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PREFACE

This report Is the second of a seven volume report prepared for the State
of Colorado, Department of Health and the Environmental Protection Agency,
Reglon VIil, The tlitle of each respective volume is as follows:

Yolume | Executive Summary

Yolume 11 Experimental Characterization of Jdle lnspection, Exhaust Control
Retroflt and Mandatory Engine Maintenance

Yolyme |11 de on missi

Yolume LV f rim u

Yolume V Development of Techniques, Criteria, and Standards to Implement

i
a VYehicle tnspection, Malntenance and Modification Program
Yolume VI T Bas

Yolume V|| Experimental Characterjzation of Vehicular Emission and Engine
Qg;g:lg[a;lon

These reports describe the deslgn, conduct, findlngs and conclusions of
study programs Initlated In compliance with the requirements of the Colorado
Department of Health and the Environmental Protection Agency. Volume I
describes the design of an experimental program to investigate several elements
of emisslon control; idle emission inspection, exhaust control retroflt,

modifled engine tuning speciflications and mandatory engine maintenance.
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SUMMARY

A sample of 300 of the 1964 through 1973 model-year vehicles was utllized
to Iinvestigate the effectiveness and feasibllity of several exhaust emission
control strateglies as might be applied in the Colarado envlronment. Four
strateglies were evaluated; Idle emissions Inspection in the prlivate sector,
exhaust control retrofit, modified engine tuning speclfications and mandatory
engine malntenance. Each of the strategles proved to be effective In reducing
exhaust hydrocarbon and carbon monoxide emisslions. ~Increased oxides of nitrogen
erisslons were measured with respect to certain of the strategies.

Summarily, it was shown that hydrocarbon and carbon monoxide emisslons can
be decreased 11% and 7% respectively by idle emlsslons Inspection and mainte-
nance a3t u0% rejection of vehlicles. A slight decrease In oxldes of nitrogen
emissions and a stlght Increase In fuel economy were also measured.

The more costly exhaust control retrofits were the most effective In HC
and CO reduction with catalytic systems showing reductions of 75% and 85%
respectlively, Of the less costly systems Iinvestigated, the alr bleed and float
bowl pressure regulation systems show good HC and CO reductlon at 20% and 357
respectively with an Increase In NOx emissions of about 25%. On the average
the high attltude modiflication kits showed 1lttle change In HC emissions, a
reduction In CO emissions of about 15% and an Increase in NO, emlissions of
about 30%. The Air Bleed/EGR systems appear to represent the best compromise
in emlssions control with a range In reduction of 20% HC, 30% €O and 25% NOy.

Certain combinations of modifled engine tuning adjustments showed good
potentlal for HC and CO reduction of ahout 10% and 20% respectively although
NOx emlssions Increased about 20% as a result of thils application,

Mandatory engine maintenance also showed good potentlal for HC and CO
reduction with HC reduction measured at 20% and CO reductlon measured at 10%.
Application of mandatory malintenance resulted also In decreased NOx emissions
of about 10%. Mandatory malntenance was shown to be one of the least cost

effective of all strategies investlgated, however.
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Each

CONCLUSIONS

of the strategies investigated was found to be effective In reducing

HC and CO emisslons.

1.1

1.2

1.3

The

Hith
3.1

The range of reduction for HC is from a low of about 12 for the
high altitude kits to a high of ahout 75% for catalytlc retrofit,

The range of CO reduction Is from a Yow of about 3% for idle
emissions inspection at 20% rejection to a high of about 85% for
catalytic retrofit.

The range of NOx reduction Is from a low of about -30% for the
high altltude kits to a nigh of about u45% for VSAD/Alr Bleed
retrofit.

range of cost effectiveness (CE) Is wide,

CE for HC ranges from a low of 5 milllgrams/mile/dollar (mmd) for
the high altitude kits and LPG converslion to a high of about 100

mmd for idle emissions Inspection at 30 to 60% rejection and certain
comblnations of modifled engine tunlng adjustments.

CE for CO ranges from a low of about 75 mmd for LPG conversion to
a high of about 4000 mmd for certain combinations of modified
englne tuning adjustments.

CE for NOx ranges from a low of =75 mmd for the high altltude kits
to a high of about 50 mmd for VSAD/Air Bleed retrofits.

respect to ldle emissions inspection and malntenance:

The effectiveness curve for HC rose sharply from 0 to 30% rejection
and contlinued to rise at a reduced rate to 60% rejection. HC
reduction at 30% rejectlion Is about 10%, At 60% rejection HC
reduction is about 13%2. CE for HC rose sharply from 0 to 30%
rejection. The CE curve Is relatively flat from 30 to 60%
rejection at a level of about 100 mmd.

The effectiveness curve for C0 rose sharply from 0% to 30% re-
Jectlon and continued to rise at a reduced rate through 60%
rejection. CO reduction at 30% rejection is about S5%. At 60%
rejection CO reductlion Is about 9%. CE for CO rose sharply

from 0% to 30% rejection and continued to rise at a reduced

rate through 60% rejection. CE at 30% rejection is about 750 mmd.
At 60% rejection CE Is about 1000 mmd.

The effectiveness curve for NOx rises gradually from 0 to 60%
rejection. At 60% rejection NOx reduction is about 2%. The CE
curve rises sharply from 0 to 20% rejection and continues to rise
at a reduced rate through 60% rejection, CE at 30% rejectlion Is
about 3 mmd. At 60% rejection CE s about 5 mmd,

The garages (licensed safety inspection stations) selected to
perform Idle emisslions Iinspection represent a cross-section of
the automoblile repair industry.

Training provided to station personnel was adequate with respect
to task objectives, However, more extensive training Is requlred
with respect to an overall emlssions control program.

The idle emissions inspection, adjustment and repalir procedures
provided to garages was adequate. Application of these procedures
resulted in substantial emissions reductions and reasonable cost
effectiveness ratios. However, several problems were experlenced
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3.9

with statlon personnel wlth respect to data transmittal and
attentlon to Inspectlfon pass/fall 1imits.

Actual Inspection fallure rates were higher than design fallure
rates. The difference Is attributed primarily to the performance
of one station which falled all vehicles tested., One other
station appears to be borderline In thls respect.

Inspection charges range from an average low of $1,50 per Inspec-
tlon at one statlon to an average high of $6.00 per Inspection

at another station. The overall average Inspectlon charge Is
$4,05 which Is consistent wlth laboratory estimated Inspection
costs.

The average statlon cost per falled vehlcle ranges from a low of
$2.53 to a high of $14,25, The overall average cost per failed
vehicle 1s $10.57,

The average station repalr cost per vehicle for all vehicles
ranges from a low of $0.76 to $12.26. The overall average cost
per vehicle for all vehicles is $6.14,

The average combined statlon cost (lnspection and repair) per
falled vehicle ranges from a low of $4.76 to a high of $14.76

. with an average cost per vehicle of $10.18,

Average overcharge per falled vehicle Is estimated to range from
8 to 22% as determined from direct charges. Average overcharge
per falled vehicle Is estimated to be as high as 38% If dlrect
repair charges and estimated repalr charges to repair problem
vehlicles are combined, In terms of costs average overcharge per
station Is from $0.85 to $2.3! per falled vehlcle or as high as
$4.66 per falled vehicle.

Correlation coefficients developed between laboratory Instrumenta-
tion and garage instrumentation are wide In range. Average station
correlatlon coefficlents range from a low of 0,43 to a high of

0.83 for HC emissions at curb idle. At 2500 engine rpm the cor-
relation coefficlents range from 0.26 to 0,84, For CO at curb

Idle the range of correlation coeffliclents Is from 0.48 to 0.89.

At 2500 engine rpm the range Is from 0,26 to 0.89. |In this respect
the performance of two of the stations (20% of the sample) Is
unacceptable.

With respect to exhaust control retrofit:

b

4.2

For HC and CO reduction the catalytlc system was the most effective
with reductions of 75% and 85% respectively. The catalytic system
was followed by LPG conversion with 40% and 55% reduction for HC
and CO respectively, Catalytic system CE was about 25 mmd for

HC and 450 mmd for CO. The CE ratio for LPG converslion was about

5 mmd for HC and 75 mmd for CO.

0f the remalning retrofits, EGR/Air Bleed combined, Alir Bleed
alone and Float Bowl Pressure Regulation (FBPR) systems are the
most effective HC and CO reducing retrofits with a range from
about 17% to 20% HC reduction and 20% to nearly 50% CO reduction.

For NOx reduction the VSAD/Alr Bleed, VSAD/EGR, EGR/Alr Bleed
and EGR retroflt are the more effective systems with a range
from about 25% to 45% NOx reduction.

The change In fuel economy for the various retrofits ranges from

an Iimprovement of about 21% for LPG conversion to a deterioration
of about 8% for EGR only and VSAD/Alr Bleed systems. Of the less
costly and elaborate systems fuel economy Improved about 2.5%

for EGR/Air Bleed and FBPR systems.



CE for HC ranges from a low of about 5 mmd for EGR and high alti-
tude kit retrofit to a hlgh of about 50 to 60 mmd for EGR/Alr
Bleed and VSAD/Air Bleed respectlively.

CE for CO ranges from a low of about 75 mmd for LPG conversion
to a high of about 1150 mmd for Air Bleed and FBPR systems,

CE for NOx ranges from a low of -75 mmd for the high altitude
kits to a high of about 50 mmd for VSAD/Air Bleed retrofit.

Retrofit kits are relatively easy to install except LPG systems
and catalytic systems where air pumps are not currently installed.
Intrinsic problems are assoclated with high altitude kit instal-
lation performed under typical garage-type conditlions.

The application of retrofit Is broad wlith respect to the add-on
systems and the high altitude modification kits. Nearly 100%

of the llght-duty vehlcle population can be retrofitted with one
or more systems. High altitude kits suppllied by Chrysler Corp-
oratlon are tImited to certain of the carburetor models. Other
models are recommended for retrofit as a complete carburetor
replacement only.

Labor and parts costs as appllied to the high altitude kits Is
reasonable with a range from about $3.90 to $13.64 per vehicle.
With respect to the add-on systems the range is from about $20

for Alr Bleed systems to about $650 for LPG systems installed.
tabor and parts costs for high altitude kit installations are
expected to be hlgher if Installed under more exacting conditions.

With respect to modiflied tuning specificatlons:

5.1

5.2

The greatest HC reductlions are obtalned from modified adjustment
combinations of A/F ratio-idle rpm and A/F ratio-choke, both of
which are on the order of 15%. |Indlividually, the greatest HC
reduction Is obtained from the experimental A/F ratio settlng
where HC reduction is about 10%.

The greatest CO reductions are derived from modified adjustment
comblinations of A/F ratio-ignition timing, A/F ratlo-idle rpm
and A/F ratlo-choke which are on the order of 25 to 30%. Indi-
viduatly, the greatest €O reductlion Is obtained from the experi-
mental A/F ratlo setting, where reduction ls about 25%.

Each of the adjustments individually and in combination result
in NOx Increases on the order of 20 to 35%.

Modified tuning adjustments are relatlvely easy to perform. How-
ever, idle rpm adjustments to the experimental value pose problems
relating to safety.

Adjustments can be applied to virtually all light-duty vehicles.

Adjustment cost for any two of the parameters investigated Is
estimated to be about $5.00 per vehictle,

Low costs and high effectiveness combine to make certaln combin-
atlons of modified tuning specifications by far the most CO cost
effective of the strategies investigated. The most HC cost ef-
fective strategy Is shared equally by certaln of the combined

modi fled tunlng specifications and fdle Inspection and maintenance
at the higher rejection rates.

With respect to mandatory englne maintenance:

6.1

Mandatory engine malntenance Is effective in reducing HC, CO and
NOx emissions. HC reduction Is in the order of 20%, CO reduction

x|



Is about 10% and NOx reductlon Is about 8%. An overall fuel
economy Improvement of about 1% was obtained.

Cost effectlveness ranking Is low primarlly because of associated
high costs for malntenance. CE for HC was about 30 mmd as opposed
to CE for HC of about 100 mmd for ldle Inspection at 30% and
higher rejection rates and modifled tuning speciflications. CE

for CO was about 200 mmd as opposed to a CE for CO of about 4000
mmd for modified tuning speciflations.

Costs are estimated to average from a low of about $33.00 per
vehicle to a high of about $60.00 per vehicle.

Problems relating to parts installation and engine adjustments
are not expected to be unusual,

Application to llght duty vehicles is 100%,
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2. RECOMMENDATIONS

Since Idle emisslons inspectlon and malntenance was found to be an effective

and cost effective strategy to reduce exhaust hydrocarbon and carbon mon-
oxlde emisslions wlthout an accompanylng Increase In oxldes of nitrogen
emlssions, It Is recommended that idle emissions Inspection of light~duty
vehlcles be Implemented In the State of Colorado.

1.1 Because of the various problems whlich developed through utilization
of llcensed safety Inspection stations to perform idle emisslons
Inspection, it Is not recommended that inspection be performed In
the existing network of stations. A state owned, state operated
network or a privately operated, state enfranchlsed Inspection
network exist as alternative inspection strategles. It Is recom-
mended that these alternatives be consldered.

1.2 Slnce the experlence galned as a result of the pilot emissions
Inspection and malntenance program Indlcates that overall Imple-
mentatlion of this strategy will be a slzeable task, It Is recom-
mended that a program be developed whereby statewlde Inspectlion
will ultimately be reallzed through application of several phases
of Implementatlon. '

1.3 Since the Idle emisslons Inspection adjustment and repair procedures
utillzed In the program were shown to be both effective and cost
effectlve with regard to emissions reduction, It Is recommended
that these procedures be adapted to sult the speclfic Inspection
program ultimately selected.

1.4 As a result of apparent problems relating to garage-type emissions
Inspection Instrumentation, It 1Is recommended that a thorough
evaluation of emissions amalytical Instrumentation be performed
to serve as a basls upon which analytical instrumentation can be
selected.

Since certain of the California approved exhaust control retrofit devices
were found to be both effective and cost effective In reduclng exhaust
hydrocarbon, carbon monoxide and oxides of nitrogen emissions, 1t Is re-
commended that a program of mandatory retroflt device installatlon be
Implemented.

2.1 For economlic and other reasons It is recommended that light=-duty
vehlicles be defined as comprlising three categorles of vehlcles;
fleet vehicles (10 or more vehicles under common ownership), pre-
controlled vehicles (1967 and older model-year vehicles) and
controlled vehicles (1968 through 1972 model-year vehicles).

2.1.1 1t Is recommended that emissions standards of retrofit
performance be establiished for application to fleet
vehicles., It Is further recommended that emlsslions
standards established for fleet vehlcles be related to
emisslions reductlions shown to be feaslble by catalytic
converter and LP gas converslon tests,

2.1.2 It is recommended that standards of retrofit performance
be established for application to pre-controlled vehicles,
It Is further recommended that emissions standards estab-
1ished for pre-controlled vehicles be related to emissions
reductions shown to be feaslble by EGR/Alr Bleed retrofit
system tests.

2.1.3 " It Is recommended that standards of retrofit performance
be establlshed for application to controlled vehicles.
It Is further recommended that emissions standards
establlished for controlled vehicles be related to emisslions
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reductions shown to be feaslble by EGR/AiIr Bleed retroflit
system tests.

Because of Intrinsic vehlicle operational problems resulting from Instal-
lation of the altitude kits under typlcal garage-type conditions, appli-
cation of the strategy Ils not recommended.

Certaln modiflied engine adjustments have been shown to be both effectlve and
cost effective In reducling exhaust hydrocarbon and carbon monoxide emissions
although the modified adjustments caused an Increase in emissions of nitro-
gen oxldes, Consistent with vehicle warranty constraints, an effective
program of hydrocarbon and carhon monoxide emissions reductlion could be
Implemented.

Although engline maintenance was shown to be an effective exhaust hydrocarbon,
carbon monoxide and nitrogen oxides reducing strategy, emlssions reductlions
achieved were not substantlally different from those obtained from idle
emisslons Inspection and malntenance. Therefore, a program of mandatory
englne maintenance only Is not recommended because of Its relatively poor
cost effectiveness. It Is recommended, however, that voluntary engine
malintenance be encouraged.
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3. INTRODUCTION

The State of Colorado faces a unique situation with respect to its alr
pollution problems. With regards to the severity of pollutant levels, the
populated area east of the front range was given a Priority | designation by
the U.S. Environmental Protectfon Agency. Priority | was assigned to those
areas with the most acute alr pollution problems. In this respect, motor
vehicles are known to play a major role.

Coiorado, situated In the Rocky Mountain replon, has a topography which
ranges from a low of 3,000 feet in elevation to a high of over 14,000 feet.
In this regard, problems associated with transportation caused air poliution
are compounded by the fact that emission levels are adversely affected by the
higher altitudes of the state.

As indicated In the state's alr pollution control planl, mobile air pollu-
tant sources account for the major part of the state's air pollution. The
plan, submitted in coﬁpliance with the requlrements of the Environmental
Protectlon Agency (EPA), reports that mobhile air pollutant sources in the
Metropolitan Denver Alr Quallity Control Reglon account for roughly 90 percent
of the carbon monoxide emissions and 60 percent of both hydrocarbon emissions
and the resultant photochemical oxidants formed by atmospheric reaction of
hydrocarbons and nitrogen oxides,

In order to deal with air pollution problems caused by mobile sources,
the Colorado lLegislature, In June of 1973, passed Senate Bill 393 (S.B. 393),
The act provided for the establishment of a motor vehicle emissions control
program In the State of Colorado. More specifically, it directed the depart-
ments of health and revenue to complete certain testing programs and studies
and make joint recommendations to the governor and general assembly,

As outlined in S.B. 393, the departments of health and revenue were
requlired to develop pilot and testlng programs on a representative sample of
motor vehlcltes. Various emlssion control alternatives were designated for
Investligation. These were to Include emission inspection and maintenance, air
pollution control tune-up, and certaln vehicle modification alternatives.
Based on the results of pllot programs, the Colorado Air Pollution Control

Commisslion was charged with the responsibillty of developing recommendations



for Implementing control programs. Such recommendations were to Include
Iinformatlon on the costs and alr pollutlon control effectliveness of control
measures, The commisslon was further charged with the responsibllity of
recoomending leglslative and regulatory measures necessary to Implement an
effective program.

Recognizing the significance of the state's emisslon control program, the
EPA, through lts reglonal office, elected to supplement the state's program,
With the supplemental funding provided by the EPA, an overall program was
subsequently established to Investigate the several emisslon control strategies
under conslderation. Services of Independent contractors were sought, proposals
and blds were accepted and contracts were let.

Several contractors were selected. Each was charged with specific re-
sponsibilities relative to the overall program. Olson Laboratories, Inc.,
which had completed an emission control and inspection program for the state In
1972, contracted to provide consultling services with respect to the development
of technlques, criterla, and standards to implement a vehicle inspection,
malntenance and modification program. The Olson contract was also to include
an assessment of the legal changes required to permit a vehicle modification
program and to evaluate public attitudes with respect to proposed emission
control programs. Automotive Testlng Laboratories, Inc. (ATL) was selected by
the state to provide testing and other consulting services to experimentally
Investigate and characterize the various emission control alternatives outllined
In S.B. 393, TRW Inc., by way of an agreement with EPA, Reglion Vill, contracted
to do the analysis, interpretation and evaluation of data developed in the ATL
study. The EPA also provided addlitional support to the program by funding a
portlon of the ATL study in an area of particular interest to the EPA. The
overall program was thereby established,

This report, Volume Il, Is one of seven volumes which have been prepared
In response to S.B, 393, 1t describes the design, conduct, findings, and
conclusions of the program designed to evaluate Idle emission Inspection,
exhaust emisslion control retrofit, modifled tuning speclflcations and mandatory
engine malntenance.

Because of the complexity of the overall program, the technical discussion,

which follows, Is presented In three parts.



Part | descrilbes In general the program objectives, design and methodology.

Part i describes in more detail the methodology applied wlth respect to
each of the control strategies.

Part 11! describes specific problem areas which were encountered with
respect to several of the strategles Investigated. Summary cost data are also
presented,

The main body of the report is concluded with a presentation of effective-
ness and cost data.

Appendices are provided and are presented in the order in which they are
mentioned In the text. Appendices include flow charts which serve to clarify
certain aspects of the study, data forms used to accumulate and process data,

computerized programs for data audit, standard and special testing programs and

tabular test results.



4., TECHNICAL DISCUSSION - PART |

4.1 PROGRAM QBJECTIVES

Primary objectlves of the study were to characterize the various elements
of :

fdle emissions Inspection

Exhaust control retroflit

Modifled tuning speciflications

Mandatory engine malntenance

A secondary obJective was to select, prepare, and test a sample of vehicles for
determination of emlsslons degredation. Detalls and results of thls determin-
atlon are to be presented in Volume VII, Experimental Characterization of

Vehicular Emissions and Engine Deterioration, to be completed In June, 1974,

4,2 PROGRAM DESIGN
To support both primary and secondary obhjectives of the study the following
tasks were to be considered:

A representative sample of vehlcles was to be procured to establish
effectlveness and cost data to be utlllzed to evaluate Idle emisslions
inspection In the private sector. This sample was also to be employed
to evaluate the overall feaslibiiity and practicality of such a plan.

An active sample of state licensed safety Inspection stations was to
be selected to perform idle emisslons Inspectlon and maintenance func-
tions. Subordinate tasks Included the trainlng of vehicle Inspection
and repalr personnel to perform these functlons and establishment of
ldle emlsslons Inspection fallure limits.

Generic exhaust control retroflts were to be selected and evaluated
and effectlveness and cost data were to be established. Selectlon of
vehicle sub-samples was required,

High altitude retroflt (modification) packages were to be procured
and evaluated. Effectiveness and cost data were to be established
and the feaslbility and practicality of retrofit was to be investi-
gated.

A quantitative measure of the affect of varled engine tuning specifi-
catlions was required. A prerequisite to the evaluation was selection
of a vehlicle sub-sample.

A measure of the effectlveness and costs of mandatory engline mainte-
nance was requlred. To perform this task a sub~sample of vehlcles was
required.

A representative sample of vehicles was to be Inltially malntained and
tested. Certaln of the emission related parts were to be identified wilth
coded markings and adjustments were to be sealed for six month testing
recall to determine emlissions degradation and the extent of tampering.



The followlng is a discussion of general criteria and specifications of the
study,

Much of Colorado's air pollutlon is concentrated in the Denver Air Quality
Control Reglon (AQCR). Light-duty vehlcles, ie, passenger cars and light trucks,
comprise the majority of vehicles in operation. The general test area was
dictated by these factors.

The east-central segment of the Denver AQCR was selected as the test slte.
The area was selected for the following reasons:

it provided an abundance of llght=-duty vehicles from which a sample
could be procured.

it provided an adequate representation and quantity of vehicle safety
inspection/repair facilitles.

It was In close proximity to ATL personnel and laboratory facilitles.

Examination of Colorado registration data indicated that the 1955-1973
model-year segment* represented about 98 percent of the population., However,
it did not appear to be practical to investigate the older vehicles. The
cut-off level was establlshed at 30 percent which excluded 1963 and older mode)
year vehlcles, This segment was culled principally because of the relatively
small number reglstered, high cost anticlipated for emissions reduction, and the
relatively low monetary vehicle value. To meet these criteria a sample of 300
of the 1964 through 1973 model-year vehicles was subsequently selected,

To evaluate idle emissions Inspection a sample of 10 state licensed safety
inspection stations was selected. To assure overall uniformity and standard-
fzation of procedures, training and instrumentation were p;ovlded.

Assuming a loose deflnition of the term, numerous exhaust control retro-
fits are marketed. To minimize the potential nulsance of rendering judgement
with respect to retroflts offered as candidates, only proven or accredited
retroflits were judged to be acceptable. These were primarily conflned to
California accredited and gaseous fuel systems.

A second category of exhaust control retrofits was scheduled for evalu-
atfon. This segment, sponsored and funded by the EPA, was to be comprised of
hardware specified for application at altitude, commonlty referred to as "high

altitude kits'. Assistance in this regard was provided by domestic car

*Examined with respect to a precedent established In the State of Callifornia.



manufacturers. Kits for forelgn made vehicles were not evaluated.

To quantitatlively deflne the affects of certaln modified tuning specifi-
catlons (varlable engine adjustments), an experimental adjustment procedure
was required, The procedure, desligned by TRW, Inc., took Into account major
emissions related engine adjustment parameters. A vehicle sub-sample to
represent the more popular englne/component combinatlions was required.

In the Inltial stages of program deslgn, it became apparent that a large
segment of the vehicle sample would be exposed to malntenance. These vehicles,
destined for utillization In the various vehicle sub-samples, were selected to
comprise a sample to evaluate mandatory engline maintenance. Qualification of
the sub-sample was to be accomplished by way of a carefully designed test and
evaluation procedure.

Finally, Implementation of design criteria discussed above would produce
a substantial quantity of vehicles which would qualify as candidates to estab-
lish emlssions degredation factors. In this respect a well designed testing
sequence was also required,

tn addition to the criterla discussed, standardized testing and evaluation
procedures were required to evaluate the various strategies designated for
investigation. The 1975 EPA exhaust emisslons testing procedure was selected
as the basis by which emlssions effectiveness data were to be developed. Key
mode operation was employed as an englne diagnostic tool and as a reference to
be utillzed in developing additional emlsslions data*. The California Warm
Vehlicle Driveability Evaluatlon Procedure was used with respect to certain of
the tasks to measure and compare objectionable vehicle operating character-
istlcs. To transfer, process and analyze data generated by the study, both

standard and specltally designed procedures and methods were employed.

.3 JEST VEHICLES

The Colorado l1lght-duty vehicle population is comprised of nearly 1.1
million vehlicles., This flgure iIs reported In current registration data compi-
latlons, Of this number, nearly 60 percent are reglstered in the Metro-Denver
area. In developing the test sample it was assumed that distribution in the

+Key mode emisslons testing was employed to develop certaln of the data for
Vvolume {11, Impact of Altltude on Vehlicular Exhaust Emlssions.



Metro-Denver area paralleled statewide distribution.

As dliscussed, program ohjectlve; dictated the general test area. The east-
central portlon of the Metro-Nenver area was selected. With the test area
defined, the task of sample selectlion and procurement remained. Sample

requirements were then defined in greater detall.

b.3.1 Vehicle Sample Specifications

For reasons dlscussed, the sample was to be comprised of 1964-1973 model

year vehlcles, A sample of 300 vehicles was considered adequate to represent
the population. WIth the segment and size fixed, a standard hlerarchy of
selection criteria was utilized to further define sample distribution., This
hlerarchy ranks the relative importance of speciflications In the following
order:

1. Model-year

2. Make

3. Englne slze

4, Transmission type

5. Carburetor type

The task of selection by model-year and make was accomplished by employing
the following approach.

A compilation of 1964-1973 model-year vehicles was referenced., A matrix
was developed for the 1964-1973 mode) year population by model-year and make.
The matrix was developed in terms of percent distribution and was Increased by

a factor of three to equate the samgle to 300 vehicles (Table 1.). By rounding

MAKE MODEL-YEAR

(L} 65 66 617 68 69 10 71 12 73 TO07
Ammo 1.7 1,07 0.99 0.88 0.82 1,08 0.75 1.48 1.43 1.43 11,10
Buic 1.36 1.51 1.56 1.59 1,94 v.54 1,48 1.20 1.15 1.15 14.48
Cadi 0.52 0.55 0.58 0.67? 0.73 0.55 0.62 0.53 0,51 0.51 5.77
Chev 6.64 6.64 6.74 5,80 7.29 6,45 S5.74 6.67 6.50 6,50 64L.97
Chry 6.5 0.717 1.02 o0.88 1.03 0.73 0.51 O0.64 0.62 0.62 7.27
Dodg 1.31 1.67 1.82 1.42 2,01 2.05 1.69 1.96 1.89 1.89 17.71
Ford 4.39 6.74 6.98 6.22 5,25 6.48 7.66 8.55 B8.31 8.31 68.89
Impe 0.08 0.07 o0.06 0,10 0.08 0.08 0,06 0,08 0.04 0.04 0.65
Ltinc 6.12 oO.t4 0.'9 0.19 0.18 0.27 0.2) 0.26 O.24 0.24 2,04
Merc 0.83 1.05 1.15 1.71 1.42 1.39 1,15 1.49 1.47 1.47 13,13

1

01ds V.45 1,60 1.82 .85 2.07 1.72 .56 1.48 1.42 1.42 16.39
P1ym V.37 2,18 2,23 2.04 2,47 2,42 2,19 2.82 2.75 2,75 23.22
Pont 1.93 2,25 2,40 2.70 3,07 2,38 V.73 1.54 1,49 1,49 21,08
Impo 1.20 1.36 1.75 2.38 3.13 3,27 3,04 5,90 5,58 5.58 33,19
TOTAL 22.88 27.53 29.29 28.u44 31,59 30,42 28,38 34.57 33,43 33,43 300

Table 1. Relative Distribution of Light-Duty Vehlcles



matrix data to the nearest whole number, the desired composition of the sample
was easlly determined, Test sample composition by model-year and make Is shown

in Table 2*.

MAKE MODEL-YEAR

P4 65 66 67 68 69 70 7% 72 73 10T
Ammo 1 1 1 1 1 ] 1 } 1 1 10
Bulc 1 2 2 2 2 2 1 1 1 1 15
Cadi 1 1 1 1 1 1 ] | 1 1 10
Chev 7 7 7 6 7 6 6 7 7 7 67
Chry | 1 1 1 1 | 1 1 1 1 10
Dodg | 2 2 ] 2 2 2 2 2 2 18
Ford 4 7 7 6 5 6 8 9 8 8 68
Merc 1 1 1 2 1 ) 1 1 1 1 11
Oids 1 2 2 2 2 2 2 1 1 1 16
Plym 1 2 2 2 2 2 2 3 3 3 22
Pont 2 2 2 3 3 2 2 2 1 1 20
Volk 1 1 2 2 2 2 2 2 3 3 20
Tayo 0 0 0 0 1 i 1 1 1 1 6
Dats 0 0 0 0 0 0 0 1 | 1 3
Opel 0 0 0 0 0 0 0 1 1 1 3
Volv 0 0 0 0 0 0 0 1 0 0 1
Jotal 22 29 30 29 30 29 30 35 33 33 300

Tabtle 2. Distribution of Test Vehlcle Sample

Since 1973 model-year reglistration figures were not complled, data from
1972 model-year vehlcles were utillzed as a reference to establlish 1973 model-
year representation. Also, forelgn made vehicle reglstrations are reported in
a miscellaneous category. Thils segment (forelgn made vehlcles) was assumed to
comprise 50 percent of mlscellaneous vehicles. This assumption was tested with
respect to data formulated by the EPA and was found to be correct. The balance
of miscellaneous vehlcles are comprised of fleet type vehlcles Including
taxlicabs (Checker Motors), recreatlonal vehlcles (Jeep, Bronco, Scout, etc.)
and other vehlcles of relatively low sales volume.

With distribution establlshed by model-year and make, a further delineation
was required. National data, with respect to englne sales, was referenced.
These data appear to be representatlive of sales In the Denver AQCR +. Engines
were selected for respective model-years and vehicle makes by proportional
sampling (similar to that procedure employed to select sample by model-year and
*Table 2 also Indicates, with one exception, the distribution of vehlicles

actually tested. One of the Cadillacs, a 1965 model, was represented upon
delivery by the owner to be a 1966 model. An audit of vehlcle information
later ldentified the vehicle as a 1965 model,

+Inferred from Figure 2.6 of the referenced study.



make). Thls procedure ylelded the more popular engines by cublc Inch displace=-
ment and excluded englnes of relatively low sales volume, Table 3. shows

englines tested with respect to those desired by displacement class.

DISPLACEMENT CLASS NUMBER SELECTED NUMBER TESTED
(gubic¢c inches)

Less than 251 87 86
251=-330 104 100
331-399 69 68

More than 399 4O 46

Table 3. Distribution of Sample By Engine Size

National sales data relating to transmisslon type and carburetion Is not
regarded as applicable to the Denver area® and an extensive inquiry failed to
turn up locally appllcable data. Since these data were unavailable, no attempt
was made to force the sample In this respect. !t was deemed a more reasonable
approach to ailow the various transmlssion and carburetor types to be influ-
enced by local factors than to force the sample to fit natlonal data. It was
assumed that local factors would be reflected in the random nature of procure-

ment efforts.

4.3.2 Test Vehicle Procurgment

Once the vehicle sample was defined, the next task was to procure selected
vehicles for testing. A standard procurement procedure was employed to gain
access to the population.

A local statistlcal and maillng flrm, Hibbert Laman, was contacted., Laman
was provided sample speclflcatlons{ Since 1973 model-year data had not been
published, the Colorado Department of Revenue was also contacted. The depart-
ment furnished data wlth respect to 1973 model~-year vehlcle registratlons,

taman and the department supplied lists of vehicle owners residing In the
test area. The area was defined by postal ZlIp Code and names were selected
from computer files by a method of nth name selectlon. Selected names comprised
a malling list, Concurrent with the development of maillng 1lists, malllng
materials were designed and printed.

Printed materlials were developed and supplled to test candidates In three

forms; an Introductory letter provided by the State of Colorado, an introductory

sAlso Inferred from Figure 2.6 of referenced study.



letter suppllied by ATL, and a post-pald informatlon reply card. (Flgures 1,
and 3). Materlals were assembled, stamped and malled 10 days In advance of

scheduled test start-up.

EXECUTIVE CHAMBERS

JOMN D. VANDERHOOF DeEnvER

Govaernot

July 23, 1873

A MESSAGE TO THE VEHICLE OWNER

The Air Pollution Control Division of the Colorado Department of
Health, in carrying out the legislative charge of the Colorado Motor Vehicle
Emission Control Act of 1873, has contracted with Automotive Testing Labo-
ratories, Inc. to conduct emissions tests on certain randomly-selected model
vehicles. The purpose of these tests is to develop emission factors for
Colorado. The test results from any individual vehicle will be used by the
Department of Hezlth in comparison with the test results from all sxmilar
vehicles. The outcome of the test on any individual vehicle cannot result
in any enforcement action against the vehicle owner

The enclosed letter to you explains this project in detaill To assure
valid results from this program, the specific vehicles that will comprise the
sample to be tested are randomly selected in proportion to a statewide vehicle
population average, without bias, from vehicle registration lists provided by
private research firms. Your vehicle has been tentatively selected by means
of this process. The purpose of this message 1s to urge that, if at all possible,
you allow your vehicle to be tested in this program. Your participation in
the test will represent a real and significant contribution to the cause of
clean air.

Please read the enclosed letter. You will note that 1t says a follow-up
will be made. Should you have an unlisted telephone number, or if for any
other reason it may be difficult for the testing organization to reach you by
phone, please call the number given in the enclosed letter to arrange for your

participation.
Sincerely yours,
C%. Vanderhoof
JDV:ks
Enclosure

Figure 1.
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AUTOMOTIVE TESTING LABORATORIES, INC.

19900 EasT COLFAX AVENUE @ AURORA COLORADO BOO11T o (303) 343.8938

Dear Colorado Vehicle Owner:

You may be able to make an important contribution towards controlling
the State's air pollution problem, receive a $10.00 check for your coopera-
tion, @nd a tune-up with a value of up to $50.00 if your car needs it.

As you may know the Colorado Health Department is conducting an im-
portant motor vehicle pollution testing program in the Denver area. Our
organization has been selected by the Health Department to conduct this
program. We are writing to you because your vehicle has been randomly
selected as a candidate for testing.

Enclosed is a postpaid reply card which we ask that you complete and
return at your earliest convenience. Printed on the card is your name and
the model year and make of a vehicle which sometime this year was registered
in your name. Please indicate if you are willing to submit this vehicle or
any vehicle you own to our laboratory for tests. Tests will be conducted
under normal driving conditions and your vehicle will be tuned as required.
No unusual operations will be performed. In exchange for your vehicle we
will provide you with a late-model fully insured rental car and fuel for
your use during the time your vehicle is tested. 1In addition we will replace
fuel wa have used in the conduct of our tests.

We are confident you will want to be a part of this important project.
Please complete in as much detail as possible, the enclosed postage-paid
reply card and return today. We will contact you shortly to schedule the
test.

= v e Al dat 0

Douglas R. Liljedahl

President
Flgure 2,
Form Ne 43082
Yeos, | am willing to volunteer my cor for polilution testing
Make of car Model Yeor
My cor's engine displacement is cubic inches
Serial Number Fill in as FilL OUT
Carburetor | barrel 2 barrel completely AND RETURN
4 borrel Foel i, o1 potslble POSTCARD TODAY!
Transmussion: Aulomatic Manual
Home Phone Business Phone Ext.
MSD 65

HUBERT W BOWERS

740 S POTOMAC ST
AURQRA CO 80010

!f the above 15 incorrect, please correct.

