phase I Phase II Phase I Phase II

Emission .

Reduction Idle | L.S.S.| Idle L.S.S.} Idle L.S8.S.| 1Idle L.S.S. | Idle L.S.S.| Idle L.S.S.
HC
% Reduction 7.3% | 10.4% | 12.9% | 23.5% | 14.2% | 11.7% 13.4% | 12.2% 9.7% | 10.9% 13.1% | 19.5%
Tons/year x 103 87 116 169 344 57 50 76 57 144 166 245 401
co
% Reduction 9.1% | 6.3% 9.6% |15.9% | 14.8% | 13.7% 11.1% | 11.5% 11.1% | 8.9% 10.1% | 14.3%
Tons/year x 103 914 817 1218 2335 702 622 490 565 1616 1439 1708 | 2900
Nox
% Reduction 0.3%|~-0.2% | 0.6% |-3.8% | -3.2% |-0.1% | -4.0% |-0.7% | -0.9% {-1.3% | -1.0% | -2.7%
Tons/year x 103 2.7 2.7 1.0 -14.0 | -6.5 1.1 -9.9 |-0.8 -2.9 |-0.3 -3.4 -4.5
Tons/year x 103 1004 | 930 1388 | 2665 753 673 557 621 1757 1603 1945 3286
1:1:1
Tons/year x 103 334 | 310 463 888 251 224 186 207 586 534 '648 1095
0.33:0.33:0.33
Tons/year x 103 144 152 224 436 103 92 ' 92 20 247 144 316 526
0.6:0.1:0.3




California was nearly twice as effective as Idle. Percent reductions were
typically 10% to 15% for HC and CO by Idle and L.S.S. Phase II L.S.S. emis-
sion reductions of HC in California were 24% due toa relatively high number
of ignition failures compared to the other fleets.

3.3 INSPECTION AND MAINTENANCE ANALYSIS

The results of the inspection and maintenance analysis included the following
sections:

Modal failure analysis which identified the frequency of inspection
test failures by mode.

Dliagnosis of the failed vehicles indicating the minimum required
repair action.

Repalr action summary and service actually performed.

Unjustified repair actions which were ineffective in reducing
emissiodns. '

An engineering evaluation of the failing vehicles which were exited.

3.3.1 Inspection Test Modal Failures

Table 3-19 shows the incidence of L.S.S. and Idle inspection test failures
including the number of L.S.S. vehicles which failed only idle, low and/or
high cruise modes, and those which failed any of the cruise modes plus

idle. The total number of vehicles are shown by phase, emission control
class, snd state. The table is further categorized by the pollutant such as
€O or HC (only), both HC and CO. The table shows the incidence of Idle fail-
ures only at idle since the vehicles were failed and sent to maintenance

ohly for idle failures.

The percent of failed L.S.S. vehicles failing the L.S.S. test because of

each pollutant can be calculated from data in Table 3-19. 1In Michigan for
Phase I, 88% of the failed controlled vehicles and 71% of failed uncontrolled
vehicles failed only because of idle emissions. In Phase II, 82% of the
failed controlled vehicles and 67% of the failed uncontrolled vehicles failed
due to idle only. In California, TS%-of the failed controlled vehicles but 1
only 46% of the failed uncontrolled vehicles failed only due to idle in

Phase I. Dutring Phase II in California 56% of the failed controlled vehicles
and only 35% of the failed uncontrolled vehicles failed due to idle only.

Figure 3-8 summarizes the overall Phase I and Phase II Idle and L.S.S. PVIM
modal failures. In both Phases, the large majority of failed vehicles had
CO related failures in both Idle and L.S.S. regimes. In addition, the L.S.S.
regime experienced almost entirely idle or idle plus cruise mode failures.
The Idle failure distribution was not significantly different between Phases.
The L.S.S. fleet, however, experienced more cruise failures, particularly
for CO during Phase II than Phase I. The incidence of only cruise mode
failure however was lower in Phase IT (7%) than in Phase I (15%) and occured
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Table 3-19

DISTRIBUTION OF INSPECTION TEST MODAL FAILURES
(Numbers of Failed Vehicles at 30% Rejection Rate)

Idle . Loaded Steady State
Cruise Idle Plus
Vehicle Idle Only Only Cruise
Fleet HC | Total HC HC HC | Total
HC [CO | CO | Idle- HC|CO|[CO|HC|CO |CO|HC|CO|CO L.S.S.
PHASE 1
California
Controlled 1} 4] 2 7 11 4 1] ol of O 1 1{ O 8
Uncontrolled 3110 2 15 2 3 1] 0| 3 0 1| 2 1 13
Combined 4114 | 4| 22 3 7 2 0] 3 o 2| 3 1 21
Michigan .
Controlled 2|7 1 10 0| 51 2| O 1] 0] 0 0] O 8
Uncontrolled 6 7 1 14 0112 0] 3 0 0 1{ O 1 17
Combined 8|14 21 24 0|17 21 3 1|0 1| O 1 25
Combined
Controlled 3|11} 3 17 1] 9| 3 0 110 1 1] O 16
Uncontrolled 9117 3 29 2115 1| 3 3 0 2 2 2 30
Combined 12 | 28 6| 46 3124 4| 31 4] 0] 3| 3 2 46
PHASE 11
California
Controlled 1] 7 0 8 1| 4 0| 0] 0| O] 2 1 1 9
Uncontrolled 6 |11 2 19 0 7 0 1 2 0 2 7 1 20
Combined 7118% 24§ 27 1{11}{ O 11 2 0Ot 41 8¢ 2 29
Michigan
Controlled 1] 91 0 10 1 7 1] O 10| 0 11 O 11
Uncontrolled 6| 5| 2 13 ol 7 1] 0] 0} O 1] 3 0 12
Comb ined 71141 2 23 114 2 0 1|0 1] 4} O 23
Combined
Controlled 2116 0 18 2|11 1{ O 1] 0} 2] 2 1 20
Uncontrolled 12 | 16 4 32 0] 14 1 1] 2 0 3|10 1 32
Combined 14 |32 4| 50 21251 2 11 3 0| 5|12 2 52
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Figure 3-8. Inspection Test Modal Failures

3-38




almost entirely for uncontrolled vehicles. A large number of the idle plus
cruise mode failures were idle plus low cruise caused by excessively rich idle
adjustment. The L.S.S. fleets in both Phases had a total of 20% HC only emis-
sion failures for all modes. Many of these failures, however, were due to
carburetion problems rather than ignition system component failure.

The Idle vehicles exhibited approximetely 63% failure for CO only, 2T% failures
for HC only and 10% failure for combinations of HC and CO. Most of the Idle
failures were also due to carburetion or incorrect idle adjustment.

3.3.2 Diagnosis of Failed Vehicles

A diagnosis of failed vehicles was conducted to determine what type of repair
service was required to pass the vehicle. This analysis was conducted inde-
pendently of the garage diagnosis and repair service actually performed. All
exhaust emission and garage diagnostic test data on each car were used during
this evaluation. The emission levels generally determined what type of repair
was needed to correct the failure. Generally, if HC levels exceeded 1500 ppm,
ignition misfire was evident. If HC levels were less than 1500 ppm, the prob-
lem was not considered an ignition problem. Using these criteria, the main=-
tenance was divided into carburetion, ignition, and other types of service
(valve regrind, overhaul, vacuum leaks). Carburetor service was divided into
idle adjustment and carburetor repair or replacement.

Table 3-20 presents the number of vehicles requiring each class of maintenance.
Figure 3-9 is a bar chart summary for the Phase I and Phase TI data. For the
combined L.S.S. and Idle fleet which failed the initial inspection test, Th%
in Phase I and 67% in Phase IT would have required only an idle adjustment to
pass the inspection test. This shows that if a correct diagnosis and idle
adjustment had been conducted, about 70% of all failed vehicles would have
passed their respective inspection test without any further repair. 1In
general, idle adjustments were sufficient for more Idle vehicles than L.S.S.
vehicles.

In the Idle fleet, T8% of the Phase I and 80% of the Phase II failed vehicles
required only an idle adjustment. WNearly all controlled vehicles (9T7%) in the
Idle fleet required only idle adjustment. The uncontrolled fleet required
only idle adjustment in order to pass 69% of both the failed Phase I and
Phase II vehicles. Carburetor repairs in addition to idle adjustment were
required by 14% of uncontrolled Idle vehicles in both Phases and none of

the controlled vehicles. Ignition system repairs were required by only L%

of the Idle vehicles in both Phases. The distribution of service require-
ments for Idle was relatively uniform in both States and during both Phases
suggesting that Idle emission reduction effectiveness should not vary signi-
ficantly during the program. This result was experienced, as discussed earlier.

In the L.S.S. fleet 70% of the Phase I and 54% of the Phase II.failed vehicles
required only an idle adjustment. More extensive repairs were required
because of the additional failure modes provided by the L.S.S. inspection
test, Eighty-one (81%) percent of the failed Phase I controlled L,S.S.
vehicles and 70% of the failed Phase II controlled vehicles required only

an idle adjustment. The uncontrolled L.S.S, fleet required only an idle

ad justment in order .to pass 63% of the failed Phase I and 44% of the failed
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DIAGNOSIS OF REPAIRED VEHICLES (30% REJECTION RATE)

Table 3-20

Numbexr of Failed Vehicles Requiring

Carburetor
Vehicl Total Carburetor Ignition & Ignition
;1 te Failed Idle Repair Repair Repair Other
ee Vehicles Adjustment Plus Idle Plus Idle Plus Idle Mechanical
Only Adjustment Adjustment Adjustment Repairs
Idle | L.S.S. Idle | L.S.S. Idle | L.S.S. Idle | L.S.S. Idle |L.S.S. Idle | L.S.S.

PHASE I
California

Controlled 7 8 6 6 0 1 1 1 0 0 0 0

Uncontrolled 15 13 11 7 3 2 0 2 0 0 1 2

Combined 22 21 17 13 3 3 1 3 0 0 1 2
Michigan

Controlled 10 8 10 7 0 1 0 0 0 0 0 0

Uncontrolled 14 17 9 12 1 2 1 1 0 1 3 1

Combined 24 25 19 19 1 3 1 1 0 1 3 1
Combined

Controlled 17 16 16 13 0 2 1 1 0 0 0 0

Uncontrolled 29 30 20 19 4 4 1 3 0 1 4 3

Combined 46 46 36 32 4 6 2 4 0 1 4 3
PHASE I1
California

Controlled 8 9 8 5 0 2 0 1 0 0 0 1

Uncontrolled 19 20 13 6 3 9 0 1 0 0 3 4

Combined 27 29 21 11 3 11 0 2 0 0 3 5
Michigan

Controlled 10 11 10 9 0 2 0 0 0 0 0 0

Uncontrolled 13 12 9 8 0 2 2 1 0 0 2 1

Combined 23 23 19 17 0 4 2 1 0 0 2 1
Combined

Controlled 18 20 18 14 0 4 0 1 0 0 0 1

Uncontrolled 32 32 22 14 3 11 2 2 0 0 5 5

Combined 50 52 40 28 3 15 2 3 0 0 5 6




IDLE ADJUSTMENT ONLY .
LOADED CARBURETOR REPAIR
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VEHICLES
CARBURETOR AND
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OTHER (1)
| |
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VEHICLES CARBURETOR REPAIR
IGNITION REPAIR
CARBURETOR AND
IGNITION REPAIR
OTHER (1) ;
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Figure 3-9. Failed Vehicle Diagnosis
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Phase IT vehicles. Carburetor repairs.-in addition to idle adjustment were
required by 13% of the failed Phase I vehicles and 29% of the failed Phase II
vehicles. Nearly 35% of the failed uncontrolled L.S.S. vehicles in Phase II
required carburetor repairs compared to only 13% in Phase I. Ignition system
repairs were required by approximately 10% of the Phase I and 6% of the Phase II
L.S.S. vehicles. The L.S.S. failed vehicles had considerably different
service requirements in California during Phase I and Phase II. In Michigan,
however, the service requirements were relatively uniform. During Phase I the
California L.S.S. fleet had considerably lower emissions and simpler service
requirements than the Phase II California L.S.8. Fleet. This would suggest
that the potential emission reduction shown by L.S.S. in Phase I would be

less than that achieved during Phase II in California. This result was
achieved as shown in paragraph 3.2.1. '

Major mechanical repairs such as rings and valves were required by approxi-
mately 10% of the Idle and L.S.S. fleets. These vehicles received at least
idle adjustments and in some cases ignition and carburetion system repair
in an attempt to reduce emissions. Because the project did not allow major
mechanical repairs, these vehicles generally were exited failing their
inspection test without receiving the repair actually required.

3.3.3 Repair Action Summary

Bach vehicle that failed its initial inspection test received repair service
at a commercial service center. After service it was retested and either
passed or failed the emission inspection. If the vehicle failed again and
was diagnosed as repairable, it was sent out for a second repair service and
retested a second time.

Table 3-21 identifies whether the repair actions that the failed vehicles
received were correct or incorrect. The table lists the fleets by inspection
regime, location, phase, and emission control class. Figure 3-10 summarizes
Table 3-21 by type of inspection and test location. About 89% of the failed
Idle vehicles and 81% of the failed L.S.S. vehicles passed the inspection
test after maintenance. This shows that both the L.S.S. and Idle service
centers had similar capabilities in achieving compliance with the inspection
test. Considerable excess cost however, was incurred in achieving compliance
as will be discussed in paragraphs 3.3.4t and 3.h4.2.2.

Correct diagnosis and repair, that is achieving compliance without excess
effort and expense occurred for 547 of the Phase I and 52% of the Phase TI
failed Idle vehicles, Phase I L.S,S., in which service centers typically
attempted to diagnose and repair without interpreting the modal failure data,
had only 33% correct repair. Phase II L.S.S., in which the modal test data
was more correctly interpreted by the service centers, achieved 62% correct
repair, The Idle service centers achieved essentially equal performance in
both Phases although California service centers had more correct repairs
than the Michigan service centers, This could be due to previous experience
in emission oriented diagnosis and repair acquired during the California
Northrop/ARB study and from State licensing requirements.

The performance of the Idle garages did not change significantly from Phase I
to Phase II. The performance of the L,S.S. garages, however, was better during
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Table 3-21

REPAIR ACTION SUMMARY
(30% Rejection Rate)

Number of Failed Vehicles Receiving

Total Correct Incorrect Mechanical Excessive
Failed Repairs Repairs Rejects Repairs
Vehicles Pass Test Fail Test Fail Test Pass Test
Vehicle Fleet Idle L.S.S. Idle L.S.S. Idle L.S.S. Idle L.S.S. Idle L.S.S.
Phase I
California
Controlled 7 8 3 7 1 0 0 0 3 1
Uncontrolled 15 13 11 5 0 0 0 3 4 5
Combined 22 21 14 12 1 0 0 3 7 6
Michigan
Controlled 10 8 3 1 2 0 0 2 5 5
Uncontrolled 14 17 8 2 0 2 2 1 4 12
Combined 24 25 11 3 2 2 2 3 9 17
Combined
Controlled 17 16 6 8 3 0 0 2 8 6
Uncontrolled 29 30 19 7 0 2 2 4 8 17
Combined 46 46 25 15 3 2 2 6 16 23
Phase II
California
Controlled 8 9 6 5 0 0 0 0 2 4
Uncontrolled 19 20 11 10 1 3 4 5 3 2
Combined 27 29 17 15 1 3 4 5 5 6
Michigan
Controlled 10 11 6 9 0 1 0 4 1
Uncontrolled 13 12 3 8 2 1 2 1 6 2
Combined 23 23 9 17 2 2 2 1 10 3
Combined
Controlled 18 20 12 14 0 1 0 0 6 5
Uncontrolled 32 32 14 18 3 4 6 6 9 A
Combined 50 52 26 32 3 5 6 6 15 9




NOTE: MAJOR MECHANICAL INCLUDED VALVE REGRIND,
ENGINE OVERHAUL AND LEAKING HEAD GASKETS

PERCENT OF SERVICED VEHICLES

Figure 3-10. Repair Action Summary of Serviced Vehicles
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Phase II than during Phase I since more vehicles received correct repair and
passed without excessive repairs. More L.S,S, vehicles were exited failing
after improper repair dq;ing Phase II than Phase I. This was due to one
vehicle which received an incorrect idle adjustment and two vehicles which
had carburetors rebuilt rather than replacement carburetors installed,

Most of the major mechanical failures were identified and the vehicles exited
from the test program after the first service (about 12% of the failed
vehicles). In this case, the service center conducted some carburetor and/or
ignition service in an attempt to lower the emission levels during the first
service. They also diagnosed and commented on the condition of the engine
with remarks such as "burned valves" and "needs overhaul." Some vehicles
were disgnhosed as major mechanical during the second service. In these cases,
the major mechanical problems were incorrectly diagnosed by the service center
during the first service and the vehicles had received additional repair work
in a second attempt to lower emission levels.

Table 3-22 categorizes the service actions actually performed on the serviced
vehicles. Data is presented for inspection regime, location, phase and emis-
sion control class. The table categorizes the repairs into idle adjustment
carburetion and/or ignition repair plus idle and major mechanical repair. No
ma jor mechanical repairs were conducted on the serviced vehicles. In some
cases, more than one type of repair was performed on a vehicle. These vehicles
were categorized by the most appropriate category. Minor parts replacement,
such as PC valves, filters, etc., were included in the minor adjustment
category. Carburetor work included rebuilding and replacement of carburetors.
Jgnition work included ignition system components and associated labor. Each
serviced vehicle was counted only once. Table 3-22 may be compared to Table
3-21 showing the service actions required.

Except for the Phase T L.S.S. fléet, approximately 50% of the serviced Idle
and L.S.S. vehicles received only idle adjustments and minor parts replace-
ment. In the Phase I L.S.S. fleet, only 22% of the serviced vehicles received
only idle adjustments. Most L.S.S. vehicles in Phase I received ignition
repair (48%) or carburetor plus ignition repair (24%). The incidence of
carburetor replacement was relatively low, averaging 5% to 10% of the serviced
vehicles, except that no carburetors were replaced in the Phase I Idle fleet
while 40% of the serviced L.S.S. vehicles in Phase IT had carburetors replace-
ments. Ignition system repair was performed on nearly half of both the Phase T
Idle and L.S.S. serviced vehicles. Ignition system repair was performed on
approximately one-third of the serviced Phase II Idle vehicles and only 13%

of the L.S.S. vehicles. Both ignition and carburetor repairs were performed
more frequently on uncontrolled than controlled vehicles.

The decrease in ignition system repair in the Michigan L.S.S. fleet from 68%
in Phase I to 9% in Phase II indicates that the proper use of diagnostic data
from the Loaded Steady State test can avoid unneeded and excessive repairs.
The increase in carburetor repair in the California L.S.S. fleet from 10%

in Phase I to 40% in Phase II reflects the ability of the Loaded Steady State
test to identify the faulty carburetors correctly.
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Table 3-22

SERVICE EVENT SUMMARY (30% REJECTION RATE)

Number of Failed Vehicles Receiving
Carburetor
Vehicle ToFal Carburgtor Ignit?on & Igni?ion
Fleet Failed Idle Repair Repair Repair Other
Vehicles Adjustment Plus Idle Plus Idle Plus Idle Mechanical
Only Adjustment Adjustment Adjustment Repairs
Idle | L.S.S. Idle | L,.S.S. Idle | L.S.S. Idle | L.S.S. Idle | L.S.S. Idle | L.S.S.
PHASE 1
California
Controlled 7 |- 8 3 5 0 2 4 1 0 0 0 0
Uncontrolled 15 13 9 4 0 0 6 4 0 5 0 0
Combined 22 21 12 9 0 2 10 5 0 5 0 0
Michigan
Controlled 10 8 5 0 0 0 5 6 0 2 0 0
Uncontrolled 14 17 7 1 0 1 7 11 0 4 0 0
Combined 24 25 12 1 0 1 12 17 0 6 0 0
Combined
Controlled 17 16 8 5 0 2 9 7 0 2 0 0
Uncontrolled 29 30 16 5 0 1 13 15 0 9 0 0
Combined 46 46 24 10 0 3 22 22 0 11 0 0
PHASE II
California
Controlled 8 9 6 4 1 1 1 2 0 2 0 0
Uncontrolled 19 20 9 6 4 10 3 3 3 1 0 0
Combined 27 29 15 10 5 11 4 5 3 3 0 0
Michigan
Controlled 10 11 6 8 0 1 4 2 0 0 0 0
Uncontrolled 13 12 4 9 1 1 8 0 0 2 0 0
Combined 23 23 10 17 1 2 12 2 0 2 0 0
Combined
Controlled 18 20 12 12 1 2 5 4 0 2 0 0
Uncontrolled 32 32 13 15 5 11 11 3 3 3 0 0
Combined 50 52 25 —27 6 13 16 7 3 5 0 0




3.3.4 Unjustified Repair Action Analysis

As discussed in the previous section, the service centers provided a fair
rate of correct diagnosis and repair actions in terms of vehicles passing the
second inspection test. However, in several cases the service centers con-
ducted maintenance actions which were in excess of what was actually required
to reduce emission levels to pass the inspection test.

Figure 3=11 summarizes the unjustified repairs identified in Teble 3-23
separately for Phase I and II. Idle fleet excess repairs were slightly

lower in Phase II (43%) than in Phase I (47%). L.S.S. fleet excess repairs,
however, decreased significantly from Phase I (65%) to Phase II (23%). The
largest source of excess repairs for L.S5.S. was in Michigan during Phase I
where an 84% excess repair rate was experienced compared to 43% in California.
During Phase II, L.S.S. experienced similar excess repair rates in Californis
and Michigan (24% and 22% respectively).

Electrical tune-up repair was evaluated as being the most prominent excess
repair action by both Idle and L.S.S. garages. In this group, spark plug
replacement was the most common excessive component because HC emission
levels were not high enough to be ignition misfire. Excess electrical tune-
up was received by 39% of the total failed Idle fleet and 50% of the failed
L.S.S. fleet during Phase I. During Phase II, excess electrical tune=-ups
were received by 28% and 17% for the Idle and L.S.S. fleets. The improved
L.S.S. garage performance during Phase II may be partially attributed to
improved training as discussed below.

The excess repairs in the Phase I Michigan L.S.S. fleet may in part be
attributable to the initial instruction received by the repair centers.

OLI staff provided the initial L.S.S. instruction for Phase I in Michigan
while Clayton Manufacturing Company personnel provided the initial instruc-
tion for the California group. Half-way through Phase I, Clayton reinstructed
the Michigan garages on KEY MODE diagnosis and repair. During Phase II,
Clayton personnel conducted the KEY MODE instruction to a completely new
group of service centers in both California and Michigan. The Phase II
instruction was, therefore, probably more correct in stressing the minimum
effort to reduce emission, particularly in Michigan as shown by the large
decrease in excess repairs (85% to 22%).

Excess ignition system occurred frequently for both Idle and L.S.S. garages.
Part of the answer to this high excess electrical tune-up rate may be attrib-
utable to past experience and normal practice of the mechanics where spark
plugs and other electrical components (rotors, caps, wires and condensers)
are often revlaced for preventive maintenance or maximum performance.

The excess electrical tune-up rate may also be due to the assumption by
mechanics that only ignition misfire can cause excessively high HC emis~
sion. It is likely that the initial instructions were not adequate for
the mechanic to distinguish ignition misfire from other malfunctions which
cause moderately high hydrocarbons such as lean mixtures (lean misfire) or
excessively rich mixture (incomplete combustion), and high o0il consumption
(high blowby).
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Table 3-23

SUMMARY OF UNJUSTIFIED REPAIR

(30% Rejection Rate)

Number of Vehicles Receiving Unjustified

Total
Failed Minor Minor Parts Ignition Carburetor
Vehicles Ad justment Replacements Repair Repair Total
Vehicle Fleet Idle |L.S.S. Idle L.S.S. Idle |L.S.S. Idle |L.S.S. Idle |L.S.S. Idle |L.S.S.
Phase 1
California
Controlled 7 8 0 0 0 0 3 1 0 1 3 2
Uncontrolled 15 13 0 | 0 0 1 4 5 0 1 4 7
Combined 22 21 0 0 0 1 7 6 0 2 7 9
Michigan
Controlled 10 8 0 0 0 0 4 5 0 2 4 7
Uncontrolled 14 17 0 0 0 0 7 12 2 2 9 14
Combined 24 25 0 0 0 0 11 17 2 4 13 21
Combined
Controlled 17 16 0 0 0 0 7 6 0 3 7 9
Uncontrolled 29 30 0 0 0 1 11 17 2 3 13 21
Combined 46 46 0 0 0 1 18 23 2 6 20 30
Phase II
California
Controlled 8 9 0 0 0 0 1 4 1 1 1 5
Uncontrolled 19 20 0 0 0 0 4 1 3 1 7 2
Combined 27 29 0 0 0 0 5 5 4 2 9 7
Michigan
Controlled 10 11 0 1 0 0 4 1 1 0 5 2
Uncontrolled 13 12 1 0 0 0 5 3 1 0 7 3
Combined 23 23 1 1 0 0 9 4 2 0 12 5
Combined
Controlled 18 20 0 1 0 0 5 5 2 1 7 7
Uncontrolled 32 32 1 0 0 0 9 4 4 1 14 5
Combined 50 52 1 1 0 0 14 9 6 2 21 12




Excess carburetor service was not generally as much of a problem as was
excess electrical repairs. Excess carburetor repairs generally occurred on
less than 15% of the serviced vehicles. The few excess carburetor repairs
could, however, have a big impact on excess costs.

Excess carburetor replacement or overhaul was performed on 13% of the serviced
vehicles in the Phase I L.S.S. group but only on 4% in Phase II. In these
cases, the service center had complete truth chart diagnostic information
which clearly identified an idle mixture failure only. The truth chart showed
that low and high cruise modes of operation were normal and, therefore, that
the carburetor main circuits were operating properly. The idle failure prob-
lem could have been solved by a correct idle mixture adjustment. The

reduced excess repair rate in Phase IT again probably reflects the more
complete initial instructions. However, the L.S.S. garages neglected-to
replace some faulty carburetors. Excess carburetor replacement or overhaul

in the Idle fleet was performed on 4% and 12% of the serviced cars in Phase I
and II respectively.

3.3.5 Tailed and Exited Vehicles

The Repair Action Summary in paragraph 3.4.3 showed that several vehicles
failed the inspection tests but were exited from the test program. This

gection summarizes the reasons for this action. Generally, the vehicles

in this class can be divided into two groups:

1. Those vehicles which were diagnosed and repaired incorrectly
by the repair center.

2. Those vehicles which were diagnosed as requiring major mechanical
repair such as valve regrind and engine overhaul.

In both groups the failing vehicle may have been exited after the first or
second service. In two cases, the cars were exited before the after service
inspection tests were conducted.

Table 3-2L4 summarizes the various causes that resulted in vehicles not passing
the inspection standard. The general causes for failure were carburetion and
ignition (both of which are usually repairable), and major mechenical (not
repairable due to program restrictions on cost). Ten percent (10%) of the

failed vehicles were exited from the program failing their inspection tests
in Phase I compared to 13% in Phase II.

Two cars were diagnosed as having induction distribution problems. In this
case, lean misfire was diagnosed due to some cylinder probably being lean due
to poor mixture distribution and unheated manifolds. Both of these failures

occurred at idle and may or may not be correctable by adjustment or carburetor
replacement. They were not corrected in this program by either action.