Figure 3,
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Upon return of post-pald reply cards, a candidate vehlcle file was estab-
lished, The flle, established by vehlicle model-year and make, was later
utllized for test schedullng.

A key element to obtaining a valld sample of vehicles Is owner response;
as owner response Improves, the valldity of the sample Improves, Sample
valldity can be Improved by employlng a comblnatlion of carefully designed
and executed procurement strategles, These can be described as comprising
two elements; owner contact and lIncentives. Incentlves provlded by thls
program will be described In paragraph 4.3.3. The followling discussion Is
offered to indicate the valldity of the sample,

In all, 7500 names of vehicle owners residing in the test area were
Initially selected., Of the 7500 malllngs, about 1200 were returned for various
reasons, but primarlly because owners had moved and left no forwarding address.
tn this respect it appeared that about 6300 mallings were dellvered and pre-
sumeably recelved candidate review. Of materials dellvered, about 1700 or 27
percent were returned to ATL expressing an affirmatlon of interest. This rate
of return Is consldered to be excellent when compared to the normal return rate
of 5 to 10 percent experlenced In similar procurement programs. The unusually
high rate of return 1s probably due to the evidence of support from the
Governors office (Introductory letter) and the Department of Health (news
releases), a high level of public Interest, the Incentive program and other

factors.

4.3.3 lncentives

A major factor In the success of a procurement plan Is the Incentlve
program. To enhance the program Iin this respect, several Incentives were
offered and are listed as follows:

1. A check in the amount of 10 dollars,

2. Up to 50 dollars In englne malntenance.

3. The loan-of a late-model car.

4, Fuel for the loan car.

Checks were provided to test particlpants and were delivered immediately

after individual vehicle tests were completed.



Some malntenance was performed on all cars except those which Initially
passed the Idle emission test and were not further utllized for retrofit and
modification sub-samples. More extensive maintenance was performed on sub-
sample vehicles.

Leased 1973 model-year vehlcles of Intermediate size were furnished to
participants at no charge. Loan cars were issued upon delivery of test vehicles
to the laboratory and were provided by way of a contractual agreement with
Dollar-A-Day Systems, Denver. All but a relatlvely small number of partici-
pants required loan cars.

Fuel! for loan vehicles was also provided. A major segment of the project
was performed during the summer and early fall months when gasoline was in
short supply in the Denver area. By way of assistance provided by the Depart-
ment of Health, a contact was established with one of the major oll companies.
Additlional fuel was provided from this source through a purchase agreement to
supplement fuel deliveries vla normal supply channels. An average of about
four gallons of fuel per day was provided to participants for loan vehicles.

Fuel consumed for testing purposes was replaced.

4.3.4 Ipltial Yehlcle Acceptance and Hapdling

Nearly all vehicles comprising the 300 car sample were delivered to the
Jaboratory for testing. In a few isolated instances, where an owner found it
inconvenlent to deliver a vehicle, laboratory personnel made the plck-up.

Prior to acceptance for testing, vehlcles were Inspected by laboratory
personnel. Inspectlons were performed to reduce potential laboratory liabllity
with respect to existing dents, scratches, broken windows, missing equipment,
etc. and to ascertain general vehicle condition with respect to safety and
exhaust system Integrity. Approximately 7 percent of vehlcles Inspected were
rejected for both safety reasons (2 vehicles) and excessive exhaust system
leakage (19 vehlcles).

Upon acceptance, contracts between the laboratory and the vehicle owner
were executed, Contracts outlined lahoratory and owner liabillty with regpect
to both the loan car and the test vehicle. Since many of the test vehlcles
were utilized for more than one task, a packet of materials was assigned to

each vehfcle. These packets contained routing and data forms consistent with



the respectlve tests to which the vehicle was assigned.

When vehlcle testing was completed, the owner was notified and the vehicle
was scheduled for pick-up. Certain engine components and adjustments were
identified and sealed in preparatlon for subsequent recall in the degredatlion
study. When the owner arrlved for plck-up, a final Inspection was completed
and the vehlcle was released to Its owner. Upon acceptance by the owner, the
owner was Informed of the potentlal recall In the form of a letter from ATL

‘F'gure u)o

AUTOMOTIVE TESTING LABORATORIES, INC.

19900 EasT COLFAX AVENUE ® AUuRORA CoLORADO BOO1O

Dear Test Participant;

We wish to express our appreciation to you for the interest you have
shown in the current Colorado Emission Study Program. Your participation
is a key to the success of this program and to future vehicle related
programs which may be developed to improve the quality of Colorado's air.

tnless your car is listed among the few we tested which required
extensive maintenance, you may rest assured that your car will now pass
an engine idle emission test. It is not known, however, how long your
car will remair in this condition. As you may know, one of the objectives
of the study in which you participated is to evaluate the effectiveness of
emission inspection and engine maintenance in existing licensed safety
inspection stations and garages. Information developed from this phase
of the study will help to determine the practicality of such a plan on a
state-wide level. Assuming the test data does indicate that such a plan
is practical, the next question which is posed relates to the frequency
of inspection and maintenance. In order to determine a reessonable inspection
frequency it will be necessary to accumulate more data. In this regard, we
may wish to test your vehicle six months from now. If you tentatively agree
to presenting your car for a re-test, we will:

1. Provide a reasonable amount of emission related maintenance
on your car for the next six months.

2. Provide you with another $10 check after the six month re-test.

3. Provide you with a late model loan car during the time your
car is being re-tested.

We understand that during the next six months the car we tested may
require maintenance. If it does, and you suspect that it may relate directly
to the engine or to the fu#l or ignition systems, please contact us before
any corrective maintenance is accomplished. At that time we will advise
you and arrange to meke repairs within the scope of our activities. You
may, of course, arrange for emergency repairs, or any repairs for that
matter, without consulting us. In this regard, we wish to emphasize that
we have no legal authority and that your participation is purely voluntary.

The following list is comprised of, but is not limited to, engine
parts which could deteriorate:

14



PCV system

Carburetor including air/fuel mixture and speed adjustments
Air Filter and/or filter element

Spark Plugs

Distributor parts including points and condensor, and timing
and dwell adjustments

6. Spark Plug wires

7. Air pump and air injection system if so equipped

8. NOx emission control system (1973 model-year only)

VBN

Many of the usual preventative maintenance procedures have no affect
on emissions and may be attended to without consulting with us. These are

Battery

Charging system

. 0il filter replacement
0il changes
Lubrication

710 T Ny

If there is any doubt as to the impact maintenance may have on the
program, however, please do not hesitate to call us at 343-8038. We will
respond promptly.

Again, we wish to express our appreciation for your participation.

Hopefully, the data which we are developing as a result of your cooperation
will lead toward cleaner air in Colorado.

Gratefully yours,

Douglas R. Lil)edahl
President

Flgure U,

4.4 LABORATORY TESTING AND EVALUATION PROCEDURES

The study was designed to determine the effectiveness of various emisslion
contro)l strategles and resulting side affects. To do so, testing and evalu-
ation procedures were required. Key mode emissions testing was included in
the testing and evaluation sequence solely for engine diagnostic purposes and
as a tool to develop data for an altitude emissions study+, It was not under
Investigatlon as an alternate to idle emissions inspection. The followling

paragraphs describe the procedures selected and employed.

4.4.1 Exhaust Emissions JTest Progedures

Three procedures were utilized; the Federal mass emission test procedure,
a key mode (Clayton Mfg, Co.) test procedure, and an idle test procedure, The
idle test procedure was utllized in the laboratory as a strategy to monltor

safety Iinspection statlons.

*Volume I}l of subject study, impact of Altitude on Exhaust Emissions,



b.4.).) Federa) Test Procedure

Laboratory standard exhaust emission tests were performed according to
procedures stipulated In the Federal Register, Volume 38, Number 124, Part 11]
dated June 28, 1973, As stlpulated, emission tests were preceeded by a minlmum
12 hour temperature soak at laboratory ambient temperature conditlons (68 to
72°F, controlled by laboratory heating and air conditloning systems),

Prior to the flrst test of the day, the dynamometer was temperature
stabllized using a non-test vehlcle. Vehlcles were pushed or towed onto the
dynamometer for cold start tests as prescribed. Dynamometer load settings were
established prior to cold starts using a non-test vehicle. Drive tires were
inflated to 40 psl and devices to restraln the vehlcle during testlng were
installed. An englne coolling fan was situated to the front of the vehicle to
provide coollng to the radlator and underhcod. An auxlliary 2 1/2 ton alr
condli tioner was utilized to maintaln coollng alr at constant temperature durlng.
peak temperature loading conditions.

Immedlately preceedlng vehlicle start up, constant volume sampler (CVS)
bags were evacuated and CVS blower revolution counters were re-set to zero.

To alert the test operator to test start-up a swltch was actlvated to start
the data acquisition system clock. Simultaneously the engine was cranked and
the cold transient segment of the test began.

At the 505 second point of the driving schedule the I{nstrument operator
was agaln alerted signalling the end of the cold translient segment and the
start of the cold stabiilzed segment of the test. The Instrument operator
responded by dliverting exhaust and background sample flow Into the cold stabi-
1ized sample bags. Composlition of the cold transient bag was then analyzed and
stored by the data acquislition system on computer punch tape for subsequent
processing.

The driving schedule was continued to the end of the 1372 second Federal
test cycle. Two seconds prior to cold stabllized sampling termination, the
engine was shut down. Cold stahillzed sample compositlon was then analyzed and
stored on punch tape for processlng:

Upon termination of the cold stabhillized segment, the CVS exhaust collector
tube was disengaged from the vehicle tallplpe, the vehicle cooling fan was shut

down and the englne compartment hood was closed. The vehicle was then allowed



to hot soak for a period of 10 minutes.

Following the 10 minute interval, the exhaust collector tube was connected
to the vehicle tallpipe, the vehicle hood was opened, the fan was started and
the hot transient segment of the test was begun. Sampling continued to the
505 second point in the driving schedule, at which time the Instrument operator
was agailn alerted. Sample flow was diverted and the composition of the hot
transient sample bags was analyzed and recorded on punch tape. At thls point

the mass emisslion test was complete.

b.4.1.2 Key Mode Test Procedure

Key mode tests were performed in accordance wlth procedures outlined by
Clayton Manufacturing Company of El1 Monte, Callifornia. Key mode emission tests
were performed on all vehlcles at all test conditions for reasons already
discussed and to be discussed In more detail in Volume 111,

Key mode emlssions testing followed the Federal mass emisslon test. Tests
were performed from a hot engine start as recommended. Testing was performed
at speeds and loads shown in Table 4, (It should be noted that the loads
utilized for key mode testling were not corrected for frictional losses Internal
to the dynamometer. These losses were measured by the coast down technique
for dynamometer callibration at about U horsepower. In this respect the loads
indicated in Table 4. can be Increased by 4 hp to determine actual loading

during key mode operation.).

MODE VEHICLE VEHICLE DYNAMOMETER
WEIGHT SPEED LOAD
(1bs) (mph) (hp)
Hlgh Over 3800 49 29
Cruise 2800-3800 45 23
Under 2800 37 14
Low Over 3800 33 11
Crulse 2800-3800 30
Under 2800 23 5
idle - - -

Table 4. Key Mode Operation

During key mode operatlon, exhaust emissions were measured directly from
the tallpipe of the vehicle under test. Emissions measurements were performed

utflizing the variety of instrumentation shown In Table 5. Since key mode



emisslons were not collected In sample bags, a standard analytlical procedure

was employed.

EXHAUST INSTRUMENTATION UNITS OF
0 P IY M

co NDIR LAB Mole %
co NDIR GARAGE Mole %
HC FID LAB ppm Carbon
HC NDIR LAB ppm Hexane
HC NDIR GARAGE ppm Hexane
NO CHMLMNSCNT LAB ppm NO
()] NDIR LAB Mole %

Table 5. Key Mode Analytical! Inpstrumentatlion

The vehlcle was operated at prescribed speed during which time the
analytical system recorders were allowed to run. During thls interval (normally
about one minute), the instrument operator observed the pen traces for an Indl-
catlon of emisslion stabillization. This perlod was also utillzed to dlagnose
the recorded hydrocarbon (HC) traces as a function of englne performance,
Abriormal Indlcatlions iIn hydrocarbon levels were recorded on engine diagnosis
sheets. When emlsslion levels appeared to be stable, the Instrument operator
activated a swltch which signalled the data acqulsition system (DAS) the sampling
perlod had started. Samplling of tallplpe emlsslons continued for about 30
seconds, At termination of the sampling Interval, the DAS was agaln alerted.
The DAS then performed an Integration of emission levels and a punch tape was
produced for further processling.

In additlon to the analytlcal system and DAS, other equipment was employed
for key mode operatlon. A fan provided cooling alr to the radlator and under-
hood of the vehicle. An engine tachometer was used to monitor and record
engine rpm and dynamometer meters were utillzed to operate the vehlicle at

prescribed speeds and loads.

b.4.1.3 Jdle Test Procedure

Since one of the modes of key mode testing includes an emlissions measure-
ment at idle, Idle test procedures were integrated wlth key mode testing. In
addition to emission measurements at curb [dle (Drive gear for automatic
transmission equipped vehlcles) a no-load emissions measurement was performed

at 2500 engine rpm. Analytical procedures were similar to those applied for



key mode testlng. The engine was first operated at the prescribed condlition
unt!l emlsstons stabllized. The sample, obtalned over a 30 second interval,
was then Integrated by the DAS. Data was stored on punch tape for subsequent
processing. Emission analytical instrumentation employed during Idle emissions
Inspection were Identlcal to that shown for key mode operation (Table 5,.).

tdle emisslons testlng was performed under laboratory conditlons as a
means of monltorling the fleld Inspections performed by selected licensed safety
Inspection statlons. Inspection station emission data was compared at regular
intervals to idle emission data developed In the laboratory. Employment of
thls monltoring strategy provided an effectlve means of early detectlon of

personnel and Instrumentation operational problems.

L, 4.2 Driveabjlity Evaluyation Procedure

The Californla Warm Vehlcle Driveablllity Evaluation Proceduret was used
to evaluate certaln of the emlssion control strategles with respect to drive-
abittty and performance. Evaluatlons were performed uslng tank fuels (fuels
provided with test vehicles),

In the course of evaluation, the vehicle Is operated at curb Idle (neutral
and/or drive gear), at varlous part throttle and wide open throttle acceleration
rates, and at several road load or crulse conditlons. Durlng the various
operating modes, a tralned driver operates the vehicle and ldentifles objec-
tionable driving characteristics. Objectlionable characteristics are rated as
to severity and quantitively defined through application of a weighted demerit
system. During this procedure hot start engine cranklng time Is recorded along
with the number of false starts noted durlng englne cranking and stalls during
idle and off-1dle operating modes.

A segment of the procedure also relates to englne performance. Engine
performance ls determined by accelerating the vehlicle at wide open throttle
from 0 to 70 miles per hour. Elapsed time (E.T.) durling the acceleratlion
ifnterval Is measured with a stop-watch, Data reported Is an average of two
sets of E,T, data derived from each of two opposing directions.

Engine brakling characteristics are also measured as part of the drive-

abllity evaluatlion procedure. Elapsed time Is recorded during closed throttle

oFormerly the Automobile Manufacturers Assoclation (A.M.A.) Procedure.



operatlion from 70 to 30 miles per hour. Data reported is an average of two

data sets derlved from each of two opposing directlons.

b.4.3 Fuel Consumetion (Economy) Determination

Fuel economy (miles per gallon) data was developed for the mileage Interval
accumulated by the vehicle during Federal driving schedule operation. Data
was obtalined for the cold translent, cold stabliized and hot translient segments
of thae test snd mathematically comblined to yleld a single mlles-per-gallon
flgure.

The Federal driving schedule (1975 Procedure) Is a 11.15 mile trilp of
31 minutes and 17 seconds driving time. The schedule Is Interrupted after the
flrst 7.5 miles for a 10 minute soak Interval, During this time the engine is
shut-down. The schedule was deslgned to simulate vehicle operation In a
metropolltan area. A segment of the time-speed proflle of the schedule Is

presented In Flgure 5.

—— ————— — — — ——,

ueleA

Flgure 5.
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Fuel! economy data was obtalned through appltication of a carbon balance
equation3 which takes Into account the carbon content of emlssions measured
in the CVS exhaust and background sample bags. The fuel economy equation is
based on a fuel hydrogen/carbon ratio of 1.85. The equation is as follows:

12,011
2808 grams fuel/gal x 15875

M
PG HC grams/mile x %%;%%%

+ CO grams/mile x 78 Oll

12,011

+ C0p grams/mile x ¥h. 01

where:
12.01t = molecular weight of carbon

13.875 = molecular weight of carbon + 1,85 x (H=1.008)
28.01 = molecular weight of CO

44,01 = molecular welght of CO,

As indicated, the equation applled assumes a fuel hydrogen/carbon(H/C) ratio
of 1.85+*, To maintaln uniformity in this respect over the entire program, a
quantity of summer grade premium fuel was utilized for emissions testing+.
Fuel was introduced to the engline via an auxiliary tank. A hydrogen/carbon
ratio determination was not performed although prior analysis indicates the
vendor supplied summer-grade fuel to vary from an H/C ratio of 1,84 to 1.87.
Examination of the equation in this regard indicates the possible error to be

less than + 0.5 percent.

4,5 LABORATORY FACILITIFS AND EQUIPHMENT
The following parasraphs descrihe the facilities provided and the test

equipment employed in the conduct of the study.

4.5.1 Ph 1 iptlio f Faciljti

Laboratory tests were performed in ATL facilities situated at 19900 East
Colfax Avenue, Aurora, Colorado. The laboratory is located at an elevation
of 5,390 feet above mean sea-level,

The laboratory is housed in a bullding containing about 1600 square feet

of offlce area and 8000 square feet of laboratory and shop area. A total of
*The equation is based on the H/C ratio of Indolene 30, a standard test fuel,

+A batch of this fuel was set aside for subsequent application for the emlssions
degredation study.
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22 1/2 tons of alr conditloning is provided in lahoratory areas to maintalin
amblent alr temperatures well within the 1Imits prescribhed for emlssions
testing. Space is avallable to temperature soak up to 18 vehlicles simultan-
eously.

Two complete equlpment and Instrumentation sets, both capable of testing
by the 1975 EPA procedures are provided., One set was used exclusively for
conduct of the subkject study. In addition, supplementary engine monitoring

and tune-~up equlpnent was utilized.

4.5.2 Copstant Yolume Sampler

The constant volume sampler (CVS) designed and constructed by Automotive
Environmental Systems, Inc. of Westminister, Californla Is of a nominal 325 cfm
flow capaclty. The CVS mass pump ls driven by a line synchronous, 240 volt,

5 hp motor through a gear-belt arrangement. A count of blower revolutlons lIs
generated by a magnetlc plck-up and displayed on an electlical digltal counter.
Dilute exhaust temperature Is maintained by a gas to water heat exchanger wlth
control functions modulated by a temperature controller. The CVS is equlpped
with two sets of exhaust and backgound sample bags. Dilution alr Is provided
through a filtratlon system comprised of absolute particle and charcoal fllters.

Prior to testing, the CVS was flow callbrated. A Meriam laminar flow
element, Model 50, rated at 1000 cfm at 8 Inches of water differential pressure,
was utllized to determine CVS flow rates. Auxlllary devices; a mercury baro-
meter, U-tube water and mercury manometers, an inclined water manometer and
thermometers were utillzed to observe test conditlons, Mass flow through the

laminar flow element was calculated as follows:
PL "H20

VLFE SCFM a ISCFM x Ty ¢ x —= "4~
406. 8"H,0
where:

VLFE SCFM = absolute flow rate of the laminar flow element In
standard cublc feet per minute

| SCFM s |ndlcated flow rate of the laminar flow element In
standard cublic feet per mlinute

TLe s temperature correction factor
PL"H20 = Inlet pressure to the laminar flow element In inches
of water

and:

406,8'"H20 = standard absolute pressure Iin inches of water.
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The laminar flow element callbration Is traceable to flow standards of the
Natlonal Bureau of Standards.
With V pg SCFM established, CVS mass pump flow rate was calculated In cfm

as follows:
VLge SCFM , 406.8"H20 . T, OR
Rpm Pp'*H20 5300R

Vo s yolume of the mass pump In scfm per revolution
VLFg SCFM = volume of laminar flow element In scfm
Rpm = mass pump rpm

406.8"H70 = standard absolute pressure In inches of water

Pp'Hy0 = mass pump inlet pressure in Inches of water
Tp OR s mass pump inlet temperature in degrees absolute
530°R = standard absolute temperature in degrees absolute.

Blower Inlet flow rates were determined at several incremental changes In mass
pump Inlet pressures (Pp) and mass pump differential pressures (Op). Data
were then compared with previous inlet and outlet flow rates and plotted. Mid-
range Pp and A p were determined and the corresponding Vo was selected to be
utlilized In mass emissions calculations.

As an additional check of the blower flow rate calibration, propane
recovery tests were performed. Propane recovery tolerances of + 2 percent were
attalned and the Initlal CVS callbration was completed,

A propane recovery test Is a technique employed to examine the CVS and
emissions analytical system. A welghed quantity of propane Is Injected Into
the CVS exhaust collector tube. WIith the CVS In operation, a sample of injected
propane Is slmultaneously collected In the sample bag and analyzed. Results
of thls analysis are used to calculate the amount of propane recovered in the
CVS sample system, Recovery values are compared with the welghed Injected
value., Recovery within *+ 2 percent of the quantity Injected Is an acceptable
tolerance, Propane recovery tests were performed on a dally basis for the

duration of the program to verify testing accuracy.

4.5.3 Emission Analvtical Copsole

An analytical console, designed and constructed by ATL was used to measure

and record exhaust emlsslon levels, The console Is comprised of the following
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major test equlpment:

Beckman Model 315A NDIR CO analyzer with stacked cell arrangement, 6
range capability and optical €07 Interference fltter.

Beckman Model 3158 NDIR CO, analyzer with 3 range capability.

Beckman Model 400 Hydrocarbon Flame lonizatlon detector with 4 range
capabllity,

Thermo-Electron Model 10A Chemlluminescent NO and NDO, analyzer equipped
with thermal converter and 8 range capablility.

Texas Instrument 2 and 3 channel potentlometric 10 inch recorders,

Flow control and directional valves and flow rate Indicators for
introduction and flow control of zero, span and sample gases.

A refrigerated lce bath and filter system for sample gas conditioning.

The analytical console was designed and constructed in accordance with specifi-
catlons prescribed In the Federal Register. Because of the relatively high
emlsslon levels expected to be encountered, console modificatlons for drying
emission samples and absorbing CO7 from the CO sample stream were not provided.

In view of the specific requirements of the study, a supplemental analytical
console was also utllized. The console was equipped with a Beckman 315A NDIR
hydrocarhon analyzer, a Texas Instruments potentlometric recorder, and flow and
directional control valves, flow rate Indicator, and sample condlitioning system,

Prior to test start-up, the analytlcal system was calibrated at a mlAimum
of five points for each operating range., Calibrations were performed using
gaseous standards traceablie to standards of the EPA Laboratories In Ann Arbor,
Michigan. Best fit calibration curves were estahllished with curve fit toler-
ances maintalned within *# 2 percent of gaseous standard concentrations,

During the tegtlng phase, mid and high range calibration points were
checked and verifled for compliance wlth callbration standards on a weekly
basis., Complete analytlical system callhrations were performed and verifled
at monthly intervals., Up-scale callbration polints were established both before
and after analyslis of each exhaust sample. CVS and analytical system plumbing
was verified to be free of leaks and in good operating condition on a dally
basis. In addition, the thermal converter of the chemiluminescent NO-NOy
analyzer was tested and verified for proper operating efficiency on a dally

|
basls.
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k.5.4 Daga Agaulsition $ystem

To provide for the.orderly accumulation and processing of emissions data,
a data acqulsition system (DAS) was utilized. The system is comprised of a
Data General, Nova 1200, minl-computer, connected through a multiplexer to the
analytical instrumentation. Each analyzer is equipped with range encoding
devices which transmit range code signals to the computer. Analytical instru-
ments from both the CVS analytical console and the supplemental NDIR hydrocarbon
console are wlred to the system.

Although the DAS Is capable of modal analyses under transient emissions
monltoring conditions, It was utlllized solely to collect, process and record
CVS collected bag emisslion data and emissions monitored during steady state
operation (key maode and idle). Analyzer slgnals are sampled at a rate of 10
times per second and temporarily placed In storage. At termination of the 30
second sampling interval, accumulated analyzer signals are integrated by the
Nova computer, range signals are decoded and both instrument range and inte-
grated sample data is output on a teletype machine. DAS output data ls then
input to a time-share computer, Service Bureau Corporation, Call 370, for
processing., CVS emissions data were processed in accordance with calculation
procedures of the Federal Register. Key mode and Idle emissions data are output
in terms of mole percent or parts per million as applicable.

Prior to test start-up, the operation of the DAS was qualiflied with respect
to range encoding and Interpretation and print-out of respective analyzer
output slignals. Thereafter, DAS callbration and performance were checked and

verifled on a daily baslis.

4.5.5 Chassis Dynamometer

A Clayton Manufacturing Company, Model CT-200, chassis dynamometer was
utiiized to load the vehlicle during CVS and key mode emission testing. The
dynamometer has been modifled to improve the sensitivity and resolution of load
settings., A low scale meter and torque bridge is Installed.

Prior to testing, a dynamometer calibration was performed. The dynamometer
was Initially calibrated for proper speed Indication. A line synchronous strobe
1ight was utilized to relate roll speed to a true speed meter indication. A

dead weight callbration was then performed using a Clayton-bullt calibration
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klt. Dynamometer Internal power losses were then determined by the Federal
Reglster coast-down technlique. An Indicated versus actual horsepower callibra-
tion table was developed from coast-down data and was utillzed by the vehlicle
operator to establish load settings for CVS testing operations. During the
testing bhase coast-down calibrations were performed and verified at monthly

intervals.

4,5.6 b ] f G n m on

Sun E£lectric Company, Model EPA-75, non-dispersive Infrared instruments
were supplied to the 10 selected Inspection stations. in additlion, two instru-
ments were utillzed in the laboratory., One was provided for retrofit instal-
lation and adjustment purposes. The other was utilized In key mode and idle
emissions Inspection to monitor the quallty of garage inspection. The EPA-75
measures carbon monoxide and hydrocarbons and is equlipped with two ranges of
sensitivity for each exhaust constituent. The unlit also Incorporates a sample
conditioning system (particulate filter and condensate trap), a sample pump and
filow rate Indicator and an indicating light to warn of sample flow restriction,

Each of the EPA=75 instruments was callibrated across the entire operating
range prior to test start-up. Gaseous carbon monoxide and hydrocarbon standards
were used. Instrumentation was checked for proper calibration at two week
tntervals through the testing phase of the program, {n addlition, a pre-test
calibratlon was requlred at the Inspection station level prlior to the perform-
ance of emlssions Inspectlon., Calibration at the statlon level did not employ
a reference to gaseous standards, but rather a reference to an electrical zero

and up~scale check polnt,

4.5.7 Laboratory Standard Calibration Gases

A varlety of gaseous standards was applied to establish standardized
analytlcal Instrumentation respanse curves. A llsting of gaseous standards is
shown In Table 6. The gases shown are traceable to standards of the EPA Labor-

atories In Ann Arbor, Mlichigan,

4.5.8 Miscellaneous Equipment

Durlng the course of the program, a varlety of garage~-type engine tune-up

equl pment was utillzed to matntain and prepare vehicles for testing. The
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HE(ppmC)
39.6 250.5 978.0 5619.0 19906.0
58.2 322.2 1263.0 5772.0 56295.0
108.0 513.0 1909.5 7068.6
109.5 592.5 2957.0 8045,0
LOo(mole %)
0.0172 0.2061 0.65 2,98 9,83
0.0511 0.2078 1.01 3.22 11,58
0.0607 0.2977 1.02 3.73
0.0984 0.3103 1.13 5.53
0.1064 0.3963 1.67 7.65
0.1797 0.5500 2.07 7.71
C02{mole %)
0.4373 3.0275 3.63 7.95 11.08
0.6042 3.0800 4.08 8.00 11.92
0.9940 3.1100 .82 8.93 13.87
2.0462 3.4100 5.56 10.25
NOx(ppm)
32 109 204 411 785
49 178 250 523 974
98 131 324 695 1188

Table 6. Concentratlions of Gaseous Pfoject Standards

equipment assortment Is comprised of various lignitlon timing lights, engine
tachdwellmeters and pressure and vacuum gauges as would normally be required In
the performance of maintenance and tune-up work. Prior to utillzation in the
program, tune-up support equipment was sent to respective manufacturer's repair

facillties for check-out and calibration.

4.6 DATA HANDLING
The following discussion describes the system designed and utilized to
collect test results and other pertinent data, the techniques employed to insure

validity of the data, and the methods of data reduction.

4.6.1 Data Collectlon

To provide an orderly and efficient method of accumulation and handling of
data, flow charts of all possible testing sequences were constructed. During
testing sequence deslign, primary conslderation was to develop a maximum amount
of data with a minimum number of tests. (Flow charts developed for a minimum
of tests are presented in Appendix 1),

The next task In order was the design of each of the varlous forms required
to collect the data. Since a vehicle would be subjected to varied tests and

Inspections several data forms were designed. These are shown In Appendix 2 and
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are described as follows:

1. Vehicle Informatlion - contalnlng deslignated test sequence, vehlcle
number (ATL), equipment and test information.

Vehlcle Inspection - showlng status of Incoming vehicle with respect
to Its general physical condltlon (dents, scratches, etc.), owner
ldentiflcation and block for signature to Indicate owner acceptance
of initlal Inspection.

Conditlon When Returned - showing outgolng odometer reading and
owner acceptance of outgoing vehicle.

2, Emisslon Test = showing exlstlng test conditions (barometer, dry
and wet bulb temperature, etc.)

Federal mass emisslion test data
Key mode and ldle emlsslan test data
Key mode and idle diagnostics

3. Malntenance Status Information - showing the conditlon of emission
related components, parts and adjustments, both before and after
garage Inspection and malintenance.

4. Inspection Statlon Results - showing inlitlal emisslon results of

garage inspectlon and results after adjustment of idle rpm,
ignition timing, Idle mixture, and other maintenance as required.
Cost Information at the garage leve) Is also reported for
inspection and malntenance,

5. Warm Vehicle Drliveabllity Test Form ~ Indicating presence and severity

of adverse driving characteristics and other vehlcle performance
data.

Iin the conduct of the study a packet of forms, as applicable to a glven
test sequence, was assligned to each vehlicle. These packets were designed to
govern vehicle flow through respective testing sequences. Forms accompanied
test vehicles to the soak area to awalt testlng.

During the emisslion test seaquence analyzer ranges and millivolt output,
corresponding to emisslon concentrations, were collected by the DAS. CVS blower
revolutions, pump Inlet pressure depression and Sun analyzer key mode emission
data were observed by the Instrument operator and recorded on raw data forms.
Amblent test Information was recorded both on test forms and logged in the DAS
via teletype communication. Certaln test parameters; blower counts, Inlet
pressure and Sun analyzer readings were not programmed for automatic collection
by the DAS. These data were manually punched on paper tape uslng a remote
teletype unit,

Upon completion of emisslon tests, the condltion of various engline

components, component parts and adjustments was ascertalned by various Inspec-
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tlon techniques. Inspection results were entered on the appropriate sectio: of
the Maintenance Status Inspection form (As Recelved from Owner). The first set
of emisslon and malntenance status data comprised all data required prior to
delivery of the vehlcle for garage 1dle inspection. The vehicle was then
transferred to the garages for Idle emission Inspection.

For garage Inspectlion, an Inspection Station Results form and an engine
ad justment speclfications sheet were provided. At the garage, inspectors per-
formed a totally Independent inspectlon. The Inspection was performed wi thout
knowledge of laboratory idle emission Inspection results. Inspections were
generally performed In accordance with the 1dle Test Procedures for Partici-
pating Garages (Appendix 3) following guidelines presented at inspector and
mechanic training sessions. An Inspectlon was performed by the (arhitrarily
deslgnated) Inspector and required malntenance was performed by the (arbitrarily
deslgnaéed) mechanic. Garage inspection data, including costs, were recorded
on the inspectlon Station Results sheet.

Upon completlion of garage inspection, the vehicle was returned to the
laboratory. Garage inspection forms were then reviewed. |f infitial garage
Inspection Indlcated the vehicle falled, a re-test was scheduled and the vehicle
was returned to the soak area. Following the soak interval, the vehicle was
subjected to re-test by Federal mass, key mode and idle emissions testing
procedures. A second maintenance status Inspection was performed. Results of
this tnspection were indicated on the Maintenance Status Information form in
the section tltled, As Returned from !nspection Station. |If a vehicle passed
Inttial garage Inspection, an emission re-test was not performed and the vehicle
had now completed the !dle inspection phase of the project, From this point,
the vehicle was elther returned to lts owner or was further malintalned in
preparation for additiona) utilization In one of the vehicle sub-samples.
| If additional testing of a glven vehlcle was requlired, an approprlate data
sheet packet was assigned to the vehicle. Form packet distribution was com=
patible with the varlous tasks and related fest!ng sequences to which the
vehicle was assigned. The composition and descriptlon of each of the various
form packets Is shown In Table 7.

With respect to the varlious testing sequences, vehicles were routed In

accordance with the requlirements of each task. A testlng sequence is a series
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Jest Seaquence Asslgnpment Form Packet Composltion

1. ldle Emlssion lnspection

vehicle Information

Emission Test

Malntenance Status Information
Inspection Statlon

2, Tune-up Evaluatlon Routlng Sheet
Emlssion Test

8 Warm Vehlicle Driveabllity Test

00 =

-

3. High Altitude Retrofit Routing Sheet
with Maintenance 2 Emisslion Test
2 Warm Vehlcle Driveability Test

4., Sea Level Retrofit 1 Routing Sheet
with Malntenance 2 Emisslon Test
2 Warm Vehicle Driveability Test

5. Sea Level and High
Altltude Retrofits

Routing Sheet
Emission Test
Warm Vehicle Driveability Test

WA —

-—

6. High Altitude Retrofit
without Maintenance

Routing Sheet
Emisslon Test
Warm Vehicle Driveabillty Test

A -

7. Sea Level Retrofit 1 Routing Sheet
without Maintenance Emission Test
2 Warm Vehicle Driveabllity Test

-

Table 7. Composition of Vehicle Routing and Data Collection Form Packets

of adjustments, equlpment Installations or removal, emissions tests, and drive-
ability evaluations. Forms utilized to route vehicles through testing sequences
are shown In Appendix u.

Data collectlon and vehlcie routing procedures have been described. Data
was stored In the manner Indicated untll all tests on a given vehicle were
completed. Stored data were then transferrred via remote teletype to the
Service Bureau Corporatlon (SBC) Call 370 (Computer) System for processing. An

intermediate step of proof reading and data audit Is described next.

4.6.2 Quallty Audit

A substantlal quantity of data was collected and processed. To establish
confidence In the conclusions resulting from the testlng program, It was
necessary to Insure the reliablllity of the data. To attaln a valid compilation
of data, the potentlal for Introduction of error via data collection and trans-
missfon technliques was minimlized through a system of quality control and data
audit. In short, measures were required to verlfy the valldity of all accumu-

lated data.
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Integrity of analytlcal instrumentation was dlscussed In paragraph 4.5,
Wilth partlicular regards to the accuracy of data transmlission, ampliflers
connecting each analyzer to the data acqulsitlion system were checked and
adjusted each morning to Insure that data collected by the DAS were In agreement
wlith scale readings on the chart recorders. DAS output data were also compared
at random Intervals throughout the day for agreement with strip chart data.

When manually recorded data forms were completed, each form was scanned to
verify that pertinent data had been collected and recorded. A further review
was completed to verify that recorded data were In an acceptable form for
introduction to the SBC Call 370 System., As forms were inspected and determined
to be acceptable, the auditor Indicated such by sligning off in the appropriate
quallity audit block of the data form. Data was then punched on paper tape for
introduction Into computer storage, The data punch btock of the quality audit
was then signed off by the computer operator. Data were then entered Into a
temporary Call 370 flle. Input data were listed out and reproofed to check and
verify the quality of on-line data transmisslon and storage. Dlscrepancies in
raw data fliles were then resolved and affected files were corrected, A
computer edit program (Appendix 5) was then applied to stored data. The
program was written to test and compare each data point to predetermined data
tolerances, Data of questionable valldity were output, descrepancies were
resolved, and corrected data were entered into file. Upon completion of data
audlt procedures, data were transferred into a permanent flle In preparation

for processing.

4.6.3 Data Reductlon

In the permanent file, emisslion data were processed as applicable. Federal
mass emission data were processed In accordance with the Federal Reglster,
Volume 38, Number 124, Part 111, dated June 28, 1973, Results are expressed in
terms of grams per mile for CO, CO7, HC and NOx emissions. Grams per mile data
for CO, CO2, and HC are then applied in the fuel economy equation and a miles
per gallon flgure is calculated. Llquiflied petroleum gas (LPG) fuel economy
data were calculated using a hydrogen/carbon (H/C) ratio of 2.67 instead of
the 1.85 H/C ratio applled for gasollne fueled vehicles. LPG fuel economy data
were then converted to a gasolline equlivalence and was reported as mlles per

gallon.
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Key mode and Idle emlssion inspection data were adjusted on a dry exhaust
volume basis as outlined in the California Exhaust Emission Standards and Test
Procedures for 1972 Model-Year Gasoline-Powered Motor Vehicles under 6,001
Pounds Gross Vehlcle Welght. CO readings were reported In mole percent, NOy
was reported In parts per ml1lion, HC as measured by the FID principle was
reported in parts per million as carbon. NDIR HC was reported In parts per
milllon as n-hexane, Key mode and idle emlssion data obtained from the Sun
EPA=-75 reauired no reduction and were reported in mole percent for CO and parts
per million as n-hexane for HC.

Driveablility demerit ratings were manually recorded and calculated by the
Callfornia Warm Vehicle Driveability Evaluation Procedure. Recorded demerlts
were first welghted as applicable to the vehicle operating mode. A sum of
welghted demerlts was then developed to represent overall adverse drlving
characterlstics.

Performance data were measured as part of the driveabllity evaluation.
Elapsed time (ET) data were ohtained during wide-open throttle (WOT) acceler-
ations from 0 to 70 miles per hour. WOT accelerations were performed In two
sets wlith one set comprising two WOT ET's measured in one direction. WOT ET's
were performed from each of two opposing directions to cancel affects introduced
by wind and grade variations. Performance data are reported as a single average
etapsed time for a WNT acceleration from 0 to 70 mph.

Engine braklng characteristics were also evaluated as part of the drive-
abllity evaluation procedure. Elapsed tlmes were measured from 70 to 30 miles
per hour during closed throttle operation. Two sets of data were developed,
one set from each of two opposing directions, Closed throttle deceleration

ET's are reported as a single averare elapsed time from 70 to 30 mph.
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5. TECHNICAL DISCUSSION - PART |

Part | of the technlcal discusslion covered overall program obhjectives and
the criteria of design., It also descrihed specifications and procurement
efforts with respect to the primary sample of vehlicles., In addition It outllined
the testing procedures, taboratory facililties and equipment and general data
handltng and processing procedures employed in the conduct of the study,

Part 11 of the technical discusslon follows. 1t descrlbes In greater
detall the various vehicle sub-samples, and control strategies and outlines the

various testing and evaluation techniques applied.

5.1 EYALUATION OF EMISSION CONTROL STRATEGIES

Four emission control strategies were to he considered; idle emissions
lTspection; exhaust control retrofit comprising two elements, California
approved and hligh altltude kits; modified tuning specificatlons and; mandatory
engine malntenance. By design, a sample of 196L4-1973 model-year vehlcles was
to be employed to evaluate each control strategy. Before the evaluations

could proceed however, several subordinate tasks were to be accomplished.

S.1.1 Idle Em I !

A 300 vehicle sample representing the various makes, model-years, engine
slzes and other slignificant parameters of the 1964-1973 model-year population
was considered adequate to evaluate idle emission inspection. In the absence
of applicable data, a prerequlisite to this phase of the study was to establish
idie emission pass/fall 1imits. Also, because of the heretofore untried
approach to emission control In the test area, a sample of state licensed
Inspection stations was required to test the effectiveness of the strategy and
to develop assoclated costs. Because of the wide and varied backgound of
Inspection and repalr personnel, speciflc tralning was required In advance of
actual evaluation, Finally, a testing and evaluatlon sequence was requlired to

indicate the effectiveness of the inspection effort.

S.1.1,t P Fal iml
In the deslign of the study an emlsslon standard which would fall about 50

percent of the population was stipulated. [In concept, this falure rate would
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permit an assessment of the effectlveness and costs of any fallure rate of 50
percent or less, Because two populations were represented In the sample, 1968
and newer model-year vehlcles with factory installed exhaust control systems
and pre-1968 model-year vehlicles without factory control systems, two fallure
1imits were requlired.

To develop data from which emlsston fallure 1imits could be determined,
arrangements were made at the local level to utlllze two national oll company
service stations. These facllities were procured for the purpose of conducting
a "parking lot survey'" of emisslons levels. The oll company agreed to provide
facliltitles, electrical pow2r to power test Instrumentation, and access to Its
customers. The survey was scheduled for Eomp\etlon In a period of three days
and was deslgned to sample about 300 automoblles.

During the Interval the survey was scheduled, the Denver area was exper-
lencing a gasollne shortage. As a result, a majority of statlons were
scheduling gasolline sales startlng about 7:00 A.M, and contlnuing until 50
percent of the dally fuel quota was sold, normally until about 10:30 to 11:00
A.M, Sales would then be terminated for a perlod of time. At about 2:00 P.M.
sales would agaln contlnue until the daily fuel quota was sold for that day.
During the time period when fuel was avallable, customers were normally routed
In a one-way fashion through the statlon. Nearly all customers seeking fuel
would pass a given point. With the cooperation of service statlon management
and personnel, exhaust analyzers and ATL personnel were stationed at critical
points. Gasollne customers passing these polnts were invited to particlpate
In the survey. An afflrmative reply was the normal response and a relatively
large number of Inspections were performed.

Sun Electric Company, Model EPA-75 hydrocarbon and carbon monoxide analyzers
were used to survey emlssion levels. Emissions at curb ldle and at 2500 rpm,
no-load, were recorded along with vehlicle lIdentification data.

In all, 447 vehlcles were surveyed. Of these, 27 vehlcles were considered
to be outside the area of Interest (1963 and older vehicles). The remainlng
u\u vehlicles were distributed as follows:

1968-1973 335 Vehicles

1964-1967 79 Vehicles
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Adml ttedly, this distribution Is not representativer of the overall vehicle
poputation. However, representation of respective samples was considered
adequate to define fallure 1Imits.

In consldering fallure Vimits with regard to both a carbon monoxlde and
hydrocarbon emission standard, It should be recognlzed that an infinlte varlety
of combinatlions can be selected. For the subject study, however, the Colorado
Health Department required fallure 1imits for both CO and HC Qﬁlch would fall
an equal number of vehicles respectively. These limlts were found by varylng
the failure limits for HC and CO Independently. Values were then selected at
which fallures caused by HC equalled the number of fallures caused by CO and
the total number of fallures comprised 50 percent of the sample. Table 8 shows
the hydrocarbon and carbon monoxide limits established from parking lot survey
data. These data were utllized by selected safety Inspection stations as pass/

fall criteria for idle emission Inspection.

Vehicle Population _HC ot}
1964-1967 800ppm 6.0%

1968-1973 330ppm L.0%

Table 8. HC and CO Idle Limits at 50% Rejection Rate

5.1.1.2 Statlon Selection

Ten statlons were selected to represent state llcensed vehicle safety
inspection statlons. Since safety Inspectlons are performed by several segments
of the automoblle repalr industry, It was desirable that each segment be
represented,

Sun Electric Company, through its local sales program, demonstrates an
Intimate knowledge of the local repalr industry. As a result Sun was contacted
and agreed to supply a list of candidate statlions, From the list furnished by
Sun, nlne candidate statlons were contacted. Detalls of the project were
presented and statfon participation was soliclted, One of the statlions decllined.
Eight stations accepted and were jolined by two additional stations initially
contacted by ATL. A1) stations selected were located In the Aurora and east

*The sample was probably blased toward newer models owned by a predomlinantly
middle class statlon clientele.
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Denver area, the same area from which the primary car sample was obtalned.
Figure 6, shows the distribution of selected statlons by nature or class of

businesss,

Quantity Clasgification

5 ea Service Statlons
3 ea I ndependent Garages
2 ea New Car Dealershlps

Flgure 6, Classificatlon of Ten Selected Safety Inspection Statlons

5.1.1.3 Persopnel Jralping

fn order to impart a level of standardization of idle emission Inspection
and resulting malntenance, trainlng was provided. Trainlng was comprlsed of
two phases, classroom and on-slite,

Station personnel were divided Into two groups, inspectors and repair
personnel. In thls regard, It should be noted that In many cases a classifi-
catlon of personnel was purely arbitrary. Two classroom sessions were provided
at the Sun Electric Company Training Center. Each lasted about 4 hours,

The first session, attended by Inspectors and repair personnel, Included
about one hour of program orientation during which the objectives and purpose
of the program were presented. The next hour was devoted to the concept of idle
emisslons Inspection and included a run-through of idle inspection, adjustment,
and malntenance procedures (Appendix 3) to be applied in the prozram. An
Introduction to the Sun EPA=75 HC~CO instrument was then presented. The intro-
duction lasted about one-half of an hour. Finally, the session was concluded
with about one and one-half hours of "hands-on" Instrument experience and
demonstrations of various engine malfunctions using an engine mock=-up. Prior
to dismissal, each inspector/mechanic team was required to perform an Inspection
of a vehicle used to provide transportation to the session. The second sesslon,
attended by repair personnel, was comprised of a more detalled course on englne
adjustmént and repalr procedures.

The second phase consisted of on-site or on-the-job training and was
provided on a 1Imited basls as conditions warranted. To demonstrate:

*Terms of participation do not allow partlicipating statlons to be further
Identifled.
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A system was devised whereby statlion performance could be monitored.
An element of the system Included an evaluation of station performance
whereby an Inspection sheet, fllled out by station personnel and returned
to ATL with the test vehlcle after Inspection and malntenance, was
closely scrutinized. Upon delivery of the next vehlcle to the station
In question, station personnel were made aware of any devlation from
prescribed test, adjustment and malntenance procedures. These on-site
training sesslons were performed falthfully by laboratory personnel
through the flrst five vehlcles delivered to each statlon. Sessions
were then dliscontinued except where gross deviations In procedures were
noted,

A contlnulng revliew of statlon performance and personal Interviews of station

personnel, Iindicated the tralning provided was adequate insofar as station

personne] were concerned,

5..1.4 Testing and Evaluation

Each of the 300 vehlcles utilized to evaluate idle emission inspection
was tested in the as-received condition, le, the same conditlon in which the
vehlcle was found when delivered by the owner. FfFollowlng initial vehicle check-
out and acceptance procedures, the vehlcle was allowed to temperature soak a
minimum of 12 hours.

Following the soak interval Federal exhaust emission tests, key mode
emlssion tests and laboratory Idle emisslon Inspections were performed. The
vehlcle was then moved to a staging area where the malntenance status of the
vehlcle was determined (Figure 7.). |Ildle rpm, ignition timlng and dwell were

measured and compared to manufacturers speclflcations (MS). Departure from

1. Points/Condenser ok? YES NO

2, Distributer cap ok? YES NO !
3. lgnitlon wires ok? YES NO

4, Alr Pump ok? NA _YES NO i
5. ldle RPM - (MS) =

6., Timling Degrees - (MS) =

7. Dwell = (MS) =

8. PCV ok? EA Y 0
9. Air Cleaner ok? YES 0
10. Choke ok? (Vvacuum kick & heat riser) NA _YES 0
11. Idle CO MS

12, Misfire? YES _ HO
13, NOx Control ok? NA _YES NO

Figure 7. Determinatlon of Malntenance Status
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manufacturers specifications was then determined and the difference was re=-
ported. With the exceptlon of tdle CO, all other parameters of interest were
Inspected visually or subjected to a performance check where appllicable. Per-
formance and dlagnostlic procedures emplioyed are shown In Figure 8. Upon com-
pletion of Initial emisslon tests and engine and component diagnostics, vehlcles

were transferred to inspection statlions for idle emission inspection.

1. Alr Pump - With the engine running, the air pump hose !s pulled off.
If air Is flowlng, the pump Is assumed to be working. With the
engline off, the belt tenslon Is checked for sufficient tension to
drive the pump at high speed.

2. Idle RPM and dwell will be measured with a Sun Electric Company
Tach=Dwell Meter.

3. Timing wil! be measured wlth a Sun timing tlight.

4. The PCV system test procedure Is as follows:

Remove PCV valve from valve cover, note RPM, Cover valve Inlet,
again note RPM. If the system Is working properly the RPM should
fall off at least 50 RPM when the Inlet Is covered.

5. The alr cleaner Is assumed to be OK If It is not oil soaked or
excesslvely dusty,

6. The choke Is assumed to be OK If the heat riser Is not bent and Is
operating freely, and If the vacuum klick responds to vacuum and Is
operating freely.

7. The idle CO will be measured with a Beckman Model 315A NDIR CO
analyzer, durlng key mode Idle.

8. Misfire will be noted by monttoring HC as the car Is accelerated
to key mode low crulse and again as the car Is accelerated to key
mode hligh cruise.

9. NOx Control - The distributer vacuum advance will be examlined at
key mode low crulise and at key mode high crulse. At low crulse
there should be no vacuum, at high cruise there should be vacuum

to the distributor.

Figure 8. Englne and Component Diagnostic Procedures
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Statlons were asslgned code numbers (1 through 10) and test cars were
normatly transferred to stations on a pre-determined rotational basls, le, car
#1 to station #1, car #2 to station #2 , . , car #11 to statlon #1. 1In actual
practice, however, the rotational system could not be maintained. Several
stations were reluctant or refused to service certaln cars, eg, a dealership
would accept only those makes sold by the dealership; other statlions would not
service foreign made vehictes. In any event, each station received and In-
spected one-tenth of the sample or about 30 cars,

At the Inspection station, idle emission inspections were performed
Independently and without knowledge of ltaboratory Inspection results. As part
of the Inspection procedure (Appendlix 3) an Inspection Statlon Results form
(Appendix 2) was utlliized. The data form provided data blocks in which inspec~
tfon results were to be recorded and on which in-use Instrument ranges were to
be reported. The inspector was also required to indicate a '‘pass'" or "“fail"
based on a comparison of measured emisslon levels as a functlon of vehicle
model-year (1964-1967 and 1968 & newer), versus pre-determined emission
standards (Tahle 6). Vehicles designated by the inspector as "passed" were
transferred back to the lahoratory without regard to laboratory inspection
data. No adjustments or maintenance were performed by station personnel.
Vehicles "falled" by Inspectors were transferred to station repalr personnel
for corrective action.

The garage idie emission Inspection, and subsequent adjustment and repalr
procedures were desligned to regulaée the sequence of adjustment and repalr and
thereby hold guess-work to a minimum. The procedures require that several
relatively simple yet effective adjustments be performed In sequence. |If these
adjustments fall to produce the deslred results, more-extensive maintenance is
allowed, The inspection, adjustment, and repair sequence Ils prescribed to be
performed in the following manner:

1. Inspect HC and CO at curb ldle and at 2500 rpm, no load.

2. If vehlcle passes, stop. If vehlicle falls HC, CO or both, check

curbh ldle rpm. Adjust if out of speciffcations. Measure HC and
C0. 1If vehlcle passes, stop.
3. If vehicle falled CO, adjust carburetor idle mixture screw to leaner

alr/tuel mlxture settlng. Re-adjust curb idle rpm as required. |If
vehicle passes, stop.
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4. If vehlcle falled HC, check Ignition timing., Adjust 1f out of specl-
flcatlons. |If vehlicle passes, stop.

5. A 1lst of probable cause for hlgh emission levels |s provided as

an ald In dlagnosing causes for fallure. Only those repairs
necessary to bring idle HC and CO into compliance are permitted.

Malntenance and Inspection cost controls were established for the project.
A per vehlicle cost limit was establlished at $50 for comblned inspection and
repalr charges. Garages were lInstructed to contact the laboratory when costs in
excess of the 1Imit were anticlpated. In a sltuation such as this, a declsion
to repalr or not to repalr was made against the backgound of the magnltude of
repalr required. Repalrs to bring the vehicle Into compllance were normally
authorized If In the range of $50 to $100. 1f, because of excessive costs,
repalrs were not authorized, the vehicle was returned to the laboratory. In
this slituation station personnel were Instructed to prepare an estimate of
charges to bring the vehlcle into compliance. Aside from the recommended
Inspection, adjustment, and repalr procedures and the $50 cost 1Imitation, no
other constraints were applied, Station personnel were Iinstructed and encour-
aged to charge the program conslistent with the respectlve practices of each
facility.

Passed vehlcles were returned to the laboratory without regard for Inspec~-
tion results or actual engine condltion (eg; a passed vehicle may have obviously
requlred an ldle adjustment as evidenced by rough idling characteristics; the
adjustment was not performed since emtsglon levels were below standards).
Vehicles which failed initial inspections and required malntenance were
presumably adjusted and malntained in accordance with the best judgement of
repair personnel. Vehicles which failed Initial inspection were maintained
and re-Inspected untll acceptable emission levels were attalned, then returned
to the laboratory for re-test.

At the laboratory, vehlicles were temperature soaked for the prescribed
Interval and another serlies of emlisslion tests were performed. The idle emission

inspection phase was thereby complete.

5.1.2 Exhaust Control Retrofit - California Approved

Several generlc types of exhaust control retroflt systems were scheduled

for evaluation. Selection of specific types was determined in consultation
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wlth the Colorado Health Department and the various contractors involved in the
study. A sub-sample of 50 vehlcles was to bhe utilized to evaluate selected
retrofits. Testing and evaluation procedures were applled with respect to

emisslons, driveablllity, performance and fuel economy.

5.1.2.1 Yehicle Selection

A total of 50 vehicles were selected from the idle Inspection sample and
were prepared and tested after ldle emlissions inspections were completed,
Vehicles were selected on the basls of appearance In the overall population with
respect to model-year, make and engine size, These criteria dictated that the
more popular vehicles be represented. On this baslis, the sample shown in Table

9. was selected.

Make No. of Vehicles Selected by Model-Year
73 17 7 7 6 68 6 6 6 64 Total
Ammo 0 0 0
Bulc 0
Cadl 0
Chev 0
Chry 0
Dodg |
Ford 0
Impe 0
0
0
0
0
0
0
1

e

-

Linc
Merc
0lds
Plym
Pont
Volk

d
5
0
0
0
1
0
1
1
0
0
0
0
1
1
0
Total 5
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Table 9. Sea-Leval Retrofit Sample

1973 model-year vehlcles were not origlnally scheduled for retrofit evaluation.
However, a single 1973 model-year véhlc1e was accepted since it was one of a
few avallable vehicles outflitted for liqulfied petroleum gas (LPG) operation.
Arrangements to equip 3 vehicles were provided solely to comply wlth project
requlrements. Efforts to locally procure 3 natural gas (NG) fueled vehlcles '

which were also part of orlginal requlrements, proved to be frultless.

5.1.2.2 Retrofit Description and Procurement
Specific types of retrofit were to be considered. They are as described

below and were deslgnated for evaluation on factory installed emisslon control

*Tota)l is 3 vehicles short of 50. 3 vehicles were originally scheduled for
natural gas fuel evaluation., NG systems were not avallable.
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cars and uncontrolled cars as shown in Table 10. Detalled retrofit sub-samples

are presented In Appendix 6.

Mode]l-Years Sample Descrintion
Size
4 ea Catalytlc Converter
1968 3 ea LPG Fuel) System
3 ea NG Fuel System
through S ea Alr Bleed
5 ea Float Bowl Pressure Regulation
1972 4 ea Alr Bleed ~ EGR
5 ea EGR
1964 6 ea Alr Bleed ~ VSAD
through 7 ea Alr Bleed - EGR
1967 8 ea EGR - VSAD

Table 10. Retrofit Types and Sample Size

Each of the described retrofits shown in Table 10. can be considered to
comprise flve types. They are described as follows:

Catalytlc converters and LPG and NG fuel systems although functionally
different are conslidered as one class of retrofit, primarlly because
they are the more effective and costly types. Catalytic converters

are normally oxldizlng and, at Colorado altltudes, require secondary
alr to sustaln the oxidation reactlon. An oxltdation catalyst iIn itself
has little affect on NOx. LPG and NG fuel systems normally operate at
lean alr/fuel mixtures. As a result iiquified gas fuel systems can
achleve low levels of CO, HC and NOyx.

Alr bleed systems normatly Introduce secondary or bleed air to the
Induction system. They can be effective In reducing CO and HC but
normaltly cause NOx to Increase. Float bowl pressure regulation does
not utillize bleed alr but produces roughly the same affects as alr
bteed. The desirable affect of bowl pressure regulation is to enlean
the alr/fuel mixture therehy reducing CO and HC emissions.

Alr bleed - EGR systems utilize secondary air bieed to the Induction
system thereby reducing C0 and HC. Exhaust gas recirculation (EGR)
tends to reduce NOx by reclirculating nearly lnert exhaust gas back
through the combustion process. An fnert gas acts as a diluent and
lowers peak combustlon temperature. High combustlon temperatures
result in NOx producing reactions.

EGR of itself primarity limits NOx formation as described above.

Alr bleed - VSAD systems utllize secondary alr and elther total or
partial vacuum spark advance disconnect. Alr blteed tends to reduce

CO0 and HC. Vacuum spark advance disconnect (VSAD) or modifled spark
(MSA) result primarily In NOx control although VSAD or MSA can achleve
HC reduction.

EGR - VSAD (MSA) systems as described individually, normally control

NOx and HC.

Retroflt systems were procured from several of the various manufacturers

which, in most sltuations also provided representatives to {nstall and adjust

the respective system, Because of the requirements of the study, several of
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the retrofit manufacturers provided partial systems as opposed to the total
retrofit system normally marketed. Terms of participation preclude manufacturer

Identiflication with regards to a speciflc type.

5.1.2.3 Jesting and Evalyation

Vehicles utlllzed for retrofit evaluation were selected from the sample of
vehicles used In the evaluation of Idle emlssion inspection. Upon completion
of all testing related to ldle Inspection, vehicles selected for retrofit sub-
samples were retalned and prepared for further testing. Engine components and
parts and engine functions were extensively inspected for Indications of
malfunction. Malfunctions were corrected, borderline parts were replaced as
required and engines were adjusted to manufacturer's recommended specifications.
Idle air/fuel mixtures were adjusted at manufacturer's recommended idle speed to
an indicated exhaust value of 1 to 3 mole percent CO. Mixtures were adjusted
to achleve best idling characteristics within the prescribed CO range. Vehlcles
were then released to manufacturer's representatives for retrofit Installation.
Following retrofit Installation and adjustment, vehicles were retired for
the temperature soak. Mass emission tests were performed from a cold start.
Key mode and idle emission tests were performed. Vehicles were then drive-
abllity and performance rated by the Callfornia Warm Vehicle Driveabliilty
Evaluation Procedure (Appendix 7). Retrofit systems were then removed by
manufacturers representatives or by laboratory personnel as appropriate.
Englnes were agaln Inspected to verify normal operation. Altered settlngs
were re-set to speclficatlons and vehlicles were retired for temperature soak.
Followlhg the prescrihed soak interval cold start mass emission tests were
performed, Key mode and idle emissions tests followed. The evaluation sequence
was concluded with a driveabillty and performance evaluation. Engine component
sealling and identification procedures, in preparation for the 6 month emlssion
test re-call (degredation study) were completed, and vehicles were scheduled

for owner pick-up. Thls segment of retrofit evaluation was thereby completed.

5.1.3 Exhaust Control Retrofit - High Altityde Kits

To evaluate the hlgh altitude kits, a 100 vehiclte sub-sample was chosen
from the primary 1dle Inspectlion sample, Kits and recommended Installation

procedures and adjustment speciflications were procured from automoblle
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manufacturers. Forelgn-made vehicles were not scheduled for evaluation.
Testing procedures were selected and a testlng sequence was deslgned and

executed In a manner conslistent wlth overall program objectives.

5.1.3.) yYehlgle Setection

Since only the major domestlic automobliles were to be evaluated, the vehicle
sample was comprised of 1llght-duty vehicles manufactured by American Motors
Corporation (AMMO), Chrysler Corporation (CHRY), General Motors Corporation
(GMC), and Ford Motor Company (FORD). Sample vehlcles were selected to
represent vehlcles of high and moderate sales volume. Table 11 shows sample
distribution by model-year and make. (A more detalled distribution Is presented

In Appendix 8).

Make Mfgr. N h b del-Year
73 72 IA| 70 69 68 Total
Ammo AMMO 1 1 1 0 1 0 4
Bulc GMC 1 1 1 | 1 1 6
Cadl GMC 0 1 0 0 0 1 2
Chev GMC 5 b 4 4 4 5 26
Chry CHRY 0 0 0 0 1 0 1
Dodg CHRY | 1 | ] 1 ) 6
Ford FORD S 5 5 5 L 3 27
Impe CHRY 0 0 0 0 0 0 0
Line FORD 0 0 0 0 0 0 0
Merc FORD 1 1 1 1 1 1 6
01ds GMC 1 1 1 ! 1 | 6
Plym CHRY 2 1 2 1 1 1 8
Pont GMC 1 1 ] 1 2 2 8
Total 18 17 17 15 V7 16 100

Table 11, High Altitude Retrofit Vehicle Sample

5.1.3.2 Retroflt Description and Procurement

As Indicated by Table 11, high altlitude kits were to be evaluated on 1968
through 1973 model-year vehicles only. Each of the various domestic car manu-
facturers was contacted and the detalls of the project were presented. Com=-
ponent parts to comprise the varlous klts and reconmended engine adjustment
speci{ficatlons were solicited. Each of the manufacturers responded and re-
qulirements were fulfiiled,

High altitude kits were comprised of various carburetor and distributor
parts and were accompanied by an application list. |In some instances an idle
adjustment procedure was speclfied. Each of the various kits supplied are

descrlibed as follows:
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Amerigcan Motors Corporatlion
Lean main fuel metering jets
S degree advance In basic lgnltion timing

Idle adjustment procedure not prescribed. Idle adjustment
performed as generally recommended.

orpora

10% lean maln fuel meterlng jets

Mixture enrichment staging springs which function at a
vacuum 2 inches Hg less than standard (net result - leaner
power enrichment).

5 degree advance In basic lgnltlon timing.

Idle adjustment procedure not prescribed. Idie adjustment
performed as generally recommended,

Limitations - parts suppllied are applicable to Carter
carburetors only, Holley equipped cars are recommended for
complete carburetor replacement. Replacement carburetors
were not supplled.

Ford Mofor Company
Mode) Year Choke Basic Timing Power Yalve Jdets
(degrees) (inches Hg)

1968 - +4 4.5 2v 2 lean
1969 - +4 4,5 2v -
1970 Link 2v +h 4.5 2v -
197 Link 2v +4 4.5 2v
1972 Link 2v +h 4.5 2v
1973 Link 2v +4 4.5 2v -

Lean main metering fuel jets for 1968 models.
tean Power valve assemblles for all 2v carburetors,
40 advance In basic lgnitlon timing for all models,

Link provided with altitude notch to reduce (enlean) choke
angle setting for 1970-1973 2v equlpped models.

Idle adjustment procedure prescribed for all models.

General Motors Corporation

Distributor vacuum advance mechanism calibrated to operate
5 Inches Hg less than standard resulting In lgnition timing
advance at lower engine load.
Lean power enrichment springs and assemblies,
Idle adjustment procedure not prescribed. I1dle adjustment
performed as generally recommended.

Kit installation and adjustment procedures were generally performed as

Indicated above. In several instances, parts supplied by one manufacturer were

utitized to equip vehicles of another manufacturer as applicable, eg, an
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Amerlcan Motors vehlicle, equlpped with an Autolfte or Motorcraft (Ford) carbu-
retor was equlpped with a Ford kit. In other instances where a speciflic com~
ponent of the kit did not apply to a given situation, the component was not
utilized for replacement., In thls respect It should be noted that a general
approach to high attltude retrofit was appllied. Indlvidual parts supplied were
not necessarlly tallored to this appllication in particualr but were assembled

and provided as »ff-the~-shelf ltems.

5.1.3.3 Jestling and Evaluation

The high altlitude kit sub-;ample was derived from the sample of vehicles
utillzed for tdle emlssion Inspection. After completing tests related to idle
inspection, test vehicles were subjected to dlagnosls, worn or damaged engine
parts were replaced and high altitude kits were Installed, Installations were
performed by laboratory personnel In accordance wlith directions supplied by the
respectlve manufacturers. Engline adjustments were then checked and where
applicable, kit adjustment speciflcations were applied.

After kit installation, vehlcles were temperature soaked; mass, key mode
and ldle emission tests were performed and warm driveablility evaluations were
completed. Kit hardware was then removed, orliglnal parts were replaced and
adjustments were re-set to factory specifications. Emlsslons and drlveabllity
evaluatlons were completed at factory standard conflgurations and engine
component and adjustment ltems were sealed and identifled for 6 month recal}

tests. High aitltude retroflt evaluatlion was thereby completed.

S5.1.6 Modified Tuning Specifications

Twenty=-flve vehlcles were selected to be utlitized to evaluate modlfled
tuning speciflicatlons. An experimental procedure was devlised whereby the more
slgniflicant emisslon related variables were evaluated. Testing procedures were
chosen and flow charts were establlished to faclliitate test vehicle routing

through the various routlines asslgned.

5.1.4.1 yehicle Selection

Twenty five vehlcles were selected from the primary sample. Selection
was such as to achleve representation of the various vehicle model~-years and the

more popular makes reglstered. Table 12 shows the sub-sample selected to
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perform the evaluatlon of modifled tunlng specifications by make and model=-year.

Make No, of Vehicles by Model-Year

73 72 11 70 69 68 67 66 65 64 Total
Chev 1 1 | 1 1 1 \ 1 1 1 10
Ford 1 1 1 1 1 i 1 1 1 1 10
Pont 0 0 0 0 0 1 0 i 0 0 2
Volk 1 0 1 0 i 0 0 0 0 0 3
Total 3 2 3 2 3 3 2 3 2 2 25

Table 12, Modifled Tuning Specificatlons Vehlcle Sample

5.4.1.2 Description of Specifications

Four slgniflcant emlssion related engline variables were selected for
evaluation on each of 25 cars.

Vacuum choke kick

Baslc Ignition timing

Idle air/fuel mixture

Idie speed (rpm).
Each varlable was assigned an experimental value which would presumeably work
to Improve combustion efflciency during cold and warm engine operation.
Settlngs were established at what was presumed to be the maximum allowable
1tmit wlthout Incurring severe driveability penalties. Experimental values are
described as follows:

Yacyum choke kick

Set leaner than speciflications at 1.5 x pull~off specifled by
manufacturer. ;

Baslc jgnition timing

Advanced from speclfied timing by 8 degrees,

ldle alr/fuel mixture
Set leaner than specifications. Enlteanment expressed In terms of

drop In Idle speed of 200 rpm. 200 rpm drop due to enleanment was
recovered by lncreasing the throttle blade opening (idle speed screw).

jdle speed

Set higher than specified, Speed initlally set as recommended by

manufacturer In specified gear (drive or neutral), Shift selector

then moved to neutral gear (1f automatic transmlission) and ldle

speed adjusted to achieve additional 200 rpm.

A certaln amount of Interaction exists between certaln of the variables.
An advance In ignition timlng, for example, causes an Increase In engine rpm,

By taking this interaction Into account an adjustment sequence was designed
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as follows:

1. Vacuum choke kick (choke plate pull-off after cold engline start)
Is tndependent of other varfables. It was adjusted flrstly.

2. Baslc timing was adjusted secondly at recommended engine rpm,
Where the experimental adjustment procedure called for high
idle rpm, basic Ignition timing was not readjusted regardless
of change caused by higher idle rpm.

3, Thirdly, idle alir/fuel mlxture was adjusted as described above.

4. Flnally, tdle speed was adjusted as descrlibed above.

Eight each tests were scheduled for each test vehicle. Prior to testing
each of the vehlcles were set to the combinations shown In Table 13, where:

a = Choke to specs
Timing to specs
1dle A/F to experimental value
{dle rom to experimental value

b = Choke to experimental value
Timing to specs
Idle A/F to specs
ldle rpm to experimental value

¢ = Choke to specs
Timing to experimental value
l1dle A/F to experlmental value
Idle rpm to specs

d = Choke to experimental value
Timing to specs
Idte A/F to experimental value
Idle rpm to specs

e = Choke to specs
Timing to experimental value
tdle A/F to specs
Idie rpm to experimental value

f = Choke to experimental value
Timing to experimental value
ldle A/F to specs
ldle rpm to specs

g = Choke to experlimental value
Timing to experimental value
Idle A/F to experimental value
Idte rpm to experimental value

The final test on each vehicle, s, was performed with each of the variables

set to manufacturer's specifications.

To perform the experiment, a random order of adjustment was applied to

evaluate the variables singularly and {n comblnation as shown in Table 13,
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Car Coded Adjustment Procedure
No. Jest Number

1 2 3 4 5 6 7 8

1 a b ¢ d e f g s
2 b d f e a g ¢ s
3 e a ¢c g b d f s
4 e f a ¢ g d b s
5 c d g b f e a s
6 a b g e f d ¢ s
7 b g a d ¢ f e s
8 b f d a g ¢ e s
9 g f ¢ b a d e s
10 g f d a b e ¢ s
i d a e ¢ b f g s
12 d a ¢ f e b g s
13 g ¢ f a e d b s
iy e b f g a ¢ d s
15 d e a f b ¢ g s
16 c f a e g d b s
17 d f ¢ a g b e s
18 d f a e b g ¢ s
19 e ¢c g a b f d s
20 a e b f g ¢ d s
21 g f b e a ¢ d s
22 d g a f ¢ b e s
23 b e d a g ¢ f s
24 d ¢ a g b f e s
25 d g a e ¢ b f s

Table 13, Test Sequence Order for Modified Tuning Specifications Experiment

5.1.4.3 Testing and Evaluation

Vehicles used In the modified tuning specifications evaluation were
selected from the idle Inspection sample. Upon completion of idle inspection
related tests, vehicles were dlégnoseq. Mal functlons were corrected. Engines
were then set to specifications and de-tuned In accordance with the experimental
adjustment procedure. Cold start mass emissions tests were performed and key
mode and idle emissions tests were conducted. Driveabillty and performance’
evaluatlions were then completed. Engines were then tuned to experimental values
and testlng was repeated. The adJustment and testing sequence was repeated
untll each of the elght tests were complete. This phase of the program was
then completed with engine component ldentificatlion and sealing for emlssions

degredatlon and return of vehlcles to owners.

5.1.5 Mandatory Epzine Malntenance

In order to evaluate mandatory engine maintenance a sample of vehlcles was
selected from the primary sample. The method of selectlon is described below,
Experlimental mandatory engine maintenance requirements were then establlshed<

and testlng procedures were selected.

49



5.1.5.1 sample Selactlon

Vehicles eppearing In the retroflt (Callfornia approved and high altltude
klts) and modiflied tuning speclfications sub-samples were utllized to evaluate
mandatory englne malntenance. 100 vehlcles were used to evaluate altltude
retroflt kits, 44 vehlcles were used to evaluate California approved or sea-
level retrofits, excluding gaseous converslion, and 25 vehlcles were used to
evaluate modifled timing speclfications for a total of 169 vehicles. However,
4 of the 169 vehicles were used for more than one task leaving a total of 155
vehicles In the mandatory engine malntenance sub-sample. Distribution of the

155 vehicle sub-sample by model-year and make is shown in Table 14.

Make No, of Vehicles by Model-Year
75 12 71 70 69 68 67 66 65 64 Total
Ammo 1 ! 1 0 i o 0 o0 0 o 4
Buic 1 1 1 1 1 1 0 0 0 0 6
Cadl ¢ 1 0o o0 0 1 0 0 0 0 2
Chev 6 5 5 6 6 6 2 2 2 2 42
Chry o 0 0 0 1 0 0 0 0 0 ]
Dodg 2 2 1 1 1 1 0 1 1 0 10
Ford 5 8 7 6 5 5 3 2 2 3 b
Impe o 0 0 0 0 0 0 0 0 0 0
Linc 0 0 0 0 0 0 0 0 0 0 0
Merc 1 Y 1 1 1 1 0 06 0 0 6
Olds AN T R S R N R N S 9
Plym 2 2 3 0 2 2 1 ] 1 0 14
Pont 1 1 1 1 3 2 1 2 1 o 13
Volk 1 0 2 1 1 0 0 0 0 0 5
Total 21 23 23 18 23 20 8 9 7 6 155

Table 14. Mandatory Engine Malntenance Vehlcle Sample

5.1.5.2 Desgription of Maintenance

To evaluate the effectiveness of mandatory engine maintenance a quasl-
theoretical approach was employed. The approach |Is based on the assumption
that a change in emisslon related englne performance will not be affected by
replacing a non-malfunctloning englne part with a new part. Based on thls
assumption, non-malfunctioning engline parts were not routinely replaced In
favor of new parts.