Carburetor idle maladjustment caused 6 vehicles to fail and exit; 4 L.S.S.;

2 Idle. In this case, the idle CO was extremely high with corresponding

high HC. All of the cars in this group could have been corrected and passed
the inspection test if they had been properly adjusted. Four of these vehicles
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Table 3-24

SUMMARY OF FAILED AND EXITED VEHICLES
(30% Rejection Rate)

Number of Vehicles Exited and Failing Because Of

Total Improper Improper Improper Major
Failed Idle Ignition Carburetor Mechanical
Vehicles Adjustment Repair Repair Failure Total
Vehicle Fleet Idle L.S.S. Idle L.S.S. Idké L.S.S. Idle L.S.S. Idle L.S.S. Idle L.S.S.
Phase I
California
Controlled 7 8 0 0 0 0 0 0 0 0 0 0
Uncontrolled 15 13 0 0 0 0 1 1 0 1 1 2
Combined 22 21 0 0 0 0 1 1 0 1 1 2
Michigan
Controlled 10 8 0 1 0 0 0 0 0 1 0 2
Uncontrolled 14 17 0 0 0 1 0 1 2 0 2 2
Combined 24 25 0 1 0 1 0 1 2 1 2 4
Combined
Controlled 17 16 0 1 0 0 0 0 0 1 0 2
Uncontrolled 29 30 0 0 0 1 1 2 2 1 3 4
Combined 46 46 0 1 0 1 1 2 2 2 3 6
Phase II1
California
Controlled 8 9 0 0 0 0 0 0 0 0 0 0
Uncontrolled 19 20 2 1 0 0 0 1 2 2 4 2
Combined 27 29 2 1 0 0 0 1 2 2 4 2
Michigan
Controlled 10 11 0 1 0 0 0 0 0 0 0 1
Uncontrolled 13 12 0 1 2 0 0 0 2 1 4 2
Combined 23 23 0 2 2 0 0 0 2 1 4 3
Combined
Controlled 18 20 0 1 0 0 0 0 0 0 0 1
Uncontrolled 32 32 2 2 2 0 0 1 4 3 8 4
Combined 50 52 2 3 2 0 0 1 4 3 8 5




s

had received 1ldle adjustments during second service which were entirely too

lean causing lean misfires. These vehicles were exited because the program
did not provide for third service.

Four cars should have had their carburetors replaced: 3 L.S.S. and 1 Idle.
In the L.S.S. group the cars had failed the low or high cruise modes. The
carburetors were either rebuilt incorrectly by the service center or replaced
with faulty commercially rebuilt carburetors. The gervice centers during
Phase I were allowed to replace or rebuild carburetors at their discretion.
The service centers during Phase II were instructed to replace faulty car-
buretors with new carburetors because several rebullt carburetors continued
to have excessive emissions in Phase I. Some carburetors which should have
been replaced were either very expensive (% barrel) or oversized for smaller
displacement engines in the older vehicles. These carburetors were rebuilt
by the mechanics and some of them continued to fail.

The one Idle vehicle which failed because of faulty carburetion had failed
the inspection test marginally. At the service center, the vehicle had
_passed marginally. L.S.S, data on this vehicle (which the séervice center
did not have) indicated carburetor repair or replacement was required because
of power mode failures.

Only one car was diagnosed as exiting and failing due to ignition misfire.

In this case the car still had ignition misfire after service. It appears
this failure .should have been corrected. Two cars were disgnosed as failing
hydrocarbon limits at idle (CO levels were normal). Both cars were GM vehicles
which were originally equipped with full vacuum advance at idle causing the
basic timing to advance to &bout 20° before top center. Experience has shown
that with normal idle CO these vehicles still have relatively high idle HC.
When the vacuum advance was disconnected (at idle) the idle hydrocarbons
dropped considerably. During the test, however, the vecuum advance was con-

nected as originally equipped. Therefore, these two vehicles could not pass
the low limits in this program.

The service centers usually conducted correct diagnosis of major mechanical
failures, but repaired other systems in hopes of attaining some emission
reduction. Two cars were diagnosed as requiring head gasket replacement.

This failure caused cylinder(s) to leak unburned fuel or combustion products
to other cylinders causing excess emissions. Valve regrind was required on

5 vehicles where one or two cylinders had low compression. Seven (T) vehicles

were diagnosed as requiring a complete engine overhaul (rings plus valve
regrind).

In summary, almost half of the failed and exited vehicles could have been
repaired, often by applying good adjustment techniques. It was apparent
from this analysis that the mechanics should have received more complete
instructions in idle adjustment techniques for attaining low emissions and
maintaining good idle performsnce while still avoiding lean misfire. Those
vehicles which could not be repaired without very high cost or which were

not repairable due to inherent design (poor induction distribution) constituted
2% of all vehicles or 7% of the failed vehicles.
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3.3.6 Revised Masintenance Procedure Recommendation

In the Short Cycle Project the procedures for diasgnosis and maintenance action
were inadequate in some respects. These were discussed in the preceding enal-
ysis where the diagnosis of the failed vehicles identified different required
repeir actions than those asctually performed on the vehicles. Many vehicles
received unjustified or excessive repairs. These observations indicated

that the mechanic was not always sure of the minimum correct repair actlon

to lower the vehicle's emissions.

The KEY MODE procedure stressed repair function in accordence with the results
of the "truth chart" diagnostic data. Final adjustments were then conducted
following the repair action. The Idle inspection procedures stressed the
minor adjustments as & first step. If the minor adjustment step 4id not

cure the problem, repeir actions (electrical or carburetion) were conducted
as required by the idle emission (only) information supplied to the garage.

3.3.6.1 Suggested Procedure - In view of the problems outlined in Section 3.3,
it appears that the maintenesnce procedures used in future programs might best
be applied to the failing vehicles if the following general steps are used:

Inspection
Date

L

Diagnosis by
Service Center

Step 1 Step 2
Minor Adjustment Tune=-up Ignition and/or
and Repair Only end Adjustment Carburetion
Repair
Fail
—————— Reservice Retest
Pass
Bxit
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After receiving the inspection data, the mechanic would conduct the diagnosis
and determine whether the vehicle should receive only minor adjustment (and
minor repair) such as-idle mixture, timing and dwell or whether it should
receive a major tune-up (ignition and/or carburetion) including final ad=-
Justments.

The diagnosfic data may indicate that only idle mixture adjustment would be
required to pass the inspection test. During the minor adjustment (Step 1),
the mechanic would adjust the appliceble items to manufacturers specifica=
tions. He would then readjust the idle mixture and speed. If the diagnostic
data indicated an ignition misfire, the mechanic would repair or replace
ignition components to correct the misfire (Step 2). Following the repair
function, the mechanic would then conduct the applicable minor adjustments.
Similarly, if the diagnostic date indicated power mode carburetion problems
the mechanic would replace or repair the carburetor (Step 2) and then’con-
duct the applicable minor adjustments.

This approach should minimize the excess repairs by conducting only the adjust-
ments necessary to pass the inspection test. Table 3-25 shows the suggested
procedure which follows the above approach.

3.3.6.2 Implementation Philosophy = To implement this approach, & set of

general criteria to aid the garage mechanic in diagnosis and repair is re-
quired. He must accurately determine and carry through the repair action.
The criterie in Table 3-25 readily point out gross tune=-up melfunctions.

Generally, gross tune-up malfunctions are very prominent when reviewing in-
spection data. For example, continuous ignition misfire at idle or light
loads at higher speeds will show hydrocarbon levels of at least 1500 ppm or
greater. Malfunctioning carburetor main circuits generally show very high
CO levels when compared to normal carburetors (i.e., they are definitely
"broken"). Plugged air bleeds, and inoperative or leaking power valves are
common causes of carburetor malfunctions. Correct diagnosis will definitely
determine whether the carburetor must be repaired or whether it only re=-
quires an idle mixture adjustment.

Successful implementation must include comprehensive mechanic training in
accurate diagnosis with the aid of osciloscopes and HC/CO infrared gas
analyzers. The mechanic already understands basic tune-up but generally
lacks experience and techniques for accurate diagnosis and repair for low
emissions. Appropriate training should emphasize "hands on training."

Past experience has shown that instructor demonstrations followed by mechanic

participation is the most effective technique in presenting diagnosis and
adjustment techniques.

3.4 COST ANALYSIS

This section presents the results of the analysis of inspection program and
vehicle maintenance costs of servicing failed vehicles described in paragraph
2.3.5. The maintenance cost analysis included fuel savings calculated from
fuel consumption measured during the 1972 CVS test. Paragraph 3.3.1 presents
inspection program costs. Paragraph 3.Lk.2 Presents maintenance costs including
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Table 3-25

SUGGESTED DIAGNOSIS AND MATINTENANCE PROCEDURE

Diagnosis at Service Center

e Connect scope and calibrate HC/CO instrument.

® Check CO and HC at 2500 rpm neutrel with air filter installed.

e Measure total advance.

® Check idle CO and HC with air filter installed.

e Measure basic timing and dwell, check scope pattern for misfire.'
e Remove air tilter and recheck 2500 rpm and idle emissions.

e Conduct "power balance" test (weak cylinders).

e Diagnose for:

Dirty air filter (replace if CO with filter is more than 1%
higher than without filter).

Main carburetor circuit malfunction (power valve or incorrect fuel
bowl lévels).

Vacuum lesks.
High idle emissions.
Ignition misfire (plugs or wires).

Melfunctioning advance systems, incorrect dwell and basic
timing.

High blowby, rings, or valve regrind.

Dispatch Vehicle for Repair Sérvice

e Step 1, minor adjustment and repair only.

e BStep 2, tune-up and adjustment.
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Teble 3-25 (Continued)

SUGGESTED DIAGNOSIS AND MAINTENANCE PROCEDURE

Step 1 - Minor Adjustment and Minor Repair (only)

Conduct minor repairs.

Set dwell to specifications.

Reset basic timing to specifications.

Check PCV system.

Adjust idle CO and speed simultaneously to prescribed levels.

Install sir cleasner element (new if diagnosis requires) and re-
check emission levels.

Step 2 = Tune=Up (Ignition)

Install points, plugs, condenser, and/or plug wires to correct
ignition misfire.

Repair other diagnosed malfunctioning items such as PCV, vacuum
advance control systems.

Complete ignition tune=-up step by conducting the minor adjust=-
ments outlined in Step 1.

Step 2 - Tune=Up (Carburetion)

Remove carburetor snd repeir or replace (as per progrem instructions)

Reinstall and check CO emissions in the main circuit (2500 RFM un-
loaded or high cruise road load).

Compare carburetor main circuit CO emissions to the initial diagnostig
deta. If emissions are within limits, proceed. If not, rediasgnose
and repair as described in the program.

Complete carburetor tune-up step by conducting the minor ad justments
outlined in Step 1.
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an anlysis of excess repair costs derived from the maintenance analysis con-
ducted in Section 3.3. Paragraph 3.4.3 summarizes total inspection and main-
tenance program costs.

3.4.1 Inspection Program Costs

The inspection program costs for California and Michigan are presented in
Tsble 3-26. Investment costs were about 68% higher for L.L.S. than Idle.
Operating costs for the two regimes were very close. These estimates were
based on a state operated inspection program in California inspecting all
passenger vehicles once each year. Although total costs appear fairly high,
the cost per vehicle is relatively low, approximately $2.21 for Idle and
$3.07 for L.S.S. This fee in the first year would pay for capital equipment,
facilities, and program start-up costs as well as first year operation.
Thereafter, an annual charge of about $1.00 bor both Idle and L.S.S. would
pay for operating and maintenance costs subject to inflationary rises. If
the capital investment costs were amortized at 6% for 10 years (state bonds),
the annual cost during the 10 years would be reduced to $1.16 for Idle and
$1.35 for L.S.8. This fee could be collected as part of the yehicle regis-
tration and licensing process and is relatively small in comparison to both
the maintenance cost and the present annual vehicle registration fees charged
in most states.

It should be emphasized that an economic evaluation of inspection programs

was not part of this study and that the cost per vehicle developed for a
previous Californias PVIM study {Reference 1) was applied to Michigan. Several
assumptions utilized in the California study may not be valid in Michigan;
therefore, the cost estimate in California may be lower than that which

would be experienced in Michigan. The three principal assumptions were

that: (1) the test centers would operate at uniform efficiency during all
parts of the year with a steady waiting line of vehicle; and (2) that failed
vehicles would not be retested after service.

The first assumption may be invalid due to winter storms in which vehicle
owners are unable to reach the inspection center. As many as 20% of the test
days may be lost in this menner. Therefore, additional inspection centers
would have to be built and staffed to account for those vehicles that were
not tested during those 20% of operating deys. This would result in
approximately a 25% increase in operating end capital investment costs.

The second assumption was that retest after maintenance would not be required.
Additional cost would depend upon the rejection rate experienced if retest
vas required. At a hypothetical 50% rejection rate, a 50% increase in test
capacity, i.e., investment and operation would be required. The compounding
of these two factors would nearly double costs raising the first year cost
per vehicle in Michigan to $4.14 for Idle and $5.76 for L.S.S. The corres-
ponding cost, assuming capital costs are amortized for 10 years, would be
$2.18 for Idle and $2.53 for L.S8.S. However, if a program was conducted at

a rejection rate of 20%, a 20% increase in test capacity would be required.
The compounding of additional capacity for weather downtime and retest

(1.25 x 1.20) would then represent a 50% increase in cost over the California
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Table 3-26

INSPECTION FROGRAM COSTS 1
State or Single Contractor Operated

CoST CALTFORNTIAZ MICHIGANS
BLEMENT Idle L.S.5. Idle 1,.8.8..

INVESTMENT COSTS

Present Cost $12,084,000| $19,830,000{ $ 6,646,000{ $10,907,000
Amortized - 10 Years at 6% | $ 1,610,000| $ 2,642,000{$ 885,000[$ 1,453,000

Cost per Vehicle? $1.21 $1.98 $1.21 $1.98

Amortized - 10 Years at 6%g $ .16 $ .26 $ .16 $ .26

OPERATING COSTS

Total First Year $ 9,978,000} $10,919,000{$ 5,500,000 $ 5,995,000
Cost per Vehicle?Z $1.00 | $1.09 $1.00 $1.09

TOTAL INVESTMENT AND
OPERATING COST

Total First Year $22,062,000| $30, TH9,000] $12,146,000| $16,902,000
Cost per Vehicle? $2.21 $3.07 $2.21 $3.07
Total Amortized $11,588,000( $13,561,000|$ 6,385,000 $ 7,448,000
Cost per Vehicle? $1.16 $1.35 $1.16 $1.35

l. Retest after maintenance not included.
2% Reference 1.

37 Assumes 5.5 million vehicles in Michigan based on 19Tl vehicle registration
data.
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study. This would result in initial cost per vehicle of $2.32 for Idle.and
$4.61 for L.S.S. or an amortized cost per vehicle of $1.T4 for Idle and $2.54
for L.S.S.

3.4.2 Maintenance Cost Analysis

Maintenance costs were analyzed to identify primary cost elements, cost of
additional service, and the cost of excessive (unjustified) repair actions.

3.4.2.1 Average Serviced Vehicle Costs

Table 3-27 presents a summary of average total service costs for each phase
of the Short Cycle Project showing the actual repair cost for the serviced
vehicles and the cost less excessive repair costs. Phase I and IT serviced
vehicle costs agreed well for the Idle fleets in both cities and the L.S.S.
fleet in California. The Michigan L.S.S8. fleet, however, experienced con-
siderably lower cost during Phase IT than Phase I. From Table 3-27, it can
be seen that Idle service was least costly in all situations except Phase II,
Michigan, in which L.S.S. was least costly. Average repair costs were $29
for Idle and $34 for L.S.S. The highest total service repair cost was $41.0L
per serviced L.S.S. vehicle during Phase I in Michigan. The lowest cost per
serviced vehicle ($22.34) was in the Michigan L.S.S. fleet during Phase II.
Costs for repairing controlled vehicles were typically $7 to $8 less than
for uncontrolled vehicles. Table 3-28 shows the corresponding fleet average
service repair costs.

Figures 3-12 and 3-13 show the percent frequency of repair cost for Phase II
only. Phase II only was selected because of the excess maintenance occurring
in Phase I. The plots show the percent of serviced vehicles with service
costs in $10 increments. Figure 3-12 (California) may be considered represen-
tative of realistic cost distributions in a program which has fairly high
emission levels coupled with stringent standards. Figure 3-13 (Michigan)

may be considered representative of a program with primarily idle failures.

In California, Figure 3-12 shows that the most commod repaif“cost for both
Tdle and L.S.S, was between $10 and $20 which was incurred by 487% of vehicle
owners in the Idle program and 28% of the vehicle owners in the L.S.,S. program.
Idle and L.S.S. experienced repair costs in excess of $60 for 12% and 23% of
the vehicle owners respectively. Approximately 75% of the Idle vehicles were
repaired for less than $40, compared to 68% of the L.S.S, vehicles, 1Idle

and L.S.S. exhibited similar cost distributions on uncontrolled vehicles,
however, for controlled vehicles, the maximum Idle maintenance cost was below
$40 while 10% of the L.S.S. costs exceeded $100.

In Michigan, Figure 3-13 shows that the most common repair cost was between
$20 and $30 for the Idle vehiclés and was incurred by 407 of the vehicle
owners in the Idle program. The most common repair cost was between $10 and
$20 for the L,S,S. vehicle and was incurred by 48% of the vehicle owners

in the L.S.S. program. Ninety-six percent (96%) of the L.S5.S. vehicles were
repaired for less than $40 compared to 88% of the Idle vehicles. TIdle and
L.S.S. repair cost distributions were similar for controlled vehicles although
L.S.S. tended to have a lower cost distribution than Idle for uncontrolled
vehicles.
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Table 3-27
SERVICE COST AVERAGED OVER SERVICED VEHICLES ONLY - ALL SERVICE ACTIONS

(30% Rejection Rate)

California - Michigan Combined
Cost/Phase Idle L.S.S. Idle L.S.S. Idle L.S.S.
COSTS AS INCURRED
Phase 1
Controlled 28.12 20,97 28.16 43,81 28.16 32.39
Uncontrolled 25.30 38.42 26.69 39.73 25,97 39.16
Combined 26,20 31.77 27.30 41.04 26.78 36,81
Phase II
Controlled 19.58 33,52 24,77 18.40 22,46 25.20
Uncontrolled 37.81 39.90 33.43 25,96 36,03 34.67
Combined 32.41 37.92 29,66 22,34 31.14 31.03
LESS EXCESS COSfS
Phase I
Controlled 18.58 18.38 19.02 25,60 18.84 21,99
Uncontrolled 16.94 33.81 17.35 23,99 17.14 28.25
Combined 17.46 27.93 18.05 24,51 17.77 26,07
Phase 11
Controlled 13.56 25,30 19.77 17.58 17.01 20.74
Uncontrolled 24,77 35.29 21.44 23,56 23,42 30.89
Combined 21.45 32.19 20,71 20,70 21,11 27.11

3.4.2.2 Excess Repair Costs

Tables 3-28 and 3-29 present the estimated costs for repair actions which were
expected to be effective in reducing emissions.

sive if it would not have been expected to reduce emissiomns.

excess repairs is described more fully in paragraph 2.3.4k.

Work was identifled as exces-
The criteria for

In general, Idle and L.S.S. exhibited considerable excessive repair costs.

For the combined phases 33% of the average repair cost for Idle was excessive,

Table 3-29
The results

while 19% of the average repair cost for L.S.S. was excessive.
presents the percent of total service cost judged as excessive.
of the combined phases and states are typical of results achieved in each
Idle regime subfleet.

to 11% in Phase II.

L.S.S. excess repair cost was 26% in Phase I compared
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Table 3-28

SERVICE COST AVERAGED OVER ALL VEHICLES - ALL SERVICE ACTIONS
(30% Rejection Rate)

California Michigan Combined
Cost/Phase Idle L.S.S. Idle L.S.S. Idle L.S.S.
COST AS INCURRED
Phase I
Controlled 5.62 4,41 7.82 10.31 6.72 7.36
Uncontrolled 9.49 13.50 9.83 16.88 9.66 15.19
Combined 7.68 8.90 8.85 13.86 8.27 11.38
Phase II
Controlled 4,48 8.15 7.08 5.62 5.78 6.89
Uncontrolled 18.31 21.00 10.87 7.99 14.59 14,50
Combined 11.86 14.66 9.10 6.85 11.37 10.76
LESS EXCESS COST
Phase I
Controlled 3.72 3.87 5.28 6.02 4,50 4,95
Uncontrolled 6.35 11.87 6.39 10.20 6.37 11.04
Combined 5.12 7.12 5.85 8.28 5.49 8.00
Phase II
Controlled 3.10 6.15 5.65 5.37 4,38 5.76
Uncontrolled 11.77 18.58 6.97 7.25 9.37 12,92
Combined 7.72 12.45 6.35 6.35 7.04 9.40
Table 3-29
PERCENT OF REPAIR COST WHICH WAS EXCESSIVE
(30% Rejection Rate)
California Michigan Combined
Vehicle Fleet Idle Key Mode Idle Key Mode Idle Key Mode
Phase 1
Controlled 33.9 12.3 32.5 41.6 33.2 27.0
Uncontrolled 33.0 12,0 35.0 40.0 34.0 26.0
Combined 33.3 12.1 33.9 4G6.3 33.6 26.2
Phase II
Controlled 30.8 24,5 20.2 4.4 25.5 14.5
Uncontrolled 35.7 11.5 35.9 9.2 35.8 10.4
Combined 34,9 15.1 30.2 7.3 32.6 11.2
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In California, the rate of excess repair by L.S.S. was one-half less than by
Idle in both Phases, except for a 25% excess repair cost for controlled
vehicles during Phase TI. This excess cost was caused by excessive ignition
system repair. In Michigan, L.S.S. showed one-third less excess repair cost
than Idle in Phase II. In Phase I, the Michigan L.S.S. fleet had slightly
higher excess cost than Idle due almost entirely to excessive ignition repairs.

This analysis shows that L.S.S. data generally enable the L.S.S. garages to
diagnose and repair malfunctions better than Idle. The adjusted repair cost,
. however, was still higher for L.S.S. than for Idle because a fairly high
excess cost was assigned to Idle. The criteria of 1500 ppm HC for ignition
failure and the OLI staff judgment that relatively simple adjustments would
pass the idle inspection were responsible for this excess cost being assigned
to Idle as well as L.S.S.

3.4.2,3 Repair Cost as a Function of Inspection Test Rejection Rate

Average vehicle repair costs were calculated usihg the actual costs and
costs deleting excess repairs for several rejection rates. The analysis
was performed on Phase I and Phase II data separately. Average repair
costs were calculated for those vehicles identified as failing the recom-
mended L.S.S. rejection limits that were used in the analysis of Emission
Reduction as a Function of Inspection Test Rejection Rate and presented

in paragraph 3.2,.3. These costs, therefore, were based on the same vehicles
as the effectiveness analysis and provided cost data for the analysis of
Cost Effectiveness as a Function of Inspection Test Rejection Rate.

Figures 3-14 and 3-15 present the actual repair costs for Phase I and
Phase II respectively. Costs were calculated for both controlled and
uncontrolled vehicles, Costs for all vehicles as well as only the ser-
viced vehicles were calculated., The total repair costs for the vehicles
included in each rejected population were used in this analysis, whether
they were associated with an HC or CO failure.

In Phase I (Figure 3-14), Idle was less costly than L.S.S. at all rejec-
tion rates for both controlled and uncontrolled vehicles. There was no
difference between Idle repair costs for controlled or uncontrolled vehicles.
L.S.S. was slightly less costly for controlled vehicles than uncontrolled
vehicles. The highest repair costs per serviced vehicle occurred at the
lowest rejection rate and decreased with increasing rejection rate, 1Idle
repair costs decreased faster than L.S,S, costs as the rejection rate of
controlled vehicles increased.

In Phase II (Figure 3-15), Idle service costs were about 20% less than L.S.S.
service costs for controlled vehicles at all rejection rates, L.S.S. service
costs were slightly less than Idle service costs for uncontrolled vehicles

at rejection rates greater than 257 and slightly higher than Idle at rejec-
tion rates less than 20%. Repair costs for both controlled and uncontrolled
vehicles were closer for Idle and L.S,S, in Phase II than in Phase I. 1dle
service costs were about the same for controlled vehicles in each Phase

but considerably higher for controlled vehicles during Phase II than during
Phase I. L,S5.S, service costs were slightly lower in Phase II than in Phase'I
for both controlled and uncontrolled vehicles.
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Figure 3-16 and 3-17 present the average vehicle repair costs after deleting
excess repairs. Deletion of excess repair costs generally benefited Idle
more than L.S,S5. because more repairs were determined to be excessive for
Idle than L.S.S.

In Phase I (Figure 3-16), deletion of excess costs reduced the average L.S.S.
serviced vehicle repair cost 40% to 50% for controlled vehicles and about
40% for uncontrolled vehicles. Deletion of excess costs reduced the average
serviced vehicle Idle repair cost about 30% at the 10% rejection rate and
about 10% near a 50% rejection rate. Idle, therefore, was still less costly
than L.S.S. at all rejection rates for HC and CO. Average serviced vehicle
repair costs at approximately the 10% rejection rate were about 50% greater
than at approximately the 597 rejection rate.

In Phase II (Figure 3-17), deletion of excess costs reduced the average L.S.S.
serviced vehicle repair cost 40% to 50% for controlled vehicles but only
slightly for uncontrolled vehicles. Deletion of excess costs reduced the
average Idle serviced vehicle repair cost about 30% at about 10% rejection
and 10% at about 507 rejection for controlled vehicles and 40% to 60% for
uncontrolled vehicles. Average serviced vehicle repair costs were slightly
lower for Idle than for L.S5.S. on controlled vehicles but considerably lower
on uncontrolled vehicles. Except for the uncontrolled 1.S8.S. vehicles,
average serviced vehicle repair costs were 10% to 20% higher at approximately
a 10% rejection rate than a 507 rejection rate.

3.4.2.4 Average Repair Cost for Service Actions

Table 3-30 presents the average cost of performing each category of service
action. The average costs were determined for each phase, each state and
controlled and uncontrolled vehicles. The repair categories are defined in
paragraph 2.3.4. The service action cost was based on the actual first
service repair cost. Estimated major mechanical repairs were based on list
prices for parts, pay rate of $10 per hour, and average labor-hour rates from
Chilton's flat rate manual.

In general, average repair cost for each service action was less for L.S.S.
than for Idle. L.S.S. was 10% to 20% less expensive than Idle during car-
buretor repair in California. During Phase I, L.S5.5. was 10% to 20% less
expensive than Idle for ignition repairs in both California and Michigan

and for cdrburetor repairs in Michigan. L.S.S. generally achieved lower

costs on each service event. During Phase I particularly, the service events
were undertaken more frequently, i.e., excessively, resulting in the higher:
cost per serviced vehicle. During Phase II, the California vehicles exhibited
more severe carburetor malfunctions thereby increasing both Idle and L.S.S.
costs for carburetor repairs.

Average repair cost experienced was $10 to $12 for minor adjustments, $5

to $8 for minor parts, $20 to $30 for ignition repairs and typically $35

for carburetor repairs. The highest average Phase I or II costs for service
events were experienced by Idle regime vehicles for carburetor repairs. The
lowest average Phase I or II costs for service events were experienced by
L.S.8. Major mechanical repairs were not performed, however, costs were
estimated. Three types of repairs were evaluated rather than the test regime
because of the cost of repair was dependent on the type of vehicle identified
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Table 3-30

AVERAGE COST FOR SERVICE EVENT

California Michigan Combined
Phase 1 Phase II Phase 1 Phase 11 Phase 1 Phase Il
Service Event Idle {L,S.S.| Idle |[L.S.S.| Idle |L.S.S.| Idle |L.S.S.| Idle |[L.S.S.| Idle |L.S.S.
Minor Adjustments
Controlled 8.25 | 8,50 {10.,40 | 7.90 |13.18 |12.48 (12,78 9,50 | 11,07 9.38 |11.59 | 8.83
Uncontrolled 10.81 |14.31 (12.32 {10.42 |12.74 |14.85 |14,52 9.17 {11.65 |13.58 |13.20 | 9.90
All 10.00 |12.10 }11.75 9.64 |12.92 114,09 |13,76 9.33 [11.43 |12.18 |12.64 9.48
Minor Parts
Controlled 8.74 | 4,18 | 8.42 | 4,11 6.70 | 6.68 5.96 5.80 | 7.38 | 5.77 | 6.53 5.10
Uncontrolled 10.78 | 5.16 8.27 | 6.97 5.51 5.98 | 3.47 6.30 | 7.77 5.59 | 6.17 6.75
All 10.13 | 4.79 | 8.31 6.08 | 6.06 | 6.20 | 4.55 6.06 7.62 5.66 6.33 | 6.09
Ignition
Controlled 30.28 [38.90 [22.80 |23.43 |27.20 (27.97 |21.46 |18.63 [28.57 |29.18 |21.73 {21.83
Uncontrolled 29.06 (21.14 {26.59 [20.34 {30.86 |25,10 |23.85 |28.35 [29.96 [23.62 |25.02 (23.77
All 29.45 127,91 |25.47 21.30 {29.34 126,02 |22,81 {23.70 [29.38 |25.14 {24.15 [22.87
Carburetor
Controlled N,P. |26.33 [25.40 |41.40 | N,P. |27.50 | N.P, [20.00 | N.P. {26.92 |25.40 [36.05
Uncontrolled N.P. (30.70 |39.54 [40.54 | 8.50 [19.36 |45.35 |26.41 8.50 125.03 |40.27 |36.77
All N.P. |29.04 |35.35 |40.81 8.50 [21.96 {25.63 |23.34 8.50 [25.57 [38.62 [36.62
Estimated Major Mechanical
Leaking Head Gasket 149.33
Valve Regrind 119.88
Rings and Valves 290.71

N.P. = work not performed




rather than the regime. Average repair costs were estimated at $150 for
head gasket, $120 for valve regrind and $300 for overhaul including valve
regrind and piston ring replacement.