As noted, vehicles used to evaluate mandatory maintenance were used
inftlally to evaluate Idle emlssion Inspection. In thls regard, all vehlcles
completing the ldle Inspection phase of the program, at the very least, were
In sufficiently good condlition to pass idle emission standards (except those

vehlicles which were not repalred due to excesslve cost). However, the condlition
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of an engine which passed ldle Inspectlion was not considered adequate to
evaluate mandatory engine malntenance effectiveness and In many cases additlional
malntenance and adjustments were required.

As dlscussed, vehlcles used to evaluate retroflts and tunlng speclifications
were assligned to the mandatory malntenance sub=-sample. Prior to utllizing any
vehicle In retrofit or tuning specliflcatlion sub-samples, each vehicle was
subjected to extensive engine dlagnosls and set to manufacturer's specifications.
Parts which showed obvious malfunction and parts of questionable or borderline
serviceablillty were replaced. Although diagnostic procedures were applied to
the engine In general, particular emphasis was applied to certaln engine parts
and adjustments which, with regards to thls aspect of Investlgatlon, constltute
mandatory engine maintenance. Mandatory engine maintenance was thereby defined
to comprise replacement of the following parts:

Spark plugs

Distributor contact polnts

Condensor

Alr fliter element
and adjustment of the followling parameters:

Contact polnt dwell

tgnition timing

tdie Alr/fuel mixture

Engline ldle rpm,

To relterate; for the experimental program, only those parts which by diagnosis
indicated anywhere from borderline to total malfunction were actually replaced.

The potential change attrlbuted to the replacement of acceptable parts relating

to emlssion performance was assumed to be minimal,

5.1.5.3 Testing and Evaluation

Upon completion of tests relating to ldle emission Inspection vehicles
were subjected to extensive engine diagnosis. Parts were changed as applicable
ana engines were set to specifications. Retroflt kits were Installed on
respectlive vehlcles, retrofit evaluatlions were performed, kits were removed
and engines were re-tuned to specificatlons. Regarding the modified tuning
speclflcatlon§ vehicle sample, vehicles were re-tuned, evaluated, re-tuned,
evaluated, etc., until the tunling sequence was complete, Final tests were
then performed on each vehicle.. In each case final tests were performed with

englnes set to manufacturers specifications. Engine parts and adjustments were
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then Identifled and sealed as described and vehicles were returned to owners.
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6. TECHNICAL DISCUSSION - PART ti11 PROBLEM AREAS AND COSTS

In the course of Investligatlon of the various control strategies, several
problems became evident, particularly with respect to idle emisslons inspection
and hlgh altltude kit Installatlon. The following paragraphs discuss the hlgh-
1ights of the Investlgation with respect to each control strategy and define the

problem areas. Summary cost data are also presented and discussed.

6.1 IDLE EMISSIONS INSPECTION

To review; 10 licensed safety Inspection stations were selected, both
class~room and on-site tralning was provided, and Instrumentation was furnished
and malntalned. Beyond intttal orientation and training, inltlal on-site
trainlng, and stand-by consultation services provided by laboratory personnel,
Inspectlon personnel operated more or less Independently of laboratory super-

vislon.

6.1.1 P £ 1 i c 11igi d nel

In order to determine the performance and capabilitles status of the 10
selected statlons with respect to the automotive repalr industry at targe, the
services of a consultant were employed. The consultant, wlth over 30 years
experlence In nearly all aspects of automotive repalr, demonstrates an Intimate
knowledge of the repalr industry. The consultant was utilized to conduct
personal Inspectfons of participating garages and to interview statlon manage-
ment and personnel. The general impressions of the consultant in this regard
are Ss fbllows:

"The ten statlons accurately represent 3 cross-section of the state~of-the~-
art ranging from a facillty of general repalr not offering tune-up service, to
one of excluslively tune-up repair. The mechanics also ranged from no conception
of tune-up concepts and practlces to those who exhibited in-depth knowledge and
skill iIn repalr of carburetlion and Iignition problems. However, it did not
follow that the better equlpped shops or the more tune-up oriented ones,
boasted the more skllted mechanic."

The following paragraphs should be considered against this background.

6.1.2 Persopnel Trainlng
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The tralning provided to inspectlion statlon personnel was deslgned solely
‘to cover only those aspects of inspection and malntenance which relate dlrectly
to the objectlives of this study. The adequacy of tralining was unanimously
expressed by garage management and personnel when surveyed and was further
demonstrated by the fact that slgnificant emisslon reductions were achleved
(as will be shown in 7. Results). In thils respect, however, it should be
understood that:

1. There were only 10 stations involved in the study.

2. Classroom tralning sessions, although relatively short, were devoted
solely to inspection procedures and the speciflcs and Importance of
proper engine adjustment,

3, Limited personalized on~site tralning was provided which was geared
primaritly to the detectlon and correctlon of technical and admini-
strative problems.

4, Throughout the program laboratory personnel were on stand-=by to
consult on technical problems of speclal concern to station
personnel.

5. Mention of the monltoring function of the laboratory was purposely
avolded. However, garage personnel undoubtedly understood labora-
tory functlions.

Although the adequacy of training was demonstrated, the tralning program,
partlicularly that presented in the classroom, was at best minimal., Because of
the program constraints, particularly with respect to the time allowed, training
covered only the basics Tn lnstrument theory and operational procedures, and
touched lightly on engine dlagnostic procedures, adjustment and repalr.

It was not within the scope of this study to develop an extensive In-
spectlon and mechanic trainlng program. However, agalnst the background
provided by the study, the following elements of a training program are deemed
desirable.

1. Background information should be provided on the motor vehicle as

a source of alr pollution to demonstrate the importance of the
overall emlsslon control program,

2. The general theory of englne operation and emlission control func-
tlons should be stressed to provide the basis for understanding of
dliagnostic and repalr procedures. The lack of knowledge in this
regard was amply demonstrated by the questions ralsed and the
dliscussions which followed durlng classroom training sesslions
provided by the program,

3, The fundamentals of engine and component diagnostics through utlli-
zation of the various diagnostic equlpment available should be
emphaslzed. A general lack of knowledge with respect to the appll-

cation of dlagnostic equlpment was demonstrated during visits to
the varlious garages.
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4. The significance of proper englne repalr and tune-up should be
emphasized with both classroom and shop instructlon provided. A
detalled review of the flrst S0 cars, for example, Indlcated that
10 percent of the cars adjusted to reduce one pollutant were also
mal-adjusted In such a way as to Increase another polluytant.

6.1.3 lnspection and Repair Procedures

During both classroom sessions and on-site tralning visits, strict confor-
mance to prescribed Inspectlion and repalr procedures was advocated. Although
personnel at several of the stations expressed frustration with constralnts of
the garage inspection, adjustment and repalr procedure, the systematic approach
presented by the procedure presumeably proved to be a major factor in maln-
taining a r;asonable cost effectiveness ratio (7., Results).

in the review and processing of inspection technical and cost data (lnspec-

tlon Station Results form), several deficiencies with respect to the complete-
ness of forms and other discrepencies 1n data were found. These are summarlzed
in Table 15. With respect to Table 15, inspection data sheets indicatling a
“"passed" vehlcle where falling emissinn levels were actually recorded and

sheets Indicating a '"falled" vehlcle where passing emission levels were actually
recorded are most commonly attrlhuted to inspector error as to what allowable
Vimits actually constitute a passerd or falled vehicle (intentional or unin-

tentlonal),

Description . No, _%
Forms Improperly filled out or incomplete 199 66

Cars on which unnecessary adjustments were
performed or adjustments were performed
out of sequence 24 8

Cars which were marked "failed" but which
inspector's own readings indicated a pass 39 13

Cars which were marked "passed" but which
inspector's own readings indicated a fallure 9 3

Table 15. Summary of Deficiencies and Discrepencies
Found in Data Reported by Garages

6.1.4 rformancge d C [
Inspectlon stations were selected to represent various segments of the
repalr Industry. For discusslon purposes each statlon Is assigned a code number

which ldentifles it In connectlon with its primary activity, shown in Table 16.
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d
SS-1 Service Station
D=2 New Car Deatership
D-3 New Car Dealershlip
IND=4 Independent Garage
IND=5 Independent Garage
$S=6 Service Station
IND=-7 Independent Garage
SS=-8 Service Station
Ss-9 Service Station
SS=10 Service Statlion

Table 16. Inspectlon Station ldentification

6.1.4.1 Statlon Pass/Fall Rates

Although the program was desligned such that each statlon was to inspect
30 vehlcles, for varlous reasons an equal distribution of vehicles was not
achleved. The range in vehicles inspected per station was from 28 vehlcles
at a minimum to 31 vehicles at a maximum. Table 17 shows the total number of
vehicles Inspected by each statlon and pass/fall performance data. The code

assignments presented in Table 16 apply.

Station No. of Veh, Vehicles Vehl Falled
code Inspected __Passed HC co Both
No. (%) (No.) (€3] (No.) (%) (No.) (%)
SS-1 30 y 47 3 10 8 27 5 17
D=2 29 12 41 2 7 1 3 X7} 43
D=3 3 8 26 L 13 9 29 10 32
IND=4 30 1y 47 1 3 4 13 11 37
IND=5 n 4 45 7 23 7 23 3 10
$S-6 31 12 39 5 16 6 19 8 26
IND=7 29 0 0 2 7 3 10 24 83
$S-8 30 12 40 3 10 5 17 10 33
$S=-9 28 20 n 1 b 0 0 7 25
ss-10 31 19 61 5 16 3 10 4 13
STA.AVG. 30 12.5 b1.7 .3 10.9 L.6 15,1 9.6 32.4

Table 17. Inspection Pass/Fall Data by Statlion

As shown In Table 17, the average passing rate for the total sample Is
about 42 percent with a range from 0 percent passed to 71 percent passed.
Average fallure is shown at 1l percent for HC with a range from 3 percent to
23 percent. Average CO failure is shown at 15,2 percent with a range from 0
percent to 29 percent. Average fallure of vehlicles for both HC and CO is 32.4
percent with a range of 10 percent to 83 percent. By comblining average failure
rates for HC, CO, and HC~CO together, an average fallure rate of about 59 per-

cent Is obtalned as compared to the design failure rate of 50 percent. The
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apparent dlsparity In the actual fallure rate versus design fallure rate Is

attributed primarily to the performance of two of the statlons, D=3 and IND-7,

6.1.4.2 Statlon Inspection Charges

As indlcated previously, each of the particlpating stations was encouraged
to charge the project at rates consistent with practices normal to the garage
respective of both Inspection and maintenance charges. Table 18 shows the

average Inspectlion costs charged to the program by each station.

Statlien No, of Vehlcles Inspection Costs
Code Inspected Total(s) Avg/Veh($)

SS-1 30 75.00 2.50
D=2 29 158.00 5.45
D=3 31 186.00 6.00
IND=-Y 30 150,00 5.00
IND=5 31 170.50 5.50
$S-6 31 139.50 4.50
IND=-7 29 72.50 2.50
SS-3 30 105.00 3.50
SS-9 28 112,00 4,00
SS-10 31 46,50 1.50

STA.AVG. 30 121,50 4,05

Table 18, Summary of lInspection Charges

As shown In Table 18, the average inspection cost is $u4.05 per vehicle with
an average range by station from $1.50 per vehlcle to $6.00 per vehicle.
Estimates by laboratory personnel establish inspection labor to be In the
range of 0.25 to 0.33 man-hours per vehicle. This estimate Includes Initial
customer contact, performance of idle emissions inspection, completion of test
forms (as utllized by the laboratory), and final customer contact. The time
estimate assumes the vehlicle exhaust system Is intact, the engine is warm (a
requlirement of iInspection procedures), and instrumentation Is in a stand-by
condition, At the labor rate of $12.00 per hour (assumed to be a typlical
hourly rate) the laboratory estimated Inspection rate is in the range of $3,00
to $4.00 per Inspection, which is conslstent with the average rate of $4.05 per

inspection charged to the program,

6.1.4.3 Statlon Majntenance Costs
A summary of adjustment and repalr costs is shown in Table 19, where the
average statlon cost for falled vehicles (Avg/Falled Veh.) ranges from $2.53

to $14,25 per vehicle and the average station cost for all vehicles inspected
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(Avg. all Veh.) ranges from $0.76 to $12.26 per vehicle. The mean cost per

failed vehicle Is $10.57 and the mean cost per vehicle Inspected Is $6.14.

Station Number of Cars Malntenance Costs
Code Inspected Malntained Total(s) vg/Falled vVeh Avg all Veh($)
§S8-1 30 16 216.59 13.54 7.22
D-2 29 17 159,07 9.36 5.u8
D-3 31 23 268.25 11.66 8.65
IND=-4 30 16 40.50 2.53 1.35
IND-5 31 17 165.00 9.7 5.32
§$S-6 31 19 265.91 14,00 8.58
IND=7 29 29 355.65 12,26 12.26
$5-8 30 18 187.25 10.40 6.24
S$s-9 28 8 21.22 2,65 0.76
$S-10 3] 12 170,95 4.2 5,51
STA.AVG. 30 17.5 185. 0L 10.57/Veh, 6.14/Veh.

Table 19. Summary of Maintenance/Costs by Station

6.1.4.4 Combiped Station Costs
Tahle 20 shows a cost summary of comhined Inspection and maintenance costs.
Station Number of Cars Combiped Costs
Lode lngpected Maintained _Total Avg all Veh
S$S-1 30 16 291,59 9.72
D=2 29 17 317,07 10.93
D-3 31 23 4su, 25 14.65
IND~-4 30 16 190,50 6.35
IND-5 31 17 335.50 10.82
SS-6 3 19 405.41 13.08
IND=7 29 29 428.15 14,76
SS-8 30 18 292,25 9.74
$S-9 28 8 133,22 4.76
SS-10 3] 12 217,45 7,01
STA.AVG, 30 17.5 306. 54 10.18/Veh,

Table 20. Summary of lnspection and Maintenance Costs by Station

As shown, the average cost for both i{nspectlon and maintenance is $10.18 per
vehicle. Costs shown reflect only those charges which were actually billed and
are not inclusive of charges estimated to bring certain of the vehicles into
compliiance (those which falled Inspection and were not repalred due to exces-

sive costs to the program),

6.1.4.5 Estimate of Overcharge

As dliscussed in other sections, a request was made of statlon personnel to
detail charges In connectlon with each phase of Inspection, adjustment and
repalr. 1In additlon, station personnel were requested to supply cost estimates

with respect to those vehicles which could not be brought into compllance
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within the cost limitation. Cost data were transmitted to the laboratory vla
Inspectlon Statlon Results data sheets.
Upon recelpt of garage data, a revliew of Inspectlion, adjustment and repair

data was performed., These data were then compared with data obtalned as a
result of an after-malntenance engine status Inspection. This inspection was
performed on all vehlcles which were reported to have inltlally fatled the
garage inspection and were subjected to garage maintenance. The cost data
developed from the comparlison Is presented In Table 2}, As lIndicated, the
total cost for repairs performed unnecessarily Is $149.52 and the total cost
for questionable repalrs Is $254.37 with a comblned total of $403.89. These
flgures ($149.52 and $403,89) represent the range of overcharge with respect

to dlrect costs (excluslve of repalr estimates) actually charged to the program.

station No. of Cars Unnecessarvy No, of Cars Questignable
Lode Unnecessarily Repalr Cost Qu b Repalr Cost
Repalred ) Repalred )
ss-1 0 - 2 30.69

D-2 0 - 0 -

D~3 3 16.00 2 35.77
IND=§ 0 - 0 -
IND-5 0 - 2 90,92
$5-6 1 i1.70 0 -
IND=7 10 104,95 1 27.50
$$-8 1 49,15 0 -
$S-9 ] 5.37 0 -
$5=10 2 1.50 1 14,34
TOTAL 18 149.52 7 254,37
STA.AVG. 1.8 14.95 0.7 25,74

Table 21. Overcharge Estimated from Direct Program Charges

From data shown In Tables 20 and 21 a range In overcharge is estimated and 1Is
found to be:

A minimum per vehlicle average for 175 falled vehlcles of 8% or $0.85
per vehicle.

A maximum per vehicle average for 175 falled vehicles of 22% or $2.31
per vehicle.

where:
$10.57 = Average repalr cost/falled vehicle,
$ 0,85 = $149.52 + 175 vehicles falled.

$ 2.31 = $403,.89 +« 175 vehlicles falled.

Although 8% can be considered as a minimum overcharge, the maxImum over-

charge could possibly be In excess of the 22% shown.
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Table 22 was constructed from estimated costs reported by the varlous
garages to bring certaln of the falled vehicles Into compllance. The data shown
Iin Table 22 applles to those vehicles which requlred repalr in excess of the
nominal $50 repair 1Imit or those vehicles on which malfunctions causing fallure

could not be identlfled.

Station V¥ehicle Amount of Ivpe of Repalr Justified
Lode No, Estimate($) [&3)
SS=1 1 . - ?

2 40 » ?
3 200 VALVE JOB,CARB OHAUL  VALVE JOB
D=2 1 101 VALVE JOB No
2 200 VALVE JOB, MAJOR T.U. No
3 90 MAJOR T.U. No
D-3 None - - -
IND-4 1 » » ?
IND=5 1 45 CARB OHAUL INTA.GSKTS. No
$S-6 1 . » ?
2 * * ?
3 . * ?
L 30 ” ?
5 LS NEW CARB. Yes
6 ® » ?
7 50 » ?
IND=7 1 35 * ?
2 40 MINOR T.U. Yes
558 1 30 » ?
$$=-9 1 150 VALVE JOB Yes
$5-10 1 T 28 " ?
« NOT PROVIDED ? UNABLE TO DETERMINE

Table 22. Garage Repalr Cost Estimates to Bring Problem Vehlcle into Compliance

From cost data supplled, the average cost to bring problem vehlcles Into
compliance is $77 per vehicle. Thls average Is based on the 14 vehicles for
which cost estimates are provided (station operators are reluctant to provide
estimates). Assuming the average applles to all prob!em vehicles, the total
estimated charges are $1540, Assuming further, that the ratio of total justl-
fled to total reported charges can be applied ($385 +« $1084 = 0.36) the total
Justifled cost Is $554 (0.36 x $15u0 = $554) and the total unjustifled cost is
$986 ($1540 - $554 = $986) or an additional $5.63 per vehicle fﬁr the 175
vehiclies which falled Initlal inspections.

Slnce there appears to be no reason to doubt the motlves of garage person-
nel wlth respect to the estimates provided, it can be assumed that If allowed
to proceed, costs would have been Incurred. Assuming that 502 of the estimated
costs were actually lIncurred, average per vehlcle repair costs for the I?S

falled vehlcles would be Increased by $2.82 per vehlcle, Maximum estimated
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overcharge ls now calculated to be:

A maximum per vehlcle average for 175 vehlcles of 38% or $5.13 per
vehlcle.,

where:
313.3§ = adjusted average repair cost/falled vehicle ($10.57 + $2.82),

$ 5.13 = prlor estimate + latter estlmate ($2.31 + $2.82).

In summary then, the estimated minimum overcharge is 8% or $0.85 per falled

vehicle and the estimated maxImum overcharge Is 38% or $5.13 per falled vehicle.

6.1.5 Garage Inspegtion (Analvtical) Instrumentation

As dliscussed In other sectlons garage~type emissions inspectlion Instru~
mentatlon was supplied to each of the 10 garages. Instrumentation supplied to
each statlon was of the same manufacturer and model, Sun Electric Company,
EPA=75 HC/CO analyzers. Instrumentation was Initially calibrated using n~
hexane standard gaseous blends. In addition, Instrument callbration curves
were checked and reset to agree with gaseous standards at intervals of two to
three weeks throughout the testing phase, Callbrations were presumeably checked
by garagze personnel in accordance with specifled Inspectlon procedures prior to
the performance of emlssions Inspections on indlividual test cars.

Station monltorlng strategy included a laboratory inspection of all
vehicles prior to dellvery to garages for inspection, Laboratory emlssions
inspectlons were performed usling two analytical systems plumbed in parallel to
the sample source, the vehicle tallplpe. A Sun EPA-75 HC-CO instrument com=
prised one analytical system and one Beckman 315A CO analyzer and one Beckman
315A HC analyzer comprised the other system. Callibration curves were es-
tablished inltially using gaseous standards whlch were applled commonly to both
systems. Callbratlion set-polnts were established {mmedlately prior to tests on
indlvidual vehicles. The Beckman analyzers are of laboratory quality and have
long been conslidered a standard Instrument applled in automotlve exhaust gas
analyses.

A total of 300 ldle emission tests with parallel Beckman/Sun analyses were
performed. Data from each system was recorded and retained for analyses. In
addltlon, garage Inspection data was recorded and retalned for further analyses.

Linear regresslion analyses were then performed to establish correlations with
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respect to certaln of the data sets.

The regression analyses established correlation coefficlents of 0.942 for
Beckman CO versus Lab Sun CO data sets and 0,701 for Beckman HC versus Lab Sun
HC data sets. Because of the care and control exercised with respect to the
accumulation of these data, the coefficlents obtalned are probably the highest
which can be achleved and are therefore consldered the standard by which other
data sets can be evaluateds»,

Linear regression analyses were also performed to establish correlatlons
between the Sun Instrument utilized in the laboratory and each of the garage

Iinstruments. Results of these analyses are presented In Table 23.

Station Jdle Emisslon Data 2500 Engine Rpm Data
Code _HC . _cO _HC  _CO
SS-1 0.43 0.76 0.83 0,72

D-2 0.41  0.83 0.37 0.88

D-3 0.59 0,48 0.26 0.59
IND-4 0.83 0.76 0.73 0.76
IND=5 0.68 0.81 0.79 0.87
55-6 0.54 0.81 0.60 0.77
IND=7 0.49 0.7 0.43 0,26
$S-8 0.76 0,73 0.84  0.89
$S-9 0.64  0.84 0.69 0.74
SS-10 0.44 0,89 0.61 0,80

Table 23. Correlatlion Coefficients, Laboratory lnspection
Data versus Garage Inspection Data
As may be Inferred from the data shown in Table 23, substantial differences
exist with respect to garase Inspection data where the range in correlation

coefficlents is found to be:

HC at Idie from 0.43 to 0.83
HC at 2500 rpm from 0.26 to 0. 84
CO at ldle from 0.48 to 0,89

€O at 2500 rpm from 0,26 to 0.389
Out of deference to Sun Electric Company it should be noted that the apparent
disparlity In garage instruments cannot be solely related to instrument perform-
ance. Although some instrument drift was noted durlngilntervals between call-

brations, drift appeared to be a functlon of aging (all garage Instruments were

#Coefflicients shown are based on CO and HC measurments at Idle and 2500 rpm.
Coefflclients would probably Improve If analyses were performed Individually,
However, the Beckman HC instrument was not utlllized for 2500 rpm analysis and
data is not available.,
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suppl!led as new equipment) and drift was relatively uniform with respect to
all Instruments.

The range In correlatlon coefflclents established by linear regresston
analyses of laboratory versus garage data can be attributed to several factors.
Among these factors are englne variables, individual Instrument response charac-
teristlcs, and Instrument operating environment. The greatest single factor,
however, appears to be the care and handling of the Instrument itself and the
manner In which it is operated.

As noted In various paragraphs of Part 11!, problems were experienced with
two of the ten statlons, partlicularly as related to excessively high vehicle
fallure rates. As can be seen In Table 23, the statlons with the highest fall-
ure rates, D~3 and IND-7, also demonstrate the poorest correlation coefficients
with respect to Inspectlon instrumentation provided. Since nelther of the two
Instruments appeared to be out of 1lne with other instruments during perlodic
callbration checks, it Is concluded that the poorer correlations are attributed

to poor operating practices.

6.1.6 Summary of Observatlons

1. In general, the stations selected represent a cross~-section of the
automotive repalr Industry,

2. With respect to program objectives, the training provided to station
personnel was adeguate., However, to provide a better understanding
of emlssion control concepts, more extensive training is required.

3. Garage Inspectlion procedures were adequate, However, several
problems were experlienced with station personnel with respect to
attention to standards and the transmission of data.

L., Actual Inspection fallure rates were higher than deslgn faiture
rates. The differences can be attributed to an abnormally high
rate of fallure at one statlon (IND-7 as shown In Table 17) which
falled all vehicles tested., One other station (D-3) appears to
borderline In this respect.

S. Inspection charges ranged from an average of $1.50 per Inspection
at one station to $6,.00 per inspectlion with an overall average in-
spection charge of $4.05 per vehicle. The average charge Is consis-
tent with laboratory estimates.

6. The average station cost per falled vehlcle ranges from $2.53 to
$14,.25 per vehlcle wlith an overall average of $10.57 per falled
vehicle.

The average station cost for all vehicles inspected ranges from
$0.76 to $12.26 per vehicle with an overall average of $6.14 per
vehlicle.

7. The average combined statlion cost (inspection and repalr) per

falled vehicle ranges from $4.76 to $14,.76 per vehicle with an
overall average of $10.18 per vehlcle.
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8. Overcharge Is estimated to range from 8% to 22% for falled vehicles
or 8% to 38% as determined from direct program charges and direct
program charges plus estimates to bring problem vehicles into
compllance. In terms of costs, the ranges are from $0.85 to $2.3]
per falled vehicle and $0.85 to $u.66 per falled vehicle respectively.
9. Correlatlion coefficlents developed for various data sets show
relatively large differences In the quallty of emlssions Inspections.
In thls respect, the performance of two statlons (D=3 and IND-7)
Is of lower quality than the performance of the remaining statlons.
6.2 HAUS OMTROL RETROF - FORNIA PROVED
Several classes of retrofit were evaluated. Systems were suppllied by the

varlous manufacturers. Installation and initia)l adjustment labor was also

provided,

6.2.1 Installation

Based on observation of actual installatlion of the various systems, with
the exception of the more costly retrofits, installations are performed rela-
tlvely easlly. Only a normal assortment of hand power tools and assorted .
wrenches, screwdrlvers, etc., are requlred. Installation of the more costly
systems, catalytlic converters and L-P gas systems, are more complex as reflected
in installatlon charges.

With respect to catalytic systems, installation on a vehicle already
equipped with an air pump requires converter installatlon only. This can
normally be accompllished In much the same manner that exhaust system mufflers
are Installed. Where an air pump is not already mounted on the engine, instal;
lation becomes more difficult and removal of the radlator and/or relocagion of
an exlsting air condlitioning compressor may occaslonally be required. It should
be noted that these difficulties were not encountered during the course of this
program. Catalytic systems also require the use of lead-free fuels.

L-P gas systems require the addition of a supplemental fuel tank speclially
designed to handle the hipgher vapor pressure of L-P gas. Carburetor replacement
Is also a requirement since L-P systems require special carburetion., It is also
desirable, particularly with respect to V-8 englines, to remove the intake
manifold and block the exhaust gas passage which normally supplles heat to

vaporize fuel in the Intake manifold during cold engine operation.

6.2.2 Applicgatlon

The following information was obtained directly from the respective
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manufacturer Qlth regards to appllication.
Catalvtic Converters

Approximately 60% of the 1968-1970 model-year vehlcles,

75% of the 1971 model-year vehlcles.

Nearly 100% of the 1972-1975 vehicles,
These vehlcles comprise nearly 68% of the 1light-duty vehicle population and can
operate on 91 octane lead-free fuel. The manufacturer also reports that at the
moment the only make of vehicle which is not recommended for retroflts Is
Volkswagen. However, Volkswagen systems wll) probably be avallable within one

year.

-P G tem
While almost any gasoline engine can be converted to L-P gas
with good results, from the standpoint of economics and/or
fuel avallablilility, the supplier feels it Is feasible to convert
only fleet vehlcles or individually owned automobiles which
are operated In excess of 25,000 miles per year.
Alr Bleed
With the exceptlion of a few vehicles, air bleed systems can
be installed on nearly 100% of the light-duty vehicle population.
E u t
With the exception of a few vehlcles, float bowl pressure
regulatlion systems can be installed on all light-duty vehicles,
Alr Bleed/EGR
Applicable to all vehicles in the 1964-1972 range with a few

exceptions (fuel injection, vehlicles with more than one carbur-
etor, custom bullt vehlcles, etc.).

Applicable to all vehicles In the 1964~1972 range with exceptions
as noted In Alr bleed/EGR.

Alr Bleed/VSAD (MSA)

Applicable to all 1964-1972 model-year vehicles except those
wi thout vacuum spark advance.

EGR/YSAD (MSA)

Applicable to all 1964-1972 model-year vehicles except those
without vacuum spark advance.
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6.2.3 Costs

Table 24 was developed from cost data submitted by exhaust control retroflt
manufacturere. The costs shown for catalytic converters range from a low of $52,
which applies to a 4 cylinder engine already equlpped with an alr pump, to a
high of $155 for a V-8 installation requiring an air pump. Converter Instal-
lation costs are based on retrofitting In excess of one~half million cars. It
is assumed that costs submitted by other manufacturers are also based on a

relatively large sales volume with the possible exception of L-P gas systems.

Retrofit Tvpe Aver talled Co
Catalytic Converter 52-155.00
L-P Gas 650.00

Alr Bleed 20.00

Bowl Pressure Regulatlon 24,10

Alr Bleed/EGR 35-36.95
EGR 32.15

Alr Bleed/VSAD 24.95
EGR/VSAD 25.00

Table 24. Cost of Installed Retrofit by Class

6.2,4 Summary of Observations

1. Retrofit systems are relatlvely easy to install except L~P gas systems
and catalytic converter systems requiring alr pump installatlions.
The converter Itself is easily installed.

2. The application of retrofit is broad, Nearly 100% of 1964-1972
model~year vehlcles can be retrofitted with one or more systems.
L-P gas retroflit Is recommended particularly for fleet and vehicles
which accumulate high mileage.

3. The range in costs of retrofit is wide with a minimum of $20 for
alr bleed devices to a maximum of ahout $650 for an L-P gas system.

6.3 EXHAUST CONTROL RETROF]T - HIGH ALTITUDE KITS

Altltude kit hardware was supplied by the various domestic car manufactur-
ers. Hardware was Installed and adjusted in accordance with recommended pro-

cedures by laboratory personnel,

6.3.1 lnstallation

As discussed In several preceedlng paragraphs, high altltude kit instal~-
latfons were performed by laboratory personnel. In this respect no attempt was
made to provide personnel installing kits with speclal working conditions and
for the most part, Installations were performed under what can be described as
normal garage-type conditlons, A log book was malntalned as part of the Instal-

tation procedure. In [t records were maintained wlth respect to parts instalted
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and labor required to perform the varlous tasks.

As noted, kit hardware was Installed under normal garage-type conditlions
(le, speclial lighting, tools, bench area, etc, were not provided). From time to
time an observatlon of several of the installations was made (observations were
made under pretense by the consultant described In 6.1.1). As a result, the
following observatlions were recorded.

1. Assemblles to be modified were nelther cleaned nor removed.

2. No new parts or gaskets were routinely replaced except those which

comprised the kit Itself., On occasion a part or gasket inadvert-
ently damaged durlng the replacement operation was replaced.

3, Linkage, levers or settings disturbed for the necessary dlisassembly
of the unit were not cross-checked against a parts application or
speciflcation 1lst to verify that proper parts were currently
Installed.

4., No posltive Identification of the unit part was attempted.

5. Installers were not requlred by experience or training to qualify
as "experts" {n the carburetlion and ignition fields.

A combinatlion of the flve factors suggests that the benefits of modifi-
catlon would largely be cancelled by the errors and oversights committed during
the iInstallation process.

Klts were removed before vehicles were returned to owners (removal was
accomplished as suggested by certaln of the manufacturers to eliminate confllcts
relating to car warrantles)., As a result the potential for installation errors
and overslights was doubled. In any event, owner complaints developed. Exami-
nation of probfems relating to owner complalints revealed that dirt contamination
Inside choke assemblles, carburetors and distributors was present in sufficlent
quantities to disable certaln machanisms, Another saurce of complaints was
attributed simply to normal wear and tear. Settlngs and adjustments which had

become operationally borderline failed to function properly once disturbed.

6.3.2 Appllcatlion

Application of high altitude kits with respect to the parts and speclfl-
catlons supplied appears to be qulte ex;enslve. The parts supplied by General
Motors were Intended for use on all 1368-1973 model-year vehlcles with a few
possible exceptlons. The same is true of kits supplied by Ford and Amerlican
Motors. Parts supplied by Chrysler Corporation, however, were limited in

application to Chrysler products equlpped with Carter 2bhl carburetors only.
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As a result, addlitlonal test vehlcle procurement efforts were required.

6.3.3 Costs
Table 25 was constructed from log book data. Parts are charged at retall

Vist prices and labor Is charged at a typical labor rate of $12.00 per hour.

Mfgr Carb  # of Labor  Labor  Parts  Combined
(bb]) Yeh Hours Cost($) Cost($) Unit Cost(s)

AMMO 2 2 0.55 6.60 1.00 7.60
4 2 0.50 6.00 1.70 7.70
CHRY | 1 0.40 4.80 1.75 6.55
2 " 0.6k 7.63 1.62 9,25
FORD 1 6 0.45 5.40 0.31 5. 71
2 25 0.69 8.30 2.59 10.90
L 2 0.45 5.40 0.93 6,32
GM 1 4 0.32 3.90 0.00 3.90
2 25 0.78 9.36 4,28 13.64
b 19 0.77 9,28 3.8) 13.09

Table 25, Summary High Altltude Kit Parts and Labor Costs

The cost range for high altitude klts Is from about $3.90 Including parts
and labor to about $13.64 Including parts and labor and applies to the Instal-
latlon condlitlions described., As indlcated, 1t is probable that kit Installation
under typical repalr facillty conditions would result in a relatively high
Incidence of errors and overslights which would lead to numerous owner com-
plalnts. Kits could possibly be Installed by specialists provided with the
proper working condltions and complement of replacement parts to replace damaged
or worn parts. In this situation, however, Installation and parts costs are

expected to be conslderably higher than costs shown.

6.3.4 Summary of Observatlons

1. High altltude kits are relatively easy to install. However,
Intrinsic problems are assoclated wlth Installatlons performed
under typical garage-type conditlions,

2. High altltude kit application is broad although with respect to
certalin of the Chrysler Corporatlon models and certaln of the
other models, Installatlon Is not recommended except as a com-
plete carburetor replacement.

3. Labor and parts costs are reasonable as applied to conditions
described. The average cost range Is from $3.90 to $13.64 as

applled in the study. Costs are predicted to be much higher,
however, If applied under more exacting conditions.

6.4 DIF IN !

An experiment was performed on 25 cars whereby certain of the more signifi-

cant emlssion related parameters were evaluated. Adjustments were varied
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according to a random sequence to yleld a total of 7 comhlnations of varlables
on each of the 25 cars. The experiment was performed through the exclusive use

of laboratory personnel.

6.4.1 Adjustments

The adjJustment procedure has been described In detail In other sections.
There were no particular problems whlch developed as related to the adjustment
procedure ltself although vehicle operational prchlems relating to safety were
experienced. Several of the experimental settings called for a neutral idle
rom Increase of 200 rpm, The increased rpm adversely affects engine braking
characteristics during closed throt:le decelerations which results In increased
whee! braking requirements during deceleration and {dle operating modes, It
should be noted, however, that experimental values were selected to represent an
extreme In adjustment tolerance and were devised specifically to attempt to

reduce CO emlssions.

6.4.2 Application

Although the experiments were performed on a 1imited number of vehicle-
englne comblinations, there is no reason to belleve that certalin of the more
effective adjustment combinations will not apply to nearly all of the 1964~1972

light-duty vehiclie population,

6.4.3 Losts

A discusslon of costs is not appllicable.

6.4, 4 ar f _0b vatlio
}. Modifled tunlng adjustments are relatively easy to perform.
However, ldle rpm adjustment to the experimental value poses
problems relating to safety.

2, Adjustments can be applled to virtually all light-duty vehicles.

6.5 MANDATORY ENGINE MAINTENANCE

A quasi-theoretical approach was employed to evaluate mandatory engine
malntenance., Mandatory malntenance was defined as routine replacment of certain
of the emisslon related engine and component parts, Resulting from extensive
dlagnosls, certaln of these parts which were elther defective due to normal

wear and tear or In borderline condltion were replaced. An evaluatlion was
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then performed to deté;mlne the effectlveness of mandatory malntenance based on
the assumption that replacement of parts In proper operating condltlon would

result In minlmal additional emlssions reduction.

6.5.1 Installation

Because of the approach which was employed to evaluate mandatory englne
malntenance, parts were not changed as a matter of routine. However, there Is
no reason to expect that problems of any magnitude would develop as generally

applled.

6.5.2 Applicatjon

Sirice maintenance Is now performed as a matter of routine on all vehicles

there 1s obviously no problem with respect to application.

6.5.3 Losts

In order to establish costs for mandatory engline maintenance a flat rate
manual and retail parts list were consulted. Part costs are based on replace-
ment of the following items which are designated to comprise mandatory englne

malntenance:

Spark plugs
Contact polnts/condensor

Alr filter element

Labor Is based on the flat-rate time indicated in the manual to Install the
above parts and to perform the following adjustments which In essence comprise

a minor tune-up:

tgnition dwell adjustment
lgnitlon timing adjustment
ldle air/fuel mixture adjustment

ldie speed adjustment

Summary cost data for mandatory englne tune-up are shown in Table 26.
As Indicated in Table 26, the cast range for mandatory engine malntenance
Is from $33.35 for an 8 cylinder Amerlcan Motors product to $58.77 for 8 cylin-

der Bulicks and Cadlillacs.
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Make # of # of Llabor Llahor Parts  Combined
Yeh Cyl. Hours Costd Cost$ Unlg Costs
Ammo b 8 2,00 24,00 9.35 33.35
Bulc 6 8 2,80 33.60 25.17 58.17
Cadl 2 8 2,80 33.60 25,17 58.177
Chev 5 6 1.90 22.80 19,4 42,21
Chev 36 8 2.80 33.60 23.97 57.57
Chry 1 8 1.90 22.80 21.51 G, 1
Dodg 1 6 1.60 19.20 17.41 36.61
Dodg 8 8 1.90 22,80 21.31 44,11
Ford 8 b 1.60 19.20 18.55 57.95
Ford 37 8 1,80 21.60 22.87 Gu,u?
Merc 6 8 1.80 21.60 23,52 45.12
01lds 8 8 2.80 33.60 24,13 57.73
Piym 1 6 1.60 19.20 17,410 36.61
Plym 14 8 1.90 22.80 21,35 Wh. 15
Pont 13 8 2.80 33.60 23.77 57.37
Volk 5 N 2.00 24,00 10.55 34,55
Table 26. Summary Mandatory Engine Maintenance Costs

6.5.4 Summary of Observations

1. Since mandatory engine maintenance is comprised of the same elements
as minor tune-ups currently being performed as a matter of routine,
no unusual problems are anticlpated.

2, For the same reasons discussed above, mandatory engine malntenance
can be applied to all

vehicles.

3, Costs range from about $33.35 (or

7"

lower) to about $58.77 per unlt.
The majority of vehicles are expected to fall within this range.




7. RESULTS

This sectlon contains the results of the study In summary form in terms of
both effectlveness and cost effectlveness. 1tn this respect It should be noted
that effectlveness data ls based solely on the immediate affects that were
measured as a result of strategles applled. Potentlal deterloration which can
be expected to occur has not as vet been measured, although emisslons degre-
datlon factors on unmodified engines Is forthcoming, In a simllar regard, cost
data which was utillized to establish cost effectlveness ratios do not take into
account any of the factors which may be applied to determine the possible long

term effects.

7.1 IDLE EMISSIONS INSPECTION

The paragraphs which relate to idle emisslon Inspection Include effective-
ness and cost effectlveness data wlth respect to emlission reduction and fuel
economy at 0, 20, 30, 40, 50 and 60 percent rejection rates., Since the effect~
Iveness and cost effectiveness data is developed from data obtatned at roughly
a 60 percent rejection rate the data shown which corresponds to 60 percent
rejection Is accurate as presented. This is not to Imply that data shown for
other rejection rates are lInaccurate.

In developlng the tahles an HC and CO ldle emisslon standard was found
which falled vehicles equally by HC and CO at the rejection rate in questlon,
Once the standard was found, the group of vehlcles which falled the new standard
were rejected. A cost analyses was performed and a new cost basls (CB) was

establlshed as follows:

+
B = number of vehlicles rejected
where:

Inspection costs are equal to Inspection costs for all
vehicles (300 vehicles x $4.05/vehicle).

maintenance costs are equal to all malntenance costs to
repalr falled vehlicles.

number of vehlicles rejected Is equal to the numher of vehicles
rejected by the standard in questlon.

The new cost basls was then combhined with the effectiveness data and cost

effectiveness was established for the rejectlon rate In questlon,
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Slince the average vehlicle cost at 0% relection is $4.05 per vehicle (the
average inspection cost) and the average vehlcle cost at 603 rejection Is $10.22
per vehlcle, the approximate Incremental cost from 0 to 60% rejection is about
$1.00/vehicle for each additional 103 rejectlion or one-sixth of the difference
In average costs. B8ecause the vehlcles were not actually adjusted to comply
with the Idle standard In question but were actually adjusted to the standard
which falled 60% of the vehlcles, average malntenance costs at other than 60%
rejection are somewhat hlgher than would be measured If vehicles were ad]justed
to the corresponding standard., However, In a similar regard emlsslon reductlons
at rejection rates other than 60% are also higher since vehicles were adjusted
to the more stringent 60% rejection standard. Cost effectlveness data obtalned
are therefore representative of cost effectiveness data which wouid have been
developed 1f vehlcles had actually been adjusted to the idle standard at cor-
responding rejection rates. Idle emissions standards which were found to fall

the vehicle sample at varlous rejection rates are shown in Table 27,

REJECTION 1964-1967 Model-Year 1968-1973 Model-Year
RATE HC(pgom) CO(Z) HC(pom) €0(3)
20 1500 8.7 760 7.6
30 1100 8.2 580 6.4
40 850 8.0 460 5.2
50 700 7.1 400 b5

Table 27, Idle Emissions Standards at Varlous Rejection Rates

A presentatlion of effectiveness and cost effectlveness data for idle
emisslons Inspection follows. Fuel economy data is also presented. Drive-

abllity and performance data were not generated for this element of the study.

7.1.1 Effectiveness Data

Table 28 shows the emlssions and fuel economy data in grams per mile and
mpg whlch were measured at the varlous rejection rates. As can be seen In the
Table, HC, CO and NOx emisslons tend to decrease at each successively higher
rejection rate and fuel economy tends to improve.

Table 29 shows the emlsslons and fuel economy data In terms of absolute

emisslons reductions and fuel economy Improvement.
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REJECTION  _GRAMS PER MILF =~ ECONOMY

BATE HC €0 MOy MPG

0 7.98 110.3 2.59 14,53

20 7.37 106.5 2.59 14,61

30 7.14 1042 2,57 14.66

40 7.08 102.8 2,56 14,70

50 6.96 101,1 2,56 14,75

60 6.92 1300.2 2.55 14,77

Table 28, Absolute Emissions and MPG Data at Varlous Rejection Rates

REJECTION _GRAMS PER MILE  ECONOMY

RATE HC €0 NOy MPG
0 0 0 "0 0
20 0.61 3.85 0.019 0.08
30 0.4 6.09 0,027 D.14
40 0.90 7.53 0,037 0.17
50 1.02 9.24 0.03%2 0.23
60 1.05 10.16 0.047 0.25

Table 29. Absolute Emissions Reduction and Fuel
Economy Improvement at Varlous Rejection Rates

Table 30 shows emission reductions and fuel economy Improvement in terms

of percent at the varlous rejectlion rates,

REJECTION __% REDUCTION % IMPROVEMENT
BATE HC L0 NOx ECONOMY
0 0 0 0 0
20 7.63 3.49 0.74 0.57
30 10.48 5,52 1,05 0.95
40 11.26 6,82 1,42 1.18
50 12,72 8,37 1.23 1.57
60 13,21 9.2V 1.80 %A

Table 30, Percent Eﬁlsslons Reduction and Fuel
Economy Improvement at Varlous Rejection Rates
As can be seen In the Tables above, HC, CO, and NO, reductions become
greater with each successively higher rejection rate and fuel economy tends to
improve. An examination of emlssions and fuel economy data by vehicle make,
model~year, engline slze, vehlcle welght and the emission controlled and uncon-
trolled vehlicle populations indicates that emlisslon reductlons and fuel economy
Improvements are similarly achlieved for each successively higher rejection rate.
In this regard it can be concluded that vehlicie Inspection, rejectlon and

maintenance Is effective with respect to all of the factors Investligated.

7.1.2 Cost Effectiveness Data
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Cost data, Including both inspection and malntenance fees, were comblned
with emisslons data and a cost effectiveness (CE) ratio was developed. The CE
ratio expresses the cost effectlveness relatlonship In terms of emlsslions
reduction/dollar actually spent (cost estimates to repair problem vehlcles are
not Included). In order that cost effectlveness data may be convenlently
presented In terms of whole numbers, CE data Is expressed as milligrams/mile/

dollar., Table 31 shows cost effectlveness data at the varlous rejectlion rates.

REJECTION  MILLIGRAMS/MILE/DOLLAR
BATE HC G0  NOx
0 0 0 0
20 84 533 2.6
30 104 754 3.4
40 101 849 4,2
50 105 951 3.3
60 103 99y 4,6

Table 31, Summary of Cost Effectiveness at Varlous Rejection Rates

As Indicated In Table 31, the CE ratlo for HC rises sharply from 0 to 20
percent rejecthn and Is relatlvely level from 30 through 60 percent rejection.
The CE ratio for CO, however, rises sharply from 0 and contlnues to rise at a
decreasing rate through 60 percent rejection. CE for NO emissions Is similar
to that shown for HC. An examination of CE data by make, model-year, engine
slze, welght and the emisslons controlled and uncontrolled vehlcle population
(Appendix 11) Indicates roughly the same trends. In thls respect It can be
concluded that cost effectlveness data applies equally to all of the factors
Iinvestigated.

Table 32 Is comprised of summary data showling emlssions reduction In per-~

cent and cost effectiveness at the various rejection rates,

REJECTION HC o —NOx

RATE (CE) 32) (CE) (%) (Ce) ()

0 0 0 0 0 0 0
20 84 7.6 533 3.4 2.6 0.7
30 108 10,5 754 5.5 3.4 1.1
40 100 11,2 849 6.8 4.2 1.4
50 105 12,7 951 8.4 3.3 1.2
60 103 13.2 994 9.2 4.6 1.8

Table 32, Summary of Combined Cost Effectlveness and Percent
Emissions Reduction at Varlous Rejection Rates
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Table 32 is particularly useful as demonstrated by the followlng example.
A reduction in CO emisslions is required at say a 8.5 percent level.
The 8.5 percent level is near the 50 percent rejection level. At the
50 percent rejection level:
1. The CE ratlo for HC is at an optimum level,

2. The HC reduction can be predicted to be nearly 13%,

3., The CE ratio for C2) is less than optimum but Is reasonable
nonetheless.

4, The CE ratlo for NOx is near optimum (A second degree best
flt curve to the data would probably indicate CE for NO,
to be optimum near 50% rejection).

5. The NO, reduction can be predicted to be about 1.25 percent.

7.2 EXHAUST CONTROJ RETJROFIT (CALIFORNIA APPROVED)

The followlng paragraphs which relate to the California approved retrofit
systems Include data on emissions reduction effectiveness, and cost effective-
ness and fuel economy data. Drlveabllity and performance data are also shown.
Since changes In driveabillty characteristics are not normally presented in
terms of percent, changes are shown as an absolute difference in demerit
ratings. Performance data are based on percent changes In acceteration and
deceleration time as initlally measured in seconds. Acceleration data are
related to englne power output and deceleratlon data are related to englne
braking characteristics during closed throttle engine operatlon.

There are no standards to which warm drlveablility characteristics can be
compared aside from an improvement or deterloratlion from one vehlcle conditlon
to another. However, an Indlcation of demerit ratings by vehicle population
has been developed from the data generated. |In thls respect it has been found
that the average demerit rating for 1964-1967 model-year vehicles Is 25 and the
average demerit rating for 1968-1973 model-year vehicles Is 10. Average demerit
ratings were developed from the sample of vehicles utilized to evaluate sea-
level and altitude retrofits at baseline conditions. Each of the vehicles In

the sample had been well tuned prior to evaluatlon,

7.2.1 Effectiveness Data

Table 33 shows summary basellne emisslons and fuel economy data for the

various samples utlllzed to evaluate retrofit.
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BETROFIT 2 of GRAMS PER MILE  ECONOMY
JIBE YEH. HC 0 NOx
1964-1967 Model-Years
VSAD/A.BLD, 5 7.7 120 2.6 15.0
VSAD/EGR 8 9.8 155 1.2 13.9
EGR/A.BLD. 7 11.2 157 2.0 12,7
- del =
CATALYTIC 4 5.6 81 2.1 14,3
LPG 3 6.9 95 4.1 1.8
A.BLD, 6 4.2 63 3.1 17,2
EGR 5 5.1 62 2.8 17.2
EGR/A.BLD. 4 4.8 96 2.7 13.3
FBPR 5 5.4 103 2.5 13.0

Table 33. Absolute Basellne Emissions and MPG
Data for Sea-Level Retroflt Sample

Table 34 shows the emisslons reduction and fuel economy [mprovements [n

terms of percent change as a result of retrofit effectiveness,

REIROFIT ——4 REQUCTION

ee HC L0 NOy ECONOMY
1964-1967

VSAD/A.BLD. 18.6 8.6 46.8 - 8.0
VSAD/EGR 26.1 11,2 27,6 - 0.4
EGR/A.BLD.  22.4 21.2  25.4 2.4
1968-1972

CATALYTIC 72.3 83.5 - 2.8 1.7
LPG 40.5 53.5 - 3.8 21.7
A.BLO, 17.5 41,8 =-23.7 - 0.9
EGR 7.1 2.2 u2.8 - 8.8
EGR/A.BLD. 17.0 48,0 28.8 1.7
FBPR 18.0 29.7 -22.6 2.6

Table 34, Percent Emissions Reductlion and Fuel
Economy Improvement for Sea-~Level Retroflts
Based on the data shown In Table 34, the followling observatlions are made:

Catalytic and LPG systems are the most effective for HC and CO
reductlion.

Systems incorporating Air Bleed and the FBPR system are effective
In reducing HC and CO emlsslions. NOx emisslon tends to Increase
and fuel economy tends to be Improved.

Systems Incorporating VSAD are effective in reducing HC and NOy
emissions. Fuel economy tends to be decreased.

Systems Incorporating EGR are effective In reduclng NOx. EGR In
Itself causes reduced fuel economy.

Systems Iincorporating EGR and Alr bleed tend to reduce HC, CO and
NOx. Fuel economy tends to be Improved.

7.2.2 Cost Effectivepess Data
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Cost data including hardware and installation charges were combined with
effectiveness data and a CE ratio was developed. Cost effectlveness data for

the various sea-level retrofit types are shown in Table 3%.

RETROFIT MILLIGRAMS/MULE/DOLLAR
TYPE HC €0 NOx
1964-1967 .,

VSAD/A.BLD. S7.4 412,00 47,8
VSAD/EGR 102.7  690.7 13.4
EGR/A.BLD. 67.8 899.6  13.5
CATALYTIC 25.9 435.8 - 0.4
LPG 4.3 78.5 -~ 0.2
A.BLD. 29.2 1047.1 =29.0
EGR 1.1 42.4  36.6
EGR/A.BLD. 22.3 1240.1 21,3
FBPR 39.9 1266.6 <=23.7

Table 35, Summary of Cost Effectlveness of Sea-Level Retrofit

Summary cost effectliveness and emissions reduction dota are combined and
are shown In Table 36, This table Is also of particular beneflt since it is
useful In selecting the type of retrofit which would be required to achleve a

balance between effectiveness and cost effectiveness.

RETROFIT HC Co NOx
G ( «B8 G & @
1964-1967
VSAD/A.BLD 57.4 18.6 412,40 8.8 47.8 4G, 8
VSAD/EGR 102.7 26.1 690.7 11.2 13.4 27.6
EGR/A.BLD. 67.8 22.4 849,.6 21.2 13.5 25.4
1968-1972
CATALYTIC 25.9 72.3 435.8 83.5 - 0,4 =-2.8
LPG 4,3 40,5 78.5 53.5 - 0.2 =~ 3.8
A.BLD. . 17.5 1067.1 41,8 -29.0 =23.7
EGR 1.1 7.1 42.4 2.2 36.6 42.8
EGR/A.BLD. 22.3 17.0 1240.1 48.0 21.3 28.8
FBPR 39.9 18.0 1266.6 29.7 -23.7 =22.6

Table 36. Summary of Combined Cost Effectiveness and
Percent Emissions Reduction for Sea-Level Retroflt

7.2.3 Yahigle Driveablility and Performance
Driveability and performance affects of the various retrofits are shown In
Table 37 where a negative stgn (=) indicates a penaity In terms of both drive-

abllity demerits and percent change in performance data.
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BETROFIT DRIVEABLLITY —PERFORMANCE
JYRE {CHG, in DEMERITS) 0=-70 (% 10-30
1964-1967 CHG.)
VSAD/A.BLD. 3 -6 -1
VSAD/EGR -9 -3 -2
EGR/A.BLD. -30 -2 -1
8-19

CATALYTIC 30 -13 -1
LPG 43 -25 12
A.BLD. -7 -3 -4
EGR -1 -2 4
EGR/A.BLD. -7 0 -2
FBPR -1 -5 2

Table 37. Driveability and Performance Affects of Sea-Lcvel Retrofit

7.3 EXHAUST CONTROL RETROFIT (HIGH ALTITUDE KI1TS)
The followlng paragraphs which relate to the evaluatlon of high altltude
kits contaln effectiveness and cost effectiveness data, The affects of the

high altitude kits are also presented in terms of driveability and performance.

7.3.1 Effectlivenegs Data

Baseline emissions and fuel economy data Is shown In Table 38.

MAK ? of GRAMS PER MILE ECONOQI4Y
YEH, HC 0 NOx  MPG
AMMO 4 5.78 67.3 2.97 13.1
BUIC b 4,86 100.8 3.01 1. b4
CADI 2 3.4 109.5 1,85 9.8
CHEYV 26 S. 11 72.7 2.6% 13.6
CHRY | 4,29 72.49  2.43 11,5
DODG 6 7.02 10tV,7 2.37 13.7
FORD 217 5.18 78.3 2.57 14,0
MERC 6 5.13 61.5 3.67 4.0
QLns 6 u,.67 75.0 2.67 12.7
PLYM 8 5.81 102.5 2.1 13.6
PONT 3 4,94 90,3 3,32 12,1
ALL 100 5.23 81.4 2,70 13.3

Table 38, Absolute Baseline Emissions and MPG
Data for Hlgh Altltude Retrofit Sanple

Table 39 shows emission reductlons and fuel economy improvement in percent
as a result of high altitude kit installations.

As indicated in Table 338, the klts provided by American Motors Corporation
caused Increases In HC, CO and NOx emisslons and a slight Improvement In fuel
economy. Kits supplled by General Motors Corporation caused a reduction In CO,
except as applied to Oldsmobile, and improvements In fuel economy. GM kits also

caused increases In HC and NOx emisslons. Installation of kits furnished by
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MAKE MFGR ___% REDUCTION % IMPROVEMENT
HC L0 MO, ECONQMY
AMMO Ammo - 9,5 =12,2 = 17.4 1.7
BUIC GM - 8.4 8.6 =~ 19,2 2.3
CAD! GM -49.3 23.3 -138.9 6.2
CHEY GM - 6.5 3.1 = 28.9 4.9
CHRY Chry -76.6 6.1 = 40.0 7.7
DODG Chry 28.2 59.9 - 97.9 8.5
FORD Ford 0.5 8.0 - 20.2 3.2
MERC Ford 2.5 13.5 - 3.8 3.1
QLDsS GM - 8.5 -6.,0 - 23,7 0.5
PLYM Chry 33.6 54.3 - 79.3 9.6
PONT . GM 2.3 18.3 - 23.7 2.8
ALL 1.4 15.6 = 31,1 4.3

Table 39. Percent Emissions Reduction and Fuel
Economy Improvement for High Altitude Kits

Chrysler Corporation resulted In CO reductions and a HC reduction except as
applied to a Chrysler make (\ car in sample). Chrysler supplled kits generally
caused NOyx emission to increase and fuel economy to improve., Kits provided by
ford Motor Company caused CO reductions and slight reductlions in HC., Fuel
economy [mproved and NOx emissions increased. With respect to the overall
sample the kits caused a 1.4 percent decrease In HC, a 15,6 decrease In CO, a

31.1 percent increase in NO, and a 4.3 percent Improvement In fuel economy,

7.3.2 Cost Effectiveness
Cost data, including both Installatlion and parts costs, were comblned wlth
emissions data and a cost effectlveness ratio was developed. The CE ratio as

determined by vehicle make is shown [In Table 40.

MAKE MILLIGRAMS/MILE/DOLLAR

HC [} NOx
AMMO - 71.6 =-1073.8 = 67.5
BUIC - 32.3 689.2 - 45.8
CADI -138.9 2090.2 =210
CHEV - 217.6 188.0 - 63.4
CHRY ~366.9 493.9 -108.7
00DG 201.1 6175.9 =-235.0

FORD 2.6 653.7 =~ 54.3
MERC 12.3 810.0 - 13.5
0LDS - 30,2 - 3u43,6 - u48.2
PLYM 229.7 6541.9 -199.2
PONT 7.8 1148.2 - 5u4.6
ALL 6.9 1161,y - 76,7

Table 40. Summary of Cost Effectiveness of High Altitude Kits

As Indlcated in Table 40, the cost effectiveness range Is wide. CE ratios
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for HC vary from -366.9 to 229.7. For CO the CE ratio ranges from a tow of
-1073.8 to a high of 6541.9 and for NO the range Is from =235.0 to -13.5.
Table 41 Is comprised of summary data showing emissions reduction In

percent and corresponding cost effectiveness ratios.

MAKE HC co. NOx

{CE) 2 {CE) 2 e (€3]
AMMO - 71.6 =~ 9.5 -1073.8 =-12.2 = 67.5 = 17.4
BUIC - 32.3 - 8.4 689.2 8.6 -~ 45.8 - 19.2
CAD1 -138.9 -u49.3 2090.2 23.3 -210.1 ~-138.8
CHEV - 27.6 - 6.5 188.0 3.1 - 63,4 - 28.9
CHRY -366.9 =-76.6 493.9 6.1 -108.7 - 40.0
DODG 201.1 28.2 6175.9 59.9 -235,0 - 97.9
FORD 2.6 0.5 653.7 8.0 - 54,3 =~ 20,2
MERC 12.3 2.5 810.0 13.5 - 13.5 = 3.8
oLos - 30.2 - 8.5 - 343.6 - 6.0 - 48,2 - 23,7
PLYM 229.7 33.6 6541.9 54.3 -199.2 = 79.3
PONT 7.8 2,3 1148.2 18,3 - Sb,6 =~ 23,7
ALL 6.9 1.4 e 15.6 - 76.7 = 31.1

Table 41. Summary of Comblned Cost Effectiveness and Percent
Emissions Reduction for High Altitude Kits

7.3.3 Driveabjlity and Performance Affects

Changes In driveablility and performance are shown In Tabhle 472.

HAKE DRIVEABILITY PERFURMANCE

(CHG. in DEMERITS) 0-70 (% 10-30
AMMO -1 -2 CHG) i
BUIC -3 -3 -4
CADI " -5 10
CHEV 2 -5 1
CHRY -28 -8 12
DODG -8 0 2
FORD 0 2 -6
MERC -2 -2 -7
oLDS -24 -1 -10
PLYM -9 -5 -4
PONT 2 -3 -4
ALL <3

Table 42. Uriveabillity and Performance Affects of High Altitude Kits

7.4 F TU Fl 10
The following paragraphs relate to the results that were obtalined in the

evaluation of modified tuning specifications. Cost data !s not applicable.

7.4.1 Effectiveness
In Table 43 is shown the emission reductions and fuel economy improvements
which were obtained as a result of modified tuning speclifications. The experi-

ment was deslgned primarily to reduce CO emissions. Substantial CO reductions
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were achieved as a result of the strategy. 1In addition, several comblnations
of modifled adjustments resulted In slight HC reductions and Improvements In

fuel economy. All combinations resulted in slight Increases In NOx. The

PARAMETERS AT ¢t of % REDUCTION OVEMENT
EXPERIMENTAL IESTS HC  §O  NOX  ECONOMY
SETTINGS
SINGLE }TEMS
A/F RATIO 99 9.5 25.0 -29.2 0.2
BASIC TIMING 100 -4.& 16.8 <=3u4.5 0.9
IDLE RPM 100 2.5 14.0 =26.7 -1.8
CHOKE 100 -0.6 16.6 =28.7 =0.3
| !
A/F-TIMING 50 3.7 27.7  =38.4 1.8
A/F=RPM 50 8.6 24.9 =31.1 =-0.9
A/F=CHOKE 51 9.0 28.6 =32.6 0.3
TIMING-RPH 50 =2.9 17.3 =35.9  =0,6
TIMI NG=CHOKE 51  -8.5 20.9 =37.8 1.3
RPM=CHOK E 50 =0.5 16.2 =31.4 =1,4
A/F=TIMING ONLY 23 4.9 22.2  -33.4 2.7
A/F-RPM ONLY 25  15.3 20.4  =16.0 =2,
A/F=CHOKE ONLY 24 16.9 24.3 =-16.8 =0,6
TIMING-RPM ONLY 26 =2.7 k.4 =27.0 =2.3
TIMING-CHOKE ONLY 23 -=14,4 7.0 =30.3 1.0
RPM~CHOKE ONLY 24 2.4 2.5  =13.4  -u.0
() N
ALL PARAMETERS 25 2.7 29.8 -ul.6 0.5
MRGRS. SPECS. 25 0.0 0.0 0.0 0.0

Table 43, Percent Emissions Reductlon and Fuel Economy
Improvement for Modifled Tuning Specifications
followlng Is offered to explain the method by which summary data were obtained.
1t should be rememhered that 8 tests were conducted on each of 25 cars for

a total of 200 tests. Generally, each parameter was adjusted to the experi-
mental value In combination with one other parameter except that in one case
all parameters were adjusted to experlimental values (ALL PARAMETERS) and ln one
other case ﬁone of the parameters were adjusted to experimental values (MFGRS.
SPECS.). In viewing each parameter Indlvidually then, each parameter set to
the experimental value appears in 100 tests. In viewing a combination of two
parameters wl thout regard for other parameters, a combination of two appears

in 50 tests. The combination of two parameters set to experimental values by
itself appears !n 25 testsw.
eBecause of an error in the adjustment sequence which was not noticed untl}

testing was completed, the absolute number of tests prescribed at each experi-

mental setting was not performed. Data shown In Table 43 Is based on the
actual number of tests performed at prescribed settlngs.
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7.45.2 Driveabillry and Performance Affects
The results of driveablllty and performance tests are shown in Table 44

where data |s averaged at each of the test conditfions shown,

PARAMETERS AT 2 of __DRIVEABULLTY = __ PERFORMANCE
EXPERIMENTAL IESIS (LHG. In DEMERITS) 0-70 (3 10-30
SEITINGS CHG)
SINGLE LTEMS

A/F RATIO 99 -9 -y ~10
BASIC TIMING 100 -10 -4 -9
(DLE RPM 100 -9 -5 -12
CHOKE 100 -11 -6 -9
COMBINATIONS QF 2

A/F-TIMING 50 -11 -5 -39
A/E=RPM 50 -10 -5 ~13
A/F-CHOKE 51 “12 -5 -10
TIM{NG=-RPM 50 -12 -y -12
TIMING=CHOKE 51 -13 -5 -9
RPM=CHOKE 50 -12 -8 -12
A/F=TIMING ONLY 23 -6 -4 -4
A/F=RPM ONLY 25 -4 -4 -14
A/F=CHOKE ONLY 24 -9 -3 -6
TIMING=RPM ONLY 24 -8 -2 -10
TIMING=CHOKE ONLY 23 -1t -5 -4
RPM=CHOKE ONLY 24 -8 -10, -1
LOMBINATIONS OF 4

ALL PARAMETERS 25 -16 -6 -13
MFGRS. SPECS. 25 0

Table 44, Driveabllity and Performance Affects
of Modifled Tuning Speclfications

tt should be noted that for the most part, each of the strategies applled
which Involve modification to englne parameters normally resulted in some
deterioration In driveabllity and performance. It has been mentioned earlier
that standards in performance are non-existent aslde from a simple comparison
of one condition to another, With respect to the data shown above, a demerit
change of about =10, a 0-70 mph change of -5% and a 70-30 mph change of =5 to

~10% would probably be acceptable.

7.5 MANDATORY ENGINE MAINTENANCE

The paragraphs which follow relate to effectiveness and cost effectiveness
for mandatory engine maintenance, ODriveability and performance data were not

developed.

7.5.1 Effectiveness
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basellne data for mandatory engline malntenance are shown In Table 45.

Percent emisslions reductlon and fuel economy Improvement are shown in Table u6,

MAKE ¢ of GRAMS PER MILE  ECONOMY
YEH HC €0 _NO  MPG
AMMO "4 6.60 99.2 2.41 12.7
BUIC 6  5.92 127.4 2.45 11.3
CAD! 2 3.80 111.3 1.84 9.9
CHEV 41  8.85 110.3 2.57 13,1
CHRY 1 4.63 73.8 2.43 11.9
0ODG 9  7.68 106.4 2.79 14,3
FORD 45 7.19 88,3 3,02 1b.b
MERC 6 5.31  62.3 3.26 1k.7
oDS 8 6.70 117.8 2.33 11,9
PLYM 15  8.57 129.6 2.27 13.4
PONT 13 7.40 113.7 2.84  12.3
VOLK 5 S.41 80.3 1,89 21.2
ALL 155  7.53 103.6 2.68  13.6

Table 45, Absolute Baseline Emissions and MPG Data
for Mandatory Engine Maintenance Sample

MAKE # of _ _ % REDUCTION % IMPROVEMENT
Yeg 4ac Lo _NO ECONOMY .
AMMO 4 12.4 32,1 =23.3 3.0
BUIC 6 17.8 20.1 -22.8 1.4
cADI 2 9.4 1.6 - 0.6 -1.1
CHEV 41 30,4 12,5 12,0 2.6
CHRY 1 7.4 1.2 0.1 -3.7
00DG 3 - 1.2 -9,1 19.4 -1.4
FORD 45 12.9 3.4 15.5 -0.1
MERC 6 3.5 1.3 =13.5 -4.6
oLDs 8 16.2 16,0 - 1.7 5.1
PLYM 15 26.9  13.1 6.7 2.1
PONT 13 16.2 7.9 1.3 1.1
Vo LK 5 8.4 6.5 4.3 4.7
ALL 155 19.2 9.1 8.2 1.2

Table 46. Percent Emlissions Reduction and Fuel Economy
Improvement for Mandatory Engine Malntenance
7.5.2 Cost Effectiveness
Costs, Including both parts and flat rate manual labor rates and assoclated
costs, were combined with emlsslons data and cost effectiveness data for manda~-
tory engine maintenance were developed as shown In Table 47, Mandatory mainte-
nance appears to be cost effective with respect to several of the various makes
and less so for several of the others. On the average It appears that mandatory
engine maintenance Is less cost effective than certain of the other strategies
Investigated particularly as related to CO emissions. 1In Table 48 Is shown

percent emissions reduction and cost effectiveness data.
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MAKE  MILLIGRANS/M)LE/DOLLAR
HC %) NOx
AMMO 24,6 955.9 -16.9
BUIC 17.9 453.2 - 9,5
CADI 6.1 29.9 - 0.2
CHEV 48,4 248.1 5.5
CHRY 7.7 20.5 0.0
DODG - 2.1" =222.6 12.5
FORD 21.4 69.4 10.9
MERC 4,1 18.4 - 9,7
oLdsS 18, 8 327.1 - 0.7
PLYM 52.9 387.3 3.5
PONT 20.8 156.2 0.7
YO LK 13,1 151.8 7.8
ALL 29,6 192.7 4.5

Table 47. Summary of Cost Effectiveness for Mandatory Engine Malntenance

MAKE HC co NO
R () (CEr () LCp) (%)
AMMO 24.6 12.4 955.9 32.1 -16.9 <-23.3
BUIC 17.9 17.8 453,.2 20.9 - 9.5 =-22.8
CAD! 6.1 9.4 29.9 1.6 - 0.2 - 0.6
CHEV 48.4 30. 4 248,11 12.5 5.5 12.0
CHRY 7.7 7.4 20.5 1.2 0.0 0.1
000G = 2.1 = 1.2 -222.6 = 9.1 12.5 19.4
FORD 21.4 12.9 69.4 5.4 10.9 15.5
MERC bod 3.5 8.4 1.3 - 9.7 -13.5
oLDS 18.8 16.2 327.1 16.0 - 0.7 = 1.7
PLYM 52.9 26.9 587.3 13.10 3.5 6.7
PONT 20.8 16.2 156.2 7.9 0.7 1.3
VO LK 13.1 8.4 151. 8 6.5 7.8 14,3
ALL 29.6 19.2 192.7 9.1 4.5 8.2

Table 48, Summary of Combined Cost Effectiveness and Emissions
Reduction for Mandatory Engine Maintenance

7.5 QBSERYATIONS

Table 49 has been prepared from data presented and discussed In previous
sectlons, The Table has been prepared to show on a relatlve basis the effect-
fveness and cost effectliveness of each of the strategles Investigated, The
basls for costs and effectlveness are derived from data presented in previous
sections except as applied to modified tuning specificatlions where cost data
were not developed. To develop the CE data for modifled tuning specificatlons
it was flirst assumed that two of the adjustments in comblnation would produce
reductions of 10% HC, 20% CO and -20% NOx. Examination of percent reductions
for modifled tuning specificatlons as shown In Table 43 willl verlify this assump-
tion to be correct (adjustments involving A/F ratio alone, A/F and choke, A/F

and rpm only and A/F and choke only). It was then assumed that costs to adjust
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STRATEGY HC co NOx _ ECON,BENE.
{DLE_INSP, € n €8 @ €8 & (3)
20% 80 8 500 3 3 i 1
303 100 10 750 5 3 ! 1
403 100 1 850 7 4 1 |
50% 100 12 350 8 4 1 |
603 o0 13 1000 9 5 2 2
CATALYTIC 25 75 450 85 0 0 0
LPG 5 40 75 55 0 -5 21
EGR/A.BLD 50 20 1000 30 15 25 2
A.BLD~FBPR 25 20 1150 35  -25 =25 2
VSAD/A.BLD 60 20 400 10 50 45 -8
HIGH ALT.KIT 5 | 150 15 =75 =30 4
MOD, TUN,SPEC, 100 10 4000 20 =20 =20 ]
MAND , MA| NT. 30 20 200 10 5 10 1

Table 49, Summarized Cost Effectliveness and Emissions
Reduction Data for Strategies Investigated

any two of the parameters would be $5.00., Effectlveness data (as assumed) and

cost data (5.00/two adjustments) were combined and a cost effectlveness ratio

was establlished for modiflied tunlng specifications.

Wi

th respect to emlssions and cost data as represented and without regard

for other factors, the followling observatlons are developed.

Each of the strategies investigated Is effective in reducing HC
and CO emlssions.

The range of reduction for HC is from about 1% for the high altl tude
kits to about 75% for catalytlic retrofit.

CO reduction ranges from a low of about 3% for an ldle emissions
rejection rate of 20% to about 85% for catalytic retrofit.

The range of reduction for NOx emlssions is from about -30% for
the high altltude kits to about 45% for the VSAD/Air Bleed retro-
flt system,

Each of the strategles generally produced sllight Increases in fuel
economy. An 8% decrease in fuel economy was measured for appli-
cation of VSAD/Alr Bleed, however.

The range of cost effectiveness ls wide:

CE for HC ranges from low of about 5 mllligrams/mlile/dollar (mmd)
far the high altltude kits to a high of about 100 mmd for Idle
emlsslon rejection rates at 30% and above and 100 mmd for the
more effective modifled tuning specificatlons.

CE for CO ranges from a low of about 75 mmd for LPG converslon
to a high of about 4000 mmd for the more effectlve modifled
tuning speciflicatlons.

CE for NOx ranges from a low of =75 mmd for the high altitude
klts to a high of about 50 mmd for VSAD/Alr Bleed retrofit.

Of the varlious Idle emission rejection rates, rejection of falled

vehicles at about the 40% rejection level appears to be about
optimum for CO and HC reduction. At 40% rejectlon:
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CE for HC Is optlmum and HC reduction ls relatively high,

CE for CO Is well up toward the optimum level and CO reductlon Is
relatively high, (A 50% rejection level galns 1% addlitional CO
reduction but a 30% rejection level loses 2% CO reduction).

Both CE and % reductlon for NOx emisslion are near optimum.
5. Of the sea-level retrofits investigated:

Catalytic and LPG systems represent the highest level of CO and
HC reduction.

For reasons relating to Initia) costs, fuel avallability, etc., the
VSAD/EGR, EGR/Alr Bleed, Alr Bleed and Float Bowl! Pressure Regula-
tion (FBPR) systems are probably more suitable for broad appltcation
to passenger cars In Colorado. It may be desirable to limit the
applicatlion to VSAD/EGR and EGR/Alr Bleed systems {n view of the
relatively large Increases In NOx emlssion attributed to Alr Bleed
and FBPR systems.

Catalytic and LPG systems could be applied In fleet operations
where costs and speclal fuel requirements for LPG would be borne
by business as opposed to indlviduals.