The analysis indicated that L.S.S. enable mechanics to be more selective
than Idle in meking repairs when the service requirements of the vehicles
were similar. Both lower cost for each service event as well as lower

average serviced vehicle cost were achieved in Michigan during Phase II by
L.S.S. when Idle and L.S.8. fallures were predominately due to idle malad-
Jjustments or malfunctions. In the other cases where individual service event
costs were lower for L.S.S. than for Idle, but the average serviced vehicle
cost was higher; L.S.S. garages performed each type of work more frequently
than the Idle garages. If the L.S.S. garages were more sensitive to performing
minimum work, as during Phase IT in Michigan, lower serviced vehicle cost
should result. L.S.3. service cost should be expected to be higher than

Idle only when the types of malfunctions occurring require extensive carburetor
repair because of L.S.8. cruise mode failures such as occurred in Phase II.

3.4.2.5 Average Repair Cost for Correcting Idle Malfunctions Only

The average repair cost was determined for only those vehicles which did not
have cruise mode failures indicated by L.S.S. data. Table 3-31 presents

the average repair cost for idle failures only using costs actually experienced
and the cost deleting excess repairs. Table 3-31 indicates that L.S.S. was
less expensive than Idle in performing repairs to correct malfunctions which
did not result in cruise mode failures. L.S.S. provided this lower cost in
every case except Michigan, Phase I, where the very high excess repair

rate occurred. After correcting for excess repairs, the cost of Idle and
L.S.S. were generally about $17 per vehicle. This was more than the cost of
minor adjustments but slightly less than the cost of minor adjustment plus
minor parts as shown in Table 3-30. Table 3-31 also contains the fleet
average repair costs corresponding to the serviced vehicle average.

3.4.3 Total Program Costs

The inspection cost and maintenance cost were combined in order to determine
the estimated total cost of conducting Idle and L.S.S. PVIM programs in
California and Michigan. The analyses also permitted assessment of the
average vehicle owner cost. The inspection cost was taken from Table 3=06.
The sverage maintenance cost per vehicle was taken from Table 3-28 and
multiplied by the vehicle population in each state.

Table 3-32 presents the total program costs for each Phase and for each state
separately and added together. The inspection program cost was not dependent
on maintenance practice, therefore the same inspection program cost was
assigned to both phases. The maintenance cost was shown to vary, however,
reflecting the different average maintenance costs in each Phase. The inspec=
tion cost represents a relatively small part of the total program cost even
after deducting excess repair cost. The inspection cost would represent

a larger proportion of the total cost if the program was operated at a lower
rejection rate. Total costs were higher in California than in Michigan
reflecting the larger vehicle population in California. Total costs were
lower during Phase IT than Phase I except for the California L.S.S. fleet
which had the large number of high emitters during Phase II.

3-71



Idle was generally less eostly than L.S.S. During Phase II in Michigan,
however, L.S.S. was less costly than Idle due to the low repair cost.
Excess repair costs totalling about $40 million in Phase I were incurred

AVERAGE REPAIR COST OF CORRECTING IDLE ONLY FAILURES
(Dollars Per Vehicle)

Table 3-31

Phase 1 Phase 11
Vehicle Actual Less Excess Actual Less Excess
Fleet Cost Cost Cost Cost_
Serviced Vehicle
California
Idle 28.39 18.31 24,12 14.14
L.S.S. 26.67 20.85 21.27 18.75
Michigan
Idle 29.81 16.86 29,58 18.70
L.S.S. 40,61 19,12 15.20 14.94
Combined ,
Idle 29,13 17.56 27.13 16.66
L.S.S. 35.20 19.79 17.71 16.52
All Vehicles
California
Idle 4.54 2,93 4,18 2.45
L.S.S. 4,27 3.34 3.40 3.00
Michigan
Idle 5.23 2,96 6.31 3.99
L.S.S. 6.59 3.10 2.43 2.39
Combined
Idle 4,89 2,95 5.25 3.22
L.S.S. 7.32 4,12 3.42 3.19

by both the Idle and L.S.S. regimes.
for the Idle and L.S

respectively.

In Phase II, total excess repair costs

.S. regimes averaged sbout $60 million and $20 million

The vehicle owner costs were also presented in Teble 3-32.

evaluation of cost recovery in a self supporting program.

The costs permitted
The first year

costs for a passed vehicle were between $2 and $3 if all investment costs were
Thereafter, or if the investment cost was distributed
over many years, the inspection costs for a passed vehicle were $1.16 for Idle

paid the first year.

and $1.35 for L.S.S.
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FIRST YEAR TOTAL PROGRAM COST (MILLIONS OF DOLLARS)

Table

3-32

30% Rejection Rate

California Michigan Combined
Phase 1 Phase II Phase I Phase 11 Phase I Phase II
Cost
Element Idle |L.S.S.] Idle |L.S.S.| Idle |L.S.S.| Idle |L.S.S.| Idle |L.S.S.| Idle |L.S.S.
Inspection (PVI)
First Year Capital]22 31 22 31 12 17 12 17 40 48 40 48
Capital Amortized |12 14 12 14 6 7 6 7 18 21 18 21
Maintenance (M)
Actual Cost 77 89 119 147 49 76 50 38 126 165 169 (185
Less Excess Cost |51 78 77 125 32 46 35 35 83 124 112 160
Total Program (PVIM)
First Year Capital
Actual Cost 99 120 141 178 61 93 62 55 166 213 209 }233
Less Excess Cost|73 109 99 156 44 63 47 52 128 172 152 208
Capital Amortized
Actual Cost 89 103 121 161 54 83 56 45 144 186 187 206
Less Excess Cost}63 92 89 139 38 53 41 42 101 145 130 181
Vehicle Owner Cost*
Passed Vehicle 1.16{ 1.35 1.16} 1.35 1.16f 1.35 1.16f 1.35 1.16] 1.35 1.16f 1.35
Failed Vehicle
Actual Cost 27.36(33.12 | 28.46]42.39 |33.57|39.27 |30.82(23.69 |27.94|38.16 | 32.30(32.38
Less Excess Cost|18.62(29.28 |19.21125.86 [22.61|33.54 |21.87{22.05 |18.93|27.42 122.27|28.46

*Vehicle owner cost in dollars per year




The owner of a failed vehicle would pay both the inspection fee and the cost
of repairs. For the average failed Idle regime vehicle, the owner's total
cost was $28 in Phase I and $32 in Phase II. For the average failed L.S.S.
regime vehicle, the owners total cost was $38 in Phase I and $32 in Phase II.
Owner costs were lower in Michigan than in California, except for the Phase I
L.S.8. fleet due to the high excess cost in* Michigan. After deducting the
excess repair.costs the average failed vehicle cost was $18 to $22 for Idle
and $27 to $29 for L.S.S.

The owner of a failed and subsequently serviced vehicle could expect some

fuel savings due to the adjustments and repairs required to lower emissions.
1.S.S, exhibited greater annual fuel savings ($31) than Idle ($9) in Phase II.
Idle did not exhibit greater savings than L.S.S. in either California or
Michigan. In California, however, both Idle and L.S.S. incurred negative

fuel savings on controlled vehicles, The fuel savings for L.S.S. were con-
sistent with the large emission reductions experienced Anring Phase II.

3.5 COST EFFECTIVENESS ANALYSIS

This section presents the results of the cost effectiveness analysis which
combines the emission reductions determined in the Effectiveness Analysis

" (Section 3.2) and the Cost Analysis (Section 3.4). The specific methodology
is described in paragraph 2.3.6. Cost effectiveness is presented in terms
of the cost effectiveness index, as a function of Inspection Test Rejection
Rate, and for the Correction of Idle Malfunctions Only.

3.5.1 Cost Effectiveness Index

The cost effectiveness index (shown in Table 3-33) combines the annual emission
reductions of the effectiveness index and the annual total program cost to give
statewide first year cost effectiveness in terms of pounds of emission reduc-
tion per dollar of cost. The effectiveness data from Table 3-18 calculated

for equal weighting of pollutants were utilized. The cost data from Table 3-32
were utilized for only inspection costs, only maintenance costs, only mainte-
nance cost deleting excess repair, and the sum of inspection and maintenance
costs with and without excess repairs deleted. '

For the total program cost using amortized capital and actual repair cost;
Idle was 41% more cost effective in reducing emission than L.S.S. during
Phase I. L.S.S. was 52% more cost effective in reducing emissions during
Phase II. 1In Phase I, Idle was always more cost effective than L.5.S.

In Phase II, L.S.S. was more cost effective than Idle, except in Michigan
where Idle was more cost effective if only inspection cost was used.

Idle cost effectiveness did not change significantly between Phases.
L.S.S., however, was nearly twice as cost effective in Phase II as during
Phase I. The change in L.S.S. cost effectiveness was due to improved
emission reduction in California and lower average repair cost in Michigan
compared to Phase I results. The improved L.S.S. performance was related
to correct instruction in the application of the diagnostic information of
the modal failure data during Phase II.
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FIRST YEAR PROGRAM COST EFFECTIVENESS - 1975 CVS Data
307% Failure Rate

Table 3-33

Annual Pounds Reduction Per Dollar

California Michigan Combined
Phase I Phase II Phase I Phase II Phase I Phase 11
Cost Element Idle [L.S.S.| Idle |L.S.S.] Idle |L.S.S.| Idle |L.S.S.| Idle |L.S.S.| Idle |L.S.S.
Inspection (PVI)
First Year Capital 91 60 126 172 125 79 93 73 88 67 97 137
Amortized Capital 167 133 231 381 251 192 185 177 195 153 216 313
Maintenance Cost (M)
Actual Cost 26 21 23 36 31 18 22 33 28 19 23 36
Less Excess Cost 39 24 36 43 47 29 32 35 42 26 35 41
Total Program Cost (PVIM)
First Year Capital
Actual Cost 20 16 20 30 25 14 18 23 21 15 19 28
Less Excess Cost 28 17 28 34 34 21 24 24 27 19 26 32
Amortized Capital
Actual Cost 23 18 23 33 28 16 20 28 24 17 21 32
Less Excess Cost 32 20 31 38 40 25 27 30 35 22 30 36

Effectiveness Values from Table

Cost Values from Table 3-32,

3-18 (Tons Per Year - Equal Pollutant Weighting).




3.5.2 Cost Effectiveness as a Function of Inspection Test Rejection Rate

The fleet average cost effectiveness of Idle and L.S.S. was calculated by
dividing the average emission reductions of HC and CO by the average vehicle
repair cost. The analysis utilized actual repair cost and repair cost
deleting excess repairs and was based on combined California and Michigan
data for each Phase. Figures 3-18 and 3-19 present the cost effectiveness
of HC and CO emission reductions.

In Phase I (Figure 3-18), maximum cost effectiveness generally occurred at

the lowest rejection rate. Minimum ccst effectiveness generally occurred

at the highest rejection rate. Idle was more cost effective than L,S.S. at
all rejection rates for HC and CO, Both Idle and L.S.S, were more cost
effective in reducing CO than HC, Idle was more cost effective in reducing
HC and CO emissions from uncontrolled vehicles than controlled vehicles.
L.S.S. was slightly more cost effective for HC on uncontrolled than controlled
vehicles but essentially equally cost effective for CO on uncontrolled and
controlled vehicles. After deleting excess repair costs, Idle was still

more cost effective than L,S,S, at all rejection rates for HC and -CO,

In Phase II (Figure 3-19), cost effectivenss also tended to be highest at
lower rejection rates, L,S.S., however, was more cost effective than Idle

at all rejection rates for HC and CO on uncontrolled vehicles and for HC on
controlled vehicles, 1Idle was marginally more cost effective for CO on con-
trolled vehicles., L,S.S. cost effectiveness was more dependent on rejection
rate than Idle. Idle and L.S.S. were over twice as cost effective in reducing
HC on uncontrolled vehicles than controlled vehicles. Idle was equally cost
effective in reducing CO on controlled and uncontrolled vehicles. L,S.S.

was 50% more cost effective in reducing CO from uncontrolled than controlled
vehicles. After deleting excess repair costs, L,S.S., was more cost effective
than Idle in reducing HC and CO emissions from controlled vehicles and CO
emissions from uncontrolled vehicles. 1Idle was slightly more cost effective
than L.S5.S. for HC emissions from uncontrolled vehicles,

3.5.3 Cost Effectiveness of Correcting Idle Malfunctions Only

This paragraph combines the emission reductions and repair-cost determine
for those vehicles which failed only idle mode test values. The L.S5.S.

data recorded for both Idle regime vehicles and L.S.S. regime vehicles

was used to select those vehicles in each fleet which were known to have
failing emissions only at idle. The emission reductions from Idle and L.S.S.
would be expected to be less for -the L.5.8. vehicles, however, because the
L.5.5. garages would be certain the failure was only due to idle adjustment.

Table 3-34 presents the results of:the cost effectiveness of correcting idle
emission failures only. The results were calculated by summing the HC, CO
‘and NO_ gram per mile emission reductions and dividing by the sum of the
cost o¥ repair for the same vehicles. The resulting.index provided cost
effectiveness 1n terms of grams per mile per service cost dollar, Data are
presented for each Phase using actual repair cost and repair cost deleting
excess repairs. The actual repair' cost should be used to interpret the
relative .diagnostic capability of Idle and L.S.S. The repair cost less
excess repairs represents the ideal situation where both Idle and L.S.S,
garages make the best use of the information available to them.
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Figure 3-18. Cost Effectiveness as a Function of Failure Rate — Phase |
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1L..S5.S. was found to be more cost effective than Idle in all cases for repair-
ing vehicles with only idle malfunctions. In Phase I, L,S8.S, was 10% more cost
effective than Idle. In Phase II, L.S.S, was 110% more cost effective than
Idle in repairing vehicles with only idle emission failures. 1Idle cost

Table 3-34

FLEET COST EFFECTIVENESS OF CORRECTING IDLE ONLY FAILURES
Grams Per Mile Per Dollar

Vehicle Phase I Phase II
Fleet Actual Less Excess Actual Less Excess
California
Idle 0.90 1.40 1.00 1.71
L.S.S. 1.09 1.42 2.25 2,55
Michigan
Idle 1.38 2.44 1.55 2.46
L.S.S. 2.05 4,36 4,58 4.66
Combined
Idle 1.16 1.92 1.33 2,17
L.S.S. 1.24 2.20 2.75 2,95
Effectiveness Values from Table 3-13.
Cost Values from Table 3-31 for All Vehicles.

effectiveness improved slightly from Phase I to Phase ITI. L.S.3. cost effec-
tiveness in Phase II was 120% greater then in Phase I. This improvement was
due to much lower L.S.S. repair cost- incurred on these vehicles during Phase II
compared to Phase I. After deducting excess repairs, L.S.S3. in Phase IT was
L0% more cost effective than Idle.

3.6 RELATIBILITY ANALYSIS

This section presents the results of the correlation analysis of the 21
candidate inspection tests relative to the 1972 and 1975 CVS test procedures
and the errors of commission resulting from Idle and L.S.S. inspections.
These analyses are presented for the combined Phase I and Phase II test
fleets sii e the larger sample sizes provide greater confidence in the
conclusions and changes in the maintenance procedures would not affect the
reliability criteria used for the analysis.

3.6.1 Correlation and Regression Results

This paragraph presents regression and correlation coefficients of the various
short emission inspection tests relative to the 1975 CVS test. The discussion
is limited to before service data only. Complete regression tables of 1975
CVS data, before and after service, are shown in Appendix C.
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Each of the short inspection tests was correlated to the 1972 CVS and 1975
CVS test using a linear regression of the form:

where y = 1972 or 1975 CVS in grams per mile
a = intercept of regression
bi = coefficients of independent variables
xi = emission values of short inspection test in concentration units
n = number of separate modes

In case of multiple regression, i.e., the steady state tests like L.S.S. this
equation considers each speed as follows:

y=a+ blxl + b2x2 + b3x3

where bl, b2, b3 = the Idle, Low Cruise, and High Cruise coefficients

X5 X5 x3 = the Idle, low Cruise, and High Cruise emission
values in concentration units

In general, the mass (CVS) tests related considerably better to the 1975 CVS
data than did any volumetric tests. Tables 3«35 to 3-37 rank the 1972 CVS
and 10 common short tests with respect to how well they correlate with the
1975 CVS test (before service data) for California, Michigan and the combined
states respectively. Each Idle and L.S.S. fleet contained 150 vehicles,

With no exceptions, the best correlation occurred between the 1972 and 1975
CVS mass tests, The EPA Short CVS Test and the mass emission multiple step-
wise regression shared second best relatability. Of the 22 emission tests
whose correlation coefficients were ranked, the 6 mass tests generally ranked
in the upper quarter while the volumetric tests generally did not rank

in the upper half of the groups. Volumetric L.S.S. was ranked 1lth and

9th best correlation for HC in California and Michigan respectively.
Volumetric L,S,S. was ranked 11th and 10th best correlated for CO in
California and Michigan respectively. Volumetric L.S.S. was 9th and 5th
best correlated for NOy in California and Michigan respectively, 1Idle
correlation ranked 22nd best for HC and CO in both California and Michigan.
Idle NOy correlation ranked 2lst best in California and 19th best in Michigan.
Two volumetric tests which generally ranked higher than L.S.S. for HC and CO
were the hot start 7-Mode and the multiple stepwise regression of steady
state speeds. If all the inspection tests performed had been listed, some
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Table 3-35

RANKING OF SHORT INSPECTION TEST
CORRELATION TO 1975 CVS TEST
300 California Vehicles

18-¢

HC Cco NOx
Short Test California Cars Rank California Cars Rank California Cars Rank
Mass Tests
1972 Cvs 0.995 1 0.976 1 0.979 1
EPA Short 0.965 4 0.892 3 0.844 2
7-Mode 0.937 5 0.859 5 0.785 3
L.S.S. 0.966 2 0.891 4 0.742 5
Best 1 Speed -(30) 0.931 6 (40) 0.823 7 (50) 0.740 6
Step Combined 0.965 3 0.892 2 0.766 4
| Volumetric Tests
7-Mode 0.773 17 0.852 6 0.577 14
L.S.S. 0.824 11 0.775 11 0.680 9
Best 1 Speed (40) 0.804 14 (40) 0.734 14 (50) 0.646 11
Step Combined 0.818 13 0.778 10 0.669 10
Idle 0.513 22 0.534 22 0.038 21

Numbers in parentheses are the best correlated single speeds




Table 3-36

RANKING OF SHORT INSPECTION TEST
CORRELATION TO 1975 CVS TEST
300 Michigan Vehicles

¢8-¢

HC co NOy
Short Test Michigan Cars Rank Michigan Cars Rank Michigan Cars Rank

Mass Tests

1972 CvS 0.987 1 0.963 1 0.978 1

EPA Short 0,932 2 0.852 5 0.799 2

7-Mode 0.920 4 0.855 3 0.545 14

L.S.S. 0.933 3 0.854 4 0.757 4

Best 1 Speed (40) 0.886 7 (20) 0.782 8 (60) 0.709 7

Step Combined 0.916 5 0.872 2 0.730 6
Volumetric Tests

7-Mode 0.883 8 0.808 7 0.779 3

L.S.S. 0.877 9 0.768 10 0.757 5

Best 1 Speed (60) 0.869 10 (40) 0.714 13 (60) 0.638 10

Step Combined 0.89 6 0.808 6 " 0.653 9

Idle 0.747 22 0.548 22 0.168 19

Numbers in parentheses are the best correlated single speeds




Table 3-37

RANKING OF SHORT INSPECTION TEST
CORRELATION TO 1975 CVS TEST
Combined States

£€8-¢

HC co NOx

Short Test All Cars Rank All Cars Rank All Cars Rank
Mass Tests

1972 CVs 0.991 1 0.970 1 0.980 1

EPA Short 0.949 3 0.874 3 0.833 2

7-Mode 0.929 5 0.856 5 0.643 10

L.S.S. 0.951 2 0.873 4 0.752 3

Best 1 Speed (30) 0.892 6 (40) 0,796 7 (50) 0.699 6

Step Combined 0.936 4 0.883 2 0.731 4
Volumetric Tests

7-Mode 0.819 12 0.832 6 0.628 11

L.S.S. 0.812 13 0.766 11 0.726 5

Best 1 Speed (40) 0.798 14 (40) 0.717 13 (60) 0.626 12

Step Combined 0.821 11 0.785 9 0.655 9

Idle 0.602 22 0.536 22 0.058 20

Numbers in parentheses are the best correlated single speeds




single constant speed mass tests would have ranked higher than some of the
volumetric tests. Rank of correlation of the short inspection tests relative
to the 1975 CVS test was generally similar for HC, CO and NOX emissions.

Typically, the single best correlated constant speed tests did not relate as
well as any of the other tests considered. The single constant speed of Lo mph
was best related for CO and HC while 60 mph was best related for NO_. In no
case was the best single speed more closely related to the 1975 CVSxthan the
L..S.8. test. In every case, the best single speed was more correlated than
Idle.

Figures 3-20 to 3-22 depict the degree of improvement achieved in correlation
between multiple constant speed tests and the 1975 CVS test as various speeds
are sequentially incorporated into the multiple linear regression equation.
In considering the IL.S.S. test, the Low Cruise measurement provided the
greatest relatability to the 1975 CVS, followed by the idle and lastly by the
High Cruise measurements. This observation agrees with that regarding the
constant speed tests (best correlation at 40 mph). The data show that, in
general, addition or deletion of the least correlated mode (typically High
Cruise) has a relatively small impact on how strongly the L.S.S. test is
related to the 1975 CVS test. In most cases for HC and CO, the complete
L.5.5. test related to the CVS as well as did a different combination of three
constant speed tests. For NO the L.S.S. test related to the CVS better than
a different combination of th¥ee speeds. This occurred because of the higher
dynamometer load used for the L.S.S. test.

When the volumetric constant speed tests were subjected to the same analysis
as above, it was generally found that only small improvements in relatasbility
were gained by incorporating more than four separate speeds (regardless of
the specific speeds) into the multiple regression equation. Figures 3-20

to 3-22 show the improved correlation from incorporating additional speeds
and indicate which speed was selected. The results show that the gain on
correlation coefficient after the second speed is added is small. Although
it may be enough to change the rank of the multiple regression, the true
improvement in standard error or correlation coefficient would be small.

Tables 3-38 to 3-U40 present the actual regression, correlation coefficients
and standard error for several common short inspection tests relative to
the 1975 test. As expected, the 1972 CVS and 1975 CVS tests are highly
correlated to each other. The slope, b, of the regression line is very
close to unity in all cases (representing nearly a one-to-one relationship).
When the characteristics derived for the sample vehicles were projected to a
larger population, the 90% confidence interval for a and b were on the order
of #10-50% of the average value. In addition, the 90% confidence interval

of the expected population correlation coefficient wags only 10-2% of the
average value.

Since gtandard errors (SE) are in absolute values rather than percentages,
they will be proportionately larger for HC and 1\TOx and larger still for CO.

The 1972 CVS and 1975 CVS tests replicated each other very closely because
they were calculated from the same test data. Therefore, it was not necessary
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Table 3-38

SELECTED REGRESSION EQUATIONS AND COEFFICIENTS
1975 CVS Before Service Data
California Vehicles Only

Inspection Intercept Idle ¥ 0) HI MR SE
Vol. 7-Mode Hot

HC 2,3923 0.9340 0.7728 5.220

co 20.2859 1,1027 0.8523 28,106

NOx 1.5528 0.3492 0.5765 1.299
Idle

HC 4,7249 0.0050 0.5026 7.110

co 39,5000 9.5787 0.5335 45,443

NOx 2.8447 0.0003 0.0375 1,589
L.S.S.

HC 1.6976 0.0015 0.0179 0.0011 0.8236 4,680

co 28.8946 4,639 7.5289 8.1215 0.7751 34.064

NOx 0.5871 -0.0004 0.0007 0.0006 0.6803 1.170
EPA Short

HC 0.8550 1,1919 0,9646 2,169

co 26.5726 1.0568 0.8918 24,309

NOx 0.7265 0.9129 0.8439 0.853
1972 cvs

HC -0.4154 0.9647 0.9951 0.816

co -2,9559 '0.9150 0.9760 11,704

NOx 0,0907 0.9738 0.979% 0.321

to perform a relatability analysis between the short tests and both CVS tests.
The 1975 CVS test has, therefore, been selected as the standard for comparison.

In summary, the tebles showed that the Idle Mode test was not as well related
to the 1975 test as was .the L.S.S. test. In addition, the L.S.S. test
exhibited greater consistency of correlation coefficients (MR) within sub-
fleets. As was expected, correlation of Idle to 1975 CvVs for NO, measurements
was very low. The Idle test exhibited considersble larger standard error
(dispersion of points about the regression line) then the L.S.S. test for
every pollutant. The L.S.S. was among the best correlated volumetric tests
and the numerical difference in standard error between I..S.S. snd the other
highly ranked volumetric tests was small.
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Table 3-39

SELECTED REGRESSION EQUATICNS AND COEFFICIENTS
1975 CVS Before Service Data
Michigan Vehicles Only

Inspection Intercept Idle 1o HI MR SE
Test (2) (b)) (by) (b3) (gr/mi)
Vol. 7-Mode Hot
HC 2.4726 0.8586 0.8828 3.282
(¢ 22.4287 1.1282 0.8083 28.073
NOx 1.2022 0.7057 0.7785 1.119
Idle
HC 2.911 0.0076 0.7468 4,647
co 37.3501 8.6881 © 0,5482 39.876
NOx 3.2293 0.0095 0.1666 1.758
L.S.S.
HC 2.,7488 0.0042 0.0029 0.0049 0.8769 3.370
co 26.3030 5.4242 11.5993 5.6597 0.7676 30.662
NOx 0.7652 0.0013 0.0008 0.0007 0.7488 1.180
EPA Short
HC 1.2955 1.0383 0.9331 2,513
co 29.4849 0.9896 0.8524 24,927
NOx 1.3678 0.8023 0.7990 1.073
1972 CvVS
HC -0,3368 0.9276 0.9869 1.125
co 0.4609 0.8572 0.9692 12,859
N’Ox 0.2276 0.9799 0.9784 0.368

Figures 3-23 through 3-30 present the regression eguation confidence bands for
combined Phase I and II before service data. The confidence bands are presented
for HC and CO emissions and for controlled and uncontrolled vehicles. The
regression equation confidence bands enclose the range of actual CVS emission
values which could correspond to a predicted CVS emission value calculated

from Idle or L.S.S. data. For example, Figure 3-23, if a vehicle were tested
for Idle HC emission and a corresponding predicted 1975 CVS value of 12 grams
per mile were obtained there is 90% confidence that the same vehicle would

have actual 1975 CVS emissions between O and 24 grams per mile. In the case

of L.S.S., Figure 3=24, if a vehicle experienced L.S.S. emissions corresponding
to a predicted 1975 CVS value of 12 grams per mile there is 90% confidence

that the range of actual 1975 CVS emissions could range from 4 to 20 grams per
mile. In general, the figures may be summarized as follows:
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Table 3-40

SELECTED REGRESSION EQUATIONS AND COEFFICIENTS
1975 CVS Before Service Data
Combined States

Inspection Intercept Idle Lo HI MR SE
Vol. 7-Mode Hot
HC 2.4402 0.8939 0.8195 4,367
co 21.5273 1.1121 0.8325 28,100
NOx 1.5716 0.4845 0.6278 1,387
Idle ]
HC 4,0103 0.0060 0.6019 6.085
co 39,0298 8.9689 0.5359 42,827
NOx 3.5665 ~-0,0007 0.0580 1,779
L.S.S.
HC 2.7010 0.0018 0.0108 0.0018 0.8120 4,455
co 27.6412 5.2628 8.8230 6.8602 0.7665 32,632
NOx 0.6863 -0,0005 0.0009 0.0006 0.7258 "1.228
EPA Short
HC 1.0422 1.1191 0.9490 2,403
co 27.8139 1.0250 0.8743 24,626
NOx 0.9690 0.8755 0.8336 0.984
1972 cvs
HC -0.3959 0.9485 0.9912 0.997
co -1.4310 0.8871 0.9696 12.402
-NOx 0.1158 0.9900 0.9802 0,353

e there is 90% confidence that the actual 1975
CVS emissions of a vehicle will be within plus
or minus 80% of the value predicted by Idle
test data.

e there is 90% confidence that the actual 1975
CVS emissions of a vehicle will be within plus
or minus 60% to T0% of the value predicted by
L.5.S. test data.