6. Of the high altitude kits investlgated:

All kits generally caused an Increase in NOx emisslons and an
improvement In fuel economy,

The GM suppliled kits generally Increased HC emissions and reduced
CO0 emisslons.

The Ford supplied kits generally lowered HC emisslons (slightly)
and reduced CO emisslions.

The Chrysler supplled kits generally lowered HC and CO emisslons
(except on the one Chrysler make In the sample).

The Amerlican Motors supplled klts generally caused Increases In
HC and CO.

7. Modificatlon of tuning speciflicatlions proved to be an effectlve
and cost effective HC and CO reduction strategy although NOx
emlsslons were generally increased. Of the parameters Investigated:

The experimental A/F ratio settlng appears to be the most effective
in reducing HC and €CO. tn comblnation A/F ratfo and choke experi-
mental settlings appear to be the most effective In reducing HC and
€CO. A/F ratlo and rpm experimental adjustments are also very
effective In reducing HC and CO.

Certain of the more effective HC and CO reducing combinations of
adjustment are the most cost effective of all strategles investi-
gated.,

8. Mandatory engine malntenance was effective In reducing HC, CO and
NOx emlisstons. However, mandatory engine maintenance Is one of
the least cost effectlve of all strategies investigated.

As a final note It should be observed that emissions reductions and cost

effectiveness are addlitive with respect to certaln combinatlions of strategles.

For example: all retroflt effectliveness and cost effectliveness data are additive
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with respect to the effectiveness and cost data developed for mandatory erglne
malintenance since all vehlicles utilized In retrofit samples were tuned-up prior
to retrofit Instatlation. In this respect the following applles:

Sea-level retroflt reductions can be added to mandatory englne malnte~
nance with the possible exception of catalytic and LPG systems.

High altlitude kit reductions can be added to mandatory englne mainte-
nance.

Modifled tuning specification reductions can be added to mandatory
engine maintenance.

8eyond the three combinations mentlioned a simple relationship does not exist.

To combine these affects, It should be realized that absolute emlssions reduc-

tlons and costs must be taken Into account as opposed to a direct combination

of reductlon data by percent.
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APPENDIX 1

TEST VEHICLE FLOW CHARTS
Before testing commenced, flow charts for the possible test sequences were
constructed as are shown on the following pages (Flgures 1 through 5). These
were constructed to assure that all required data were collected while per-
forming no unnecessary testing. A further beneflt was the Insurance that
vehicles would leave the testing program in a known conditlone and, therefore,

be avallable for a subsequent deterloration test program.

»Vehlcles undergoing a Combination Retrofit Test sequence (Figure 4) would not
be avallable for deterloration studies. However, Investligation revealed only
a maxImum of 19 vehicles would go through this sequence. |t was not felt that
thls number would detract from the deterlioratlon program,
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INSPECTION AND MAINTENANCE TESTS

Recelve injtial Inttiatl Detiver to Pleck up from
From Emisslon —®| Status —®| Inspection —| Inspection
Owner Test Inspection Station Statlion
Return Does this car Inftial Idle
To < No Requlre 4 Yes Inspection
Owner Further Tests? Passed?
Yes No
L4 .4
Does this car Determlne Second Second
—Yes| Have a Test l4— Maintenance Status Emission
Optlon? Reaquirements Inspection Test
No
Assign
® Required
Forms
Is Retroflit Asslgn
Malntenance —Yesf® or Tune-up [Tune-up— Tune-up
Requlred? Sequence? Forms
1
No Retrofit
Asslgn - Prepare
Combination For
Retrofit Forms Testing
Sea-level Asslgn
or Altitude —Altltude® Altitude
Retrofit? Retrofit Forms

Sea-level

Asslgn
Sea-level
Retrofit Forms

FIGURE 1
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SEA-LEVEL RETROFIT TESTS

Perform Emisslion Driveablllty
Malntenance B Test Test
Install Retrofit w/Devlce w/Devlice

¢

Remove was
] Retrofit [@No—- Malntenance
Device Performed

—

Yes
\:4
Return Driveablilty Emisslon Remove
To id—— Test <3— Test H——- Retrofit
Owner wo/Devlice wo/Device Device
FIGURE 2
ALTITUDE RETROFIT TESTS
Perform Emission Driveabllity
Maintenance ——8 Test 1 Test
Install Retroflt w/Devlce w/Devlice
Remove Was
— Retrofit {&-to— Malntenance
Device Performed
[
Yes
' 2
Return Driveabllity Emisslon Remove
To Test ¢ Test [4—— Retroflt
Owner wo/Device wo/Device Device
FIGURE 3
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COMBINATION RETROFIT TESTS

96

Perform Maintenance Emisslion Driveabillty Remove Emission
Install Sea- | Test | Test | Sea-level ;—-b Test
Level Retrofit w/Device w/Device Retrofit wo/Device
Return| Remove Driveability Emlsslon Instatll Driveabllity
To G—Altltuderﬂ-— Test 4 Test d—Altitude|d—Test
Owner Retrofit wo/Device w/Device Retrofit wo/Device
FIGURE 4
MODIFIED TUNING SPECIFICATION TESTS
Perform Malntenance Emission Driveability Adjust Emission
AdJust to —® Test at P|Test at ~#|To Second-d|Test at
Flrst Setting Setting 1 Setting 1 Setting Setting 2
Adjust Driveahlilty Emisslon Adjust Driveabllity
To Fourth|@—Test at Q—‘Test at |@4— To Third|d— Test at
Setting Setting 3 Setting 3 Setting Setting 2
Emission Driveabl1lty Adjust Emission Driveabillty
Test at —P|Test at —|To Fifth—|Test at |—P|Test at
Setting 4 Setting U Setting Settlng S Setting 5
Emisslon Adjust to Driveabllity Emission Adjust
Test at Seventh |@—Test at g Test at (&4—1To Sixth
Setting 1 Setting Setting 6 Setting 6 Setting
Driveabiiity Adjust to Emission Driveabllity Return
Test at | Elghth F—|Test at —P»|Test at ——— | To
Setting 7 Setting Setting 8 Setting 8 Owner
FIGURE 5



APPENDIX 2

DATA ACCUMULATION FORMS

The varlous data forms were deslgned following the construction of vehicle flow

charts. Each Is deslgned to collect the data generated at a major test point

Indlcated on the flow charts of Appendix 1,

The forms were utillized as follows:

1.

l‘.

Vehicle Informatlion (Flgure 1)

The vehicle number was assigned and critical Information obtalned from
the owner was recorded at the time the vehicle was scheduled by the
procurement specialist. This information was confirmed at the time the
vehicle was accepted for. testing to insure compliance to sample
speclflicatlons. The other data blanks were also filled In at the time of
vehlcle acceptance.

Emission Test (Figure 2)

This Information was collected during the Federal Mass Emission Test,
the Keymode Test, and the Idle Emission Test,

Malntenance Status Information (Figure 3)

This inspection was performed followling each emission test of the ldle
Emlssion Inspection Evaluatlon.

Inspection Statlion Results (Figure &)

The information recorded on this form was collected by the inspector

and mechanic at the inspection statlon.

Warm Vehlcle Driveability Test Form (Figure 5)

The driveablillity information was taken during the driveability test
followling each emission test of the Retrofit Evaluation and the Modlifled

Tuning Evaluation.
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VEHICLE INFORMATION
TEST SEQUENCE VEHICLE NO.
YEAR MAKE MODEL ODOMETER
CcYL CiD B3L TRN INJWT, HP EMC EVC PCV
(E | ] i ) VEHICLE (INSPECTION
LICENSE NO. STATE FEDERAL 1.D. NO.
Antenna Trunk 1id
Left rear fender Rear end
Left door(s) Rear bumper
Left front fender Top
Hood Window glass
Grille Tlres
Front bumper Hub caps
Right front fender Mirrors
Right door(s) interior
Right rear fender Tape Deck? Yes No
Miscel laneous
Agreed to (Date), by (Initial)
NAME PHONE : HOME WORK
INCOMENG DATE AND TIME
INSPECTION STATION
CONDITION WHEN RETURNED
Odometer Date
Condition
Check ¢ tnitial
Punched
input Proofed
SEALED by input Corrected
veh, Info. Proofed

Automotive Testing Laboratories, Inc.

FIGURE 1

98



EMISSION TEST

LINE NO. INSTRUMENT SET
TEST NO. DATE VEH.NO,
BAROMETER DRY BULB WET BULB
50 MPH LOAD INERTHIA WT, TIME
OPERATOR DRIVER
EPA TEST
HC co C0y NO x LHC
COLD TRANS. BXGMND
COLD TRANS, SAMPLE
COLD STAB. BKGND
COLD STAB. SAMPLE
HOT TRANS. BKGND
HOT TRANS, SAMPLE
BLOWER REV. PRESSURE
COLD TRANSIENT
COLD STABILIZED
HOT TRANSIENT
KEYHMODE
HC co CO2 NO x LHC
IOLE
LOW CRUISE
HIGH CRUISE
SUN IDLE MISFIRE NOxCONTROL 0OK?
SUN LOW CRUISE YES NQ NA _YES NO
SUN HIGH CRUISE YES NO NA _YES NO

SUN 2500 RPM

Emission Test Proofed
chart Proofed
input Punched

nput Proofed

i
Automotive Testing Laborato;iﬁsbé:lc. Corrected

Output

FIGURE 2
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MAINTENANCE STATUS [INFORMATION

TEST NO. VEH.NO. DATE
As RecelVed From Uwner

1. Points/Condenser ok? YES NO

2, Distributer cap ok? YES NO

3. lgnition wlres ok? YES NO

4, Alr Pump ok? NA  YE»  NO
5.. 1dle RPM - (MS) =
6. Timing Degrees - (MS) = o
7. Dwell - (MS) .

8., PCV ok? NA TSt
9. Air Cleaner ok? YiL N
10. Choke ok? (Vacuum kick & heat riser) NA__ Y0P _NO
11. ldie €0 MS —
12, Misflre? AP
13, NOyx Contro! ok? NA o YES
—————————— As Returned From Tn;pgc?ign—S?aflan— -0 -
1. Points/Condenser ok? YES NO

2. Distributer cap ok? YES NO

3, Ignition wires ok? YES NO

4., Air Pump ok? NA _YES Ny
5. Idle RPM - (1) =

6. Timling Degrees - (MS) 2

7. Dwell - (M5) = e
8, PCV ok? NA _YES HO
g, Air Cleaner ok? YEu _ NO
10. Choke ok? (Vacuum kick & heat riser) YES

11, tdle CO MS R
12. Misfire? YeS _NO
13. NOx Control ok? NA _(EQ _NO

tnfo. Proofed

Input Corrected_

input Punched
input Proofed

Automotive Testing Laboratories, Inc.

F1GURE 3
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INSPECTICN STATION RESULTS

INSPECTION STATION

VEHICLE NO. DATE
Circle High(H) or Low(lL) Scale, PASS or FAlL_

INITIAL INSPECTION
IDLE HC H L 2500 RPM HC M L PASS FAIL
IDLE €O H L 2500 RPM CO H L PASS FA|L
cosT
ADJUST IDLE RPM? YES NO
IDLE HC H L 2500 RPM HC H L PASS FAIL
IDLE CO H L 2500 RPM CO H L PASS FAIL
coST
ADJUST IDLE MIXTURE? YES NO ADJUST TIMING? YES ~NO T
IDLE HC H L 2500 RPHM HC H L PASS FAIL
IDLE CO H L 2500 RPM CO M L PASS FAIL
coSsT
ADJUST IDLE MIXTURE? YES NO ADJUST TIMING? YES w~O
IDLE HC H L 2500 RPM HC H L PASS FAIL
IDLE CO H L 2500 RPM HC H L PASS FALL
COST
REPATRS __ _ — T o o o - - -
COST OF ABOVE REPAIRS

FINAL INSPECTION
IDLE HC H L 2500 RPM HC H L PASS _FAl
IDLE CO H L 2500 RPI1 CO H L PASS FAIL
IF THE CAR STILL FAILS, UHAT 1S THE

ESTIMATED COST TO BRING

INTO COMPLIANCE?

Results Proofed
input Punched
input Proofed

Automotive Testing Laboratories, Inc.

F1GURE 4
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VEH, NO W —— TEST #___
T WARM VEHICLE DRIVEABILITY TEST FORM
Vehicle License
Date Time: Start a,m,/p.m, Flnish a,m,/p.m.
Odometer Reading: Start Finish
Temperature: Start Finlsh
Test Driver: Observer
Remarks:
_1dl Drive Mode
Total Demerits Sl |S}S|a{~]»|«]Bf«
afRIttalDIH[S|[S|als
tjfojlajtlejefjtlt]c|u
Ttuir it jelisluljrlk]r
s{gillsjo|ltiimie] f ¢
MODE flh flnftibtev]i!le
a alajtafilctr
c cltltielthte
t tii}! i
0 o] [e] Q n i
r r n n e
y y s
RPM Hg s
Idle N
D
Road Load 20 _mph AN AN N SR AN
30 mph VRN SEaENANNW
40 _mph BN N WY AR NN AN
50 mph DR O NN DR RN N
60 mph NN NANAN RN NN N
10 mph RN MWW NN RS I -
20-30 Man. Trans. or AR AN
WOT Accel. 0-30 Auto Trans. \x\\\\\ &
Sudden Throttle Qpening } RS ]
d ing Rk )
Slow Throttle Opening- Friofn D
20-30 Man. Trans. or SR8 R
PT Accel. 0-30 Auto Trans. NN N
1/t Throttle NN NN
1/2 Throttle NN N
3/4 Throttle N \ 3 ‘\\
20-70 N Y N [
PT Crowd 15" Hg QRN \\
10" Hg NN N
5" He N \ - DN
PT Tip In NN )
From 20 mph 1 ‘\ \:: o &
2 NN B N
From 30 mph 1 IR A NN o
2 NN NN
Accel . Time 0-70 mph sec, N AN AR VRN MNNMN
Dece) Time 70-30 moh sec., AN O A AV ALY G O O XY
Soak Number of Start Attempts D S S & R AN Y N CRI NN
Total granking time sec. SRS N i A SR N NN R N
Idle Neutral RPHM He U Y BN O SR
Drive RPM g *T-Trace, M-Moderate
H-Heavy
AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E, Colfax Ave,, Aurora, Colorado 80011
Form EV-0173
FIGURE 5
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APPENDIX 3

IDLE TEST PROCEDURES
FOR
INSPECTORS AND MECHANICS
AT

PARTICIPATING GARAGES

July 20, 1973

prepared by

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 EAST COLFAX AVENUE
AURORA, COLORADO 80011

(303) 3u3-8938
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1, INTRODUCTION

You have been selected to particlpate in a unique
study proprram in the State of Colorado. You have heen
requested to assist the Colorado Health Department in
solving an extremely difflicult problem in the State. In
order that you may develop an appreciation for what we are
are jointly trying to accomplish we would 1ike to intro-
duce you to some of the detalls of the study program.

As you know, the State of Colorado is plagued with
an air pollution problem which is continually worsening.
Although this problem has been created by the discharge
of pollution from a great many sources, we know that the
main contrihution Is from motor vehicles. Slmply result-
ing from the substantial number In operation, light duty
vehlclgs, that Is, passenger cars and light trucks, are
the major offenders.

In recognition of this, the Colorado Legislature
appropriated funds to evaluate ways to reduce pollution
from motor vehicles. The Health Department Is conduct-
ing an emlssion testlng program involving 300 vehicles
from model-years 1964 throush 1973, These vehicles will
be selected to represent about 90% of the cars regis-
tered in the State. All of them will be privately owned,
Although there are many aspects to the program, the
primary conslideration is tn evaluate emission Inspection

at ldle.

1
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As you know, the State of Colorado has an existing
vehicle Inspectlion program, safety inspection, tn view of
the fact that the safetQ inspection program Is already estab-
lished, it is likely that emission Inspection will be com~-
bined with safety Inspection. This appears to be a loglca)
anpproach. However, the effectiveness of such an approach
Is as yet unknown. This is precisely what we jolntly will
be trylng to establish, the effectiveness of emission In-
spection Integrated with the existing safety Inspection

program.

2
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2, DESIGN OF THE PROGRAM

A sample of 300 cars will be selected and scheduled
for tests and malntenance over a period of about three and
one-half months, About 5 cars will be tested each day.
Laboratory emission tests will be performed. Emission
Iinspectlion at idle will also be performed hy lahoratory
personnel. When this sequence is completed vehicles will
be delivered to selected licensed safety inspection
stations for emission Inspection and maintenance if requir-
ed. Licensed stations will each receive ahout 30 vehicles
In the three and one-half month period.

Upon delivery to the station, vehicles will be
emission tested (inspected) according to the procedures

described later in Sectinn 3. A vehicle will elther pass

or fall denending on its level of eriissions. Vehicles
which pass the test will be returned to ATL without adjust-
ment or maintenance., Vehicles which fail will be adjusted

and /or repaired ta the extent necessary to effect A pass.
Repairs to falled vebhicles will be nnninally limited to
50,00 per vehicle for parts‘and labor at normal garage
rates. Vehicles which have heen repaired will be re-tested
to determine compllance with standards, Vehicles which
pass the re-test will be returned to ATL for additional
evaluations. Vehlcles which fail the re-test will be re-
turned to ATL when $50.00 in renpairs have heen exhausted.

At this point It should be mentioned that a vehicle

3
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which falils to comply with emission standards after in-
curring the timit oé $50.00 probably has a gross malfunct-
lon, Gross malfunctlon could be described as a faulty
carhuretor, burned valves, worn or damared rlngs, etc. I f
a gross malfunction Is indicated, it should be diagnosed
and an estimate of repalr costs should be prepared and
forwarded to ATL.

After the vehicle is returned to ATL, it will be re-
tested. Emission data ohtalned before and after Inspection
and malntenance will then be comhined with cost data and
the effectliveness of the inspection and maintenance

procedure wlll be evaluated.

[
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tlons, and ordlnances, unless such action will result
In continuing compliance with the applicable emission
reqylrements.
3.2.1 Instrumentation

Table 2 lists the recommended equipment reauired
to perform emisslon=orlenter! service and repair.

TABLE 2°

RECOMMENDED ENUI PHMENT

R oo e —emaeend

HC and CO Analyzer

Ignition Analyzer, Oscilloscope
lgnitlon Timing Light
Tachometer

Distributor Advance Tester
Voltmeter, Ammeter, Ohrmmeter
Vacuum Gauge, Pressure fGauge
Compression Tester

Dwell Meter

3,2.2.1 Pre-Test
Prepare vehicle and equiprent for test.

- Service, warm=up, and calibrate
HC/CN test eaquipnent per manufacturers
specifications.

- Verify engine is at norma!
operating temperature (warm=-up as requlred).

Hook-up =~ !nsert probe In exhaust pipe (driver
side if dual exhaust), hook-up tachometer per
manufacturers instructions.

6
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3.2.2.2., Test
The Inspector will perform HC/CO and rpm measurements
and compare HC/CO measurements to ldle Test Standards.

- Operate engline in neutral at 2500 rpm;
record HC/CO,

jdle rpm=- Operate engine at Idle rpm (in drive
If automatic transmission); record HC/CO and rpm,

NOTE: In a real situation the vehicle owner would be
notlifled of the results of the fInspection and would be
supplied with a notice of "pass" or "fail", Emission levels
would be indlicated on the notice. Obviously, if the vehlcle
passes, no further action Is reaquired. 1If the vehicle fails,
the owner retalns the optlon of either having the fallure
corrected by the Inspecting garage or having the fallure
corrected by another garage of his choosing., In this, the
pilot program, the option that might have been selected is
not Important. We will assume that similar results will be
obtalned regardless of where a fallure 1Is corrected, The
emlission inspection is now complete. Falled vehlicles will
be turned over to repair personnel who will perform adjust-
ments and maintenance to a minimum extent to bring the
vehlicle Into compliance. It will be assumed that the repair
garage (s equipped with acceptable HC/CO instrumentation to
evaluate the results of repalr efforts, The HC/CO analyzer
supplled for Inspection should be utilized for diagnoslis

and repalr.

3.2.3. Adjustment and /for Repalr
3.2.3.1. Adjustment

Perform engline adjustments for HC/CO. When any
adjustment step brings emissions within limits, STOP
procedure at that point and re-test per paragraph 3.2.2.

Rom - Adjust (if required) to manufacturers
speciflication; re-check HC/CO and record.

HC ~ Check timing per manufacturers procedure
and record. If timing is not within manufac-
turers tolerance, adjust as reauired; re-
adjust rpm, 1f required; re-check HC/CO and
record.,

7
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The Table should be used as an ald In diagnosing the cause
for fallure. General dlagnostic steps are:

Evaluate test results = as provided in this slit-
uation by the inspector,

u information s - probable malfunct-
ions table (ahove), owners vehlcle manual, manu-
facturers manual, automotive shop service manual,

Perform diagnosis - as determined from above in-
formation sources and test results, and from the
use of test equlpﬂent as necessary.

R i alfu lon - remove and replace defective
components; adjust as reaulred,.

Re-test - as per paragraph 3.2.2.
In diagnosing malfunctions which are Indicated by
high HC/CO, it 1s helpful to know the following:

High HC - is normally related to a malfunction In the lgnit-
fon systen or caused by leaking exhaust valves. lgnition
system malfunction may be caused by an over=-lean fuel milxture
such as might be experienced with carburetor unbalance or a
leaklng Intake manifold, A malfunction may also be caused
by over-advanced ignitlon timling, a fouled spark plug, a
faulty ignition wire (insulatlion), or Improperly adjusted
point dwell.

lgnlition mis=fires may be diagnosed by use of an
oscllloscope, timing problems by a timing light.
Valve fallure may be detected by cylinder balance
testing and /or compression testing.

Hieh CO - is normally retated to an over-rich fuel mixture.
Thlis may be caused by a poor lIdle clrcult adjustment, a
stuck or partically closed choke, or an abnormally restric-
ted air cleaner. Rough Idle may be caused by a clogged PCV
valve, Any of these conditions may also cause moderately
high HC. In this sltuation, If C0 is reduced, HC will also
be reduced.

Figure 1, Is a block dlagram showlng the steps which
must be followed to assure compliance with the inspection,

adjustment, and repalr procedures just described. When

9
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the vehlcle is delivered to you it will be accompanied by

’fhe necessary Inspection, adjustment, repair, and estimate
forms. Ve ask that you fill in the required data accurate
ely and completely., The data which you report to us Is

most important to the success of the project.

10
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APPENDIX &

VEHICLE ROUTING FORMS
The followlng forms were all develpped after the vehlcle flow charts had been
constructed. The forms were deslgned iIn such a manner that simply fillling
In the Information as it became avallable would Insure that the vehicle had
the proper tests performed and that the tests were conducted in the proper
order. The routlng sheets were attached to a form packet contalning the data
forms necessary for the indlcated test sequence. The form packet then remalned

with the vehicle unti! the vehicle was returned to the owner.
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ROUTING SHEET

TUNE-UP EVALUATION

RUN NO.

Perform Ma@TRtenance 1Y required

A/F : | .RPM TIMING
Cold Soak

Emission Test No. .

Driveabillity Test No.

A/F i .RPM TIMING
Cold Soak
Emission Test No.

Driveablility Test No.

AJF______ VW.RPM_______ TIMING
Cold Soak

Emisslon Test No.

Driveability Test No.

A/FE | .RPM TIMING
Cold Soak
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PRCOOF393
DATA EDIT PRCGRAM

10 DIM KS$UIB),CU1H,12),DC010,21),1(20),E(6,5),R(3,2),K(3,5)

20 DIM SC4,2), TS(168), WE(20), RE(20)

OS5 REM* sk kkkkdkkPOSSIPLE NMAKEF S ook o ok & & ok ok ok ok

100 DATA °*BUIC',"CADI','CHEV*L*'CLDS s "PONT' 5 "FCRD's "GARR ', "MEI'C '
105 DATA *CHRY',*'DCDG*

110 DATA 'GARB'>'PLYM's'AMNO'»*DATS» "TOYO'» *VCLK 5 "CFEL 'S "VCLV!
115 REM*%*k%xxx%%%kPOSSIPLE CID BY MAKF®% %k kkkkk

120 DATA 350243053005 340,401,42550,472,429,0

130 DATA 140,250,307, 350,400,230, 327539€,2835194,164,50

140 DATA 350,455,330, 425.0,400,350,326,389,421,0

150 DATA 98,200,302,351,400,170,250,289,390,240,352,0,05 302,351,289
155 DATA 190,0

160 DATA 360,383,361,0,198,318,383,170,273,225,0,0

170 DATA 198,318,400, 3R35,273,170,225,053045,2905232,0297,0

180 DATA 120,715116505975102,91578573,05116,05121,0

185 REM&%xxxxxxkx#POSSIBLE CID BY YEAR* ko kkkk

190 DATA 97-,98,102,1165120,140,19R,200,2505302,304,307-318,350,351
195 DATA 360,4005,47250 .

200 DATA 97,98,102,116,1205140,170,198,2505,3025,30453075318, 350,351
205 DATA 360,400,472,0

210 DATA 715,97,98,116,1215140,170,198,250,302,304,307»318,350,351,363
215 DATA 400, 472,0

220 DATA 715,97,170,198,200,230,2505302,304,307»31R»,350,351,383,400
225 DATA 455,472,0

230 DATA 91,116»,170,200,230,250,290,302,307,318,327,350,351,383,400
235 DATA 430,455,47250

240 DATA 91,116,200,230,273,289,290,302,307,318,327,350,383,390,396
245 DATA 400,430,4555,47250

250 DATA 91,170,200,230,250,273,283,289,290,300,318,326,327,330,340
255 DATA 383,390,400,4255429,0

260 DATA 78,5194,200,230,232,32652732283,289,3185,327,330,340,352
265 DATA 389,3835,390,401,425,429,0

270 DATA 735164,200,225,230,232,283,289,300,318,326,327,330,3R3,389
275 DATA 390,396,401, 425, 42950

280 DATA 73,170,194,200,230,232,283,289,318,327,330,361,389,390
285 DATA 421,425,429,0

2R7 REMakxxkxkxINsWTe~HP COMBINATION Sk sk dkokkk

290 DATA 2000,8¢352250,88,250059¢4,275059+9,3000,10.3,3500,11.2
300 DATA 4000,12,4500,12¢7,5000513+4,5500513.9

305 REM#xxxxxPOSSIBLE SLR MANUFACTURERS**k%kx*

310 DATA "CIG',"ClL", " DAN","FCH"»"NLP">"PSC"»" STP* s "UCP" 5 ""CMP", 0"
315 REM#**axxx%%*POSSIBLE SLRE TYPESkk&kkkkx

320 DATA '"A.BLD","A+BLD+EGR"s"A«BLD+VSAD",»" " CAT"»"FGR" » " EGR+VSAD"
330 DATA ''N<GAS",*"PRCP","FBPR'","0"

335 REM»**x%x%xxPOSSIBLE HAR MANUFACTURERS %%k %k % sk ok ko ok ok

340 DATA “FIORD,»"GM", " CHRY","AMMO", " 0"

345 REM*x2xxx%x%xPOSSIRLE HAR TYP E Sk ok sk ook ok ook ok e ok % o koo ok

350 DATA "FORD','"GM™, ""CHRY","AMMI",'"0"

400 PRINT "FILE NAME";

410 INPUT G%

420 CPEN 1,GS, INPUT

500 FOR X= 1 TC 18

510 READ K3%$(X)

520 NEXT X

530 FOR X= 1 TC 18

540 FOCR Y = 1 TC 12

550 READ C(X,Y)

560 1F C(X,Y)= O THEN 5&0

570 NEXT Y

580 NEXT X

590 FCOR X= 1 TC 10

600 FCR Y=1 TC 21

610 READ D(X»Y)
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€20 1F D(X,Y)e( THFN 640

630 NEXT Y

640 NEXT X

650 FCR X= 1t TO 20

€660 READ I(X)

670 NEXT X

680 FOK ¥= } TO 1O

690 RFAD V$(X)

700 1IF Ue(X)e"™Q" THEN 720

710 NEXT X

720 FCR X= 1 TC 10

730 READ R&(X)

740 IF R$(X)='0" THEN 760

750 NEXT X

760 FJOk Y=11 TT 20

770 RFAD v $(X)

TR0 1F ws(X)="0'" THEN KOO

790 NFYT ¥

#00 FOR X=11l TO 20

AR10 RFAD HS(X)

#20 1IF R$(¥)e0'" THEN 800

B30 NEXT ¥

900 PRINT

S90S N ECF 1 GJOTY 90000

910 PRINT "sexvesasn'

1000 RFEM %2« GFT UFHICLE INFORMATION #*xx
1010 GT SUR A0ON0ON

1015 FRINT USING FO070, U1;
1020 IF T1 < 1 THFN 2032

2030 IF T1 < 9 THEN 2040

2032 PRINT "»TST SEQ.'":

203% GO TC 90000

2040 IF Y1 < &4 THEN 2052
2050 IF Y1 < 74 THEN 2060
2052 PRINT "YEAR":

2054 GJTC 90000

2060 FOR Ml= 1 TO 18

2070 1F K3 = K$(M1) THEN 2100
20RO NFXT M) .

2090 PRINT ‘'',MAKE'":

2100 IF 1> (74-Y1) %= 15000 THEN 2130
2110 Ik Q1< (74-Y1) = €000 TREN 2130
2120 GO T 2140

2130 PRINT ",CDOM''3

2140 GO TC 2170,2200,02230 ON Cl/s2-1
2150 PRINT '",CYL'":

2160 GO TL 2240

2170 IF CP< 71 THEN 21&0

2180 IF C2> 140 THEN 2150
2190 G TO 2240

2200 1F C2< 164 THEN 2180
2210 IF CP> 250 THEN 2150
2220 GO 1¢ 2240

2230 1IF C2< 260 THEN 2150
223% IF C2 > 472 THEN 2150
P240 G TC 2260,2260,2260,2250,22€605, TN R1+]
2250 PRINT ",CARR";

2260 GO TC 2280,2270,2280,2280, ON 12
2270 PRINT ", TRAN'";

2260 FCR X= 1 TC 11}

2290 IF C(M1,X)=0 THFN 92320
2300 IF C(M1,X)=C2 THEN 2340
2310 NFXT X

2320 PRINT "»CID";

2325 G TO 2400

P340 Y= T4-Y1

2350 FCR ¥X=1 TC 20

2360 IF D(Y»,X)= 0O THEN 2390



2370 IF D(Y,X) = C2 THEN 2400

2380 NEXT X

2390 PRINT “,CID"3

2400 FCR X = 1| TC 20 STEP 2

2410 IF It=1(X) THEN 2450

2420 NEXT X

2430 PRINT ", 1.WT/HP";

2440 GO TO 2460

2450 IF Hl<>I(X+1) THEN 2430

2460 1F ES$= "YES" THEN 2490

2470 IF E$a “NO" THEN 2490

2480 PRINT ", EMC' .,

2490 IF VUSs "YES" THEN 2520

2500 IF V%= "N THEN 2520

2510 PRINT ", EVC';

2520 IF P%$= *YFS' THEN 2543

2530 IF P%$= "NO” THEN 2543

2540 PRINT ",PCV'3

2543 IF Ti<>8 THEN 2550

2545 Tis=4q

2547 GJTC 3000

2550 REM **#*%% GET EMISSICN DATA *%x*%x%
2555 PRINT

2560 GET TS

2580 REM *»%x%%x CHECK 1ST EMISSION TEST *%*x
2590 PRINT USING 80000,T$:

2595 GOSUB 61000

2700 GISUB 62000

2710 GET %%

2715 E2=]

2717 #%a%%

£720 IF $%$=TS THEN 2770

2730 REM *x%x%x CHECK 2ND EMISSION TEST *%k#
2740 PRINT

2750 PRINT USING 80000, $%;

2755 GJSUB 61000

2760 GQOSUB 62000

2762 GET %%

2765 E2=2

2770 REM #*%x%x CHECK 1ST MAINTENANCE STATUS *k&x*
2780 PRINT

2790 PRINT "1ST MTCE":

2830 IF $%=T$% THEN 2R20

2810 PRINT ", TEST#';

2820 REM VEH# DATE

2830 GET V2, DS

2840 IF V2=Vl THEN 2860

2850 PRINT ", VEH#?";

2860 REM »**x CHECK MTCE DATA *%xx
2870 G{SUB 63000

2880 IF E2=1 THEN 2930

2890 REM ***x CHECK 2ND MTCE STATUS #*%%x%
2900 PRINT

2910 PEINT '"2ND MTCE";

2920 GJSUB 63000

2930 REM =x¥x CHECK INSPECTION STATICON DATA ®kxxk
2940 PRINT

2950 PRINT "INSP.'s

2960 GET V2

2970 1F V2Vl THEN 2990

2980 PRINT ', VEH#";

2990 GJSUB 64000

3000 GOTC 30205,31005,340053400,2800,4100,4100, ON TI
3010 PAUSE

3020 PRINT

3030 PRINT "sskseksok'

3040 GCTC 1000

3100 REV #*#* TUNE UFP SEQUENCE %**x*



3110 PRINT

3120 PRINT *TU"3

3130 GET V2

3140 IF Vv2aV]l THEN 3152

3150 PRINT '"VEH#";

3152 GET R7

3153 IF R7>25 THEN 3157

315% IF R7> O THEN 3160

3157 PRINT ",RUN#'";

3160 FCR X=2 TC 16 STEP 2

3170 GET T$(X-1), TS$(X)

3180 IF TS (X) = T®(X-1) THEN 3200
3190 PRINT USING 80050, X/23

3200' NEXT X

3210 FOR 2 = 2 TO 16 STEP 2

3220 GET %%

3230 PRINT

3240 PRINT USING 80000, $%;

3250 IF %$%= T$(Z-1) THEN 3270

3260 PRINT “,TST#";

3270 REM *x%xx% CHECK EMISSICN & DRIVEARILITY DATA #*xx
3275 GOSUB 61000

3280 GJOSUB 62000

3300 GTSUB 65000

3310 NEXT Z

3320 GJTC 3020

3400 REM x**%xx RETRCFIT WITH MTCE SEQUENCE *%¥x%
3410 PRINT

3420 GO TC 344053460 ON T1-2

3430 PAUSE

3440 PRINT 'HAR'';

3445 X1=10

3450 GO T 3470

3460 PRINT '"SLR";

3465 X1=0

3470 REM **#** CHECK TYPE & MANUF #%*x*
3480 GJOSUB 66000

3570 FOR X = 2 TO 4 STEP 2

3580 GET TS$(X-1), TS(X)

3590 IF T$(X-1) = T$(X) THEN 3610
3600 PRINT USING 80050,Xx/2;

3610 NEXT X

3620 REM x#%%% CHECK EMISSION & DRIVEABILITY X*x
3630 FCR Z2=2 T 4 STEP 2

3640 GET 3%

3650 PRINT

3660 PRINT USING 80000, %%:;

3670 IF $%= T$(Z2-1)> THEN 3690

3680 PRINT ",TST#";

3690 G2SUB 61000

3695 GISUB 62000

3700 G{SUB 65000

3710 NEXT Z

3720 GTTC 3020

3800 REM **x COMBINATION RETROFIT SEQUENCE sxwkx
3810 PRINT

3820 PRINT '*SLR";

3830 X1=0

3840 REM *xx CHECK SLR TYPE & MANUF #**x
3850 G{OSUB 66000

3860 FOR X = 2 TO 4 STEP 2

3870 GET T$% (X=-1), TS&(¥)

3880 IF TS$(X=-1)> = TS(X) THEN 3890
38R5 PRINT USINGR BONS0NX/2:3

3890 NEXT X

3891 PRINT

3892 PRINT "HAK'";

3893 REM *x*x% CHECK HAR TYPFE & MANUF s##kk*
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3894
3895
3896
3897
3898
3910
3920
3930
3940
3950
3960
3970
3980
3985
3990
4000
4010
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4300
4310
4320
4330
4340
4370
4380
4390
4400
4410
4420
4430
4440
4450
4460
4470
A480
4490
4500
‘as10
4520
4530
4540
4550
60000
60010
60020
60030
60040
60050
60060
61000
61010
61020
61030
61040
61050
61060
61070
62000

X1=10

GoSUB 66000

GET T$(5), T$(6)

IF TS (5) = T$(6) THEN 3910

PRINT USING BO0S50,1;

REM #xaw CHECK EMISSION & DRIVEABILITY #*%a%

FCR Z
PRINT
GET $

= 2

TS 6 STEP 2

PRINT USING 80000, %$;
IF T$C(Z~1) = $% THEN 3980
PRINT “, TST#";
GTSUR 61000
JSUB 62000
CSUB 65000

NEXT
GITC

z
3020

REM =#x#% RETROFIT (NC MTCE) SEQUENCE #**xa%*

PRINT

6T TT

4148054170, ON T1-5

PAUSE

X1i=10
PRINT
6o TC
X1=0

PRINT

lIHA
419

R';
0

[1] SLR" H

REM #*%% CHECK TYPE & MANUF #*%*x%
GCSUB 66000

REM *%%=%
GET T$C(1), TS(2)

IF T$C(1) = T$(2) THEN 4340
PRINT USING 80050»1!;

GET T$(3)
IF T$(3) = #% THEN 4410
PRINT USING 80050, 33

G2 TC

441

CHECK RCUTING #%a*

0

IF T$(3) <>%$% THEN 4380
REM #*##% CHECK EMISSICON & DRIVEABILITY **%xx*

PRINT

GET %%

PRINT
IF %%
PRINT

UsI
2 T
", T

G{SUB 610
GCSUB 620

=2
GJSUB
Z=3
PRINT

650

PRINT "Be
GOSUB 650

G2TC
REM
REM
GET
REM
REM
GET

3020
kg
ke
T1,
L 1]
LI 2

RETURN

REM
REM
GET
MAT
MAT
MAT
MAT
RETU
REM

k%
o kk

GET
GET
GET
GET
RN

L

NG 80000, $%;
$(1> THEN 4470
STe";

00

00

00

LINE";
00

VEHICLE INFC SUBRCUTINE *#x
TEST SEQe VEH# YR MK MODL ODCM CYL CID BBL
Vi, Y1, K%, M$, 01, Cl, C2, B!

TRN INWT HP FMC EVC PCV
T2, | Hl, F$, Us, P

EMISSION DATA GET SURROUTINE#%*
DATE VEH# BARC. D.BULB w«BULB
DS, Ve, B2, T8, T9

nxom

EMISSICN DATA CHECK SUBROUTINE *%%x*
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62010
62020
62030
62040
62050
$2060
62070
62080
62090
62100
62110
62120
62130
62140
62150
62160
62170
62180
62190
62200
62210
62220
62230
62240
62250
62260
62270
62280
52290
62300
62310
62320
62325
62330
62340
62342
62350
62360
62370
62372
62374
62376
62380
62390
62400
62410
62420
62430
62440
62450
62460
62470
62480
62490
62500
62510
62520
62530
62540
62550
62560
62565
62570
62580
62590
62600
62605
62610

IF V2 = Ul THEN 62030
PRINT ",UEH"3

1F B2 < 24.3 THEN 62050

1IF B2 < 25 THEN 62060
PRINT "sRAR.*;

IF TA>B6 THFN 62060

IF T8>=68 THEN 62090
PRINT ",DB";

IF T9>T8 THEN 62110

Ir T9>T8-25 THEN 62120
PRINT *'>WB";
FCRX=1T2 6

IF E(Xs1) < 200 THEN 62150
1IF E(X»1)< 500 THEN 62160
PRINT ', FHC"3

IF E(X»2) < 100 THEN 62180
IF E(X,2)< 700 THEN 62190
PRINT ",ECC";

IF E(X»3)< 100 THEN 62210
IF E(X,3)< 400 THEN 62220
PRINT ", ECQ2";

IF E(X,4)< SO0 THEN 62240
IF E(X»4) < 900 THEN 62250
PRINT ', ENOX';

IF E(X»5) < 100 THEN 62270
IF E(X»5) < 400 THEN 62280
PRINT ", ELHC";
NEXT X
FCR X =1 T2 5

CR ¥ = 2 TC 6 STEP 2 ,
IF E(YsX)>=E(Y-1,%X) THEN 62325
PRINT *»BKGD";
NEXT Y
NEXT X
FOR X = 1 TO 3

IF X<>2 THEN 62374

IF B(X,1)> 26300 THEN 62370
IF B(Xs,1)> 25700 THEN 62380
PRINT ",REV";
GC TC 62380

1F B(X,1>> 9800 THEN 62370
IF B(X,1)< 9400 THEN 62370
IF B(X,2)> 11.2 THEN 62400
I1F B(X52)> 108 THEN 62410
PRINT '',PRES";
NEXT X
FOR X= 1 T 3

IF K(X51) < 200 THEN 62450
IF K(X,1)< 500 THEN 62460
PRINT ", KHC":

IF K(X»2)<100 THEN 62480
IF K(Xs2)< 700 THEN 62490
PRINT ", KCQ";

IF K(X,3Y< 100 THEN 62510
IF K(Xs3)< 400 THEN 62520
PRINT ",KCl2'";

IF K(X,4)< 500 THEN 62540
1F K(Xs4)< 900 THEN 62550
PRINT ', KNOX*;

IF K(X»5)< 100 THEN 62570
IF K(X»5)< 400 THEN 62580
1F K(X»5)=2500 THEN 62580
PRINT "sKLHC";
NEXT X
FOR X =1 TC 4

1F S(X,1)< S0 THEN 62620
IF S(X»1) < 2001 THEN 62630
IF S(X»1) =2500 THEN 62630



62620 PRINT **» SHC'"3

62630 IF S(X,2)<<2 THEN 62660

62640 1F 5(X,2)<10.1 THEN 62670

62650 IF S(X,2) = 20 THEN 62670

62660 PRINT ',SCQ'"3

62670 NEXT X

62680 RETURN

63000 REM *#x% MTCE DATA CHECK SUBROUTINE ##*x%xx
63010 REM AP RPM TIiM DWELL PCV

63020 GET A%, RO., TO» DO, P$
63030 REM AsCLe CHCKE 1.CC MISFIRE NCX
63040 GET Cs, CS, 10» F$, N$

63050 IF A% ="YES5" THEN 63090
63060 IF A3 ="NA"™ THEN 63050
63070 IF AS="NC" THEN 63090
63080 PRINT *",A.PMP';

63090 1F ABS(RO)< 500 THEN 63110
63100 PRINT *', 1<RPM";

63110 I¥ ABS(TO) < 15 THEN 63130
63120 PRINT *»TIM";

63130 IF AaBS(DO) < 20 THEN 63150
63140 PRINT *,DUL"™3

63150 IF P$ = "NA"™ THEN 63190
63160 IF P$ = "“YES" THEN 63190
63170 IF P% = "NO" THEN 63190
63180 PRINT ",PCV";

63190 IF {8 = “YES" THEN 63220
63200 IF 0% = '"NO2* THEN 63220
63210 PRINT "“,A.CL"}

63220 IF IO < «1 THEN 63240
63230 IF I0 < 12 THEN 63242
63240 PRINT ", 1.C0";

63242 IF C%="YES" THEN 63250
63244 IF C3%='""NO" THEN 63250
63246 IF C3%$="NA" THEN 63250
63248 PRINT *'» CHCKE™;

63250 IF F$= “NO" THEN 63280
63260 IF F$ = "YES*" THEN 63280
€3270 PRINT ",M.FIRE"}

632B0 1F N% = “NA" THEN 63320
63290 IF N$ = *YES" THEN 63320
63300 IF NE = “NO" THEN 63320
63310 PRINT ",N.CTRL";

63320 RETURN

64000 REM #x#* INSPECTICN STATION DATA CHECK ***x*
64010 FOR X = 1 TC §

64020 FCR Y = 1 TC 2

64030 GET HS

64040 IF HS> 2000 THEN 64080
64050 IF HS5>50 THEN 64090

64060 1F H5 = 0 THEN 64090
64065 PRINT USING 80010,X;

64070 GOTO 64090

64080 IF HS<>250C THEN 64065
64090 NEXT Y

64100 REM #*x% CHECK FAILURE CCDE #*%#*%
64110 GOSUB 64400

64120 FOR Y= | T 2

64130 GET CS

64140 IF CS>10 THEN 64190

* 64150 IF CS5>.2 THEN 64200

64160 IF C5=0 THEN 64200

64170 PRINT USING 80020,X;

64180 GOTC 64200

64190 IF C5<>20 THEN 64170

64200 NEXT Y

64210 REM #*x* CHECK FAILURE CODE %%
64220 GOSUB 64400
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64230
64240
64250
64260
64270
64280
64290
64300
64310
64320
64330
64400
64410
64420
64430
64440
64450
64460
65000
65010
65020
65030
65040
65050
65060
65070
65080
65090
65190
66020
66005
€6010
66030
66040
66050
66060
66070
66080
66090
66100
66110
- 80000
80010
80020
80030
80040
80050
80060
80070
90000

GET MS

IF¥ M5 < 0 THEN 64260
IF MS < 11 THEN 64270
PRINT USING 80040,X;
IF X<> 4 THEN 64320
GET MS

IF M5<0 THEN 64310
IF M5<35 THEN 64320
PRINT ",COSTR'™S

NEXT X

RETURN

REM #%% FAILURE CCDE CHECK SUBROCUTINE #®**x

GET HS$

IF H$ = "FAIL* THEN 64460
IF H% = "PASS" THEN 64460
IF H% = "0" THEN 64460
PRINT USING 80030.X:;
RETURN

REM ##%% DRIVEABILITY CHECK SUBRJOUTINE %#*%

REM VEH¢? TEST# DEMERITS

GET ve, $%5, D2
IF v2 = V1 THEN 65050
PRINT '"',DVEH#';

IF $% = T3(Z) THEN 65070
PRINT ",DTST¢';

IF D2<0 THEN 65090

IF D2<125 THEN 65100
PRINT *'»DEM.™;

RETURN

REM %% RETRCFIT TYPE & MANUF.

GET V3

FCR X= 1 T2 10

IF W% = WS(X+X1) THEN 66060
NEXT X

PRINT '"'»MANF";

GET R3%

FCR X=1 TC 10

IF RS = RS(X+X1) THEN 66110
NEXT X

PRINT ", TYPE";

RETURN

tEM.TSTAB284

t»HCY

t,CO#

t>FAIL Y

¢sCOSTH

2sRT#

HE 4

t0&&

END
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SAMPLE RUN

DATA EDIT PROGRAM

RUN PROCF393
PRCCF 393 y 13:12 12703773 MCINDAY 1C4
FILE NAME? V141T147

L2132 ]

141,0DM
EM.TST2C0228

1ST MTCE

INSP .

Rtk

143,3D0M
EM«TST1CO0340

1ST MTCE

INSP.

SLR
FMeTST:C0383,BKGD
EM.TST$C0A409

hkkRRk

144

EM.TST:CO342
EMeTST1CO03535 SHC

1ST MTCE

2ND MTCE
INSP+»HC1,HC2,HC3,HCS
SLR

HAR

EM«TST2C0420
EMeTST:1C0393,BKGD
EM.TST2C0406

e ol ol o ok

145, 0DM
EM.TST:CO343

1ST MTCE
INSP«sCl15C25

HAR

EM«TST$CO376,WB
Be.LINE

ke Rk

147, 2DCM
EM+TST3C0345
EM«TST2C0379,WB,»BKGD
1ST MTCE

eND MTCE

INSP.

TU
EM.TST2C0388,BKGD
EM.TST3CO0402
EM.TST1C0421
EM«TST2CA433,REV,SCO
EM.TST$CO448, SCT
EM.TST$C0462,BAR«»REV,SCQ
EM.TST3C0471,SCQ2s SHC
EM.TST:C0493

ook ok
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SEA LEVEL RETROF!T EVALUATION VEHICLES

RETROFIT {INSTALLED

VEH YEAR MAKE MODEL CID CYL CARB TRAN [.WT ODOM, TYPE COSsT

015 1967 FORD STAW 289 8 2 3 3500 060240 EGR+VSAD 25.00
017 1966 CHEV BISC 283 8 2 A 4000 051045 EGR+VSAD 25.00
021 1967 PLYM BELV 273 8 2 A 3500 070009 EGR+VSAD 25.00
025 1966 DODG VAN 273 8 2 3 3500 054740 EGR+VSAD 25.00
028 1964 . 0OLDS STAW 330 8 2 A 4000 083020 EGR+VSAD 25.00
029 1965 PONT TEMP 326 8 2 A 3500 059585 EGR+VSAD 25.00
035 1965 DODG POLA 383 8 2 A 4000 064463 EGR+VSAD 25,00
037 1964 FORD FAIR 289 8 2 3 3500 052629 EGR+VSAD 25.00
040 1968 FORD CusT 302 8 2 A 4000 019445 A.BLD 25.00
041 1970 CHEV NOVA 230 6 2 A 3000 030980 A.BLD 25.00
042 1969 PLYM BELV 318 8 2 A 3500 039269 A.BLD 25.00
043 1971 FORD MAVE 170 6 2 3 2750 020583 A.BLD 25.00
ous 1972 DODG DART 225 6 1 A 3000 00541y A.BLD 25.00
098 1972 FORD MAVE 302 8 2 A 3000 026575 CATALYTIC 155,00
099 1971 CHEV BLAZ 350 8 4 4 4000 019987 CATALYTIC 155.00
100 1969 FORD MUST 302 8 2 A 3000 047190 CATALYTIC 155.00
104 1968 PLYM BELV 273 8 2 A 3500 058630 CATALYTIC 155.00
138 1973 DODG TRUC 360 8 2 A 4000 001000 PRO PANE 650.00
139 1970 FORD TOR! 250 6 1 3 3500 031895 A.BLD+EGR 36.95
140 1966 OLDS DYNA 425 8 2 A 4500 048553 A.BLD+EGR 36.95
143 1966 FORD MUST 289 8 2 A 3000 038659 A.BLD+EGR 36.95
144 1972 FORD GALA 400 8 2 A 4000 012721 EGR 32.15
146 1969 O0LDS DELT 455 8 2 A 4000 061594 A.BLD+EGR 36.95
148 1972 PLYM SATE 400 8 2 A 3500 014660 A.BLD+EGR 36.95
150 1971 DODG DART 318 8 2 A 3000 026700 EGR 32.15
152 1971 FORD GALA 351 8 2 A 4000 029562 A.BLD+EGR 36.95
153 1965 CHEV BELA 283 8 2 A 4000 130460 A.BLD+EGR 36.95
155 1968 CHEV BELA 307 8 2 A L4000 066417 EGR 32,15
156 1971 VOLK SEDA 97 & 1 L 2000 024425 EGR 32.15
- 166 1970 VOLK SEDA 97 4 1 4 2000 012474 EGR 32.15
169 1965 PLYM FURY 318 8 2 A 4000 113497 A.BLD+EGR 36.95
171 1965 FORD STAW 289 8 2 A 4500 071092 A.BLD+EGR 36.95
172 1964 CHEV IMPA 283 8 2 A 3500 110629 A.BLD+EGR 36.95
178 1964 FORD GALA 390 8 ) A 4000 059024 A.BLD+EGR 36.95
215 1972 FORD TRUC 360 8 2 A 5000 019696 PROPANE 650.00
216 1969 CHEV IMPA 350 8 b A 4000 021573 PRO PANE 650.00
242 1970 FORD MUST 302 8 2 A 3500 016785 FBPR 24.10
2,8 1969 PONT LEMA 350 8 2 A LDOO 027997 FBPR 24,10
249 1971 PLYM FURY 383 8 4 A 4000 030259 FBPR 24,10
2558 1972 CHEV NO VA 307 8 2 A 3000 032867 FBPR 24,10
265 1969 CHEV CAPR 327 8 4y A 4000 030213 A.BLD 24.95
267 1967 FORD FALC 200 6 1 3 2750 103550 A.BLD+VSAD 24.95
271 1967 PONTY FIRE 326 8 4 A 3500 059028 A.BLD+VSAD 24,95
272 1966 PLYM FURY 318 8 2 A 4000 092494 A.BLD+VSAD 24,95
276 1966 PONT LEMA 326 8 4 A 3500 073426 A.BLD+VSAD 24,95
280 1967 CHEV STAW 327 8 4 3 4000 096491 A.BLD+VSAD 24,95
283 1968 PONT CATA 400 8 4 A 4500 075255 FBPR 24,10

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E. COLFAX, AURORA, COLO. 80011



SEA LEVEL RETROFIT EVALUATION

EXHAUST EMISSIONS BEFORE INSTALLATION
1975 FEDERAL TEST PROCEDURE

# OF HC co NOX MPG DEMERITS
VEH. MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D,

+«1964 ~ 1967 VEHICLES

VSAD & A.BLD H) 7.71 3.4 120.3 45.7 2,55 1.k 15.0 4.0 20.4 18.8
VSAD & EGR 8 9.84 3,2 154.7 28.6 1.21 0.6 13,9 1.5 48.2 38.3
EGR & A.BLD 7 11,17 2.6 156.9 &44.9 1.96 1.2 12.7 1.5 13.1 8.1
1968 ~ 1972 VEHICLES '
CATALYTIC 4 5.55 0.8 80.9 36.9 2.13 0.9 1.3 0.6 9.2 58.3
LPG CONVERSION 3 6.93 1.0 95.35 52.0 4.05 1.4 11.8 0.5 44,3 37.6
A.BLD 6 4.18 0.5 62,5 16.9 3.06 0.4 17.2 3.2 42.0 29.3
EGR 5 5.08 1.5 61.9 19.4 2.75 1.1 17.2 4.3 8.6 7.8
EGR & A.BLD & L.84 0.7 95.6 34.8 2.73 1.2 13,3 2.0 8.0 4.8
FBPR 5 5.36 0.7 102.7 55.1 2.52 1.4 13.0 2.4 12.0 11.7
EXHAUST EMISSIONS AFTER INSTALLATION
1975 FEDERAL TEST PROCEDURE
¢ OF HC co NOX MPG DEMERITS

VEH. MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D. MEAN S5.D,

#1964 ~ 1967 VEHICLES

VSAD & A.BLD 5 6.27 2.7 110.0 49.0 1.35 0.5 13.8 4.2 17.2 15.6
VSAD & EGR 8 7.27 1.5 137.4 26.3 0.88 0.4 13.9 1.5 56.9 35.5
EGR & A.BLD 7 8.67 2.4 123.7 47.5 1.46 0.8 13.0 1.5 42.9 46.2
#1968 = 1972 VEHICLES

CATALYTIC b 1.54 0.3 13,3 16.1 2.19 1.0 1u4.5 1.4 19.5 22.9
LPG CONVERSION 3 4.12 2.9 44.3 35.0 4,20 1.5 1.3 1.2 1.3 2.3
A.BLD 6 3.45 0.4 36.4 26.90 3.79 0.9 17.0 4.6 k8.7 b2.8
EGR 5 4.73 1.3 60.6 15.5 1.57 0.4 15.7 3.6 9.2 2.3
EGR & A.BLD 4 4,01 0.5 49.7 15.8 1.94 0.8 13.5 1.8 14.5 9.3
FBPR 5 k.39 0.8 72.2 28.0 5.09 1.6 13,3 1.9 12.6 20.0

AUTOMOTIVE TESTING LABORATORIES, INC,
19900 €. COLFAX, AURORA, COLO. 80011
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SEA LEVEL RETROFIT EVALUATION

EXHAUST EMISSION REDUCTIONS AFTER INSTALLATION
1975 FEDERAL TEST PROCEDURE

+ OF HC co NOX MPG DEMERITS
VEH. MEAN S.D, MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D,

*1964 - 1967 VEHICLES

VSAD & A.BLD ) 1.432 1.4 10.28 25.2 1.192 1.1 1.20 1.5 3.20 32.6
VSAD & EGR ) 8 2.566 2.1 17.27 21.1 0.334 0.3 0.06 0.7 -8.62 31.7
EGR & A.BLD 7 2.506 1.1 33,24 12.5 0,498 0.5 -0.31 1.0 -29.71 43.9

*«1968 - 1972 VEHICLES

CATALYTIC ) 4.013 0.5 67.55 21.3 -0.059 0.2 -0.24 1.1 29.75 38.6
LPG CONVERSION 3 2,806 2.9 51.03 47.2 -0.156 0.6 =-2,50 0.7 43,00 39.9
A.BLD 6 0.730 0.3 26,17 15.3 -0.724 0.9 0.15 1.7 <-6.67 26.0
EGR 5 0.358 0.5 1.36 10.3 1,177 0.8 1.51 1.0 -0.60 8.8
EGR & A.BLD 4 0.824 0.7 45.82 22.3 0.787 0.4 -0.23 0.4 =-6.50 7.6
FBPR 5 0.962 0.5 30.52 41.5 -0.571 0.8 -0.33 0.8 <-0.60 9.6

PERCENT REDUCTIONS AND REDUCTIONS PER DOLLAR
1975 FEDERAL TEST PROCEDURE

¢ OF <~===--- PERCENT REDUCTIONS====--~ MILLIGRAMS/MILE/DOLLAR
VEH. HC co NOX MPG HC co NO X

1964 - 1967 VEHICLES

VSAD & A,BLD 5 18.58 8.55 46.82 8.01 57.4 412.0 u47.8
VSAD & EGR 8 26.08 11.16 27.61 0.43 102.7 690.7 13.4

EGR & A.BLD 7 22.43 21.18 25.41 =2.44 67.8 899.6 13,5

*1968 - 1972 VEHICLES

CATALYTIC 4 72.30 83.51 =2.79 -1.71 25.9 435.8 -0.4
LPG CONVERSION 3 40,50 53,53 -3.84 =-21,20 4.3 78.5 =-0.2
A.8LD 6 17.48 41.84 =23.65 0.87 29.2 1047.1 =29.0
EGR 5 7.05 2.20 42.84 8.78 . 11.1 b2.4 36.6
EGR & A.BLD 4 17.04 47.95 28.81 =1.70 22.3  1240.1 21.3
FBPR 5 17.96 29.72 ~=22.63 =2.55 39.9 1266.6 -23.7

AUTOMOTIVE TESTING LABORATORIES,INC.
19900 E. COLFAX, AURORA, COLO, 80011
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DRIVEABILITY TEST PROCEDURE
(VARM)

The following Is the test procedure to be used for vehlcle driveabillty evalu-
atlon. Three tests are to be performed by three different drivers as dellneated
In the test procedure. {f a chanre |s made to the vehicle, tests should be run
both with and without the chanpe. A level smooth-surface road, free of traffic
Interference, should be selected for deslrahle repeatahlility of the tests.
t. atfon

a. Install engine tachometer and intake manifold vacuum gauge - warm

up vehicle (minimum 5 mites, driving).
b. Set englne RPM, fuel mixture and distributor timing to manufacturer's

speclficatlons.

1l. 4 le i hil ocedure - (See data sheet)
a. Warmup - Warm up vehlcle for approximately 10 miles at freeway speeds.
b. Curb |dle Evaluation - Operate vehicle In neutral (N) for manual

transmissions plus drive (D) gear for automatic transmisslon. Record
Idte quality, RPM, and vacuum.

c. Road d Oper s - Operate vehicle at constant speed cruise
conditlons at 20, 30, 40, 50, 60, and 70 mph. Record drive quality,
RPM, and vacuum at each speed mode,

d. X T e (W0 e - ns - With automatic transmission
(AT) vehlcle, make the slow, moderate, and sudden WOT accelerations
from 0 through 30 mph. With manual transmission (MT) vehlicles,
accelerate In high gear from 20 throuéh 30 mph at WUOT for the three
throttle opening rates. Record drive mode quality. Be sure that
throttle Is wide open before reaching 30 mph,

e. [o) r o - With automatic transmission vehicle,
make accelerations from 0 through 30 mph at 1/4%, 1/2 and 3/h constant
throttle posltlons. With manual transmisslon vehicle, these PT
accelerations are to be made from 20 throuzh 30 mph. Record drive
mode quallty.

*May omit this step If vehicle was previously warmed up.
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f.

-2=
Partlal Throttle Crowd - “Crowds" are evaluated In high gear from
30 through 70 mph, Tests should be made by continually Increasing
the throttle opening as needed to maintain a constant vacuum for
each of the followlng readings: 15", 10", and 5" Hg. Record drive
mode quality.
Partial Throttle Tlp-ln -~ Evaluate the "tlp-In" characteristics by
making PT acceleratlons from 20 and 30 mph, Do not accelerate at
a 1nad which will cause the automatlc transmisslion to down-shift.
Record drlve mode quallty.
Acceleration Time - Run WOT acceleratlion from 0 through 70 mph and
record time of acceleratlon,
Deceleration Time -~ Englne coast down conditlons are evaluated from
70 mph (stabilized) to 30 mph at closed throttle, record decelera-
tion time., Repeat In the opposl&e dlrectlon to cancel effect of wind.
Soak - After the ahove tests have been completed, perform three
consecutlve WOT accelerations from 0 through 70 mph and then Idle
for 30 seconds, Shut off engine and soak for 15 minutes. Check
for dieseling. Restart at 1/2 throttle and hold at 1500 rpm for
3 seconds, return to ldle, malntain Idle for 10 seconds In Neutral
for MT and 10 seconds in Drive for AT. Record number of st;rtlng
attempts, crankling time and Idle quallty, RPM and vacuum,
Repeat tests (a) through (]), above, two additional times using
different drlvers. Record results on separate data sheets, then

average the results.

DEFINITIONS OF TERMS APPLICABLE TO ATTACHED DRIVEABILITY PROCEDURE

Road Logad - A fixed throttle position which malntains a constant

vehicle speed on a level road,
Loast - Deceleratlon at closed (curb ldle) throttle.
Wlde Open Throttle (WOT) Acceleration - An acceleration made entirely

at wlde open throttle (from any speed).

Part Throttle (PT) Acceleration - An acceleration made at any fixed
throttle position less than WOT,
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[lp-1n - Vehicle response (up to 2 seconds In duration) to the
Inftla) opening of the throttle.
chgg - An acceleration made at a continually lncreasing throttle

opening,

all - An evaluation of vehicle smoothness, with the engine

at the curb idle in drive as judged from the driver's seat,

Backflre - An explosion in the Inductinon or exhaust system.

H n - A temporary lack of Initlal resnmonse in acceleration

rate.

Stumble - A short, sharp‘reductfnn in acceleration rate.

sn_Oper 'n - Thls condition, depending on its severlty, can
manifest itself as outllned in the followins categories:

(1Y s chlness - A lack of anticipated response to throttle
movement. This may occur on slight throttle movement from
road 1nad to durling liacht to moderate accelerations.

(2) Surging ~ A condition of leanness, resulting short, sharp,
fluctuations, These mav be cvclic or random and can occur
at any speed and/or load,

Detonatjon (autolsnition) - a knock or ping which Is recurrent or

repeatable in terms of auditibility.

Dieselling - Engine continues to run after ienltion turned off.

Stall at Start - Engine stops during warm-up or curb idle,

Stall, Drivine -~ Engine stops during any driving condition or

during 30 mph sudden brake application.

134



Driveabl 11ty Evaluatlion Scale

-5-
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(I f value negative - 0 demerits)

D 1
D fi
Demerlts
Malfunction Rated Irace Moderate Heavy Yes
ldle Roughness 1 2 3 -
Hesltatlon 1 3 6 -
Stretchiness \ 3 6 -
Stumble 1 3 6 -
Surre 1 2 3 -
Stall at Starf - - - 6
Stall, Driving - - - 6
Backflire 1 2 3 -
Detonatlion 1 3 6 -
Dieselling - - - 6
‘Starting Time - Tlme per each Start (Sec. - 2.0)

Welghting
Factor



ALT!TUDE RETROF!T EVALUATION VEHICLES

LABOR ======= COSTS===-==-
VEH YEAR MAKE MODEL CID CYL CARB TRAN I|.WT ODOM, HOURS LABOR PARTS TOTAL
070 1972 PONT CATA 400 8 2 A 4500 016700 1.00 12.00 4.28 16.28
077 1972 CHEV IMPA 400 8 4 A 4500 027848 1.00 12.00 3.81 15.81
082 1971 PLYM STAW 383 8 2 A 4000 050843 0.40 4.80 1.75 6.55
091 1973 PONT LEMA 400 8 2 A 4000 006704 1,00 12,00 4,28 16.28
098 1972 FORD MAVE 302 8 2 A 3000 026575 1.00 12,00 2,78 1u4.78
099 1971 CHEV BLAZ 350 8 & 4 4000 019987 1.00 12,00 3.81 15.81
100 1969 FORD MUST 302 8 2 A 3000 047190 1.00 12,00 1.85 13,85
101 1969 CHEV STAW 327 8 2 A 4500 068576 0.80 9.60 4.28 13,88
117 1970 OLDS CUTL 350 8 2 A 4000 053727 1.00 12.00 4.28 16,28
125 1971 PONT CATA 400 8 2 A 4500 029602 0.70 8.40 4.28 12.68
133 1970 FORD TOR! 351 8 2 A 3500 045898 1.00 12.006 2.78 1u.78
139 1970 FORD TORI 250 6 1 3 3500 031895 0.30 3.60 0.00 3,60
1.2 1972 CHEV NOVA 350 8 2 A 3500 025592 1.00 12,00 4.28 16.28
144 1972 FORD GALA 400 8 2 A 4000 012721 0.80 9,60 2,78 12,38
145 1973 FORD MAVE 302 8 2 A 3000 005516 0.80 9.60 2.78 12,38
146 1969 OLDS DELT 455 8 2 A 4000 061594 0.70 8.40 4,28 12.68
150 1971 DODS DART 318 8 2 A 3000 026700 1.00 12,00 1.75 13.75
152 1971 FORD GALA 351 8 2 A 4000 029562 1.00 12,00 2.78 1u4.78
155 1968 CHEV BELA 307 8 2 A 4000 056417 0.70 8.40 4.28 12,68
161 1969 MERC COUG 351 8 2 A 3500 047191 0.70 8.40 1.85 10.25
173 1972 OLDS CUTL 350 8 2 A 3500 026639 0.70 8.40 4,28 12,68
182 1968 CHEV CAME 327 8 2 A 3500 083926 0.70 8.40 4,28 12.68
184 1971 CHEV IMPA 350 8 2 A 4000 035988 0.50 6.00 4,28 10,28
187 1973 FORD LTD 351 8 2 A 4500 004725 0.50 6.00 2.78 8.78
188 1971 MERC COUG 351 8 2 A 14000 017215 0.50 6.00 2,78 8.78
194 1968 CHEV IMPA 327 8 4 A 14000 054000 0.80 9.60 3,81 13,41
195 1973 CHEV CHEV 350 8 2 A 4000 006886 1.00 12.00 4.28 16,28
196 1971 CHEV CAPR 400 8 2 A 4500 036250 0.70 8,40 4,28 12.68
200 1972 CHEV NOVA 307 8 2 A 3500 015710 0.70 8.40 .28 12.68
204 1970 FORD GALA 390 8 2 A 4000 020723 1.00 12.00 2.78 14.78
205 1969 CHEV STAW 350 8 & A 4500 093878 0.80 9.60 3.81 13,4l
211 1970 PLYM FURY 318 8 2 A 4000 063652 0.80 9.60 1.75 11,35
217 1972 CADI COUP 472 8 L A 5000 017251 0.60 7.20 3.81 11,01
218 1973 CHEV NOVA 307 8 2 A 3500 016372 0.80 9.60 4,28 13,88
220 1968 BUIC LESA 350 8 4 A 4500 07L568 0.50 6.00 3,81 9,81
224 1968 CHEV 'MALI 250 6 1 A 3500 043307 0.30 3.60 0.00 3.60
225 1968 CHEV STAW 396 8 4 A 4500 048577 0.70 8.40 3.81 12.21
226 1973 DODG DART 318 8 2 A 3000 003813 0.80 9.60 1.75 11,35
227 1973 AMMO STAY 304 8 2 A 3000 003437 0.80 9.60 2.00 11.60
231 1973 PLYM DUST 318 8 2 A 3500 007751 0.60 7.20 1.75  8.95
232 1973 FORD MAVE 200 6 1 32500 003u68 0.30 3.60 0.00 3.60
233 1972 BUIC LESA 350 8 4 A 4500 020861 1.00 12,00 3.81 15,81
234 1968 MERC COUG 302 8 4 A 3500 074758 0.70 8.40 1.85 10.25
237 1968 CADI FLEE 472 8 4 A 5000 065733 0.80 9.60 3.81 13,41
238 1969 DODG CORO 318 8 2 A 3500 051016 0.80 9.60 1.75 11.35
242 1970 FORD MUST 302 8 2 A 3500 016785 0.70 8.40 2.78 11.18
243 1969 PONT CATA 400 8 2 A 4000 057823 0.70 8.40 4.28 12.68
245 1968 FORD FAIR 289 8 2 3 3500 077348 0.60 7.20 2.78 9.98
246 1968 OLDS DELT 455 8 2 A 4500 114750 0.50 6.00 4.28 10.28
247 1968 FORD GALA 390 8 2 A 4000 046034 0.80 9.60 1.85 11,45

AUTOMOTIVE TESTING LABORATORIES, INC,
19900 E., COLFAX, AURORA, CNHLO, 80011
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VEH

248
250
251
252
254

255
261
262
265
273

274
282
283
284
285

286
287
288
291
292

293
294
295
297
298

299
301
302
303
304

305
306
307
308
309

310
31
312
314
315

316
317
318
319
320

321
322
323
324
325

YEAR

1969
1970
1973
1973
1970

1972
1969
1973
1969
1970

1970
1968
1968
1971
1968

1968
1971
1968
1969
1971

1972
1969
1970
1971
1972

1972
1973
1973
1973
1972

1969
1969
1969
1969
1969

1972
1972
1972
1971
1971

1970
1971
1971
1971
1973

1970
1970
1970
1973
1973

MAKE MODEL

- - - - - C ey

PONT
CHEV
CHEV
oLDS
FORD

CHEV
FORD
CHEV
CHEV
CHEV

BUIC
FORD
PONT
AMMO
PLYM

000G
Bulc
PONT
PLYM
CHEV

FORD
CHRY
DODG
PLYM
AMMO

PLYM
MERC
BUtC
PLYM
DODG

AMMO
BUIC
CHEY
FORD
FORD

FORD
FORD
MERC
FORD
oLDs

MERC
FORD
FORD
FORD
FORD

CHEV
CHEV
PONT
CHEV
FORD

LEMA
CAME
IMPA
OMEG
MUST

NOVA
MUST
STAW
CAPR
CAPR

SKYL
FALC
CATA
AMBA
BARR

CHAR
LESA
TEMP
FURY
NOVA

MUST
NEWP
POLA
DUST
JAVE

SATE
COME
CENT
DUST
CORO

AMBA
ELEC
NOVA
TORI
TOR!

MAVE
MAVE
COME
BRON
CuTL

MONT
MAVE
GALA
TORI
MUST

NOVA
NOVA
TEMP
NOVA
GALA

ALT!ITUDE RETROF!T EVALUATION VEHICLES

CID CYL CARB TRAN | .WT

318

318
455
350
318
307

351
383
383
198
360

318

302

350
318
318

290
u30
230
351
351

302
250
302
302
350

302
200
400
351
351

250
307
350
250
351

oo 00 00 O 0o

o0 00 00 ON 00

o0 OY oo 0o OO ©0 0o 0O OO0 0O

00 00 0o O GO a0 00 0o O GO Qo 00 Oh 0o OO [--N-- - N ]

coOOh oo oo

NN =N ENN =N NN =EN N ENRN ErNNNNE NNNEN NEE - NEE=N

N = NN s

EWDDD>» DDDDD>DD> P>WD P> WDD P WP E

> N> > > > > > > >

> P

> NP P

027997
047370
006702
009599
036423

032867
068680
017416
030213
047305

034266
097889
075255
031837
060568

065609
017998
040178
052667
029533

019843
065163
053254
027784
023737

028091
010804
006508
006473
022983

054001
034898
029124
021037
074369

008455
022036
008589
020440
026169

027532
023567
040209
013Luk
003445

012130
032511
030849
004682
016385

LABOR
HOURS

0.60

1,00

0.80

0.40

1.00

AUTOMOTIVE TEST!ING LABORATORIES,INC.

19900 E.

COLFAX,

AURORA,

CcoLo.

80011

LABOR

7.20

L.80

8.40

h,28

0.00

2,78

L.28
2.78

9.20

9.98

9.98



ALTITUDE RETROFIT EVALUATION

EXHAUST EMISSIONS BEFORE INSTALLATION
1975 FEDERAL TEST PROCEDURE

¢ OF HC co NOX MPG DEMERITS
VEH. MEAN S5.0. MEAN S.D, MEAN S.D. MEAN S,D, MEAN S.D.