The above results suggest that neither Idle nor L.S.S. were statistically

good predictors of 1975 CVS emissions from individual vehicles. In the
case of fleet (more than 30 vehicles) emissions, however, Idle and IL.S.S.
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1976 CVS ACTUAL HC EMISSIONS (GM/MILE)
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1976 CVS ACTUAL CO EMISSIONS (GM/MILE)
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1976 CVS ACTUAL CO EMISSIONS (GM/MILE)
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were both fairly good predictors of fleet 1975 CVS emission levels. Referring
again to Figure 3-23 for Idle HC Emissions corresponding to a predicted 1975
CVS mean value of 12 grams per mile, there is 90% confidence the actual 1975
CVS fleet mean value was 10 to 13 grams per mile. For IL.S.S. HC emissions,
see Figure 3-2k, corresponding to a predicted 1975 CVS fleet mean of 12 grams
per mile, there is 90% confidence that the actual 1975 CVS fleet mean value
was 11 to 13 grams per mile. In general, there was 90% confidence that the
actual 1975 CVS fleet emission mean value was within plus or minus 20% of the
1975 CVS value predicted from both Idle and I1.S.S. data.

The above analysis combined all vehicles., If separate correlations had been
performed for different weight classes or if data had been adjusted for
vehicle weight, a higher correlation might have been found.

3.6.2 Errors of Commission

Table 3-4%1 presents commission errors as a percentage of the total fleet

when given proportions of each fleet are failed. For example, it is seen

that at the 10% rejection rate for the California Idle Mode fleet 3% of &ll
the controlled vehicles inspected were committed to unnecessery maintenance.
As the rejection rate increased, the percentage of commission errors increased
proportionally.

If commission errors of up to 10% of the fleet were acceptable, a failure

rate no higher than between 20% and 30% of the total fleet would be accepted
for HC. Similarly failure rate of between 30% and L0% of the total fleet
would be acceptable for CO. In most cases, the uncontrolled vehicles
exhibited larger fractions of commission errors than controlled vehicles

for CO. This occurred due to the typically lsrger variance in the uncontrolled
sample population.

The analysis shows that Idle and L.S.S. tests were essentially equal in the
amount of commission errors caused. This was expected because of the
similarity in the correlation coefficients and standard error of the tests.
It was apparent, however, that there are fewer commission errors for CO than
for HC measurements. For every commission error which occurs, an omission
error also occurs. OQOmissions are caused when a vehicle which would have
failed the 1975 test was passed because it showed low emissions on the short
test. The result is that overall effectiveness in emission reduction is
lower than would be the case if the 1975 CVS test were used. Since both
Idle and L.S.S. have similar errors of commission, the lost effectiveness
from errors of omission would also be similar.

An alternate definition of commission and omission errors can be proposed based
upon the ability of the regime to identify correctable engine system malfunc-
tions or maladjustments independent of CVS emission levels. Using malfunc-
tion detection rather than emission measurement as a goal, errors of commis-
gsion and omission could be redefined as follows:

® errors of commission occur when the short inspection
test fails vehicles that need no repair or cannot be
repaired at reasonable cost;
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Table 3-~41
ANATLYSIS OF ERRORS OF COMMISSION

Percent of All Inspected Vehicles

CALIFORNIA MICHIGAN COMBINED STATES
R Tdle L.S.S. Iale L.S.5. Idle L.5.S.
c U T] ¢ U TJ|] ¢ U T ¢ _U© T[] ¢ U T|] C U T
10% 3 L 3 1 3 2 L 0 2 3 0 1 b 2 3 2 12
g 2064/ 7 9 8| 7T 8 Tl 7T 4 5| 9 1 5|7 6 T| 8 5 6
% 304 11 13 12|15 12 13|10 w0 10 10 8 9|11 11 11| 12 10 1
§ ot | 11 16 14| 12 15 13| 13 13 13| 16 9 12} 12 14 13| 14 12 13
504] 13 26 20|19 19 19|20 15 17| 19 1 16|16 212 19| 19 16 1t
'E,J 104} 1 1 1{ 0 o o] o 4 2/ 1 1 1}l 1 3 2| 1 1 1
§ 20%( 1 % 3/ 3 ¥ 3/ o 6 3} 3 3 31 5 3|3 3 3
‘z’ 30 6 8 7| 5 5 s & 10 7% 4 4|5 9 7[5 5 5
é ot 11 11 1| 9 7 8|l 16 13| 7 11 9fj1 W 12| 8 9 g
© so4| 1 18 16|12 9 10| W™ 25 20| 1 13 12| 21 18|12 1 1
C = Controlled Vehicles
U = Uncontrolled Vehicles
T = (Combined Controlled and Uncontrolled Vehicles

= Percent of Vehicle Population Rejected by Inspection Test




e errors of omission occur when the short inspection test

-does not fail vehicles that can be repaired at reasonsble
cost

Using the above definition, L.S.S, was found to commit few errors of comis-
sion or omission compared to Idle when the service centers correctly utilized
the disgnostic data available from the L.S.S. modal failures. Idle did not
generally commit commission errors but did commit large numbers of omission
errors because of low idle emissions but excessive power mode emissions.
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SECTION 4
APPENDICES

The three sections of the appendix consist of general information, 1975 Cvs
vehicle emission summary tables, and tables of short test regression and
correlation coefficients. The regression and correlation summaries present
data for Phase I and II combined. Emission summaries are presented separately
for Phase I and II data.

4,1  APPENDIX A. TEST PROCEDURES

These procedures were supplied to the repair garages and provided the written
ingtructions by which they inspected and repaired failing vehicles in the
Idle and L.S.5, fleets,

k,2  APPENDIX B. VEHTICLE EMISSION SUMMARY TABLES

The following tables present before service and after second service 1975
CVS emission data separately for Phase I and II. The tables present the
number of vehicles, mean value, standard deviation, minimum value and maxi-
mum value for HC, CO and NO,. Data are presented for the following vehicle
parameters: age, mileage, make, control device, engine size and weight.

4.3 APPENDIX C. SHORT TEST REGRESSION AND CORRELATION SUMMARIES

The computer routine generated two types of regression program outputs:
simple regression analysis (treating only one short test); and multiple
stepwise regression analysis (treating more than one short test). The
following paragraphs describe the date presented in each output. In the
cagse of simple regression calculations, the two variables comprise the
dependent (CVS) variable and the independent (short test) varisble. 1In the
case of multiple regressions, varying numbers of short test values comprise
the independent verisbles and the CVS values comprise the dependent variable.

Reading across the summery tables from left to right, the following statistics
sre presented:

Neme of Test - identifies each test which the 1972 and 1975 CVS
tests were correlated and regressed sgainst. The abbreviations
for ea¢h of the tests are given in Table k-1,

gﬁ - gives the expected plus and minus confidence band at 90%
significance for the correlation coefficient (MR) in percent
based on the sample size used (150 vehicles) if the coefficient
were proJjected to a large (statewide) population. This
statistic has no meaning for the multiple regressions and
therefore are shown as zero. Z% is calculated from:

Z = 3 1n 1-MR
TR
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Table 4-1 - SHORT TEST ABBREVIATIONS

EPA = TFederal short cycle test = CVS bag mean value
MTMODE = T-Mode hot start test - CVS bag meean value
KMIDLE = Multiple regression of three L.S.S, test modes - GCVS diluted
continuous measurement '
MOOMPH = O mph = CVS diluted continuous measurement
MLOMPH = 10 mph - CVS diluted continuous measurement
M2OMPH = 20 mph = CVS diluted continuous measurement
M3OMPH = 30 mph = CVS diluted continuous measurement
MUOMPH = 40 mph - CVS diluted continuous measurement
MSOMPH = 50 mph - CVS diluted continuous measurement
MAGOMPH = 60 mph - CVS diluted continuous measurement
M=OMPH = Multiple regression of steady states test =
CVS diluted continuous measurement
VIMODE = T Mode hot start test - NDIR continuous mesasurement
KVMIDL = Multiple regression of three L,S.S, test modes
NDIR continuous measurement
VOOMPH = O mph - NDIR continuous measurement
VIOMPH = 10 mph - NDIR continuous measurement
V20MPH = 20 mph -~ NDIR continuous mesassurement
V3OMPH = 30 mph - NDIR continuous measurement
V4OMPH = 40 mph - NDIR continuous measurement
VS5OMPH = 50 mph = NDIR continuous measurement
V6OMPH = 60 mph - NDIR continuous measurement
V-OMPH = Multiple regression of steady states test - NDIR
continuous measurement
NOTES: (1) The first 11 tests determine emissions in mass units
of either grams per mile or grams per min.
(2) The last 10 tests determine emissions in concentration

units of either ppm or percent.
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A - intercept of the simple regression line, i.e. the value
which would be predicted for the dependent variasble (CVS
test) if the independent varisble (short test) were
measured at zero.

Bl thru BT - slope of the regression line between the
dependent and independent variable(s), i.e. the ratio
of the dependent to independent varisble(s). Only Bl
is necessary for the simple regression. For multiple
regressions, Bl represents O mph, and B2 thru BT
represent 10 thru 60 mph respectively. For L.S.S.
Bl, 2, and 3 are associated with Idle, Low Cruise, and
High Cruise respectively. The value will be shown as
zero 1f the variable exhibits little or no correlation
with the CVS values.

élﬁ and BL% - shows the expected plus and minus confidence
band at 90% significance for the A and B parameters respect-
ively based on the sample size used. These statisties have

no meaning for the multiple regressions and therefore are
shown as zero. AL% and BLf are calculated from:

ALL=31nl-A BL =% 1n 1-B
1+B 1+B

F - The F-ratio value which was computed to test the
hypothesis that the slope of the regression line was non-
zero, i.e. that there in fact existed & relationship between
the short test values and the CVS values. High F-ratios
indicate significant relataebility between the tests. The
F-ratio value is &lso used by the stepwise multiple regress-
ion program to determine if a newly added variable provides
e significant increase in correlation. The F-ratio value is
calculated from:

F = MSR
SE2

where MSR is the mean square due to regression
ie. MSR = D [zxi Yy =2xi nz‘xl ]
and SE is defined below

SE - the standard error of the estimated regression shows the
Meloseness" of the relationship between the two variables.

The smaller the stendard error, the more accurate the predic-
tions of the dependent (CVS) values based on the short test
and the regression equation. In other words, actual values of
the dependent varisble become closer to the regression line &s
the standard error decreases. The standard error is calculated
from:

SE2 =1
n=2 i=1

M3

v, - (a + bxi)



MR - coefficient of (multiple) regression; synonymous with the
correlation coefficient, This parameter shows how well the
dependent and independent variables are related. The square
of the MR (times 100%) indicates that percentage of the
dependent variable's variation which is explainable by
variations in the independent variable. MR is calculated from:

R = 2(x; - %) (v; - V)

E:(xi - %) 2-]% [zyi -y) @ %:l
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APPENDIX A-l

IDLE REPAIR FACILITY PACKET

This package contains the following information regard-
ing the IDLE TEST PROCEDURES:

1) Introductory Letter

2) IDLE EMISSIONS, ADJUSTMENT, AND REPAIR PROCEDURES

3) Sample Repair Reports



Cison Laboratories, inc.

500 E. ORANGETHORPE AVENUE, ANAHEIM, CALIF. 92801
TELEPHONE: (714) 871-3920, TELEX: 65-5417

October 20, 1971

Dear Sir:

On behalf of Olson Laboratories, I welcome you as a
participating service center in this program to reduce
automotive air pollution. You are participating in a test
program to determine the best way to reduce exhaust emissions
from automobiles presently on the road. It is well known that
a properly tuned engine emits less unburned gasoline and carbon
monoxide than an out-of-tune engine. This means that the
automobile repailr industry has an important roll in helping to
reduce air pollution.

During this program, two methods of identifying and
correcting maladjusted and malfunctioning cars will be compared.
You will participate as an IDLE MODE GARAGE using your diagnostic
equipment and skill plus an additional tool, the Olson-Horiba
Mexa 300 HC/CO instrument, to identify and repair malfunctioning
vehicles. Olson Laboratories will use the Federal new-car emission

test procedure to determine how much the emissions of HC and CO
were reduced.

Briefly summarizing your part in the program, the following
points should be kept in mind:

1) The Olson-Horiba Mexa 300 HC/CO instrument, your

diagnostic equipment and the enclosed pamphlet should
be used in adjustment and repair actions.

2) Adjust or repair the vehicles as you normally would
so that emissions are equal or less than the appropriate
standard. Major overhauls such as ring and valve jobs
are not to be performed without prior authorization
from Olson Laboratories. Attempt all adjustments before
replacement or repair action is taken.

3) Cost'should be itemized on an invoice and accompany the
repaired car when returned to Olson Laboratories.
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October 20, 1971

Page 2

4)

5)

6)

Blank repair action forms will be given to you which
should be filled out by the mechanic working on the
vehicle.

10-15 cars will be assigned to your garage through
December 20.

Vehicles will be picked up and delivered by Olson
Laboratories' employees.

Sincerely yours,
- / 7 :
/{{% ) /{2\/ o A (/(/Z{_,éi{}""l

Richard R. Carlson
Project Engineer



IDLE EMISSION.TEST, ADJUSTMENT, AND REPAIR PROCEDURE
FOR

PARTICIPATING GARAGES

The following test, adjustment, and repair procedure is
recommended to bring the vehicle within prescribed emission
levels. Only those adjustments or repair actions required to
correct Idle emissions are to be performed. Use attached data
sheet to record emission measurements.

A. PRE-TEST

Prepare vehicle and equipment for test.

1. Test Eguipment - Service, warm-up, and calibrate
Olson-Horiba Mexa 300 HC/CO test equipment per
manufacturer's specifications.

2. Test Vehicle - Verify engine is at normal operating
' temperature (warm-up as regquired).

3. Hook-Up - Insert probe in exhaust pipe (opposite side
of heat riser if dual exhaust), hook-up tachometer per
manufacturer's instructions.

B, - TEST
1. Idle RPM - Perform HC/CO and RPM measurements and
compare to Idle Test Standards.
2. 2500 RPM - Operate engine in neutral at 2500 RPM to
clean out engine.
3. Idle RPM - Operate engine at Idle RPM (in drive if

e ——— L] .
automatic transmission), record measwyrements.

4. Compare - Idle RPM emissions to test standards and
record manufacturer's specified RPM; if HC or CO is
high, adjust per Step C. If HC and CO are within
limits return vehicle to Olson Laboratories, Inc.

C. ADJUST
Perform engine adjustments for HC/CO.

Note: When any adjustment step brings emissions within

limits STOP procedure at that point and re-test
per Step B.

Al



Adjustment Procedure

1. RPM - Adjust (if required) to manufacturer's specifications;
recheck HC and CO and record.

2. HC ~ Check timing per manufacturer's procedure and record.
If timing is not at manufacturer's specification, adjust
as required; re~adjust RPM, if required; re-check HC/CO
and record. ‘

3. ¢co

(a) Adjust Idle mixture to manufacturer's specification.
Where no specifications are available use: 2.0 to
5.0% CO for uncontrolled vehicles and 1.0 to 4.0%
CO for controlled vehicles. Re-adjust RPM, if
required.

Note: When adjusting Idle CO, attempt to reduce
CO to lowest possible value, consistent with
goocd Idle quality. Avoid a rough Idle condition,
side to side unbalance or increase in HC
(HC increase indicates a lean idle misfire).

If CO/HC emissions cannot be reduced to within
limits, while maintaining acceptable Idle
quality; diagnose and repair (Step D) vehicle as
required. ONLY those repairs necessary to bring
Idle HC/CO within limits are to be accomplished.

(b) After adjustment, enrichen mixture slightly to avoid
too lean a condition. Recheck HC/CO and record.
D. REPAIR

Diagnose and repair engine; when repair is complete re-test
per Step B.

1. Diagnose Engine.

2. Repair malfunction per manufacturer's specifications.

3. Re-test per Step B, record measurements.

4, If emission limits cannot be achieved within the following

repair constraints imposed by Olson Laboratqries, contact
Olson Laboratories immediately for disposition of vehicle.



HELPEPUL HINTS

tigh HC - Indications are caused by ignition misfires, advanced ignition

~ing, exhaust valve leakage, and over-lean mixtures. Ignition misfires can
e diagnosed by use of the oscilloscope. Timing problems by use of timing
light. Valve failure is indicated by cylinder balance testing with compression
test verification. Lean misfire is caused by too lean Idle mixture setting or
manifold vacuum leaks.

High CO - Can be caused by abnormally restricted air cleaner, stuck or
sartially closed choke or carburetor Idle circuit failure. Rough or erratic
I¢le can be caused by PCV valve malfunction. Idle HC/CO failure/malfunction
Truth Table can be used as a guide to identifying failures.

MALFUNCTION TRUTH TABLE

Malfunction HC co ?:;8h
High Very High High Very High e
PCV Valve Dirty/ X %
: Restricted
—_

!

Air Cleaner Dirty/ X
Restricted | X

Choke Stuck
Partially Closed X

Carburetor 1dle X
Circuit Malfunction X X

Intake Manifold
Leak X X X

Ignition Timing
Advanced

Leaky Exhaust
Valves X X X

Ignition System
Misfire X X X




[

.. QLSO LABGRAT QLIES, IS,

A Subuvrraty ot Northrop Corpciat on

IDLE INSPECTION DATA SHEET

Car Number: License Number: Test Date:
rcv [ Ergine Mod. [ Air Injection [J R/T___
MINOR ADJUSTMENTS: IDLE RPM IDLE TIMING IPLE DWELL IDLE CO IDLE HC

FACTORY:

STEP B: AS RECELVED:

STEP C: RESET:

STEP D: Repair vehicle using Helpful Hints in Repair Facility Packet. Indicate repairs
performed on invoice. After repairs are completed, retsst vehicle for HC ard CO.
Readjust idle adjustment if required. The HC and CO readings must be lower than
the factory limits indicated for Idle CO and HC.

FINAL IDLE ADJUSTMENT: IDLE RPM TIMING DWELL MIXTURE (CO) HC

REMARKS:

A-T
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APPENDIX A-2

KEY MODE REPAIR FACILITY PACKET

This package contains the following information regard-
ing the KEY MODE TEST PROCEDURES:

1)

2)

3)
4)

Introductory Letter

Clayton Manufacturing Co. KEY MODE TRUTH CHART
BOOKLET

Sample Key Mode Report Cards

Sample Repair Reports
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Qlson Laborateriec, inc.

500 E. ORANGETHORPE AVENUE, ANAHEIM, CALIF. 92801
TELEPHONE: (714) 871-3920, TELEX: 65-5417

October 25, 1971

Dear Sir:

On behalf of Olson Laboratories, I welcome you as a participating
service center in this program to reduce automotive air pollution. You
are participating in a test program to determine the best wav to reduce
exnaust emissions from automobiles -presently on the road. It is well
known that a properly tuned engine emits less unburned gasoline and
carbon monoxide than an out of tune engine. This means that the auto-
mobile repair industry has an important role in helping to reduce air
pollution.

During this program, two methods of identifying and correcting
maladjusted and malfunctioning cars will be compared. You will participate
as a KEY MODE GARAGE using your diagnostic equipment and skill plus the
additional tcols of Clayton Key Mode Truth Charts and an Olson-Horiba
vexa-300 HC/CO instrument, to identify and repair malfunctioning vehicles.
0lson Laboratories will use the Federal new-car emission test procedure
to determine how much the emissions of HC and CO were reduced.

Briefly summarizing our part in this program, the following points
should be kept in mind:

1} The Key Mode Truth Charts which will be sent to you with
each car, and the enclosed pamphlet should direct your
repair actions.

2) The Olson-Horiba Mexa-300 HC/CO instrument, which will be
loaned to you for this program, should be used to help make
adjustments and repairs.

3) Adjust or repair vehicles as directed by the Key liode Truth
Charts so that emissions are minimized except that major
overhauls such as ring and valve jobs are not to be performed
without prior authorization from Olson Laboratories. Attempt
all adjustments before replacement or repair action js taken.

4) Costs should be itemized on an invoice and accompany the
repaired car when returned to Olson Laboratories. Two

copies of the invoice should be sent.
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5) Blank repair action forms will be given to you which should
be filled out by the mechanic working on the vehicle. The
repair action form will carry the failure limits for CO and
HC which should not be exceeded.

6) 10-15 cars will be assigned to your garage through December 20th.

7) Vehicles will be picked up and delivered by Olson Laboratories’
employees.

Sincerely yours,

Ko lod R bt

Richard R. Carlson
Project Engineer
(714) 871-5000
Extension 1087 or 427

RRC/jm A-10



REVISED KEY MODE TEST, ADJUSTIENT, AND REPAIR PROCEDURE

FOR

PARTICIPATING CARAGES

The following test, adjustment, and repair procedure is recommended to bring thre
vehicle within prescribed emission levels. Only those adjustments or repair
actions suggested by the Clayton Truth Charts are to be performed. Do not attempt
to mke remairs which are not called for by the Truth Charts. Use attached data

sheet to record emission measurerents.

A. Examine Truth Charts when vehicle is received.

1. If Truth Table indicates an idle failure for HC or CO,

proceed with remmining procedure beginning with step B.

2. If Truth Tables indicate a failure for HC or CO in either
I0 Cruise and/ or HI Cruise, perform the work suggested

by the Truth Tables. Then proceed with step B.

B. Pre-Test
Prepare vehicle and equipment for test.

1. Test Egquipment - Service, warm-up, and calibrate Olson-

Horiba Mexa-300 HC/CO test equipment per menufacturer's

specifications.

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

(wvarm-up as required).

A-11



D.

30

Hook-up - Insert probe in exhaust pipe (Opposite side of
heat riser if dual exhaust) s hook-up tachometer per reImu-

facturer'!s instructions.

Test

1. Operate engine in neutral at 2500 RPM to clean out engine

2, Idle RPM - Operate engine at Idle RPM (in drive if automtic
transmission), record measurements.

3. Comere - Idle RPM emissions to test standards and record
mnufacturer's specified RPM,timing and dwell. If Idle HC
or CO is high, adjust per step D.

Adjust

Perform engine timing, dwell and RPM adjustments and measure HC/CO.

Dwell and timing should be at menufacturer's specifications, RPM

ey be as mich as 50 RPM greater than specifications.

NOTE :

When any adjustment step brings emissions within limits STOP

procedure at that point and retest per step C.
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é L) oLs8n LARDRATORIES. HHE.

gy & Zubsdiany ot Mortwrop Corperation

INTTTIAL KEY MODE DATA SHEET

KEY MODE REPORT CARD

CAR NUMBER YEAR CONTROLLED
) oW KIGH
IDLE CRUISE CRUISE,
-0 - 3.0% 2.5% 2.0%
CARBON
MONOXIDE
He 2%0ppn 2koppm 220ppm
UNBURNED
HYDROCARBON
= REJECT

After fingl repair or adjustment, insure that the following adjustments

are vwithin manufacturer's specification.

IDLE EPM IDLE TIMING IDLE DWELL

Ff CTCGRY

seec. | L1 L dee Lo
ReSET | ) L} L L L1 |

IDNECO  IDIEHC
L) it
O O I T

COMMENTS ¢
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REVISED KEY MODE DATA SHEET

CLAYTON KEY MODE TRUTH CHART

Uncontrolled
CAR NUMBER YEZAR LICENSE
IDLE LoW HIGH
CRUISE CRUISE
- CO - 5.5%: 3.5% 3.0%
CARBOX
MONOXIDER
- HC - ~ T00ppm 450ppm L50ppm
UNBURIIED
HYDROCAREOH

This vehicle was

Clayton Key Mode
check (v). The
box. The values
are printed in ea
a sample truth ch

tested by Olson Laboratories and failed the

emission test during the modes indicated by a
actual values measured have been written in each
which a properely functioning car would have

ch box. Use the Clayton pamphlet by finding

art checked like this one and perform the work

suggested. Attempt adjustments first. Record test results on

the Garage Repair
insure that basic
specification and
limits written on

Report and your invoice. After final repair
idle adjustments are within manufacturer's
that emission values at idle are within the
the Garage Repair Report.
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TRUTH_CHARTS

(For Use In Conjunction With The Inspection Report Card Of
The Key Mode Emission Evaluation And Repair System)

IMPORTANT: Read the Introduction and Chart Usage before
attempting to use the Truth Charts.

INTRODUCTION

The Key Mode System operates the engine in carefully selected modes that have
been found to most reliably cause emission related engine malfunctions to occur.
Abnormal gas content indicates the presence of a malfunction. The mode or modes

in which they occur are indications of the type of malfunctions or maladjustments.

The Truth Charts are designed as an aid to mechanics in determining the type of
malfunction that is causing unnecessarily high exhaust emission. They will
direct the mechanic’s attention to the mode of engine operation in which the
fault exists, and indicate the malfunctioning system that needs repair or

adjustment.

The machanic must understand the fundamental causes of unnecessarily high Carbon
Monoxide (CO) and Hydrocarbons (HC) if he is to be effective in repairing engines
to reduce exhaust emissions. Engine exhaust emission is a new parameter to

practically all mechanics.
The fundamental difference between causes of high CO and high HC is as follows:

CARBON MONOXIDE (CO)

CO is a result of incomplete combustion. That is, the gas must be
subjected to combustion in order to form CO. If the mixture is too
rich, there is insufficient Oxygen (Op) to complete the combustion,
thus large amounts of CO result instead of the optimum condition of
Carbon Dioxide (COp) formation, There will always be at least a
small amount of CO in the exhaust because perfect combustion is not
to be expected. Abnormally high CO can only be due to excessively

rich Air/Fuel mixture.
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INTRODUCTION (Cont'd)

HYDROCARBON (Gasoline, is essentially 100% Hydrocarbon)

A modest amount of HC will always be present in the exhaust gas..
This is a result of both incomplete combustion and fuel at the
flame boundries that has not been fully subjected to combustiom.
When CO is normal and grossly high HC is present, an abnormal
amount of raw fuel is escaping from the combustion chamber without
being subjected to combustion. This is generally due to ignition
misfire or leaking exhaust valves. Moderate rise in HC can result
from early ignition timing, preignition causing abnormal flame
propagation, or Air/Fuel mixture being too lean to consistently

support combustion.

High HC and CO may exist in any one mode of engine operation, any
combination of two modes or in all modes. A basic knowledge of these

patterns and their meaning is important.

TRUTH _CHART USAGE

The master Truth Charts, pages 8 to 14, show reject patterns resulting trom
various types of malfunction or maladjustment. When a test report is received
on a vehicle, its reject boxes () act as a repair guideline for the servicing
agency by comparing it to a similar master Truth Chart. The mechanic will
quickly learn to diagnose without the example cards if he remembers the funda-
mental difference between causes of high CO and HC, and understands the engine
operating conditions represented by the Idle, Low Cruise, and High Cruise

boxes of the Report Card.

The Idle Mode, as its name implies, is with normally closed throttle, thus the
engine is operating at or near the conditions where basic engine adjustments
are made. The high intake manifold vacuum at idle or at higher free-running
engine speeds result in a relatively low compression pressure in which the

spark plug fires.
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TRUTH CHART USAGE (Cont'd)

The High Cruise Mode tests the engine at a point where the intake manifold

vacuum is down, thus compression pressure is up. The air flow through the
carburetor has increased so that the main jet s&stem of the carburetor is in
full operation. Speed and vacuum signals have changed the ignition advance.
In other words, it provides dynamic test data to expose malfunctioning engine

systems that are not responding properly to the signals from increase in speed

and air flow.

The Low Cruise Mode is in the transition range of speed and power between Idle

and High Cruise. As a general statement, the carburetor is blending the idle
and main jet fuel supply. Also, with only a modest ignition advance due to
speed, the vacuum advance is at or approaching maximum. Compression pressures
have increased moderately from idle conditions. Engines that "stumble" or
otherwise malfunction as they come off idle, are most likely to be exposed at

this "mid-power, mid-speed" point.

NOTE: The Key Mode Truth Chart can be used with all internal
combustion gasoline engines. For simplicity, the numbers
have been lett out ot the Truth Charts. Make repair based

on those boxes which have been checked (V).

AT



EXAMPLE REPORT CARDS
(Pages 5 and 6)

The two following example Report Cards are similar to the Report Card

that will be received from the inspecting agency.

The upper numbers in each box of the Report Card indicate the '"Sensible
Maximum" values for that type of vehicle when it is in good repair and
adjustment. These values are intended as guidelines for the repairing

agency.

The lower numbers are the actual values derived from dynamic test of

the vehic}e.

The actual values used for reject of the vehicle are not printed on the

Report Card, but are usually considerably higher than the "Sensible

Maximum.," Repair must be made based only on the rejects (V).

Example Report Card - Page 5

Note the "Sensible Maximum" in the upper half of each box, and

ar arctual wvalues at the hottom.

For repair of this vehicle, the mechanic would find that the
second example on Truth Chart #2 matches his Report Card, and

would repair accordingly.

Example Report Card - Page 6

Note the "Sensible Maximum" in the upper half of each box.
These values are lower than in the previous Report Card because

this is an emission control vehicle and is capable of lower

emissions when in proper operating order.

Also, note that the Idle CO is higher than the "Sensible
Maximum, " but is not rejected. This is because it was not
high enough to be rejected by the actual reject values of the

inspecting agency.

For repair of this vehicle, the mechanic would find that the
second example on Truth Chart #6 matches his Report Card, and

would repair accordingly.
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TYPICAL REPORT CARD
NON-EXHAUST EMISSION CONTROLLED

NAME:

VEHICLE:

E=E=————————2=— aTATI ' E

CVEHICLE 8 OWNER STATS = ISTIo>=
LOW HIGH

IDLE | cRUISE | CRUISE

'_Co.. MAX 5.5% | MAX 3.5%| MAX 3%
CARBON 2.5 2.4 7, 6
MONOXIDE Vs

-HC~- 7OgAlg(PM 4531AF)’(PM 453A|)=(PM

UNBURNED

HYDROCARBON| 492 360 | 465

v/ =REJECT
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TYPICAL REPORT CARD
EXHAUST EMISSION CONTROLLED

NAME:

VEHICLE:

il |

CVETICLE 6 OWNER STATISTIOS:
LOW | HIGH
IDLE | crUISE | CRUISE
'..Co_. MAX 3% |IMAX 2.5%| MAX 2%
CARBON 3. , 6 ., #
MONOXIDE
—He- MAX MAX MAX
UNBURNED |/ o= |20%350 [25%
HYDROCARBON| * - > P>

v/ = REJECT
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CARBON MONOXIDE

Basic problems involved ONLY with
carburetor misadjustments or

malfunctions.

Refer to these Charts for assistance in diagnosing

problems where one or more of the top three boxes

has been checked with a reject ().
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CHART #1

1LOW HIGH
IDLE CRUISE CiUISE
——— e e S |

1
HC “

ABNORMALLY HIGH IDLE CO

Lo HIGH
CRUISE CRUISE

o | \/ \/

HC

| o

ABNORMALLY HIGH IDLE CO CARRYING OVER TO LOW CRUISE

USUAL CAUSE

1. Gross error in carburetor idle air fuel mixture adjustment.
2. Rarely high idle CO carries over into Low Cruise, as shown

e LA o~~~ A meencmnt A
4ik LT DLLULU Coguip ke

SERVICE STEPS

1. Inspect the PCV system to insure it is clean and operating
correctly. A PCV system malfunction can cause erratic idle
operation,

2. Make basic engine idle adjustments of ignition dwell and
timing, idle speed and air fuel ratio.

CAUTION: After making the basic idle adjustment,
accelerate the engine at least three times
and let it return to idle, Observe the
stability and repeatability of idle
condition,

3. In rare cases that idle adjustments cannot be made correctly,
due to excessive amounts of varnish or foreign deposits in the
carburetor idle passages, it may be necessary to replace or
repair the carburetor.
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CHART #2

10 HIGH
IDLE CHUISE CRUISE
o /

ABNORMALLY HIGH CO AT 1OW CRUISE

, LOv "~ HIGH
IDIE CRUISE CRUISE
6o /

ABRNMORMALLY HIGH CO AT HIGH CRUISE

Lo HIGH

IDIE CRUISE CRUISE
co A / . /
v v

HG

ABNORMALLY HIGH CO AT LOW AND HIGH CRUISE

_USUAL CAUSE

The most common cause is a main ‘system carburetor malfunction.
This problem cannot be corrected by an Idle adjustment only.

SERVICE STEPS

1. Check carburetor air cleaner for abnormal restriction.

2, Check to see that choke is mnot stuck ﬁartially closed.

3. 1If the air cleaner and choke are satisfactory, remove the
carburetor and replace or repair according to factory
specifications.

NOTE: If carburetor rebuild is undertaken, refer to

the carburetor check sheet, page 17 of this
manual.

ALWAYS MAKE THE BASIC IDLE ADJUSTMENTS OF IGNITION DWELL AND TIMING,

IDLE SPEED AND AIR FUEL RATIO, TO COMPLETE THE REPAIR,
’ A-23



CHART #3

LOW HIGH
IpL= CRUISE CRUISE
= =t
co J J/

HC

ABNCRMALLY HIGH CO AT IDLE AND HIGH CRUISE

W HIGH
CRUISE CRUISE

o / S/ va
HC l[

AZRORMATLY HIGH CO IN ALL MODES OF OPERATION

| o

USUAL CAUSE

A combination of a malfunctioning carburetor main system and a
maladjusted idle air fuel ratio.

SERVICE STEPS

1. Refer to Chart #2. The main system malfunction should
obviously be corrected first.

2. 1Idle CO will be corrected when basic adjustments are made.

ALWAYS MAKE THE BASIC IDLE ADJUSTMENTS OF IGNITION DWELL AND TIMING,
IDLE SPEED AND AIR FUEL RATIO, TO COMPLETE THE REPAIR.
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UNBURNED HYDROCARBON

Basic problems involved ONLY with ignition
misfires, vacuum leaks, valve leaks, ignition
timing, or any condition which will permit raw
fuel to escape into the exhaust pipe without

being subjected to combustion.

Refer to these charts for assistance in diagnosing

problems where one or more of the bottom three boxes

has been checked with a reject (V).
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CHART #4

Lo HIGH
IDLE CRUISE CRUISE
- = —
He /
ABNORMALLY HIGH HC AT IDLE
co |
HC " \/ /

APNCRMALLY HWIGH HC AT IDLE CARRYING OVER TO LOW CRUISE

USUAL CAUSES

1.

2.

3.

Vacuum leaks into the intake manifold causing a lean mixture and
subsequent misfire in some cylinders.

Idle circuits on 2 and 4 barrel carburetors highly imbalanced or
adjusted too lean.

Intermittent ignition misfire is possible but not probable.

4. Grossly advanced basic ignition timing.

5.

Modest compression leak through one or more exhaust valves.

SERVICE STEPS

1.

2.

3.

4,
5.

Note idle CO on Report Card and determine that idle is not adjusted
too lean (less than 1.0% CO).

Ignition misfire at idle and net in the power modes is uncommon;
however, simplicity of oscilloscope check-out suggests this be
observed next.

Determine that basic ignition timing is not grossly advanced.

-Check for balanced idle adjustments if 2 or 4 barrel carburetor.

Check for vacuum leaks into the intake manifold.

If above steps do not locate the source of trouble, make a cylinder
compression check. Burned exhaust valves can cause up to four times
normal HC at Idle, with little increase in the Cruise modes.

ALWAYS MAKE THE BASIC IDLE ADJUSTMENTS OF IGNITION DWELL AND TIMING, IDLE
SPEED AND AIR FUEL RATIO, TO COMPLETE THE REPAIR.
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USUAL CAUSES

CHART #5

1o HIGH
Inie CHUISE CHUISE

co

se v

ARNORMALLY HIGH HC AT LOW CRUISE

. LOvi HIGH.
IDLE CRUISE CRUTS

Co

] v

ABNORMALLY HIGH HC AT HIGH CRUISE

L0 " HIGH
IDLE CRULSE CRUISE

co

/|7

ABNORMALLY HIGH HC AT LOW AND HIGH CRUISE

Ignitlon misfire under higher compression pressures of power operation,
due to a failure of an ignition system component.

SERVICES STEPS

1. Probably

the most common problem is a faulty spark plug; however,

this should not be a conclusion without proper examination.

2, Check out the 1gn1t10n system with a scope and associated instruments.
If the scope does not clearly show a faulty spark plug, observe for
the following:

a.
b.
c.

d.

Faulty ignition cables.

Point arcing. ~

Cross fire, due to cracked or carbon tracked cap

or rotor.

If above steps do not locate the source of trouble,
refer to "Ignition Check Sheet," page 18, for added
assistance.

AIWAYS MAKE THE BASIC ADJUSTMENTS OF IGNITION DWELL AND TIMING, IDLE SPEED

AND AIR FUEL

RATIO, TO COMPLETE THE REPAIR.
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CHART #6

IDIE

LOoW
CRUISE

HIGH
CiUISE

— |

TCO

v

/

ABNORMALLY HIGH HC AT IDLE AND HIGH CRUISE

I IDIE

LOW
CRUISE

HIGH
CRUISE

/

v

v

ABNORMALLY HIGH HC IN ALL MODES OF OPERATION

USUAL CAUSES

The most probable‘cause is ignition misfire as described on

Chart #5.

SERVICE STEPS

1. Refer to Chart #5 and repair accordingly.

2, 1In RARE cases, it may'be necessary to refer also to
Chart #4 when repair, as prescribed by Chart #5, does
not bring Idle Hydrocarbons within a reasonable limit.

AIWAYS MAKE THE BASIC IDLE ADJUSTMENTS OF IGNITION DWELL AND TIMING,

IDLE SPEED AND AIR FUEL RATIO, TO COMPLETE THE REPAIR.
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CARBON MONOXIDE AND HYDROCARBON

Combinations of CO and HC Problems

Rejects in upper and lower boxes are simply combi-
nations of problems causing abnormally high CO and
those causing abnormally high HC. They are to be

treated as separate and independent problems.

Repairs will be based on a combination of a CO chart
which matches the checks in the upper row of boxes,
and a HC chart which matches the checks in the lower

row of boxes.

NOTE: As a quick reference, a master wall
chart has been included on the
following page. This will be an aid
in quickly finding the proper Truth
Chart(s) and page number(s) for

given reject situations.
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CARBURETOR CHECK SHEET

NOTE: In rebuilding a carburetor, the following
defects must be looked for. 1If one or more
of these defects is not observed or cannot
be corrected, it is suggested that the
carburetor be discarded and replaced accord-

ing to manufacturers recommendations.

Check for faulty power enrichening valve.

Check to be sure that all vacuum bassages controlling the

power enrichening valve are open and unobstructed.

Observe for loose main jet(s) and/or power enrichening

valve,
Check for pitted or cracked main jet seat of seat gasket.

Check for worn jets and/or metering rods. A slight amount

of wear can cause a grossly higher CO reading.
Examine the float for abnormal damage or leaks.
Check for a damaged or loose float valve.

Check the venturi cluster and cluster gasket for damage or

cracks.

Thoroughly inspect the entire body of the carburetor for

cracks and to see that all lead plugs are securely in place.
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IGNITION CHECK SHEET

NOTE: Below are guidelines as.to problems to look for
that can cause ignition misfires and high hydro-
carbons. In most cases, the problem can be
traced to one of “hese areas and should be done
so by proper diagnosis, not by repairing and

replacing until the problem has been corrected.

This list is prepared in order with the most commonly occurring
problems listed at the top, and the least common toward the bottom.
1. Spark plugs.

2. Spark plug cables and coil cable resistance.

3. Excessive point resistance or arcing.

4, Distributor cap and rotor cracks and carbon tracks.

5. Moisture inside the distributor cap or on the cables.

6. Extremely incorrect dwell angle or point gap.

7. Low coil output voltage.

8. Low primary voltage supplied to the coil.

9. Loose wire connections such as distributor plate ground

or coil to point wire connections.
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APPENDIX B

1975 CVS EMISSION DATA

B-1: Phase I Data

B-2: Phase II Data

B 1-1
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CAL IDLE BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

YEAR CLASS

NO. HYDROCARBIN CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
57-1 11. 8,4 1.7 3.2 30.1 97.7 71.8 29.3 217.4 1.5 0.9 0.4 3.2
62-5 22. 5.7 1.8 3.0 10. 4 64.8 33.0 13.0 135.4 2.9 1.6 0.6 6.5
6€6-7 1l4. 9.3 9.5 1.5 30.9 75.8 37.9 15.8 134.7 2.4 l.6 0.7 6.5
68-9 16. 3.8 2.5 1.2 12.2 52.1 30.9 13.1 120.9 2.9 1.3 1.0 6.0
70-1 1l2. 2.8 1.4 0.6 545 42.2 32.8 9.5 108.0 2.7 l.5 1.0 6.4
CUM 75. 5.9 5.7 0.9 30.9 65.3 43.7 Q.5 217.4 2.6 1.5 0.4 6.5
10K CLASS
MILE NO. HYDROCARBON CARBON MONGXIDE NITROGEN OXIDES
10K CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 1. 4o4 0.0 4.4 4.4 30.5 0.0 30.5 30.5 1.8 0.0 l.8 1.8
X2 1. 4G 1.7 2.6 6.8 63.0 32.1 26.6 108.0 2.8 l.2 1.5 4o
X3 12. 2.9 1.3 0.5 5.0 39.4 25.7 9.5 88.3 3.6 l.6 1.5 6.4
X4 8. 4.0 3.5 1.2 12.2 50.0 25.5 13.1 95.2 2.3 0.8 1.0 3.6
X5 8. T.7 9.6 1.5 30.9 16.2 68.0 15.8 217.4 2.0 l.6 C.5 5.1
Xé 11. 4.0 1.5 1.¢€ 6.1 59.2 38.1 17.1 122.0 2.8 le4 0.9 5.5
X7 5. 5.8 1.8 3.8 8.4 72.6 31.0 41.5 118.4 25 2.3 0.7 6.5
X8 7. 6.0 2.5 3.2 10.4 65.9 2245 38.3 96.7 1.8 1.3 0.6 4.0
X9 6. 6.0 3.1 3.4 12.0 64,7 42.8 13.0 134.,7 2.1 0.8 0.8 3.2
X10 5. 9.2 3.5 4.5 13.4 113.2 T0.4 4l.1 211.9 3.1 22 Q.6 6.5
X1l 3. 15.C 12.7 5.7 29.5 121.2 51.5 84.6 180.1 1.8 1.2 O.4 2.6
X12 2e 16,7 19.0 3.2 30.1 76.2 39.3 48.5 104.0 2.3 0.3 2,1 245
CuM 75. 5.9 5.7 0.9 30.9 65.3 43.7 9.5 217.4 2.6 1.5 Oe4 6.5
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CAL IDLE BEFORE SERVICE 1975 CvS TEST - PHASE 1 DATA

ALL CARS

MAKE CLASS

VAWWLHPPORNNVVWL S N X

VEH. NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MA
AMC 3. 4.1 262 1.£€ 5.5 39.3 37.7 17.1 82.7 3.2 20 1.8 Se
CHRY l. 4e 5 0.0 4.5 4.5 4l.1 0.0 41.1 4l.1 3.4 0.0 3.4 3.
020G 4. 3.8 0.3 3.6 4.1 30.4 To4 23,3 37.3 343 1.0 2.0 4.
PLYM 4o 9.0 44 4e4 13.4 52.2 18.3 30.5 75.0 3.4 2.1 1.8 6.
FDRD 15. 4.7 1.7 l. & 7.9 Tle4 46.9 12.4 217.4 3.2 2.1 Ce5 6.
MERC 3. 3,3 1.5 1.7 407 31.5 19.7 13,0 52.1 2.5 0.8 1.6 3.
BUIC 4. 1. 6 3ab 4.3 11.7 140.9 50.2 95.2 211.9 1.7 0.9 Ve b 2e
capi 2. 4o & 2.4 2.7 6.1 21.0 43.9 60.0 122.0 2.4 1.7 1.2 3.
CHEV 16. 6.5 6.5 2.2 29.5 67.0 39.5 26,6 180.1 2.5 1.0 0.4 4.
OLDsS 4. 10.7 13.1 1.5 30.1 67.8 38.5 15.8 104.0 2.8 l.l 1.7 4.
PONT 5. 4e5 1.9 246 7.2 71.8 40.1 39.8 128.9 3.1 1.0 240 4.
IMPT 5. 3.5 3.0 l.2 8.4 51.2 44.6 9.9 118.4 1.5 0.6 0.7 2.
VW 9. 7.5 9.6 0.9 30.9 60.2 4542 9.5 134.7 l.2 Oe7 0.6 2.
CuM 75. 5.9 5.7 0.9 30.9 653 43.7 9.5 217.4 246 1.5 0.4 6.
CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
No.Ce R 3.0 2.0 1.6 4o4 23.8 9.5 17.1 30.5 2.1 De4 leo8 2e
C.D. 38. T.4 6.0 2.8 30.9 7846 49.0 13.0 217.4 2.4 le6 0.4 6.
A.1. 10. .2 8.6 l.2 29.5 4842 29.8 9.9 96.7 24 0.9 1.1 3.
E.Ms 25, 4.1 2.7 0.9 12.2 55.4 34.8 9.5 134.7 3.0 le& 0.8 6o
CuM 75. 5.9 5.7 0.% 30.9 65.3 43.7 9.5 217.4 2.6 l.5 0% 6.
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CAL IDLE BEFORE SERVICE 1975 CvS TEST ~ PHASE 1 DATA

ALL CARS
100" CLASS

CID NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN  SDEV MIN MAX- MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX
Xt 15. 5.8 7.8 0.9  30.9 54.0 43.5 9.5 134.7 1.4 0.8 0.6 3.0
X2 7. 4.7 1.6 3.2 7.9 60.3  T70.9 13.0 217.4 2.4 1.6 0.5 5.5
X3 17 5.0 2.1 1.6 9.8 3.3 39.0 17.1 180.1 2.7 1.5 0.4 6.5
X4 27, 7.0 7.1 1.5 30.1 6346  29.8 15.8 128.9 3.2 le4 0.9 6.5
X5 9. 5.4 3.2 1.7  1l.7 97.2 57.1 36.1 211.9 2.6 1.7 0.6 6.4
cuM 75, 5.9 5.7 0.9  30.9 65.3  43.7 9.5 21T.4 2.6 1.5 0.4 645

1K# CLASS ,

AT  NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX
X2 0. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
w X3 18, 5.9 7.0 0.5  30.9 62.3 55,2 9.5 217.4 1.6 1.2 0.5 5.5
= X4 24, 4,2 2.0 1.2 9.3 52,3  38.4 13.0 180.1 2.6 1.3 0e4 6.5
&~ X5 30, 7.4 6.7 1.7  30.1 7643  39.2  24.8 211.9 3.0 1.5 Ceb 65
X6 3. 4.7 1.8 2.7 6.l 77.5 38.8 50.6 122.0 3.3 2.0 1.2 5.1
cuM 75, 5.9 5.7 0.9  30.9 65.3 43,7 9.5 217+4 2.6 1.5 Oet 645



CAL IDLE SECOND SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

YEAR CLASS

Uid oo

NO. HYDRGCARBON CARBON MGNOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MA
57-1 11. 8.3 Te.7 3.2 30.1 85.6 55.8 29.3 211.9 1.5 0.9 0.4 3.
62-5 22. 5.3 l.7 3.0 10.4 54.6 21.7 13.0 S8.8 2.7 la4 0.6 e
66—7 1l4. 5.3 3.5 1.5 13.4 54.8 27.7 8.4 10l.5 2.8 1.7 0.5 6.
66-9 16, 3.7 2.5 1.2 12.2 49.8 30.4 13.1 120.9 2.7 1.0 1.0 4.
70-1 .12. 2.7 1.3 0.5 5.5 37.8 28.2 G5 108.0 2.7 1.5 le5 6.
CuM 75. 5.0 3.9 0.9 30.1 55.5 34.5 8.4 211.9 2.6 le4 O.4 6.

10K CLASS

MILE NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
10K CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
X1 l. 4. & 0.0 be 4 404 30.5 0.0 30.5 30.5 1.3 0.0 1.8 l.
™ X2 7. 4.9 1.7 2.6 6.8 63.0 32.1 26.6 108.0 2.8 1.2 1.5 4.
= X3 12. 2.7 i.1 0.9 4.3 36.4 23.0 9.5 88.3 3.2 l.4 1.6 6.
v X4 8. 3.8 345 1.2 12.2 4345 17.8 13.1 67.6 2.3 0.7 1.6 3.
X5 8. 5.1 3.3 1.5 12.0 53.7 37.2 15.8 132.6 242 1.5 0.4 5.
X6 ll. 3.8 1.3 l. € 6.2 54.5 32.7 17.1 120.9 2.8 le5 1.2 6.
X7 5 4.7 1.1 3.8 6.6 48.9 29.1 8.4 89.4 2.4 1.2 1.2 4
X3 Te 5.8 224 3.2 10.4 68.0 19.9 45,2 96.7 1.7 0.9 0.6 3.
X7 6. 4.5 1.0 3.4 5.7 43.9 25.4 13.0 82.7 2.7 1.8 0.5 5.
X10 5. 8.8 2.7 4,5 13.4 89.7 70.3 4l.1 211.9 3.0 2.2 0.6 6.
Xil 3. 6.1 3.3 2.9 9.5 96.6 36.3 59.2 131.7 1.6 1.0 J.6 2.
X12 2e 16.7 19.0 3.2 30.1 16.2 39.3 48.5 104.0 2.3 0.3 2.1 2.
CUM 75. 5.0 3.9 0.9 30.1 55.5 34.5 8.4 211.9 2.6 le4 0.4 6.

VMUV OVMOFREWWHONPOX



CAL IDLE SECOND SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

MAKE 'CLASS

MOWVMWH PN NWP X

VEH. NO. HYDROCARBON CARBON MONOXIDE NITROGEN GXIDES
MAKE CAR MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
AMC 3. 3.8 2.0 l.€ 505 40.3 36.8 17.1 82.7 1.8 0.6 1.2 2.
CHRY Le 4.5 0.0 4.5 4.5 4le.1 0.0 4l.1 4l.1 3.4 0.0 3.4 3.
pODG 4 3.8 0.3 2.6 4.1 30.4 To4 23.3 37.3 3.3 1.0 2.0 4.
PLYM 4. 8.9 4.5 4.4 13.4 39.5 14.6 2441 54.8 4.3 243 1.8 6.
FORD 15. 4.3 1.5 l.6 Te5 604 29.7 12.4 132.6 3.1 1.9 0.4 6.
MERC 3. 3.3 1.5 1.1 4.1 31.5 19.7 13.0 52.1 2.5 0.8 1.6 3.
BUIC 4. 6.7 3.5 4e2 11.7 121.2 64.5 6T7.6 211.9 1.4 0.5 0.6 l.
CADI 2. 4.4 2.5 2.1 6.2 80.7 29.4 60.0 101.5 2.9 1.0 2.2 3.
CHEV  16. 4.7 2.0 2.2 9.5 61.0 27.8 26,6 131.7 2.4 0.9 0.6 4.
gLoS 4. 10. 7 13.1 1.5 30.1 67.8 38.5 15.8 104.0 2.8 la1 1.7 4e
PONT 5. 4.6 2.1 246 7.8 58.6 2444 39.8 99.4 3.3 0.9 240 4o
IMPT 5 2«5 la4 1.2 4.0 24.3 19.0 8.4 46.8 1.9 O.4 1.6 2.
T VN 9. 4.8 3.9 009 12.0 45-5 27-6 9-5 94‘;6 1.5 0-9 0-5 2.
TCUM 15 5.0 3.9 0.9 30.1 55.5 34.5 8.4 211.9 2.6 lo4 O.4 6.
(=)
CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIOE NITROGEN OXIDES
CTKL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
N.Ce 2. 3.0 2.0 1.6 4.4 23.8 9.5 17.1 3045 2.1 0.4 l.8 2.
c.D. 38. 6.5 4.7 2.8 20.1 64e3 38.2 8.4 211.9 2% le4 Oe% 6.
A.I. 10. 2.5 1.2 1.2 4e b 44.7 26.9 9.9 96.7 2.6 1.5 l.1 6.
E.M. 25, 3.3 2.1 0.5 12.2 48.9 29.0 9.5 120.9 2.8 l.3 0.5 6.
CuM 75, 5.0 3.9 0.9 30.1 5545 34.5 8.4 211.9 246 l.4 0.4 6o

Ut W w X



CAL IDLE SECOND SERVICE 1975 CVS TEST -~ PHASE 1 DATA

ALL CARS
100" CLASS
CID NO. HYDRUCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 S. 3.8 2.3 0.9 12.0 36.2 26.2 8.4 94.6 1.7 0.8 0.5 3.0
X2 7. 4.5 l.4 3.2 7.5 48.7 39.9 13.0 132.6 1.8 0.9 0.4 3.2
X3 17. 4.8 2.9 1.€ 9.5 58,0 2842 17.1 131.7 2.7 la4 0.6 63
X4 27, 5.9 5.5 1.5 30.1 56.1 26.0 15.8 108.0 3.2 1.3 1.5 6.5
X5 9. 5.0 3.0 1.7 11.7 86.2 54.8 36.1 211.9 245 1.7 0.6 6.4
cum. 15. 5.0 3.9 2.9 30.1 55.5 34.5 8.4 211.9 2e6 l.4 0.4 6.5
1K# CLASS
WT NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
LK# CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X2 0. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9959.0
= X3 18. 4.2 3.0 0.9 12.0 43.0 32.5 8.4 132.6 1.6 0.8 0.4 3.0
b= Xa4 24, 4.0 1.9 1.2 9.5 47.8 29,9 13.0 131.7 2.7 1.2 0.6 6.3
~ X5 30. 6.3 5.3 1.7 30.1 67.6 36.5 24.1 211.9 3.0 1.5 0«6 6.5
X6 3. 4.7 1.8 2.7 6.2 70.7 27.1 50.6 101.5 3.6 l.4 2.2 5.1
cum 75, 5.C 3.9 0.9 30.1 55.5 34,5 8.4 211.9 2.6 l.4 0.4 6.5

v



CAL K.M. BEFORE SERVICE 1975 CvS TEST - PHASE 1 DATA

ALt CARS

YEAR CLASS

8-T €

NO. HYDROCARBGCN CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN  SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN . MA
57-1 12. 7.9 542 3.1 19.9 66.8 31,3 28.0 125.0 2.5 le3 0.2 4.
62-5 20. 7.4 4,5 1.9 21l.4 103.6 56.5 22.4 232.5 2.0 lel 0.3 4,
66-7 l4. 8.6 3.0 2.1  28.3 70.1 32.5  25.1 137.4 2.6 1.3 0.3 4.
68-9 17. 4,1 1.3 1.3 3.2 62.1 35,7 1T.4 147.4 3.0 1.8 0.9 6.
70-1 12. 3.0 0.9 1.7 4.3 41.8  28.5 7.1 96.2 3.1 1.6 0.8 6
cuM 75, 6.3 5.1 1.3 2843 72.2 4446 7.1 232.5 2.6 1.4 0.2 6.
LOK CLASS
MILE NQ. HYDROCARBON CARBON MONOXIDE , NITROGEN OXIDES
10K CARS MEAN  SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
X1 l. 2.9 0.0 2.9 2.9 18.2 9.0 18.2 18.2 1.9 0.0 1.9 1.
X2 6. 4,0 2.6 1.7 8.9 44,7 35,5 18.6 112.3 2.2 1.3 1.1 4,
X3 8. 2.7 0.6 1.7 3.0 34,1 16.6 7.1 62.7 3.6 le7 1.5 6o
X4 4, 4,2 2.1 1.3 6.4 67.6 44,1 20.4 118.8 2.3 2.1 0.8 Se
X5 7. 5.3 0.7 4,3 6ol 84.1 29.3 5B8.0 143.46 3.4 1.5 2.0 S
X6 16. 5.8 3.5 1.7  14.9 77.2  40.3 17.4 147.4 2.0 1.5 0.2 5.
X7 8. 9.1 7.5 3.0  2l.4 78.9 29.2 49.9 125.0 2.7 1.0 lel 4.
X8 10. 8.0 7.4 3.1  28.3 75.3 34,0 25.1 150.2 3,0 1.3 0.4 4,
X9 7. 8.9 4.9 3.3 15.6 102.1 85.5 22.4 232.5 2.3 1.3 0.3 4.
X10 5. 9.5 8.l 4.2 23.8 99.3 47.6 54.8 1T1.9 2.1 1.0 1.0 3.
X11 l. 7.7 0.0 Te1 1.7 96.0 0.0 96.0 96.0 2.5 0.0 2.5 2.
X12 2. 2.5 0.9 1.5 3.1 32.8 6.3 28,0 37.7 2.9 1.3 2.0 3.
CuM  75. 6.3 5.1 1.3  28.3 12.2  44.6 7.1 232,.5 2.6 1.4 0.2 6.
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CAL K.M. BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

MAKE CLASS

VEH. NO. HYOROCARBION CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MCAN SDEV MIN MAX
AMC 3. 4.7 247 1.7 7.0 12.7 44.7 33.8 121.6 1.7 1.0 1.0 2.8
CHRY 1. 1.9 0.0 7.9 7.9 171.9 0.0 171.9 171.9 1.5 0.0 1.5 1.5
DODG 4. 3.7 l.6 2.1 6.0 51l.2 24.5 30.8 85.8 3.7 le2 2e4 5.3
PLYM 4. 3.5 0.9 2.3 4.3 4l1.8 16.7 17.4 54.8 3.1 0.8 2.4 4.0
FORD 15. 5.9 4.3 243 19.9 68.2 31.5 25.4 137.4 3.1 lo4 0.6 5.5
MERC 3. 9.7 12.3 1.9 23.8 53.6 21.8 37.7 78,5 246 1.2 2.0 4.0
BUIC 5. 6.5 2.8 4.2 10.8 120.5 26.6 87«6 1l4T.4 1.6 06 0.8 2.4
CADI 2a 17.4 15.5 6.4 28.3 89.8 4l.1 60.7 118.8 3.3 l.8 2.1 4.5
CHEV 15, 8.1 5.5 2,5 2l.4 90,4 52.8 18.2 232.5 2.5 l.7 .2 6.5
OLDS 4. 5.3 2.5 2.1 8.2 49.9 31.3 22.4 90.7 2.2 0«6 l.5 249
PGNT 5. 6.0 2.6 3.6 10.3 105.2 62.5 55.9 213.9 2.7 le4 1.3 4.6
IMPT 5. 3.0 la7 1.3 4e9 23.5 13.2 7.1 43.7 3.5 2.1 0.9 6.l
W VW 9. 501 4.0 1.7 14.9 53.8 29.6 18.6 111.8 1.5 0.8 0.3 2.8
= CUM 75, 6.3 5.1 1.3 28.3 . 12.2 446 T«l 232.5 246 l.4 U2 6.5
©
CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
N.C. 3. 8.9 9.5 26 19.9 48.8 13.7 33.1 58.5 2.9 l.2 1.5 3.6
C.0. 34, 8.0 5.6 1.9 28.3 88.1 51.5 22.4 232.5 2.2 l.2 0.2 4.7
A.T. 12, 5. 6 6.1 1.3 23.8 6l.9 4l.3 T.l1 137.4 2.6 1.5 0.6 6.1
E.M, 26, 4.0 1.5 1.7 8.2 58.7 3l.4 17.4 147.4 3.1 1.6 0.8 6.5
Ccum T5. 6.3 5.1 l.3 28.3 12.2 4446 T.1 232.5 246 l.4 0.2 6.5



CAL KaM. BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS
100" CLASS
CID NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 15. 4.3 3.3 1.3 14.9 41.9 27.9 7.1 111.8 2.4 1.7 0.3 6.1
X2 7. S.6 4.7 1.6 15.6 69.4 45,8 28.0 143.6 2.5 le2 1.0 4.0
X3 17. 7.1 4.9 1.7 21.4 92,3 4848 33,1 232.5 2.1 1.3 0.2 4.2
X4 25, 5.6 3.7 2.1 19.9 6449 4042 17.4 213.9 3.1 1.3 1.2 6.5
X5 11. 9.6 8.5 2.3 28,3 100.6 40.2 25.4 171.9 2.6 l.5 0.8 565
CUM 75. 6.3 Sel 1.3 28.3 72.2 44,6 7.1 232.5 2.6 le4 0.2 6.5
1K# CLASS
WT NG, HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN SDEV MIN MAX MEAN™  SDEV MIN MAX MEAN SDEV MIN MAX
X2 0. 0.0 0.0 9999.0-5999.0 0.0 0.0 9999,0-9999.0 0.0 0.0 9999.,0-9999.0
w X3 16. 5.1 4,2 1.7 15.6 45,7 27.4 7.1 111.8 2.6 1.6 0.3 bel
= X4 29. 4.7 248 1.3 15.0 69. 8 47.9 18.2 232.5 2.5 1.4 0.3 6.5
B X5 27. 7.8 5.6 2.3 23.8 88.1 44.3 17.4 213.9 2.6 l.3 0.2 545
X6 3. 14. 2 12.3 6.4 23.3 92,4 29.4 60,7 118.8 3.8 1.5 2.1 4.7
CuUM 75. 6.3 5.1 1.3 28.3 72.2 44,6 7.1 232,5 246 1.4 0.2 6.5



CAL K.M. SECOND SERVICE 1975 CVS TEST — PHASE 1 DATA

II1-T €

ALL CARS
YEAR CLASS
NO. HYDROCARBCN CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEVY MIN MAX
57-1 12. 6.2 3.4 3.1 14.5 68.5 43.5 28.0 182.5 2.6 1.5 Ce5 5.9
62-5 20. 5.7 2.0 1.9 8.8 82.5 41l.9 224 171.9 2.1 1.1 0.4 4.7
66-7 1l4. 6.1 6.6 2.1 28.3 60.6 29.1 25.1 137.4 2.5 1.3 0.6 4,6
68-9 17. 3.7 1.7 1.3 8.2 59.7 41.7 17.4 147.4 2.8 l.7 0.6 6.5
70-1 1l2. 3.9 0.9 1.7 4.3 39.9 29.0 T.1 96.2 3.2 1.6 0.8 6.1
CuM 75. 5.0 3.6 1.3 28,3 64.2 39.7 7.1 182.5 2.6 1.5 0.4 6.5
10K CLASS

MILE NO. HYDROCARBGCN CARBON MONOXIDE'® NITROGEN OXIDES

10K CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX

X1 l. 2.9 0.0 2.5 2.9 18.2 0.0 18.2 18.2 1.9 0.0 1.9 1.9

X2 6. 3.5 1.7 1.7 b4 39.90 215 18.6 T4 .6 2.0 1.3 0.9 4.6

X3 8. 2.7 0.6 1.7 3.6 31l.4 16.4 7.1 62.7 3.7 1.7 1.5 6.5

X4 45, 402 2.1 1.3 be4 67.6 44.1 20.4 118.8 2.3 2.1 0.8 5.3

X5 7. 4.9 1.0 3.0 5.9 76.8 37.2 24,0 143.6 3.2 l.6 2.0 5.5

X6 16. 5.3 3.3 1.7 14.5 T4.3 47.3 17.4 182.5 2.2 l.4 0.5 5.3

X7 8. 5.2 2.8 2.1 10.8 72.8 40.6 34.7 145.3 2.6 1.5 0.6 59

X8 10. 7.2 Te6 3.1 28.3 65.5 2445 25.1 107.1 3.0 1.3 0.6 4.6

X9 7. 5.6 1.7 3.3 7.9 69,9 45,5 22.4 159.2 1.9 1.2 0.4 4.0
X10 Se 5.2 2.3 2.1 7.9 93. 4 52.3 49.4 171.9 1.9 1.1 1.0 3.6
X11 1. 5.9 0.0 5.9 5.9 55.5 0.0 55.5 55.5 3.2 0.0 3.2 3.2
X1i2 2. 2.5 0.9 1.6 3.1 32.8 6.8 28.0 37.7 2.9 1.3 2.0 3.8
CumM 75. 5.0 3.6 1.2 28.3 64.2 39.7 7.1 182.5 2.6 1.5 0.4 6.5



Z1-1 €

CAL K.M. SECOND SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

MAKE CLASS
VEH. N0, HYDRGCARBCN CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
AMC 3. 407 2.7 1.7 7.0 12.7 4407 33.8 121.6 1.7 1.0 1.0 2.
CHRY l. T«9 0.0 7.9 7.9 171.9 0.0 171.9 171.9 1.5 0.0 1.5 l.
DODG 4. 3.7 1.6 2.1 6.0 51.2 24.5 30.8 85.8 3.7 1.2 2.4 5.
PLYM 4. 3.5 0.9 2.3 403 4l1.8 16.7 17.4 5448 3.1 0.8 2e4 4o
FORD 15. 4.9 1.8 2.3 7.8 63.9 31.0 25.4 137.4 3.3 leb 0.6 5.
MERC 3. 2.4 0.8 1.9 3.3 43.9 5.9 37.7 49.4 2.3 1.5 il % e
BUIC 5. 6.5 2.8 4.2 10.8 120.5 26.6 8T.6 1l47.4 1.6 0.6 0.8 2.
CADI 2e 17. 4 155 6.4 28.3 89.8 4l.1 60.7 118.8 3.3 1.8 2.1 4.
CHEV 15. 5.5 3.1 2.5 14.5 71.0 47,0 18,2 182.5 2.5 l.6 0,4 6.
oLDS 4. 5.3 245 2.1 8.2 49.9 31.3 224 90.7 2.2 0.6 1.5 2e
PONT 5. 4.6 1.1 3.3 59 88.17 33.6 55.9 145.3 2.1 l.1 1.3 3.
IMPT Se 3.0 l.7 1.2 4.9 23.5 13.2 7.1 43.7 3.5 2.1 0.9 6.
VW 9. 3.5 1.3 l.7 5.4 29.4 15.0 18.6 58.7 1.5 0.9 0.6 3.
Cum 15. 5.0 3.6 1.3 23.3 64.2 39.7 7.1 182.5 246 1.5 0.4 6.

CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
N.C. 3. 4.9 2.7 2.6 7.8 49.2 1l4.2 33,1 59.8 3.6 242 1.5 5.
C.D. 34. 6.4 4.6 1.9 28.3 T4.9 42.4 22.4 182.5 2.2 1.2 0.4 4.
A.lI. 12. 3.6 1.9 1.3 6.7 54.9 39.5 T.1 137.4 245 1.5 0.6 €.
E.M. 26, 3.7 1.5 le7 8,2 56.3 36.2 17.4 147.4 2.9 l.6 0.6 6.
CUM 75. 5.0 3.6 1.3 28.3 64.2 39.7 7.1 182.5 2.6 1.5 0.4 6.

VP~ QOO PHOOVOWUMEX



CAL K.M. SECOND SERVICE 1975 CvS TEST — PHASE 1 DATA

ALL CARS

100" CLASS

CID NO. HYDROCARBGON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 15. 3.3 la4 1.3 5.4 33.2 15.5 7.1 58.7 24 1.7 0.6 “6al
X2 T 4.1 1.6 1.9 7.0 66.5 4642 28.0 143.6 2.3 1.2 1.0 4.0
X3 17. 5.4 2.9 1.7 14.5 79.1 43.7 33.1 182.5 2.2 1.2 0,4 4.2
X4 25. 4.7 2.0 2.1 8.8 55.2 23.T 17.4 97.6 3.1 le4 1.3 6.5
X5 ll. 7.5 T4 2.1 28.3 102.4 45.0 25.4 171.9 2.3 1.5 0.8 5.5
CuM 75. 5.0 3.6 1.3 28.3 64.2 39.7 7.1 182.5 2.6 1.5 C.4 6.5

1K# CLASS

WT NO. HYDROCARBON CARBCN MONOXIDE NITROGEN OXIGES
1K# CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X2 O 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
w X3 l16. 3.5 1.3 1.7 5.4 36.3 15.8 7.1 58.7 24 l.6 0.6 6.1
X 29. 4.0 1.6 1.3 1.9 61.8 38.2 18.2 159.2, 245 l.4 0.4 6.5
X5 27. 5.8 2.8 2.1 14.5 80.2 43.2 17.4 182.5 2.6 l.4 0.5 5«9
X6 3. 14.2 12.3 6.4 28.3 92.4 29.4 60.7 118.5 3.8 l.5 2.1 4.7
CuM 75. 5.0 3.6 1.3 28.3 64.2 39.7 7.1 182.5 2.6 1.5 Ou4 6.5



Pi-1 €

NOD.

YEAR CARS
57-1 3.
62-5 19.
66-T 16,
70-1 15.
cum Tée.
MILE NO.
10K CARS

X1 6.

X2 8.

X3 6.

X4 12.

X5 l4.

Xé 10.

X7 6.

‘X8 4.
X9 5.

X10 2.
X11 Q.
X12 i.
CUM T4

4
m
>

—
e e 3 s L]

N
CVMO G BVULON

NNOUVVMY PO DOND®Z

MI.
HYDROCARBON
SDEV MIN
8.0 6.0
845 3.2
243 2.7
2.0 0.9
1.8 l. &
5.5 0.9
HYDROCARBON
SDEV MIN
0.9 1.6
5. 2.7
l.1 4.0
2.5 0.5
2.8 2.1
3.7 3.3
3.2 2.4
40 3.2
12.2 6.1
0.5 6a1l
0.0 9999, 0-99
0.0 25.17
5.5 0.9

IDLE BEFORE SERVICE

1975 CvS TEST

ALL CARS
YEAR CLASS
CARBON MONOXIDE
MA X MEAN SDEV MIN MAX
23.0 8445 9.2 78.8 95.1
32.4 121.6 8l.8 56.0 375.0
11.2 83.4 27.7 17.9 132.8
9.4 70.3 40.0 19.8 176.9
7.8 58.8 41.0 7.9 144.0
32.4 84.6 55,9 7.9 375.0
CLASS
CARBON MONOXIDE
MAX MEAN SDEV MIN MAX
4.2 2942 12.3 7.9 39.8
20.0 77.1 3446 27.2 120,5
6.8 79.6 53.9 24.5 176.9
9.4 84.6 4041 19.8 144.0
11.2 79.6 19.4 38.1 105.0
16.0 87.7 77.3 26.8 299.8
10.3 117.3 130.7 17.9 375.0
12.6 104.4 43,7 56.0 142.6
32,4 107.8 35.4 58¢4 149.9
6.8 114.7 6.8 109.9 119.5
$9.0 0.0 0.0 9999,0-9999,.0
25.7 90.1 0.0 90.1 90.1
32.4 84.6 55.9 7.9 375.0
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SI-T 4

MI. IDLE BEFDORE SERVICE 1975 CVS TEST —~ PHASE 1 DATA

ALL CARS

MAKE CLASS

VEH. NO. HYDROCARBON CARBON 'MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV , MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MAX
AMC 2. 3.1 0.6 2.7 3.6 46.17 12.1 38.1 55.3 3.6 l.1 2.8 4.3
CHRY 2. 6e3 bo& 3.2 9.4 80.5 34,7 56,0 105.0 3.5 3.5 l.1 6.0
00D G 4. 5.8 445 1.6 13.9 39.0 38.6 7.9 94.2 6.3 1.0 501 T.5
PLYM 5. 3.8 1.8 1.7 5.7 69.1 49.8 19.8 142.6 4.7 1.7 2.2 6.8
FORD 16, 6.2 3.2 2.7 16.0 101.3 65.5 24.0 299.8 3.6 244 0.5 8.9
MERC 3. 4.9 l.l 4.0 6.2 6646 26.1 39.9 S2.0 5.9 l.6 4a1 7.1
BUIC 5. 9.5 11.3 3.1 32.4 103.7 39.3 39.8 149.9 3.5 ‘243 0.8 6.6
CADI 2. 6.2 2.5 444 8.0 98.5 29.6° TT.6 119.5 6,2 245 be4 7.9
CHEV 17, 9.3 T«0 2.7 27.0 78.7 29.2 24.5 140.2 4.0 l.4 1.8 6.6
oLDS 6. 5.6 2.7 3.3 10.3 123.8 125.7 39.6 3275.0 3.7 1.9 1.7 6.0
PONT T. 6.2 2.0 3.1 8.7 8l.0 33.5 26.8 132.8 3.6 2.0 0.9 6.7
IMPT 1. 3.2 0.0 3.2 3.2 59.9 0.0 59.9 59.9 1.0 0.0 l.0 1.0
VW 3. 4.9 545 0.9 11.2 51.1 46.8 21.2 105.0 1.9 0.9 Q.9 2.5
cum T4. 6.7 545 0.9 32.4 84.6 55.9 7.9 375.0 4.0 2.0 0.5 8.9
CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
N.C. Te 13.0 10.4 443 32.4 124.2 8l.8 69.5 299.8 3.2 2.9 0.5 8.9
C.0. 31}. 7.8 5.6 2.7 27.0 97.9 58.0 24.0 375.0 3.0 l.4 0.9 6.3
A.l. 2. 5.6 2.2 4,0 Te2 63.9 5.0 60.3 674 5.2 Ol Se2 5.3
EMe 34, 4.5 2.0 0.9 9.4 65.4 4l.7 T.9 176.9 4.9 l.9 1.0 7.9
CUM T4 6.7 5.5 0.9 32.4 84.6 55.9 1.9 375.0 4.0 2.0 0.5 8.9



MI. IDLE BEFORE SERVICE 1975 CVS TEST — PHASE 1 DATA

9T1-T d

ALL CARS
100" CLASS
CID NOQ. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN- SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 4. 4.5 4.6 0.9 11.2 53.3 38e4 2l.2 105.0 1.7 0.8 0.9 2.5
X2 6. 6.8 4.8 2.9 16.0 105.7 96.7 37.4 299.8 4.0 3.1 0.5 8.9
X3 17. 7.0 44 2.7 20.0 91.0 34.0 24.0 144.0 3.3 1.3 1.5 6.3
X4 37. 6.4 5.3 1.6 27.0 80.6 ble.7 T.9 375.0 o4t 1.9 0.9 7.5
X5 10. 3.2 3.6 4.0 32.4 88.2 38.4 26,8 149.9 4ob 245 0.8 7.9
cum T4. 6.7 55 0.9 32.4 84.6 55.9 7.9 375.0 4.0 2.0 C.5 8.9
. 1K# CLASS
WT NO. HYDROCARBQON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN SDEV MIN MAX MEAN SDEY MIN MAX MEAN SDEV MIN MAX
X2 0. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
X3 12. 5.7 4.2 0.9 16.0 91.5 7842 21,2 299.8 3.2 2.7 0.5 8.9
X& 16. 5.4 2.2 2.4 10.9 70.7 25.7 24.5 105.9 4.0 l.6 1.7 6.6
X5 43. 7.6 6.6 l. 6 32.4 86.4 58.3 7.9 375.0 4.1 1.9 0.8 7.5
X5 3. 6.0 1.8 Gt 8.0 104.0 2340 T7.6 119.5 5.7 240 4.4 7.9
CuM T4, 6.7 5.5 .9 32.4 84.6 55.9 1.9 375.0 4.0 2.0 0.5 8.9



MI. IDLE SECOND SERVICE 1975 CVS TEST — PHASE 1 DATA

OO0 OWMY X

ALL CARS
YEAR CLASS

NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SBEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
57-1 3. 10.7 8.0 6.0 20.0 84.5 9.2 78.8 95.1 4.9 3.6 2.2 8.
62-5 19. 6.9 5.0 2T~ 25.7 84.1 27.6 14.0 140.1 2.9 l-4 C.9 5.
86-17T 16, Se4t 1.7 2.7 8.3 T4.6 28.8 17.9 140.9 3.3 le5 1.2 5.
68-9 21. 3.5 1.4 0.9 6.8 54.6 39.9 17.3 176.9 4.7 l.8 1.0 Te
70-1 15. 4.0 l.6 1.6 7.0 48.1 32.0 7.9 122.9 5.6 2«1 1.6 7.
CuM T4. 5.2 3.5 0.9 25. T 66.4 34.8 7.9 176.9 4.1 2.0 0.9 8.

10K CLASS

MILE NO. HYDROCARBON ) CARBON MONODXIDE NITROGEN OXIDES
10K CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MA
X1 6. 2.8 0.9 1.6 4e2 29.2 12.3 7.9 39.8 6.5 0.7 5.4 Te.
W X2 8. 6e5 5.6 2.7 20.0 67.5 33,2 2.2 120.5 4.9 2.2 2.2 Te
X3 6. 4.5 1.4 247 6.8 Tl.7 59.7 22,9 176.9 4.6 2.4 1.7 7.
B X4 12. 3.6 1.5 0.9 6.4 58.9 3l.2 19.8 122.9 3.6 2.0 1.0 6.
X5 l4. 4.8 1.8 2.7 8.3 67.7 23.2 22.5 10l1.7 4.0 l.6 1.2 7.
Xé 10. 448 1.9 2.71¢ 7.6 53.1 28.6 14.0 95.7 4a1 1.6 23 6.
X7 6. 5.4 2.6 2¢4 9.3 66.3 33.7 17.9 103.9 3.5 2.2 1.7 6.
X8 4. 5.1 1.8 3.2 Tel 8l.5 19.1 56.0 100.0 3.6 3.6 l.1 8.
X9 5. 7.3 l.4 6.1 8.9 107.7 34.1 59.6 140.9 25 le6 0.9 4
XlO 2‘ 6-5 005 6.1 608 114-7 6.8 109.9 119.5 3.3 1-7 201 4.
X1l 0. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.
X12 1. 25.7 0.0 25.7 25.7 90.1 0.0 90.1 90,1 403 0.0 4.3 4.
CuM 4. 5.2 3.5 0.9 25.7 66.4 34.8 7«9 176.9 4.1 2.0 0.9 8.
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8T-T 4

MI. IDLE SECCND SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

MAKE CLASS

VEH. NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES

MAKE CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MA
AMC 2. 301 006 2.7 3.6 "‘6-7 12.1 38.1 55-3 306 1.1 2'8 4‘
CHRY 2. 3.4 Oe4 3.2 3.7 39.2 23.8 22.3 56.0 3.5 3.5 i.1 6.
DODG 4. 4.1 2.8 l. € 8.0 33,8 28.9 7.9 13.6 6.2 1.3 4.5 7.
PLYM 5e 3.5 1.5 1.7 5.3 58.8 33.5 19.8 91l.1 4.3 2.1 2.1 6.
FORD 16 5.2 2.1 2.7 9.3 78.8 42.3 14.0 176.9 3.8 2.3 1.5 8.
MERC 3. 4.0 0.4 3.6 4.5 4842 17.3 36.6 68.0 6.4 0.7 5.7 T.
BUIC 6. Se2 2.2 3.0 8.9 93.9 35.5 39.8 140.1 3.6 2.2 1.5 6.
CADI 2e 4.8 0.6 A 5.2 71.9 8.0 6642 77.6 6.4 2.1 4.9 7.
CHEV 17, 7.1 6.2 2.7 25.7 67.2 31.0 17.3 120.5 3.9 1.3 1.8 6,
oLDS 6. 4.2 1.3 3.3 6.6 60.0 19.0 37.8 83.8 4.4 24 1.7 7.
PONT 7. 5.9 1.8 2.5 8.7 73.4 42.2 22.5 140.9 4.2 243 0.9 7.
IMPT l. 3.2 0.0 3.2 3.2 59.9 0.0 59.9 59.9 1.0 0.0 1.0 1.
VW 3. 3.5 3.0 0.9 6.8 40.8 28.9 21.2 74.0 2.0 0.7 1.2 2.
CUM T4. 5.2 3.5 0.9 25.7 66.4 34,8 7.9 17649 4.1 2.0 0.9 8.

CTRL CLASS

EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES

CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
NoC. 7. 7.8 5.7 2.7 20.0 8l.9 37.8 14.0 140.1 4.0 2.6 1.5 8.
C.D. 31l. €ol 4.1 2.7 5.7 79.9 24.4  24.0 140.9 3.0 l.4 0.9 6.
A.l. 2. 2.8 0.2 2.7 2.9 22.8 7.7 17.3  28.2 4.9 0.7 4.4 Se
E.M. 34. 3.9 1.7 0.9 8.0 5344 37.0 7.9 176.9 S.1 2.0 1.0 Te
CUM T4, 5.2 3.5 0.9 25.7 66.4 34.8 7.9 1756.9 4.1 2.0 0.9 8.
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MI. IDLE SECOND SERVICE 1975 CvS TEST — PHASE 1 DATA

ALL CARS
100" CLASS
CID N0, HYDROCARBON . " CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 4. 3.4 2.4 0.9 6.8 45.5 25«5 212 74.0 1.7 0.7 1.0 2.5
X2 6. 4.5 1.8 2077 7.3 56.4 27.8 14.0 88.4 4.8 2«7 2.2 8.9
X3 17. 6.1 4.1 2.7 20.0 79.9 28.4 24.0 122.9 3.2 l.4 1.6 6.3
X4 37. 3.9 2547 62.0 27.8 7.9 176.9 “e4 1.9 0.9 75
X5 10. l.6 8.9 T4.1 35.8 26.8 140.1 5.1 25 1.5 F.9
cum T4. 3.5 25.7 66.4% 34.8 7.9 176.9 4.1 2.0 0.9 8,9
1K# CLASS
WT NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS EAN SDEV MAX MEAN SDEV MIN MAX SDEV MIN MAX
X2 o. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999,0-9999.0 0.0 9999.0-9999.0
& X3 12. 4.2 2.0 1.3 59.0 34.2 14.0 122.9 2.6 1.0 8.9
= oXa 16, 4.4 1.7 9.3 59.7 28.7 22.5 105.9 l-8 1.7 7.0
B X5 43, 5.8 4.3 25.7 7l.4 37.8 T.9 17649 1.9 0.9 T«5
X6 3. 4o 4 0.9 5.2 60.5 20.5 37.8 T7.6 1.7 4.9 7.9
CUM T4. 5.2 3.5 25.7 66.4 34,8 Ts9 176.9 2.0 0.9 8.9



M1. K.M., BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

YEAR CLASS

0Z-T 4

NO. HYDROCARBON CARBGON MONOXIDE NITROGEN OXIDES
Y EAR QARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SOEV MIN MA
57_1 3- 4.5 1.-5 303 6;3 53.2 3.9 50-1 57-7 2-4 102 1.3 3-
62-5 20. 10.2 Be5 3.5 30.4 102.4 50.2 44.9 219.9 2.8 1.2 0.4 4.
66-7 15, 8.1 3.6 2.1 14.0 107.2 55.9 30.3 258.2 3.6 1.7 1.0 1<
66—-9 21. 4.6 1.9 2.1 9.8 59.0 35.1 10.3 152.1 53 2.1 1.5 S
70-1 15. 3.7 1.2 L.7 6.0 47,6 28.8 7.6 93,3 Se4 1.1 2.8 6.
CuM T4. be € 5.5 1.7 30.4 78.0 49.1 7.6 25842 4.2 1.9 0.4 9.
10K CLASS

MILE NO. HYDROCARBON CARBON MONOXIOE NITROGEN OXIDES

10K CARS "MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
X1 4. 2.7 1.3 1.7 4ot 25.0 22.6 T.6 58.1 6.0 0.7 5.1 6.
X2 10. 4.0 1.2 2.4 6.6 50.5 2443 30.4 93.3 4.7 1.7 1.5 6.
X3 10. 4.0 1.8 2.1 8.4 54.3 297 10.3 107.4 5.7 1.3 3.8 Te
X& 7. 7.5 3.4 406 140 105.8 45.5 52.6 159.1 4.8 1.9 2.7 7.
X5 13. 6.1 3.0 3.1 12.6 83.1 604 22.0 258.2 3.6 1.3 2.0 5.
Xd 10. 8.8 Y 4.0 2546 93.1 36.0 48.6 146.8 3.7 2.2 1.0 7.
X7 be 8.0 3.7 4.7 15.1 94.9 64.5 30.3 219.9 3.7 1.9 0.5 5.
X8 5. 9.7 11.6 3.5 30.4 86.0 62.5 44.9 193.1 4.2 3.1 1.8 9.
X9 5. 11.0 10.6 3.7 29.7 92.0 19.7 66.9 109.9. 2.9 0.8 2.2 4o
X190 1. 4.7 0.0 4a7 4.7 49.8 0.0 49.8 49.8 2.2 0.0 2.2 2.
Xii 1. 6.7 0.0 5.7 6.7 97.5 0.0 97.5 ST7e5 2.6 0.0 2e6 2.
X12 2e 8.6 7.5 3.3 13.9 131.0 114.4 50.1 211.9 0.9 0.6 0.4 1.
CUM T4, b6 5.5 1.7 30.4 78,0 49.1 7.6 258.2 4.2 1.9 0.4 9.
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MI. K.M. BEFORE SERVICE 1975 CvS TEST - PHASE 1 DATA

ALL CARS
MAKE CLASS
VEH. NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MAX MEAN SOEV MIN MAX MEAN SDEV MIN MAX
AMC 2. 2.6 0.6 2.1 3.0 36.7 21.7 21l.4 52.0 423 0.7 3.8 4.7
CHRY 2. 2.9 1.1 2.1 3.7 38.6 40.0 16.3 66.9 4e5 29 2e4 6.5
DaDG 4. 406 246 1.7 1.9 62.9 31.7 20.1 92.9 5.7 l.7 3.4 T4
PLYM 5 6.6 4.8 1.7 14.0 T4.5 59.1 7.6 159.1 5.0 3.0 2.2 9.7
FORD 16, 1.7 6.8 3.1 30.4 95.9 T4.4 14,2 25842 4.1 2.1 05 1.4
MERC 3. 5.0 0.7 4.3 5.6 67.6 48.0 38.6 123.1 4.4 23 2.0 6.6
BUIC 6. 5.1 l.4 3.1 6.8 80.9 25.1 57«5 127.2 5.0 2.6 1.0 7.9
CADI 2. 4.6 1.5 3.5 SeT 97.3 9.6 93,5 104%.0 4.2 0.5 3.9 4.6
CHEV 17. 7.5 6.4 3.2 29.7 82.2 45.3 32.0 211.9 3.4 1.7 0.4 6.9
OLDS 6. T.4 3.2 3.9 12.6 S3.1 39.0 36.3 152.1 4.1 l.1 2.6 5.7
PONT 7. 8.2 8.0 3.5 25.6 61.8 23.5 30.3 86.0 5.0 1.3 3.4 6.6
IMPT 1. 3.1 0.0 3.1 3.1 38.7 0.0 38.7 3847 2.3 0.0 2.3 2.3
w VW 3. 6.0 6.1 2.4 13.1 49.9 25.0 34.8 78.8 240 0.7 1.5 2.8
= CUM T4. 6.6 5.5 1.7 30.4 78.0 49.1 7.6 258.2 42 1.9 0.4 9.7
it
CTRL CLASS
EMIS NO., HYDROCARBON CARBON MONOXIDE . NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN = MAX MEAN SDEV MIN MAX
NeCe Fe 6.0 3.2 3.3 13.9 83.8 52.5 49.8 211.9 2e4 1.1 .4 3.7
C.D. 31. 9.1 7.3 2,1 30,4 96,3 42.9 22.0 219.9 3.5 1.8 0.5 7.9
A.l. 3. 5.5 3.0 3.0 8.8 52.3 30.7 2l.4 82.8 4.8 0.9 4.0 5.7
E.M. 31. 4.5 2.1 l.7 10.9 60.4 49.8 T.6 258.2 5.3 1.8 1.5 9.7
CuUM T4. 6.6 5.5 1.7 30.4 78,0 49.1 7.6 258.,2 4.2 1.9 0.4 9.7



Ml. KeM. BEFORE SERVICE 1975 CvS TEST - PHASE 1 DATA

-1 d

ALL CARS
100" CLASS
CID NO. HYDROCARBON CARBON' MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 4. 5.3 5.2 2.4 13.1 47.1 21.2 34.8 78.8 2.1 0.6 1.5 2.8
X2 T. 4.8 0.9 4.0 6.6 62.8 22.2 30.4 88.6 2.8 1.0 2.1 5.0
X3 16. 8.0 7.2 2.1 30.4 90.5 67.7 l4.2 219.9 3.2 1.8 0.4 6.9
X4 39. 7.0 5.6 1.7 29.7 80.3 48.5 T.6, 258.2 4.8 1.9 1.0 9.7
X5 8. 4.6 1.0 3.5 6.2 70.3 27.1 36.8 104.0 5.2 1.3 3.4 6.6
cuM T4e. 6.6 5.5 l.7 30.4 78.0 49.1 7.6 258.2 4.2 1.9 C.4 9.7
1K# CLASS
WT NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X2 0. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
X3 10. 4.8 3.1 2.4 13.1 48.4 21.2 22.0 88.6 2.8 l.4 1.5 5.9
X4 17. 7.2 4.2 2.1 15.1 92.6 59.8 l14.2 219.9 3.8 1.9 0.4 6.9
X5 43. 7.1 6.4 1.7 30.4 78.9 48 .9 T.6 258.2 4e6 2.0 1.0 9.7
X6 4 4.3 0.9 3.5 5.7 79.9 27.1 4l.2 104.0 4.7 0.8 3.9 5.7
CUM 4. 6. ¢ 545 1.7 30.4 78.0 49,1 7.6 258.2 4.2 1.9 Oe4 9.7



MI. K.M. SECOND SERVICE 1975 CvS TEST -~ PHASE 1 DATA

ALL CARS
YEAR CLASS

NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS, MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
57-1 3. 4.5 1.5 3.3 6.3 53.2 3.9 50.1 577 2.4 1.2 1.3 3.
62-5 20. T.2 4.6 2.1 20.1 80.3 4l.3 23.5 219.9 3.0 1.2 0.5 Se
66—-7 15. bet- 2.0 2.1 12.9 17.9 31.2 3003 136.3 3.5 1.5 1.0 5.
66-9 21. 4.0 l.2 1.9 663 48.4 2647 105& 143 .4 5.3 241 1.2 9.
70-1 15. 3.5 1.0 1.7 5.2 41.9 22.8 Te6 83 .6 5.2 l.1 2.8 6.
Cum T4. 5.3 3.1 1.7 20.1 61.9 34.8 7.6 219.9 4.2 1.9 0.5 9.

10K CLASS

MILE NO. HYDROCARBCN CARBON MONOXIDE NITROGEN OXIDES
+ 10K CARS MEAN SDEV MIN MAX MEAN SDEV ~ MIN MAX MEAN SOEV MIN MA
1x1 4o 2.7 1.3 1.7 4oa 25.0 22.6 ¢ 1.6 58.1 6.0 0.7 S5e1 6.
W X2 10. 3.8 1.0 2.4 5.2 42.90 1l.7 30.4 69,2 4.4 1.5 1.5 6.
eox3 10. 4.0 1.8 2.1 Be4 54.3 29.7 1043 107.4 5.7 1.3 3.8 7.
™ X4 7. 6.3 3.0 4.6 '12.9 73.8 33.9 45,6 143.4 5.1 1.3 3.6 7.
X5 13. 4.7 2«0 leS 8.2 57.3 34.5 22.0 136.3 3.1 1.3 1.2 Se
X6 10. 6.8 3.3 4.0 15.5 79.9 27.2 43.8 127.2 3.9 2.2 1.0 [
X7 6. Ta3 4.3 2.1 15.1 82.6 7le.2 23.5 219.9 3.7 L.8 0.5 5.
X8 5 4.5 1.6 25 6.2 59.3 26.8 28.3 90.1 4.8 2.8 3.1 9.
X9 5. 5.6 l.4 3.7 7.0 71.3 6.1 62.38 76.8 2.6 0.7 1.7 3.
X10 1. 4.7 0.0 4.7 4.7 49.8 0.0 49.8 49.8 2.2 0.0 2.2 2.
X1l l. 6.7 0.0 6.7 6.1 97.5 0.0 97.5 97.5 246 0.0 2.6 2.
X12 2. 11.7 11.9 3.3 20.1 80.2 42.5 50,1 110.2 l.4 0.2 1.3 l.
CUM Té- 5.2 3.1 1.7 20«1 61.9 34.8 T.6 219.9 4.2 1.9 0.5 9.

NUVERENO~NOVOPNOOX
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MI. K.M, SECOND SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS
MAKE CLASS
VEH. NO. HYDRICARBIN CARBON MONOCXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
AMC 2. 2.6 0.6 2.1 3.0 36.7 21.7 2l.4 52.0 4.3 0.7 3.8 4.
CHRY 2. 2-9 1.1 2.1 307 38.6 40.0 1003 6609 4.5 2m9 204 6.
DCDG 4. 3.3 1.7 1.7 5.2 40,0 21.1 20,1 58.9 5.6 0.8 4.3 6.
PLYM 5 6.4 44 1.7 12.9 59.6 38.1 7«6 107.4 5.4 2.8 2.2 9.
FORD 16. Se T 3.1 2.5 15.1 T4.6 54.8 14,2 219.9 4.2 2.0 0.5 Te
MERC 3. 5.1 0.7 4,2 5.7 62.5 39.1 38.6 107.7 44 2.3 2ol 6.
BUIC 6. 5.1 l.4 3.1 6.8 80.9 25.1 57.5 127.2 5.0 26 1.0 7.
CADI 2e 4.2 2.0 2.8 5.7 78.8 35.7 53.5 104.0 4.1 0.7 3.6 4.
CHEV 7., 5.8 3.9 3.2 20,1 59. 4 21.8 32,0 110.2 3.5 1.5 1.3 5.
oLDs e 5.2 1.0 3.9 6.7 Tle 4 21.6 36.3 57.5 3.7 1.0 246 54
PONT Te 6.3 4.5 2.1 15.5 48.1 17.9 30.3 17.5 5.0 l.3 3.1 6.
IMPT ta 1.9 0.0 1.6 1.9 23.8 0.0 23.38 23.8 1.2 0.0 1.2 l.
VW Za 4.2 2.8 2.4 T4 49.6 24.4 34.3 17.7 1.9 0.8 1.3 2a
CUM- 74, 5.3 3.1 l.7 20.1 61.9 34.8 T.6 219.9 4.2 1.9 0.5 9.
CTRL CLASS

EMIS NO. HYDRICARBON CARBON MONOXIDE NITROGEN OXIDES

CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
NeCo 9. 6.2 5.5 2.1 20.1 5G.8 28.1 23.5 11o.2 2.6 1.1 1.3 Ge
c.D. 31. 6.4 3.2 2.1 15.5 80.2 36.8 22.0 219.9 3.6 1.6 0.5 7.
A. 1. 3. 3.7 0.3 3.0 4.6 36.4 15.7 2l.4 52.6 4.5 0.5 4.0 4
E.M. 31, 4.1 l.5 1.7 7.8 4607 26.7 7.6 143.4 502 1.8 l.2 9.
CUM T4 5.3 3.1 1.7 20.1 6l1.9 34.8 7.6 219.9 4.2 1.9 0.5 9.

~NN® oW X
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CID NO.
100" CARS
X1 4.
X2 7-
X3 16,
X4 39,
X5 8.
CUM 74,
wWT  NO.
1K# CARS
X2 0.
X3 10,
X4 LT,
X5  43.
X6 4e
CUM T4,

MEAN
3. 6
4.0
6.4
5. 4
4.5
5.3

MI. K.Ml

SECOND SERVICE

CARBON MONOXIDE

CARBON MONOXIDE

ALL CARS
100" CLASS
HYDROCARBGN
SDEV MIN MAX MEAN SDEV
2.6 1.9 Te4 43.1 23.17
1.5 2.1 6.6 4404 22.2
4.9 2.1 20.1 75,8 51.7
2.7 1.7 15.5 60.5 28.9
l.1 2.8 6.2 65.7 26.3
3.1 1.7 20.1 6l.9 34.8
1K# CLASS
HYOROCARBON
SDEV MIN MA X MEAN SDEV
0.0 9999.0-9999.0 0.0 0.0
1.8 1.6 7.4 44.3 22.8
5.1 2.1 20.1 68.6 52,6
2.2 1.7 15.5 62.5 27.9
1.2 2.8 5.7 70.6 2845
3.1 1.7 20,1 6l.9 34.8

1975 CvS TEST

MIN
23.8
23.5
14,2

7.6
36.8

7.6

MIN

MAX
T7.7
88.6

219.9
143.4
104.0
219.9

MAX

9999.0-9999 .0

22.0
14.2
7.6
41.2
T.6

88.6
219.9
143.4
104.0
219.9

MEAN
l.7
3.1
3.3
4.8
542
4.2

SPHLUNOMmM
NOOCOONOZ

® o & o 0 L]

- PHASE 1 DATA

NITROGEN OXIDES

SDEV
0.7

P et gt
O W0y =

[ 2
»
.
-
»

NITROGEN ,OXIDES

SDEV
0.0
1.5

l.

1.

Oe

1

O 0Oy

MIN

~NOPr~NOVO X

MAX

9999,.0-9999.0
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ALL IDLE BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

YEAR CLASS

NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
57-1 l4. 8.9 T.5 3.2 30.1 94.9 63.3 29.3 .217.4 242 242 0.4 8.
62-5 41. 8.1 6.4 3.0 32.4 9l.1 6644 13.0 1375.0 2.8 1.5 0«5 6.
66—7 30. T.6 6.8 1.5 30.9 79.9 32.5 15.8 134.7 2.8 1.5 C.7 6.
68-9 37. 4.2 223 0.9 12.2 62.4 37.0 13.1 176.9 3.9 1.8 1.0 6.
70-1 27. 3.7 1.8 0.9 7.8 5l.4 37.8 7.9 l4«.0 4.2 22 1.0 [
CuM  149. 6.3 5.6 0.9 32.4 74.9 50.9 1.9 375.0 3.3 1.9 Q0.4 8.
10K CLASS
MILE NC. HYOROCARBON ‘CARBON MONOXIDE NITROGEN OXIDES
10K CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MA
X1 Te 3.0 1.0 l.6 4.4 29.4 11.3 1.9 39.8 5.8 1.9 1.8 Te
X2 15. 5.9 4.1 2.6 20.0 70.5 33.1 26.6 120.5 3.7 l.7 1.5 7.
X3 18. 3.7 1.7 0.5 6.8 52.8 40.8 9.5 176.9 4.0 1.9 1.6 Te
X4 20. 446 2.9 0.9 12.2 70.8 38.4 13.1 144.0 3.1 1.7 1.0 6.
X5 22. 6.5 6.0 1.5 30.9 78.4 42.1 15.8 217.4 3.0 1.7 0.5 5
X6 21. 5.3 3.0 1.6 16.0 72.8 60.2 17.1 299.8 3.2 1.7 0.5 6.
X7 11. 6.2 2.5 2.4 10.3 97.0 97.3 17.9 375.0 3.0 2e2 0.7 6.
X8 11. 6.3 3.0 3.2 12.6 19.9 35.4 3843 14246 226 24 0.6 8.
X9 11. 10.7 9.7 3.4 32.4 84.3 43.9 13.0 149.9 2.2 l.4 0.8 5
X10 7. 8.4 3.2 4.5 13.4 113.6 57.6 4l.1 211.9 3.1 1.9 0.6 6.
X1l 3. 15.0 12.7 5.7 29.5 121.2 51.5 84.6 180.1 1.8 l.2 0.4 2
X12 3. 19.7 14.4 3,2 30.1 80.8 28.9 48,5 104.0 2.9 1.2 2.1 4.
CuM 149. 6.3 5.6 0.9 32.4 74.9 50.9 7.9 375.0 3.3 1.9 Ou4 8.

CWRrUVNOONUI®@WOM~ WX
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ALL IDLE BEFORE SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

MAKE CLASS

VEH. NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
AMC 5. 3.7 l.7 1.6 5.5 42.2 27.6 17.1 82.7 3.4 l.5 1.8 55
CHRY 3. 5.7 3.3 3.2 9.4 67.4 33.5 4la1 105.0 3.5 25 1.1 6.0
DODG 8. 4.8 3.1 1.6 10,9 34,7 26.1 7.9 9442 4.8 l.8 2.0 7.5
PLYM 9. 6.1 4.1 1.7 13.4 6l.6 38.0 19.8 142.6 4.1 1.9 1.8 16 R
FORD 31. 545 226 l.6 16.0 86.8 58.3 12.4 299.8 3.4 2.2 0.5 8.9
MERC 6. 4.1 1.5 1.7 5.2 49.0 28.2 13.0 92.0 442 22 l. & 7.1
BUIC 10. 8.7 87 3.1 32.4 118.6 4545 39.8 211.9 2.8 2.0 0.6 6.6
CADI! 4. 53 2.3 2.7 8.0 94.8 30.9 60.0 122.0 4.3 2.8 1.2 7.9
CHEV 33, 7.9 Ta.l 2.2 29,5 73.0 34.5 24.5 180.1 3.3 le4 0.4 6.6
oLNsS  10. 7.6 8.3 1.2 30.1 10l.4 100.6 15.8 375.0 3.3 l.6 l.7 €.0
PONT 12. 5«5 2.1 2.6 3.7 17.2 34.9 26.8 132.8 3% 1.6 0.9 6.7
IMPT 6. 3.5 2.7 1.2 8.4 52.7 40.1 9.9 1llB.4 l.4 0.6 0.7 2.3
Vi 12. 6.9 8.6 0.9 30.9 57.9 43.6 9.5 134.7 le4 0.8 0.6 2.5
CUM  149. 6.3 5.6 0.5 32.4 Ta4.9 50.9 7.¢ 375.0 3.3 1.9 T4 8.9

CTRL CLASS .

EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
NaCo 9. 10.8 10.1 1. ¢ 32.4 101.9 83.6 17.1 296.8 2.9 246 0.5 8.9
C.D. 69. 7.6 5.8 2e1 30.9 87.5 53.7 13.0 375.0 27 l.6 (VI 6.5
A.1. 1l2. 5.3 7.8 l.2 29.5 50.8 27.7 9.9 96.7 2.9 1.4 1.1 5.3
.M. 59, 4.4 2.3 0.9 12.2 6l.2 36.9 7.3 1709 4.1 2.0 0.8 7.9
CUM 149, €e3 56 0.9 32.4 74.9 50.9 7.9 375.0 3.3 1.9 Ce4 8.9



8C-14

ALL IDLE BEFORE SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

100" CLASS

CID NO. HYDROCARBON CARBON MONOXIDE NITRCGEN GOXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MaXx
X1 19. 5.5 Ta1 0.9 30.9 53.8 4le 4 9.5 134.7 1.5 0.8 0.6 3.0
X2 13. 5.7 3.4 245 16.0 8l.2 83.5 13.0 299.8 3.1 2.5 C.5 8.9
X3 34, 6.0 3.5 l.€ 20.0 77.1 38.7 17.1 180.1 3.0 l.4 Cs4 6.5
X4 64, 6.7 6.1 le 5 30.1 713.4 5l.1 7.9 375.0 3.9 i.8 0«9 7.5
X5 19. 6.8 6.6 l.7 32.4 92.4 47.0. 26.8 211.9 3.7 243 0.6 7.9
CuM 149, 6.3 546 0.9 32.4 14.9 50.9 7.9 375.0 3.3 1.9 0.4 8.9
1K# CLASS
Wl NO . HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN SDEV MIN MAX MEAN SBbEV MINM MAX MEAN SOEV MIN MAX
X2 Oe 0.C 0.0 9699.0-9999.0 0.0 0.0 9699.0-9999.0 0.0 0.0 9999.0—-9999.0
X3 30. 5.8 6.0 0.9 30.9 T4a9 65.7 9.5 299.8 2.3 2.1 0.5 8.9
X4 40, 4. & 222 1.2 10.9 59.6 34.8 13.0 180.1 3.2 l.6 0.4 6.6
X5 73. T.5- 6.6 l. & 32.4 82.3 51.5 T.9 375.0 3.6 1.8 0.6 7.5
Xé 6. 5.4 1.8 2.7 8.0 S0.8 32.0 50.6 122.0 4.5 2.2 1.2 T.9
CUM  149. 6,3 5.6 0,9 32. 4 74,9 50.9 7.9 375.0 3.3 1.9 O.4 8.9



ALL IDLE SECIND SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

YEAR CLASS

62-1 4

NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS ~ MEAN  SDEV ~ MIN  MAX MEAN  SDEV ~ MIN  MAX MEAN  SDEV  MIN  MA
57-1  1l4. 8.8  T.5 3.2 30.1 85.4  49.1  29.3 211.9 2.2 2.2 0.4 8.
62-5 41. 6.0 3.6 2.1 25.7 68.3  28.5 13.0 140.1 2.8 l& 0.6 5.
66-7 30. 5.3 2.6 1.5 13.4 65.4  29.6 8.4 140.9 3.1 1.6 0.5 6.
68-9 37, 3.6 1.9 0.9 12.2 52.5 35.7 13.1 176.9 3.8 1.8 1.0 7.
70-1  27. 3.4 1.6 0.5 7.0 43.5 30.3 7.9 122.9 4.3 2.3 1.5 1.
CUM 149, 5.1 3.7 0.9  30.1 60.9 35.0 7.9 211.9 3.3 1.9 0.4 8.
10K CLASS

MILE NO. , HYDROCARBON - CARBON MONOXIDE NITROGEN OXIDES
10K CARS  MEAN  SDEV  MIN  MAX MEAN  SDEV  MIN  MAX MEAN  SDEV ~ MIN  MA
X1 7. 3.0 1.0 1.6 4.4 29.4 1l1.3 7.9 39.8 5.8 1.9 1.8 7.
X2 15. 5.8 4.2 2.6 20.0 65.4 31.6 26.6 120.5 3.9 2.0 1.5 1.
X3 18, 3.3 1.5 0.9 6.8 48.2° 41.0 9.5 176.9 3.7 1.9 1.6 7.
X4  20. 3.7 2.4 0.9 1222 52.7 27.2 13.1 122.9 3.1 1.7 1.0 6.
X5 22, 4.9 2.4 1.5 12.0 62.6 29.0 15.8 132.6 3.4° 1.8 0.4 1.
X6 21, 4.3 1.7 l.6 1.6 53.8 30.0 14.0 120.9 3.4 1.6 1.2 6.
X7 11. 5.1 2.0 2.4 9.3 58.4 3l.4  B.4 103.9 3.0 1.8 1.2 6.
X8  1l. 5.6 2.1 3.2 10.4 72.9 19.8 45.2 100.0 2.4 2.3 0.6 8.
X9  11. 6.0 1.7 3.4 8.9 72.9  43.6 13.0 140.9 2.6 1.6 0.5 5.
X10 7. 8.1 3.2 4.5 13.4 96.9  58.7  4l.l 211.9 3.1 1.9 0.6 6.
X11 3. 6.1 323 2.9 9.5 96.6 36.3 59.2 131.7 1.6 1.0 0.6 2.
X12 3, 19.7 l4.4 3.2 30.1 80.8 28.9 48.5 104.0 2.9 1.2 2.1 4.
CUM  149. 5.1 3.7 0.9 30.1 60.9  35.0  T.9 211.9 3.3 1.9 0.4 8.
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ALL IDLE SECOND SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

MAKE CLASS
VEH. NC. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEvV MIN MA
AMC S. 3.6 1«5 l. € 55 42.9 26.9 17.1 82.7 2e5 1.2 1.2 4o
CHRY s. 3.8 0.6 3.2 4e5 39.8 16.9 22.3 56.0 3.5 2.5 1.1 6.
DODG 8. 4.0 1.9 1.6 8.0 32.1 19.6 7.9 73.6 4.7 l.8 2.0 Te
PLYN 9. 5.9 4.1 1.7 13.4 50.2 27.3 19.8 91l.1 4.3 2.0 1.8 6.
FORD 31. 4.8 1.8 1.6 9.3 69,9 37.3 12.4 176.9 3.4 2el 0.4 8.
MERC 6. 3.7 1.1 1.7 4.7 39.8 18.9 13.0 68,0 4.5 2.3 1.6 7.
suIiC 10. 5.8 2.8 3.0 11.7 104, 8 47.8 39.8 211.9 2.7 2.0 0.6 6o
CADI 4. 4.6 1.5 247 6.2 T6.3 18.3 60.0 101.5 4.7 2.5 2.2 7.
CHEV 33, 5.9 4.8 2.2 25.1 64.2 29.2 17.3 131.7 3.1 1.3 0.6 6.
nOS 1lo0. 6.8 8.3 l.5 30.1 63.1 26,7 15.8 104.0 3.8 2.1 1e7 Te
PONY 12, 5.4 2.0 2.6 8.7 7.2 35.3 22.5 140.9 3.8 1.8 0.9 7.
IMPY be 2.6 1.3 l.2 4.0 30.2 22.4 8.4 59.9 1.8 0.5 1.0 2.
VW 12 4.4 3.6 0.6 12.0 4443 26.6 9.5 94.6 1.6 0.8 0.5 2.
CUM 149, 5.1 3.7 0.9 30.1 60.9 35.0 71«9 211.9 3.3 1.9 Q.4 8.

CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
N.C. 9. 6.7 5.4 1. € 20.0 69.0 4l.7 14.0 140.1 3.6 2e% 1.5 8.
C.D. 69, 6.3 4o 2.7 30.1 71.3 33.4 8.4 211.9 27 1.5 D.4 6.
A.1. 12. 2.6 1.1 1.2 446 41.0 25.9 9.9 96.7 3.0 1.7 1.1 6.
E.M. 59, 3.9 1.9 0.9 12.2 51.5 33.6 7.9 176.9 4.1 2el 0.5 Te.
CUM 149, 5.1 3.7 J.9 30.1 ©0.9 35.0 7.9 211.9 3.3 l.9 0.4 8.
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ALL IDLE SECOND SERVICE 1975 CVS TEST - PHASE 1 DATA

Te-T €

ALL CARS
100" CLASS
CID NO. HYDRQCARSBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SOEV MIN MAX MEAN SDEV MIN MAX
X1 19. 3.7 3.1 0.9 12.0 38.2 2546 8.4 94.6 1.7 0.8 0.5 3.0
X2 13. 4e5 l.6 247 7.5 52.2 33.7 13.0 132.6 3.2 2e4 Oe4 8.9
X3 34. S5¢4 3.2 l.6 20.0 62.0 30.0 17.1 131.7 3.0 l.4 0.6 6.3
X4 64. Sa.4 4.7 1.5 30.1 59.5 33.3 7.9 176.9 3.9 1.8 0.9 7.5
X5 19. 5.2 2.3 1.7 11.7 79.8 44,9 26.8 211.9 3.9 245 0.6 7.9
CUM 149, 5.1 3.7 0.9 30.1 60.9 35.0 7.9 211.9 3.3 l.9 0.4 8.9
1K%# CLASS
WY NO. HYDROCARBON CARBGON MONOXIDE NITROGEN COXIOES
1K# CARS M EAN SDEV MIN MAX MEAN SCEV MIN MAX MEAN SDEV MIN MAX
X2 O. 0.0 0.0 9999.0-9999.0 G.0 0.0 §99G.0-9999.0 0.0 0«0 9999.,0-9999.0
X3 30. 4.2 2.6 0.9 12.0 494 33.5 8.4 132.6 2.4 2.0 0.4 8.9
X4 40, 4,2 1.8 1.2 9.5 52.5 29.6 13.0 131.7 3.2 1.7 0.6 7.0
X5 73. 6.0 4.7 1.6 30.1 65.8 37.1 7.9 211.9 3.6 l.8 0.6 75
X6 6. 4.5 1.3 2.7 6.2 65.6 22.2 37.8 101.5 5.2 2.3 2.2 7.9
CUM 1465, 5.1 3.7 0.9 30.1 60,9 35.0 7.9 211.9 3.3 l.9 0.4 8.9



ALL K.M. BEFORE SERVICE 1975 CvS TEST - PHASE 1 DATA

ALL CARS

YEAR CLASS

26-T €

NO. HYDROCAR3ON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
.57-1 15. T 4.9 3.1 19,9 64.1 2863 2B.0 125.0 2.5 1.2 N.2 4.
62-5 40. 8.8 6.9 1.6 30.4 103.0 52.8 22.4 232.5 2.4 l.2 0«3 4a
66-7 2S. 8.4 6.0 2.1 28.3 89.3 49,1 25.1 258.2 3.1 l.6 0.3 7
68-9 38, 4.4 1.9 1.3 9.8 60.4 34.9 10.3 152.1 4.3 242 0.9 9.
70-1 27. 3.4 1.1 l.7 6.6 45.0 28.3 7.1 96.2 Gott 1.8 0.8 be
CuM  149. P 5.3 1.3 30.4 7540 46.8 T.1 256.2 3.4 1.9 0.2 S.
10K CLASS
MILE NOC. HYDROCARBON CARBON MONOXIDE NITROGEN CXIDES
10K CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX MEAN SDEV MIN MA
X1 Se 2.1 1.1 1.7 4.4 23.6 19.8 T.6 58.1 5.2 1.9 1.9 6.
X2 16. 4.0 1.8 l.7 8.9 48e4 28.0 18.6 112.3 3.7 1.9 1.1 6.
X3 18. 3.4 1.5 1.7 8e4 45.3 26.2 7.1 107.4 48 1.8 1.5 T.
X4 11. 6.3 3.4 1.3 14.0 91.9 46.9 20.4 159.1 3.9 2.3 0.8 Te
x5 204 5.8 2+4 3.1 12.06 83.4 50.8 22.0 258.2 3.5 1.3 2.0 5.
X6 26, 6.9 5.1 1.7 25.5 83.3 38.8 17.4 147.4 2.7 l.9 0.2 7.
X7 14. 8.6 6.0 3.0 2l.4 85.8 46.1 30.3 219.9 3.1 1.5 0.5 5.
X8 15. 8.6 8.6 3.1 30.4 78.8 43.5 25.1 193.1 3.4 2.1 U4 Q.
X9 12, 9.8 Ta4 3.3 29.7 97.9 64.5 224 232.5 2.5 l.2 0.3 4e
X10 6. 8.7 7.6 4.2 23.8 91.0 47e1 49.8 171.9 2el 0.9 1.0 3.
X11 2e 7.2 0.7 6.7 77 96.7 lel 96. 0 575 2.5 0.1 245 2.
X12 4., 5.6 5.6 1.9 13.9 8l.9 87.1 28.0 211.9 1.6 lea 0.4 3.
CuM 149. 6.4 53 1.3 30.4 750 46.8 T«1 258.2 3.4 1.9 0.2 9.

NOUSNP OO X
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ALL K.M. BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

MAKE CLASS
VEH. NGO, HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MI MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
AMC 5 3.8 2.3 1.7 7.0 58.3 38.8 2la4 121.6 ZeT l.6 1.0 4.7
CHRY 3. 4.5 3.0 2.1 7.9 83,0 82.0 10.3 171.9 3.5 2.7 1.5 6.5
DODG 8. 4.1 2.0 1.7 7.9 57.0 27.0 20.1 92.9 4.7 1.7 204 1.4
PLYM 9. 5.2 3.8 1.7 14.0 60,0 46.4 7.6 159.1 4.2 2e4 2.2 9.7
FORD 31. 6.9 5.7 2.3 30.4 82.5 58.6 14.2 258,2 3.7 1.8 0.5 T.4
MERC - 6. 7.3 8.2 1.9 23.8 60.6 34.3 37.7 123.1 3.5 1.9 2.0 6.6
BUIC 1l. 5.7 2.2 3.1 10.8 98.9 32.0 57.5 147.4 3.5 246 0.8 Te9
CADI 4. 11.0 1l1.7 3.5 28.3 93.5 24.7 60.7 118.8 3.8 1.2 2.1 4.6
CHEV 32. 7.8 5.9 2.5 9.7 86.0 48.3 18.2 232.5 3.0 l.7 0.2 6.9
noLos  10. 6.6 3.0 2.1 2.6 75.8 40.8 22.4 152.1 3.3 1.3 1.5 5.7
PONT 12, Te32 6.2 3.5 25.6 79.9 47.1 30.3 213.9 4ol l.7 1.3 6.6
IMPT 6. 3.0 1.6 1.3 4.9 26,1 13.3 Tel 43.7 3.3 2.0 0.9 6el

VW 12. 5.3 4.3 1.7 14.9 52.9 27. 4 18.6 111l.8 1.6 0.8 0.3 2.8

CUM  149. 6.4 5.3 1.3 30.4 75.0 46.8 T.1 258.2 3.4 l.9 0.2 9.7

CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
CTRL CARS MEAN SDEV MIN MA X NEAN SDEV MIN MAX MEAN SDEV MIN MAX
NeCo 1l2. 6.8 5.1 2.6 19.9 75.0 479 33.1 211.9 2.5 l.1 C.4 3e7
C.D. 65. 8.5 6.4 1.9 30.4 92.0 4T.4 22.0 232.5 2.9 1.6 0.2 1.9
A.T. 15, 5.6 55 1.3 23.8 59.9 38,6 T-1 137.4 3.1 l.6 0.6 6al
E.Ma 57. 4.2 1.9 1.7 10.9 59.6 42.1 Te6 258.2 4.3 2.0 0.8 9.7
CUM 149, 6.4 5.3 1.3 30.4 79.0 4648 7.1 258.2 34 l.9 0.2 9.7



e-1 9

ALL K.M. BEFORE SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

100" CLASS

CID NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAaX MEAN SDEV MIN MAX
X1 19. 4.5 3.6 1.3 14.9 43.0 26.2 T«l 111.8 2.3 le5 0.3 6.1
X2 l14. 5.2 3.3 1.9 15.6 66.1 34.8 28.0 143.6 247 l.1 1.0 5.0
X3 33. 7.5 6.1 l.7 30.4 9.4 57.8 l4.2 " 232.5 26 1.6 0.2 6.9
X& b4. 6.4 5.0 l.7 29.7 T4.3 45.7 T.6 258,.,2 4.1 1.9 1.0 9.7
X5 19. 7.5 6.9 2.3 28.3 87.8 37.7 25.4 171.9 3.7 1.9 0.8 6.6
CuM 149, 6.4 5.3 1.3 30.4 75,0 46.8 Tl 258.2 3.4 1.9 0.2 9.7
1K# CLASS
WT NG. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN SDEV MIN MAX MEAN-  SDEV MIN MAX MEAN SDEV MIN MA X
X2 0. 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0 .0 0.0 9999.0-9999.0
X3 26. 5.0 3.8 1.7 15.6 46.8 24.8 7.1 111.8 2.7 1.5 0.3 6.1
X4 46. 5.6 3.5 1.3 15.1 78.3 53,1 14.2 232.5 3.0 1.7 0.3 6.9
X5 70. Te3 6.1 1.7 30.4 82.4 47.0 7.6 258.2 3.8 260 0.2 9.7
X6 7. 845 8.9 3.5 28.3 85.2 26.5 4l.2 118.8 4.3 1.1 2.1 5.7
CUM 149, 6.4 5.3 1.3 30.4 75.0 4648 ‘Tel- 25842 3.4 1.9 0.2 9.7



ALL K.M. SECOND SERVICE 1975 CVS TEST — PHASE 1 DATA

ALL CARS

YEAR CLASS

NDO OO X

ge-1 4

NO. HYORQOCARBON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MAX MEAN SDEvV MIN MAX MEAN SDEV MIN MA
57-1 15, 5.6 3.1 3.1 14.5 55+ 4 39.1 28.0 182.5 2.5 l.4 0.5 5
62-5 40. 6e & 3.6 1.9 20.1 8l.4 4l.1 224 219.9 2.5 1.2 D.4 5.
66—-7 29. 6.3 4.8 2.1 28.3 69.6 30.9 25.1 137.4 3.0 1.5 0.0 5.
63-9 138. 3.9 1.5 1.3 8.2 53.5 34,2 10.3 147.4 4.2 263 0.5 9.
70-1 27. 3.3 1.0 l.7 5.2 41l.0 25.2 7.1 96.2 4.3 la.7 0.8 6.
CuM 149, 5.1 3.3 1.3 28.3 63.1 37.2 T.1 219.9 3.4 1.8 0.4 9.
16K CLASS
MILE NQ. HYDROCARRBON CARBON MONOXIDE NITROGEN OXIDES
10K CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SOEvV SMIN MA
X1 5. 2.7 t.1 1.7 4o4 23.0 19.8 Te0 58.1 5.2 1.9 1.9 6.
X2 16. 3.7 1.2 1.7 be4t 40.9 15.4 18.6 714.6 3.5 1.8 0.9 6,
X3 18. 3.4 1.5 1.7 3.4 4401 26.8 7.1 107.4 4.3 l.8 1.5 [
X4 11. 5.5 2.8 1.3 12.9 1.5 35.'8 20.4 143.4 4.1 2.1 0.8 T.
X5 20, 4.7 1.7 1.6 " 8.2 64.1 35.8 22.0 143.56 3.1 1.3 1.2 5.
X6 26, 5.9 3.4 1.7 15.5 T6a 4 40.2 17.4 182.5 2.9 1.9 0.5 T.
X7 l4. 6.1 3.5 2.1 15.1 77.0 53.5 23.5 219.9 3.1 l.7 0.5 5
X8 15. 6.3 6.3 2.5 28.3 63.4 24.5 25.1 107.1 3.6 2.0 0.6 9.
X9 12. 5.6 1.5 3.3 7.9 70.5 33.8 22.4 159.2 22 l.0 0.4 4
X10 6. 5.1 2.1 2.1 7.9 86.2 50.1 49.4 1T1.9 2.0 1.0 1.0 3.
X1l1i 2. 6.3 0.6 5.9 6.7 16.5 29.7 55.5 S5T.5 2.9 04 2.6 3.
x12 4. Te1 B8e7 1.9 20.1 56.5 36.9 28.0 1l0.2 2.2 l.1 1.3 3.
CUM 149. 5.1 3.3 1.3 28.3 63.1 37.2° 7.1 219.9 3.4 1.8 D4 9.

NONCONOIOP~NEO X



9¢-T 4

ALL X .M. SEC3IND SERVICE 1975 CvS TEST - PHASE 1 DATA

ALL CARS

MAKE CLASS

NP AN VTP NI N

VEH. NO. HYDROCARBON CARBON MONUXIDE NITROGEN GXIDES
MAXE CARS MEAN SOEV MIN MAX MEAN SDEV MIN. MAX MEAN SDEV MIN MA
AMC Se 3.8 243 le7 7.0 58.3 38.8 2l.4 121.6 2.7 l.6 1.0 4.
CHRY 3. 4.5 3.0 2.1 7.9 83.0 82.0 10.3 171.9 3.5 2.7 1.5 6.
DODG 8. 3.5 1.5 1.7 6.0 45.6 22.0 20.1 85.3 4.6 1.4 2.4 6.
PLYM Fe 5.1 3.5 1.7 12.6 51.7 30.3 T.6 107.4 44 2.3 2.2 9.
FORD 31. 5.3 2.6 2.3 151 69.4 44,5 14,2 219.9 3.3 1.8 0.5 T.
MERC 6. 3.7 1.6 l.9 5.7 53.2 27.0 37T.7 107.7 3.4 2.1 1.1 0.
BUIC 1l1. 5.7 2.2 3.1 17.8 58.9 32.0 57.5 147.4 3.5 2.6 0.8 Ta
CADI 4 10.8 11.8 2.8 23.3 84.3 32.1 53.5 L18.8 3.7 1.2 2.1 4,
CHEV 32, 5.7 3.5 2.5 20.1 64.9 35.7 18.2 182.5 3.0 1.6 D.4% 6.
oLDsS  10. 5.3 l.6 2.1 8.2 62.8 26.6 2244 S7.5 3.1 1.1 1.5 5.
PONT 1&. 5.6 3.5 2.1 15.5 65.0 32.0 30.3 145.3 3.8 1.9 1.3 6.
IMPT 6. 2.8 1.6 1.3 4.9 23.96 11.8 7.1 43.7 3.1 2el 0.9 6.
VW 12. 3.7 1.7 1.7 7.4 41.9 i7.1 18.6 17.7 1.6 0.8 0.6 3.
CuM  149. 5.1 3.3 1.3 28.3 63.1 37.2 7.1 219.9 3.4 1.8 Oe4 S.
CTRL CLASS
EMIS NO. HYDROCARBON CARBON MONOXIDE NITROGEN 0OXIDES
CTRL CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
NeCoe 12 .9 4.9 2.1 20.1 57.2 25.2 23.5 110.2 2.9 l.4 1.3 5e
CeDe 65, e 4 3.9 1.5 28.3 T7.4 39.6 22.0 219.9 2.9 le6 0.4 7.
A.I. 15. 3.6 1.7 1.3 6.7 51.2 36.3 7.1 137.4 249 l.6 0.6 6.
E.Ma 57 3.9 1.5 1.7 3.2 5l.1 31.5 T.6 lal.4 4.1 2.0 0.5 Je
CUM 149, 5.1 3.3 l.3 28.3 63.1 37.2 T.1 219.9 3.4 1.8 0.4 9



ALL K.M. SECOND SERVICE 1975 CVS TEST - PHASE 1 DATA

ALL CARS

100" CLASS

Le-1 d

CID NO, HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 19. 3.4 1.6 «32 T4 35.3 17.2 7.1 17.7 2.2 le6 0.6 6.1
X2 l4. 4.0 1.5 1.6 7.0 55.4 36.7 2345 143.6 2.7. 1.2 i.0 5.0
X3 33. 5.9 3.9 1.7 20.1 T7.5 47.0 l14.2 219.9 2.7 1.5 Oe4 6.9
X4 64, 5.1 24 1.7 15.5 58.4 27.0 7«6 1l43.4 4.1 1.8 1.0 9.7
X5 19. 6.2 5.8 2.1 28.3 86.9 41l.7 25.4 171.9 3.5 2.0 0.8 6.6
CUM 149, Sel 3.3 1.3 28.3 63.1 37.2 T.1 219.9 3.4 1.8 Je4 9.7
1K# CLASS

WT NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES

LK# CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X2 0. 0.0 0.0 9999,0-9999.0 U.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
X3 26. 3.7 1.5 1.7 Tes 39.4 18.8 7.1 88.6 2.5 1.6 0.6 6.1
X4 46. 5.0 3.6 1.3 20.1 64,3 43.6 14.2 219.9, 3.0 le.6 O.% 6.9
X5 70. 5.4 2e5 1.7 15.5 69.3 35.4 7.6 182.5 3.8 2.0 0.5 9.7
X6 T 8.4 8.9 2.8 28.3 79.9 28.8 4l.2 118.8 4.3 l.1 2«1 5.7
CUM 149, 5.1 3.3 1.3 28.3 63.1 37,2 7.1° 219.9 3.4 1.8 D.4 9.7



CAL IDLE BEFORE SEKVICE 1975 CvS TEST - PHASE 2 DATA

1-2 d

ALL CARS
, YEAR CLASS
NO. HYDROCARBON CARBON ‘MONOXIDE NITRGGEN OXIDES
YEAR CARS MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX MEAN  SDEV MIN  MAX
57-1 12, 12.4 13.8 3.4  45.8 117.5 60.8 40.9 244.6 2.2 1.2 0.7 4.1
62-5 21. 10.0 4.8 3.9 22.1 122.5 43.0 53.7 228.4 2.7 1.5 0.7 5.9
667 14, 9.0 12.0 3.3 49.9 103.0  49.8 41.5 232.0 3.1 1.3 0.7 4.9
68-9 16, 4.2 1.5 1.5 7.6 60.9  24.5 24.7. 102.7 4.8 1.6 1.9 7.9
70-1 12. 3.5 1.0 2.6 5.9 48.2 28.5 21.1 1l4.2 4.1 1.2 2.9 6.3
cuM 75, 7.9 8.4 1.5  49.9 93.0 5l.4 21.1 244.6 3.4 1.7 0.7 7.9
10K CLASS

MILE NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES

10K CARS MEAN  SDEV MIN  MAX MEAN  SDEV MIN  MAX MEAN  SDEV  MIN  MAX
X1 1. 5.1 0.0 5.1 5.1 10400 0.0 104.0 104.0 2.7 0.0 2.7 2.7
X2 5. 6.5 3.1 2.8 9.1 92.9  47.8 37.6 143.2 3.6 1.7 1.6 6.3
X3 8. 9.0 16.6 1.5  49.9 70.6 70.3 21.1 232.0 3.4 1e2 0.7 4.6
‘x4 8. 4.5 2.8 2.6 1l.1 51.0 25.6 21.9 8646 4.4 0.9 2.9 5.6

X5 5. 5.6 2.6 3.4 9.7 807  34.8 40.0 114.2 5.3 1.5 3.8 7.7

X6  10. 9.8 12.8 3.3 45,8 92.9 58.9 51.3 244.6 3.9 2.4 1.0 7.9

X7 8. 8.5 5.6 4.6 20.8  106.5 50.7 59.9 209.1 2.8 1.6 1.0 5.4

X8 9. 6.0 3.9 3.2 15.8 95.8  56.2 4l.5 228.4 3.0 leé 0.7 4.9

XS 4. 5.1 1.2 3.4 5.9 79.3  43.3  40.9 136.5 249 0.9 1.7 3.7
X10 9. 8.1 3.3 3.0  12.4  117.3  43.2  24.7 169.7 2.6 1.3 1.0 5.3
X11 6. 14.9  12.5 3.9  36.7 127.8  46.6 53,7 179.0 2.2 1.7 0.7 4.6
X12 2. 9.1 3.1 6.9 11.3 123.7  21.8 108.2 139.1 3.2 1.1 2.4 4.0
cuM 75, 7.9 8e4 1.5  49.9 93.0 S5l.4 2l.1 244.6 3.4 1.7 0.7 7.9



1975 CVS TEST - PHASE 2 DATA

CAL IDLE BEFORE SERVICE
ALL CARS

MAKE CLASS

VEH. NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
MAKE CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX EAN SDEV MIN MAX
AMC 3. S5¢2 2.0 3.9 1.6 84.8 27.0 53.7 102.7 2.3 05 1.8 27
CHRY l. 6.9 0.0 6.5 6.9 139.1 0.0 139.1 139.1 4.0 0.0 4.0 4.0
DODG 4. 5.5 4.1 2.8 11.7 78.9 56.8 4l.5 163.4 4.1 1.0 3.3 5.3
PLYM 4. 5.0 1.6 4.C Te4 86.8 32.3 58.8 133.2 3.9 l.4 206 5.9
FCRD 15. 8.7 10.9 2.8 45.8 97.0 66.5 27.1 244.6 3,3 2.0 0.7 7.9
MERC 3. 11.6 8a2 5.0 20,3 158.3 51.8 105.6 209.1 1.3 0.8 0.7 2.2
BUIC 4e 5.3 2.0 3.5 8.0 75.2 19.0 51.2 93.7 3.9 0.9 2.9 5.1
CADI1 2. 4.3 1.3 3.4 5.2 82.7 60.4 40.0 125.4 545 3.1 3.3 7.7
CHEV 1l6. 9.9 T.7 3.5 36,7 107.4 35.5 37.6 179.0 3.4 1.6 0.8 6.3
OLDS 4. 6.8 3.0 2.4 9.7 106.4 4l.5 48,5 137.0 3.7 1.5 2.2 5.6
PONT 5. So 4 2.7 403 ll.1 96.8 50.4 2l.9 149.9 4.3 1.6 1.7 5.6
IMPT 5. 12.3 21.1 l.5 49.9 12.4 89.4 26,6 232.0 3.3 1.6 0.7 4.6
VW S é.1 6.2 2.2 22.1 59.2 32.9 2l.1 131.2 2.5 l.3 0.7 4.3
0o CUM 754 7.9 8.4 1.5 49.9 93.0 5l.4 2l.1 24446 3.4 1«7 0.7 T.9

CTRL CLASS

EMIS NO. HYDROCARBCN CARBON MONOXIDE NITROGEN OXIDES
CTKL CARS MEAN SDEV MIN MA X MEAN SDEV MIN MAX EAN °~ SDEV MIN MAX
N.C. 0. 0.0 0.0 $959.0-6599.0 .0 D.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
C.D. 40. 11.2 10.5 3.4 49.9 118.9 50.9 40.9 24446 2e6 la4 C.7 5.5
A.l. Te 4.6 242 1.5 * 8.5 87.7 46.7 27.8 149.9 4.0 1.9 2.1 Ta7
E.M. 28. 4.0 1.2 2.2 Te6 57T.4 26.4 21.1 114.2 et 1.3 1.9 7.9
CuM 75. 7.9 8.4 1.5 49.9 93.0 51.4 2lel 244.6 3.4 1.7 0.7 7.9



CAL IDLE BEFORE SERVICE 1975 CvS TEST - PHASE 2 DATA

ALL CARS
100" CLASS
CID NO. HYODROCARBON CARBON MONOXIDE NITROGEN OXIDES
100" CARS MEAN SOEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X1 11. 5.5 5.7 2.2 221 54.3 31.5 21.1 131.2 246 le2 0.7 4.3
X2 l4. 8.5 12.2 1.5 49.9 89.4 58.2 27.1 232.0 249 l.7 0.7 6.2
X3 11. 12.8 9.4 443 36.7 129.5 59,3 57.4 228.4 2.4 l.4 0.7 4.9
X& 32. 7.5 T4 2.8 45.8 100.7 4441 32.8 244.6 3.9 1.5 l.1 T.9
XS5 T 4.6 0.9 3.4 5.4 68.06 37.9 21.9 125.4 47 le7 2.7 T.7
CuM 75, 7.9 8.4 1.5 49.9 93.0 5le.% 2l.1 244.6 3.4 1.7 0.7 7.9
1K# CLASS
WwT ND. HYDROCARBUw CARBON MONOXIDE NITROGEN OXIDES
1K# CARS MEAN SDEV . MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MAX
X2 O. 0.0 0.0 9999,.0-9599.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
w X3 20. 7.8 10.9 1.5 49.9 72.9 52.8 24.71 232.0 2.8 l.6 0.7 6.2
o X& 18, 7.7 4.8 2.8 20.8 103.1 53,3 21.1 228.4 2.6 1.0 0.7 4.9
Si X5 35, 8.3 8.7 3.0 45.8 99.8 48a1 21.9 244.6 3.9 1.6 C.8 7.9
X6 2. 4.3 1.3 3.4 5.2 82,7 60.4 40,0 125.4 5.5 3.1 3.3 T.7
CUM 75. 7.9 8.4 1.5 49.9 93.0 Sl.4 21.1 244.6 3.4 le7 0.7 7.9



v-7 €

CAL IDLE SECOND SERVICE 1975 CVS TEST — PHASE 2 DATA

ALL CARS
YEAR CLASS
NO. HYDROCARBON CARBON MONOXIDE NITROGEN OXIDES
YEAR CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
57-1 12. 10.2 9.9 3.4 34,0 98.2 45.7 40.9 20846 2.2 1.2 i.0 4a
62-5 21. T2 2.1 3.9 11.3 107.1 37.3 53.1 194.2 2.5 l.1 0.9 Se
66-7 l4. 5.7 2.1 3.3 9.7 90.0 35.2 41.5 149.9 3.1 1.1 1.8 4,
68-9 16, 4,0 1.1 1.5 5.4 53..7 18.2 20.0 89.1 4.8 1.6 le4 Te
70-1" 12. 3.1 0.7 1.9 4.3 38.0 19.8 21.1 86.6 4.3 1.2 2.9 6.
CUM 75. 6.0 47 1.5 34.0 80.0 41.8 20.0 20846 3.3 1.6 0.9 Te
10K- CLASS

MILE NO. HYDROCARBON CARBAN MONOXIDE NITROGEN OXIDES

10K CARS MEAN SDEV MIN MAX MEAN SDEV MIN MAX MEAN SDEV MIN MA
Xi l. 5.1 0.0 5.1 5.1 104.0 0.0 104.0 104.0 2.7 0.0 2.7 2.
X2 5 9.7 10.2 2.8 27«4 82.0 41.3 37.6 143.2 3,3 1.9 1.6 6.
-X3 8. 3.3 1.4 1.5 5.7 42.2 229 21.1 86.6 3.7 0.7 2.3 4.
X4 8. 3.8 1.5 1.9 b.4 44.6 23.6 21.9 7.8 4.1 0.8 29 5
X5 5« 5.0 2.7 3.2 9.7 66.6 32.0 40.0 1l1ll.6 5.6 1.3 4.2 Te
X6 10. 5.8 2.2 3.3 9.4 84,7 49.7 51.3 208.6 3.9 2e4 1.0 T»
X7 8. 5.5 1.8 4,0 9.7 82.3 25.6 55.5 136.1 2.7 l.4 1.4 5.
X8 9. 5.5 25 3.2 10.9 89.1 42.7 4l.5 177.9 3.1 l.4 0.9 4.
X9 4 5-1 1:2 3.‘] 5.9 79.3 43,3 40-9 136.5 2.9 0.9 1-1 3.
X10 9. 7.0 l.9 3.5 97 108.1 445 20.0 194.2 2«3 0.9 1.0 3.
X1l 6. 10.7 11.6 3.9 34.0 103.0 43.1 53.1 149.9 2.4 le4 1.0 4o
X12 2. 9.1 3.1 6.9 11.3 123,7 21.8 108,2 139,1 3.2 le.1 24 4,
CuM 75. 6.0 4.7 1.5 34.0 80.0 4l1.8 20.0 208.6 3.3 1.6 0.9 Te

VOO WVMNOLONWE WX
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S-T §

CAL I0LE SECCND SERVICE 1975 CvS TEST - PHASE 2 DATA

ALL CARS

MAKE CLASS
VEH. NO. HYDROCARBCN CARBON MONOXIOE NITRGGEN OXTDES
MAKE CARS  -MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX
AMC 3. 4,3 Ou4 3.9 4.8 69.2 24.9 53.7 S7.9 2.5 0.6 1.8 3.0
CHRY 1, t.9 0.0 6.9 5.9 139.1 0.0 139.1 139.1 4.0 0.0 4.0 4.0
DODG 4. 5.0 3. 2.8 9.7 86,6 12,0 4l.5 194.2 3.1 1.3 lo4 4.6
pLYM 4, 5.0 1.6 4.0 T.4 84.3  34.0 58.8 133.2 4.1 1.3 2.6 5.9
FORD 15, 5.5 2.4 2.8  10.9 85.8 51.1 27.1 208.6 3.4 2.0 0.9 7.9
MERC 3, 6.0 1.1 5.0 7.1 106.4 13.1  93.8 119.9 1.7 0.6 1.0 2.2
BUIC 4. 4.7 1.1 3.5 5.7 76.0 20.2 5l.2 97.1 3.6 1.4 1.7 5.1
CADI 2. 4.3 1.3 3.4 5.2 82.7 60.4 40.0 125.4 5.5 3.1 3.3 7.7
CHEV 16, 8.7 7.2 3.2 34,0 92.6 32.6 37.6 145.8 3.5 1.6 1.0 6.3
oLns 4. 11.4 11.0 2.4 27.4 92.0 37.2  48.5 136.1 3.6 1.5 2.2 5.6
PONT 5. 5.5 0.8 443 bed 93.5 51.8 21.9 149.5 4.0 1.4 1.7 5.5
IMPT 5, 3.3 1.7 1.5 5.7 32,2  10.2  21.5  46.7 3.7 1.0 2.3 4.6

VA 9. 4.0 1.6 1.9 6.9 46.6 2l.4 20.0 T4.l 2.4 1.0 1.0 4.3

cuM  To. .0 4.7 1.5 34,0 80.0 41.8 20.0 208.6 3.3 1.6 0.9 7.9

CTRL CLASS
EMIS NO. ~ HYDKUJCARSBCN CARBON MONOXIDE , NITROGEN OXIDES
CTRL CARS MEAN  SDEV MIN MA X MEAN  SDEV MIN MAX MEAN  SDEV MIN MAX
N.Co 0. 0.0 0.0 99599.0-999.0 0.0 0.0 9999.0-9999.0 0.0 0.0 9999.0-9999.0
CeDe 40, 7.9 5.7 3.4 3440 100.5  39.3  40.9 208.6 2.5 1.2 C.9 5.5
Acle T 4.6 2.2 1.5 3.5 87.7 46,7 27.8 149.9 4.0 1.9 2.1 7.7
Fobe 23, 2.7 0.9 1.9 5.4 49.0 20.8 20.0 89.1 4e4 1.3 le4 7.9
cut 75, 6.0 4.7 1+5 34,0 80.0  41.8  20.u 208.6 3.3 1.6 0.9 7.9



C10 NO.
100" CARS
X1 11,
Xz 14.
X3 l1l.

X 4 32.
X5 7.
Ccuwm 5.
wl NG,
1k # CARS
XZ O.
& X3 20.
0 X4 13.
o X5 35,
XC -20
CiuM 75,

CAL IOLE SECOND SERVICE

HYOKROCARRBON

SDEV

HYDROCARBUN

SDEV
0.0
1.9
2.3

S =g
~ w W

1975 CVS TEST

ALL CARS
100" CLASS
CARBON MONOXIDE
MIN MAX