«VEHICLE MAKE

AMER, MOTORS 4 5.78 2,3 67.3 27.3 2,97 1.1 13,1 0.5 8.2 8.3
BUICK 6 4,86 1.1 100.8 37.2 3.01 1.9 11l.4 1.3 8.0 6.7
CADILLAC 2 3.44 0.1 109.5 22.3 1.85 0.3 9.8 1,2 15.5 9.2
CHEVROLET 26 5.11 1.3 72.7 30.7 2.63 1.1 13.6 1.7 12,0 15.0
CHRYSLER 1 4,29 0.0 72.9 0.0 2,43 0.0 11,5 0,0 30.0 0.0
DODGE 6 7.02 4.7 101.7 60,0 2.37 1.0 13.7 1.6 5.3 4.3
FORD 27 5.19 1.4 78.3 31.5 2.57 1.3 14,0 2.3 7.9 9.9
MERCURY 6 5.13 1.0 61.5 24.7 3.67 2,2 14,0 1,4 5.8 5.6

OLDSMOBILE 6 1.4 75.0 38.0 2.67 1.0 1.1 6
PLYMOUTH 8 5.81 2.8 102.5 18.3 2,14 0.7 13.6 1.8 6.9 5.
PONTIAC 8 0.9 90.3 54,2 3.32 1.5 1.0 3

*MODEL YEAR

1968 16 6.00 2.8 98,5 Lu,8 2.45 1.4 13.4 2.1 12.3 11.8
1969 17 6.00 2.3 88.4 41.5 3.2 1.4 13.5 1.3 7.4 8,5
1970 15 5.22 1.0 87.5 35.1 2,66 0.8 13.4 2,1 11.1 13,0
1971 17 5.03 0.9 70.4 26.9 3.37 1.3 13.4 1.9 12.4 16.9
1972 17 5.06 1.8 70.6 3u.4 2,78 ,1.2 13.0 2.0 8.3 8.5
1973 18 4,20 0.8 75.0 24,2 1.71 0.7 13.3 2.1 5.6 6.2
*DISPLACEMENT

LESS THAN 151 0

151 - 250° 11 4,45 1.0 72,3 30,0 2.17 1.1 16.7 1.6 12.7 14.5
251 - 350 53 5,49 2,2 83.3 33,6 2,45 1.1 13.5 1.3 9.3 12.5
MORE THAN 350 36 5.10 1.4 81.3 40,5 3,22 1.5 12.1 1.3 8.6 8.1
¢INERTIA WEIGHT

1800 - 2799 3 4,49 1,2 64.7 26.4 2,56 1.7 17.9 2.2 23.0 23.3
2800 - 3799 51 S.ub 2.1 80.0 35.8 2.38 1.1 14.1 1.6 7.5 8,3
3800 - 4799 Ly 5.13 1.6 82.8 36. 3.11 1.4 12,2 1,0 10.5 12,9
4800 - 5799 2 3.44 0,1 109.5 22.3 1.85 0.3 9.8 1.2 15.5 9,2

ALL VEHICLES 100 5.23 1.8 81.u4 35.7 2.70 1.3 13.3 1.9 9.4 11.3

AUTOMOTIVE TESTING LABORATORIES, INC,
19900 E. COLFAX, AURORA, COLO. 80011



ALTITUDE RETROFIT EVALUATION

EXHAUST EMISSIONS AFTER INSTALLATION
1975 FEDERAL TEST PROCEDURE

¢ OF HC co NOX MPG DEMERITS
VEH. MEAN S,D, MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D.

e Y LI L R Y PR A L YT L PP R L L R R R L L L L AL T Y LR L Y Y LRI Y TP T T Ty

oVEHICLE MAKE

AMER. MOTORS 4 6.3 2.7 75.5 30.0 5.49 1.6 13.4 1.6 19.5 13.4
BUICK 6 5.27 0.9 92.1 30.5 3,59 1.7 11.7 1.2 10.7 6.9
CADI LLAC 2 5.14 0.6 84.0 39.7 4,41 1.8 10.4 1.2 4.0 0.0
CHEVROLET 26 5.4 2.1 70.4 46.9 3.39 1.5 14.3 3,1 10.0 13,2
CHRYSLER 1 7.57 0.0 68.5 0.0 3,41 0,0 12.3 0.0 58.0 0.0
DODGE 6 5.0 1.5 40.8 19.7 L.68 1.6 14.9 1,7 14,2 18.0
FORD 27 5.17 1.2 72.0 25,9 3.08 1.3 14.4 2.3 7.6 6,2
MERCURY 6 5.00 0.7 53.2 15.2 3.81 2.0 14,4 0,8 7.5 6.1
OLDSMOBI LE 6 5.06 1.0 79.5 32,9 3.30 1.7 12.8 0.7 34.0 59,2
PLYMOUTH 8 3.8 0.5 46.9 17.2 5.83 1.2 14,9 2,6 15.4 17.6
PONTIAC 8 4.83 1.3 73.7 46.3 4,10 1.3 12.5 1.1 9.6 8.9
eMODEL YEAR

1968 16 6.05 2.0 83.8 57.0 3,79 1.6 14,0 2,5 10.4 11,0
1969 17 5.80 1.1 69.8 25.9 4,59 1.6 14,1 1.5 13.5 16.5
1970 15 5.01 1.0 71.1 31,7 3.0 0.9 13.8 1.7 22.9 38.5
1971 17 5.03 1.3 58.9 21.1 4.10 1.0 13.9 2.4 10.9 12.8
1972 17 5.8 1.7 64.0 28.2 3,2 1.2 13,3 2.2 10.5 10.7
1973 18 4,32 1,4 66.0 36.7 2.16 1.1 14.3 3.6 5.7 5.2
*DISPLACEMENT

LESS THAN 151 0

151 - 250 11 b,.84 1,4 67.6 30.8 2,62 0.9 17,1 1.7 10.3 7.3
251 - 350 © 53 5.09 1.4 64.2 29.0 3,42 1.5 4.3 2.2 13.6 22.7
MORE THAN 350 36 5.36 1.8 75.7 u43.5 3.98 1.5 12.3 1.4 10.4 14,1
¢ NERTIA WEIGHT

1800 ~ 2799 3 L.64 1.2 70.2 17.4 2,58 1.4 17.5 1.0 10.7 5.7
2800 - 3799 51 5.12 1.5 62.6 30,2 3.15 1.4 14.7 1.8 8.3 8.3
3800 - 4799 4y 5.24 1.6 75.0 u40.4 4.00 1.5 12.8 2.4 16.9 26,0
4800 - 5799 2 5.1 0.6 84,0 39.7 4,41 1.8 10.4 1.2 4.0 0,0

ALL VEHICLES 100 5.16 1.5 68.7 35.1 3,53 1.5 13.9 2.4 12,1 18.7

AUTOMOTIVE TESTING LABGRATORIES, INC,
19900 E. COLFAX, AURORA, COLO. 80011
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*VEHI CLE MAKE
AMER, MOTORS
BUICK
CADILLAC
CHEVROLET

CHRYSLER
DODGE
FORD
MERCURY

OLDSMOBI LE
PLYMOUTH
PONTIAC

*MODEL YEAR
1968
1969
1970

1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

oI NERTIA WEIGHT

1800 ~ 2799
2800 - 3799
3800 - 4799
4800 - 5799

ALL VEHICLES

ALTITUDE RETROFIT EVALUATION

EXHAUST EMISSION REDUCTIONS AFTER INSTALLATION

¢ OF
VEH.

16
17
15

17
17
18

11
53
36

100

1975 FEDERAL TEST PROCEDURE

HC

co

MEAN S.D. MEAN

-0.059 3
0.198 2
0.207 o

-0.002 ©
0.249 1

1

=0,120

-0, 385
=0.259

=0, 145
0.314

-1.697

1
[=]
.
&~
[=]
~
o000

9
7
8
7 2.25
0
7
m
8

0.6
1.952 2.6 55.61
6.8

.1
.5 18.56
.7

.9
.7 6.58
.1
0.9
0.398 1.9 19.08
1.8

0.3

1.8 17.41
-0.105 2.0

0.8

-8.21
8.69
25.52

ho42
60,88
6.24
8.32
-4.51

16.56

lk.ég
16,41
11.52

8.05

L.69
5.68

=-5.49

7.83
25.52

0.076 1.8 12,67

S.D.

u6,2
b2.4
23.2

23.3
30.7
26.1

23.9
33.6
32.2

10.2
33.9
30.6
62.0

32.6

NO X

MEAN S.D.
-0.516 1.0
-0.577 1.2
-2.565 2,2
-0.75%9 0.7
-0.973 0.0
-2,.317 2.4
-0.519 0.7
-0.138 0,3
-0.633 1.5
-1.693 0.9
-0.787 1.5
-1.342 1.5
=1.356 1.7
-0,737 0.7
-0.727 0.8
-0.451 0.8
-0.451 0.7
-0.u449 0.8
-0.969 1.2
-0.762 1.2
-0.018 0.4
-0.779 1.2
-0.883 1,1
=2.565 2,2
-0.837 1,2

AUTOMOTIVE TESTING LABORATORIES, INC,

19900 E.

COLFAX, AURORA,
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coto.

80011

MPG

MEAN S.D.

=0.22
~-0.26
-0.60
-0.67

-0.88
-1.17
-0.44
-0.43

-0.07
=1.30
-0.35

-0.60
~0.63
=0.L46

-0.48
-0.30
-0n.93

-0.42
-0.86
~0.20

0.37
-0.60
=0.61
-0.60

-0.57

1.6

DEMERITS

MEAN

-11.25
-2.67
11.50

1.96

=28.00
-8.83
0.30
-1.67

=23.50
-8.50
1.75

1.88
-6.06
-11.80

1.47
-2.24
=0.11

2.45
-4.28
-1.81

12.33
-0.84
“6.41
11.50

=2.65

S.D.

— L
s VIO AW oow

[ e

15.3
21.0
12.4

24,0
11,4
22.4

9.2

17,7



ALTITUDE RETROFIT EVALUATION

PERCENT REDUCTIONS AND REDUCTIONS PER DOLLAR

1975 FEDERAL TEST PROCEDURE

co

NOX

~=e===PERCENT REDUCTIONS ======~

MPG

MILLIGRAMS/MILE/DOLLAR

HC co

NOX

eVEHI CLE MAKE
AMER, MOTORS
BUI CK
CADILLAC
CHEVROLETY

CHRYSLER
DODGE
FORD
MERCURY

OLDSMOBI LE
PLYMOUTH
PONTI AC

eMODEL YEAR
1968
1969
1970

1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

«INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 ~ L4799
4800 - 5799

ALL VEHICLES

¢ OF
VEH. HC
b -9,4u8
6 -8.38
2 -49,31
26 -6.47
1 -76.63
6 28.24
27 0.48
6 2,46
6 -8.50
8 33.58
8 2.28
16 -0.99
17 3.29
15 3.96
17 -0.03
17 4.92
18 -2, 86
0
11 -8.65
53 7.26
36 =5.07
3 =3.24
51 5.78
L4 ~2.05
2 -49.31
100 1.44

AUTOMOTIVE TESTING LABORATORIES,INC,
AURORA,

19900 E.

-12.21
8.62
23,31
3.10

6.07
59, 87
7.97
13,53

-6.02
54,27
18,34

14.91
21.00
18.75

16,35
9.32
12,07

6.49
22.90
6.98

-8,50
21.76

9.45
23.31

15.57

COLFAX,

=17.37
-19.18
138.76
-28.89

-39.98
-97.90
=-20.22

-3.76

-23,68
~-79.26
=23,71

=54, 82
=41, 89
=27.71

=21.59
-16.20
-26.33

-20.67
-39.59
-23.66

-0.71
-32,77
-28.35
138.76

-31.06

141

-~1.65
-2.30
-6.16
-4.92

-1.72
-8.53
=3.17
-3.10

=0.51
-9.60
-2.88

-b,46
-4.66
=3.47

=3.55
=2,31
-7.01

=2.51
~6.36
-1.65

2.07
-4.21
-L.96
-6.16

-4,29

coLo.

~71.6 -1073.8

-32.3  6589,2
-138.9 2090.2
-27.6 188.0
-366.9  493.9
201.1 6175.9
2.6 653,7
12.3  810.0
-30.2 -343.6
229.7 6541.9
7.8 1148.2
-5.2 1288.2
19.3 1809.3
17.8 1409.3
-0.1 1081.0
22.1 583.7
-11.6 870.4
-75.2  915.1
33.6 1610.9
-22.9 502.0
-36.3 -1373.7
30,5 1692.0
-8.7 649.9
-138.9 2090.2
6.9 1161.1

-67.5
-45.8
-210.1
-63.4

-108.7
=-235.0
-54.3
-13.5

-48.2
=-199,2
=54.6

117.7
132.2
-63.3

-68.3
-40.0
~43.3

-87.7
-81.8
~67.3

~4.5
-75.6
-73.3
-210.1

=76.7



MODIFIED TUNING SPECIFICAT!ION EVALUATION VEHICLES

CARB

TRAN

| JHWT

RUN

VEH YEAR  MAKE  MODEL cIp v
039 1968 PONT VENT 428 8
057 1971  VOLK SEDA 37
059 1965  CHEV STAW 327 8
073 1971  FORD TORI 351 8
074 1965  FORD FAIR 289 8
103 1973 FORD MAVE 302 8
106 1964 FORD GALA 289 8
111 1972 FORD TOR! 302 8
112 197 FORD MUST 351 8
113 1969  CHEV STAW 350 8
115 1967  CHEV IMPA 283 8
123 1964 CHEV IMP 283 8
147 1970  CHEV IMPA 350 8
149 1966  FORD GALA 352 8
175 1972 CHEV NOVA 350 8
179 1973 CHEV NO VA 307 8
180 1368  FORD GALA 302 8
181 1968  CHEV NOVA 307 8
183 1971  CHEV STAW 500 8
193 1969  FORD FAIR 302 8
198 1966  CHEV IMPA 283 8
210 1973 VOLK SEDA 97 4
212 1967  FORD MUST 289 8
214 1966 PONT CATA 389 8
289 1969  VOLK SEDA 91 &

MRNNONN NENNNN ENONN NN F e

NN =N

WD>D>> DD>P>D>D> P> >wWP > >

EPD>PWED

AUTOMOTIVE TESTING LABORATORIES, INC.

19900 E. COLFAX, AURORA,

coLo.

80011

4500
2000
4000
3500
3500

3000
4500
4000
3500
4000

4000
4000
4000
4000
3500

3500
L4000
3000
4500
3500

4000
2000
3000
4000
2000

069716
0349381
079730
022051
073336

009029
030087
017170
051330
075334

064860
085172
080466
078274
021117

017115
076747
042449
0211653
054596

083297
015868
051835
046086
063512

01
02
03
05
04

06
07
08

10

11
12
1u
13
15

20

13
17
16

24
21
22
23
25



MODIFIED TUNING SPECIFICATION EVALUATION

PARAMETERS AT
EXPIREMENTAL ¢ OF
SETTING TESTS

eSINGLE | TEMS

A-F RATIO 99
BASIC TIMING 100
IOLE RPM 100

CHOKE SETTING 100

eCOMBINATIONS OF TWO

A/F=TIMING 50
A/F=RPM 50
A/F=CHOXE 51
TIMING=-RPM 50
TIMING=CHOKE 51
RPM=CHOKE 50
AF=TIM. ONLY 23
AF=RPM ONLY 25

AF-CHOKE ONLY 24
TIM.=RPM ONLY 24
TIM.-CHOKE ONLY 23
RPM-CHOKE ONLY 24

*COMBINATIONS OF FOUR
ALL PARAMETERS 25

MANUF, SPECS. 25

- 6,41

1975 FEDERAL TEST PROCEDURE

HC

co

MEAN 5.0, MEAN

6,42
7.32
6.83
7.04

6.75
6,44

7.20
7.62
7.03

6.82
6.07
6.11
7.25
8.36
6.89

WWWN

[V RV RV N N AN ]
¢ o ¢ a o @

Woohowowo

WEWN N W

86.7
92.3
94,6
92.5

W N Vo

84.5
86.3
84.7
91.9
89.1
92.9

88,2
89.6
88.6
103.5
100.7
105.4

oCOoONVNO

6.81 3.1 83.1

7.00 2.9 107.9

S.D.

43.5
45.0
45,3
k4.6

40.6
43.6
42.0
uS.1
bh.3
43.0

43,3
48.0
45.9
48.5
48,4
43.6

39.5

by, 2

EXHAUST EMISStONS

NO X
MEAN 5.0,

2.92
3.17
2,83
2.91

3.37
3.02
3.06
3.24
3.34
3.03

3.10
2.47
2.45
2.85
2,96
2.40

AUTOMOTIVE TESTING LABORATORIES,INC.

19900 E.

COLFAX, AURORA,
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MPG

MEAN 5.0,

14.5
14.6
14,2
1h.4

14,7
14.3
4.5
14,4
14,7
14,3

15.0
14.1
1u.4
14.1
1,7
13.9

14.5

.5

NRNRNWN W
® o o 2 o o
CONOOWO

DEMERITS
MEAN S.D.

23.8
25.0
2".2
25,7

26,0
25.2
26.8
27.4
27.6
27.3

22.2
19.0
24.1
24,2
26.7
23.9

31.5

15.2

32.0
35.0
32,5
34.3

4.4
34,7
37.2
38.4
38.8
34.1

25,7
25.6
33.5
36.0
37.9
25.1

1.5

16.3



MOD!IFI1ED TUNING SPECIFICATION EVALUATION

EXHAUST EMISSION REDUCTIONS FROM MANUFACTURERS SPECIFICATIONS
1975 FEDERAL TEST PROCEDURE

PARAMETERS AT
EXPIREMENTAL ¢ OF HC co NOX MPG DEMERI TS
SETTING TESTS MEAN S.D. MEAN S.D. MEAN S,D. MEAN S.D. MEAN S,.D,

»SINGLE JTEMS

A-F RATIO 99 0,611 2,2 21.66 22,2 -0.854 1,0 -0,03 1.0 =-8.67 25,7
BASIC TIMING 100 -0.318 2.5 15.54 23.5 -1.093 1,1 -0,14 1,2 -9,89 30,2
IDLE RPM 100 0.171 2.2 13.28 23.3 ~-0,756 1.0 0.25 1,1 =~9.05 25.9
CHOKE SETTING 100 ~-0.046 2.4 15.34 24.2 -0,835 1.1 9,04 1,1 -10,50 28,2
*=COMBINATIONS OF TWO

A/F-TIMING 50 0.250 2.3 23.41 23.1 -1.296 1,2 -0,27 1,0 -10.88 28.7
A/F-RPM 50 0.556 2.2 21.52 23.5 -0.939 1.1 0.13 1,1 -10.08 26.1
A/F-CHOKE 51 0.580 2.1 24,25 23,2 -0.,996 1.1 -0.,04 0,9 -12,14 30.5
TIMI NG=RPM 5¢ =-0,208 2.5 15.92 24.4 ~-1,164 1,2 0,09 1,1 -12,28 32,9
TIMING=-CHOKE 51 -0.648 2.8 18.64 25.8 -1.261 1.2 -0.19 1.1 -12,73 32,2
RPM=-CHOKE 50 =-0.035 2.5 15,00 26.1 -0.949 1.2 0,19 1.0 -12,.,14 26.5
AF=TIM, ONLY 23 0.335 2.5 19.57 20,3 -1,038 1.0 ~-0.40 0.9 =-6.26 23.2
AF =HPM ONLY 25 0.927 2.1 18.31 21.9 -0.395 0.6 O0.34 1,2 -3.80 14.3
AF =CHOKE ONLY 24 1.032 1.8 21.50 20.8 -0.411 0.5 0,09 0.3 =-9,12 28,6
TIM,.-RPM ONLY 24 -0.197 1.7 4.59 16.6 -0.769 1.0 0.33 1,2 =-8.46 33.4
TIM,-CHOKE ONLY 23 =-1.199 2.5 7.05 20.9 -0.899 1.1 -0,15 1,2 =10.74 33,1
RPM-CHOKE ONLY 24 0.163 1.8 2.68 20.2 -0.321 0.6 0.56 1.0 ~-8.,17 17.3

#COMBINATIONS OF FOUR
ALL PARAMETERS 25 0.185 2.3 24.73 25.1 -1.u483 1.3 -0,07 1,0 -16.36 33.3

MANUF. SPECS. 25 0.000 0,0 0.00 0.0 0.000 0.0 0.00 0.0 0.00 0.0

AUTOMOTIVE TESTING LABORATORIES,INC,
19900 E. COLFAX, AURORA, COLO. 80011
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MODIFIED TUNING SPECIFICATION EVALUATION

PERCENT REDUCTIONS FROM MANUFACTURERS SPECIFICATIONS

PARAMETERS AT
EXPERIMENTAL
SETTING

*SINGLE 1TEMS

A-F RATIO
BASIC TIMING
IDLE RPM
CHOKE SETTING

*COMBINATIONS OF TWO

A/F=TIMING
A/F=RPM

A/F =CHOKE
TIMING=RPM
TIMING=CHOKE
RPM-CHOKE

AF=-TIM, ONLY
AF=RPM ONLY

AF -CHOKE ONLY
TIM.=RPM ONLY
TIM,=-CHOKE ONLY
RPM~-CHOKE ONLY

*COMBINATIONS OF FOUR
ALL PARAMETERS

MANUF, SPECS.

1975 FEDERAL TEST PROCEDURE

50
50
51
50
51
50

23
25
24
24
23
24

25

25

semmee=mmecme~=~PERCENT REDUCTIONS=~=w-
HC co NOX
9.51 24,97 -29.23
-4.35 16. 83 =34.47
2,50 14,04 -26.67
-0.65 16.58 -28.67
3,71 27.12 =38.42
8.63 24,92 -31.12
9,04 28.62 ~32.56
-2.89 17.31 =35.91
-8.50 20.90 =37.77
-0.50 16.16 =31.36
4.91 22.19 =33.44
15.28 20. 44 =-15.96
16.90 24,27 -16.81
=-2.72 L.43 =27.00
-14.35 7.00 =30.31
2.37 2.54 -13.37
2.71 29.75 -41.64
0.00 0.00 0.00

AUTOMOTIVE TESTING LABORATORIES,INC.

19900 E.

COLFAX, AURORA,
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-0.21
-0.94
1.78
0.28

-1.85
0.93
=0.30
0.59
-1.30
1.37

-2.67
2.39
0.65
2.33

-0.99
L.01

-0.48

0.00



VEH YEAR
015 1967
017 1966
021 1967
025 1966
028 1964
029 1965
035 1965
037 1964
039 1968
040 1968
041 1970
042 1969
043 1971
ous 1972
057 1971
059 1965
070 1972
073 1971
074 1965
077 1972
082 1971
091 1973
098 1972
099 1971
100 1969
101 1969
103 1973
104 1968
106 1964
111 1972
112 1970
113 1969
115 1967
117 1970
123 . 1964
125 1971
133 1970
139 1970
140 1966
142 1972

MANDATORY MAINTENANCE EVALUATION VEHICLES

MAKE MODEL

FORD
CHEV
PLYM
DODG
oLDs

PONT

DODG.

FORD
PONT
FORD

CHEV
PLYM
FORD
DOCG
voLK

CHEV
PONT
FORD
FORD
CHEV

PLYM
PONT
FORD
CHEV
FORD

CHEV
FOED
PLYM
FORD
FORD

FORD
CHEY
CHEV
oLDs
CHEV

PONT
FORD
FORD
oLDsS
CHEY

STAW
BISC
BELV
VAN

STAW

TEMP
POLA
FAIR
VENT
CusT

NOVA
BELV
MAVE
DART
SEDA

STAW
CATA
TOR1
FAIR
IMPA

STAW
LEMA
MAVE
BLAZ
MUST

STAW
MAVE
BELV
GALA
TOR

MUST
STAW
IMPA
CuTL
iMP

CATA
TORI
TOR1
DYNA
NOVA

CiD CYL CARB TRAN I.WT

289
283
273
273
330

©3 00 O3 00 OO

326
383
289
428
302

o3 00 00 00 O

230
318
170
225

97

SEOO oo

327
uoo
351
289
400

©0 00 0O 00 o0

383
400
302
350
302

o0 OO 00 Co 0o

327
302
273
289
302

©0 0o 0O 00 oo

351
350
283
350
283

o O 00 C0 OO

400
351
250
425
350

©o 00 O o OO

2 3
2 A
2 A
2 3
2 A
2 A
2 A
2 3
4 A
2 A
2 A
2 A
2 3
1 A
1 4
b A
2 A
2 A
2 A
4 A
2 A
2 A
2 A
b 4
2 A
2 A
2 A
2 A
2 3
2 A
2 A
4 A
2 A
2 A
2 A
2 A
2 A
‘1 3
2 A
2 A

3500
4000
3500
3500
4000

3500
4000
3500
4500
4000

3000
3500
2750
3000
2000

4000
4500
3500
3500
u500

4Logo
4000
3000
4000
3000

4500
3000
3500
4500
4000

3500
4000
4000
4000
4000

4500
3500
3500
4500
3500

060240
051045
070009
054740
089020

059585
06LL63
052629
069716
019445

030980
039269
020583
005414
034981

079730
016700
022051
073336
027848

050843
006704
026575
019987
047190

068576
009029
058630
030087
017170

051330
075334
064860
053727
085172

029602
045898
031895
048553
025592

1.80

1.90
1.90
1.60
1.60
2.00

2.80
2.80
1.80
1.80
2.80

1.90
2,80
1.80
2.80
1.80

2.80
1.80
1.90
1.80
1.80

1.80
2.80
2.80
2.80
2.80

2.80
1.80
1.60
2.80
2.80

AUTOMOTIVE TESTING LABORATORIES, INC.

19900 E.

COLFAX, AURORA, COLO.

Tuh

80011



MANDATORY MAINTENANCE EVALUATION VEHICLES

CID CYL CARB TRAN

289
400
302
455
350

© 00 00 00 O
NN
> >

)]
352
318
351
283

[~ N--N.-N--N. -]
NN EN

307
97
351
97
318

o0 & 0o & 0o
N = N N

289
283
350
350
390

[--N--N--K--N--]
ERNNONON

3n7
302
307
327
400

<o 00 00 00 o
NN

350
351
351
302
327

©O 00 00 GO 00
ENRNNN

350
400
283
307
390

©0 0o Co 0o Co
NN

350

97
318
289
389

WP E > PPD>P>» DUWPDDP> P> PDPI>DI>P D>&I&P»PEI> P>

©o 00 o & oo
NN =&

| .WT

3000
4000
3000
4000
4000

3500
4000
3000
Loon
4000

4000
2000
3500
2000
4000

4500
3500
3500
3500
4000

3500
4000
3000
3500
4500

4000
4500
4000
3500
4000

4000
4500
4000
3500
L00o

4500
2000
4000
3000
4000

0DOM,

033659
012721
005516
061594
080460

014660
078274
026700
029562
130460

066417
024425
pu7191
012474
113497

071092
110629
026639
021117
059024

017115
076747
042449
083926
0211R3

035988
004725
017215
054596
054000

006886
036250
083297
015710
020723

093878
015868
063652
051835
046086

AUTOMOTIVE TESTING LABORATORIES, INC.

19900 E. COLFAX, AURORA,

147

coLo,

80011



MANDATORY MAINTENANCE EVALUATION VEHICLES

LABOR =m====- COSTS===mmmm
VEH YEAR MAKE MODEL CID CYL CARB TRAN |.WT ODOM, HOURS LABOR PARTS TOTAL

217 1972 CADl cCOuP 472 8 4 A 5000 017251 2,80 33.60 25.17 58.77
218 1973 CHEV NOVA 307 8 2 A 3500 016372 2.80 33,60 23.51 57.11
220 1968 BUIC LESA 350 8 b A 4500 074568 2.80 33,60 25,17 58,77
224 1968 CHEV MALI 250 6 1 A 3500 043307 1.90 22.80 19.41 42,21
225 1968 CHEV STAW 396 8 4 A 4500 048577 2,80 33,60 25,17 58,77
226 1973 DODG DART 318 8 2 A 3000 003813 1.90 22.80 21.31 44,11
227 1973 AMMO STAW 304 8 2 A 3000 003437 2.00 24.00 9,55 33,55
231 1973 PLYM DUST 318 8 2 A 3500 007751 1.90 22.80 21.31 44.11
232 1973 FORD MAVE 200 6 1 3 2500 003468 1.60 19,20 18.55 37.75
233 1972 BUIC LESA 350 8 L A 4500 020861 2.80 33.60 25.17 58.77
234 1968 MERC COUG 302 38 4 A 3500 074758 1.80 21,60 27,35 48.95
237 1968 CADI FLEE 472 8 4 A 5000 065733 2,80 33,60 25.17 58,77
238 1969 DODG CORO 318 8 2 A 3500 051016 1,90 22,80 21.31 44,11
242 1970 FORD MUST 302 8 2 A 3500 016785 1.80 21.60 22,75 44,35
243 1969 PONT CATA 400 8 2 A 4000 057823 2,80 33,60 23,51 57.11
245 1968 FORD FAIR 289 8 2 3 3500 0773u8 1.80 21.60 22,75 44,35
246 1968 OLDS DELT 455 8 2 A 4500 114750 2,80 33.60 23.51 57.11
247 1968 FORD GALA 390 8 2 A LOOD 046034 1,80 21,60 22,75 44,35
248 1969 PONT LEMA 350 8 2 A 4000 027997 2,80 33,60 23.51 57.11
249 1971 PLYM FURY 383 8 b A 4000 030259 1.90 22,80 21.93 44,73
250 1970 CHEV CAME 350 8 2 4L 3500 047370 2.80 33.60 23.51 57.11
251 1973 CHEV IMPA 350 8 L A 4000 006702 2.80 33.60 25.17 58.77
252 1973 OLDS OMEG 350 8 D) 3 3500 009599 2.80 33.60 25.17 58.77
254 1970 FORD MUST 302 8 2 A 3000 036423 1.80 21,60 22,75 u44.35
255 1972 CHEV NOVA 307 8 2 A 3000 032867 2,80 33,60 23,51 57,11
261 1969 FORPD MUST 200 6 1 3 3000 068680 1.60 19,20 18,55 37.75
262 1973 CHEV STAW 454 8 b4 A 4500 017416 2.80 33.60 25,17 58.77
265 1969 CHEV CAPR 327 8 4 A 4000 030213 2.80 33.60 25.17 58,77
267 1967 FORD FALC 200 6 1 3 2750 103550 1,66 19.20 18.55 37.75
271 1967 PONT FIRE 326 8 4 A 3500 059028 2,80 33,60 23,51 57.11
272 1966 PLYM FURY 318 8 2 A 4000 092494 1.90 22.80 21.31 44,11
273 1970 CHEV CAPR 40O 8 2 A 4000 047305 2.80 33,60 23.51 57.11
274 1970 BUIC SKYL 350 8 ) A 4000 034266 2.80 33.60 25.17 58.77
276 1966 PONT LEMA 326 8 4 A 3500 073426 2.80 33,60 23,51 57,11
280 1967 CHEV STAW 327 8 4 3 4000 096491 2.80 33.60 25.17 58.77
282 1968 FORD FALC 170 6 1 3 3000 097839 1.60 19.20 18.55 37.75
283 1968 PONT CATA 400 8 b A 4500 075255 2.80 33,60 25.17 58.77
284 1971 AMMO AMBA 401 8 4y A 4000 031837 2.00 24.00 9.55 33,55
285 1968 PLYM BARR 318 8 2 A 3500 060568 1,90 22,80 21.31 4.1l
286 1968 DODG CHAR 318 8 2 A 3500 065609 1.60 22,80 21.31 4u4.11

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E. COLFAX, AURORA, COLO. 80011

jug



MANDATORY MAINTENANCE EVALUATION VEHICLES

BUIC
PONT
VOLK
PLYM
CHEY

FORD
CHRY
DODG
PLYM
AMMO

PLYM
MERC
BUIC
PLYM
DODG

AMMO
BUtC
CHEY
FORD
FORD

FORD
FORD
MERC
FORD
oLDS

MERC
FORD
FORD
FORD
FORD

CHEV
CHEV
PONT
CHEV
FORD

LESA
TEMP
SEDA
FURY
NOVA

MUST
NEWP
POLA
DUST
JAVE

SATE
COME
CENT
DUST
CORO

AMB A
ELEC
NOVA
TORI
TORI

MAVE
MAVE
COME
BRON
CuUTL

MONT
MAVE
GALA
TORI

MUST

NOVA
NOVA
TEMP
NOVA
GALA

455
350

91
318
307

351
383
383
198
360

o0 O OO 0 OO o 0 £ 00 0o

318
302
350
318
318

oo Co 0O Qo 0o

290
430
230
351
351

oo 00 O 00 00

302
250
302
302
350

[--N--N- N N--]

302
200
400
351
351

o0 00 CO Ch o

250
307
350
250
351

oo h oo oo

4 A
2 A
1 )
2 A
2 A
L A
2 A
2 A
1 3
b 4y
2 A
2 A
b A
2 A
2 A
2 A
b4 A
1 A
2 A
2 A
2 A
1 A
2 A
2 3
4 A
2 3
1 A
2 A
2 A
2 A
1 A
2 A
2 A
1 3
2 A

4500
3500
2000
4000
3500

3500
4500
4500
3000
3500

3500
3000
4000
3500
3500

4noo
4500
3000
3500
3500

3000
2750
3000
3500
3500

3500
2750
4000
3500
3500

3500
3500
3500
3500
4500

0179938
040178
063512
052667
029533

019843
065163
053254
027784
023737

028091
010804
006508
006473
022983

054001
034898
029124
021037
074369

008455
022036
008589
020440
026169

027532
023567
040209
013444
003uL5

012130
032511
030849
0046382
016385

AUTOMOTIVE TESTING LABORATORIES, INC,
COLFAX, AURORA, COLO.

19900 E.

149

80011



sVEHICLE MAKE
AMER, MOTORS
BUI CK '
CADILLAC
CHEVROLET

CHRYS LER
DODGE
FORD
MERCURY

OLDSMOBI LE
PLYMOUTH
PONTIAC
VOLKSWAGEN

*MODEL YEAR
1964
1965
1966
1967
1968

1969
1970
1971
1972
1973

*DIS?LACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

15
88
47

*INERTIA WEICGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799

*POPULATINNS
1964 - 1967
1968 - 1973
ALL VEHICLES

10
74
69

29
126
155

MANDATORY MAINTENANCE EVALUATION

EXHAUST EMISSIONS BEFORE MAINTENANCE

1975 FEDERAL TEST PROCENURE

HC
MEAN 5.0,
6.60 2,60
5.92 2,03
3.80 1.01
8.85 8.u49
L.63 0.00
7.68 5.76
7.19  4.b44
5.31  1.04
6.70 3.63
8.57 6.36
7.40  4.34
5.41 0.93
12,27 2.66
12.95 6.87
13,59 11.70
11.12 4.07
6.98 2.22
7.46  7.42
7.87 6.06
6.68 5,07
5.11 1.63
4.22 1.03
5.41 0.93
5.07 1.66
8,75 6.85
6.24 3.91
4.99 1,16
6.79 3.41
8,79 7.7
3.80 1.m
12.57 7.41
6.37 u4.65
7.53 5.78

co
MEAN S.D.
99.2 30,8
127.4 42.6
111.3 10.3
110.3 64,3
73.8 0.0
106.4 38,2
88.3 32,1
62.3 23,7
117.8 49,1
129.6 47,9
113.7 53.6
80.3 13,0
160.9 33.6
183.6 70,7
140.9 35.6
145.0 52.5
113.2 58.8
95.7 39.9
89.7 39,4
85.0 29.6
30.0 31.5
75.3  21.5
80.3 13.0
80.4 26.3
112.3 55,9
97.1 37.0
75,5 21.6
94,7 41.3
116.9 55,5
111.3 10.3
156.4 50.2
91.4 39,k
103.6 48.6

NOX
MEAN

2,41
2.5
1,84
2,57

2,43
2,79
3.02
3.24

2,33
2,27
2,84
1.89

1.61
1.79
2,43
1.75
3.01

3.11
3.17
3.39
2.61
1,830

1.89
2.41
2,53
3.15

2,26
2,52
2,94
1.84

1.94
2.85
2.68

AUTOMOTIVE TESTING LABAQRATORIES, INC.

19900 E.

COLFAX,

AURORA, COLO.

150

80011

S.D.

1.26
1.01
0.69
1.36

0.00
1.03
1.65
1.72

1.08
1.18
1.37
0.47

0.59
1.56
0.90
1.40
1.98

1.11
1.19
1.47
0.97
0.63

0.47
1.10
1.33
1.51

1.07
1.21
1.57
0.69

1.16
1.38
1.38

MPG
MEAN

12.75
11,28

9.92
13.09

11.90
14,25
14,42
14.69

11.88
13.37
12.30
21.22

12,74
12.27
12.92
14.98
13.56

13.80
14,20
14,00
13.22
13.65

21.22
16.98
13,49
12.03

20,28
14.30
12.07

9.92

13.22
13.73
13.64

S.D.

0.94
l.41
1.34
1.86

0.00
1.59
2.62
1.77

0.97
1.84
1.04
1.23

0.92
1.67
1.61
3.42
2,07

2,70
2,58
3.65
2.31
2.45

1.23
2.89
1,64
1.47

2.71
1.65
1.18
1,34

2.25
2.66
2.59



MANDATORY MAINTENANCE EVALUATION

EXHAUST EMISSIONS AFTER MAINTENANCE

1975 FEDERAL TEST PROCEDURE

co
MEAN

S.D.

*VEHICLE MAKE
AMER. MOTORS
BUt CK

CADI LLAC
CHEVROLET

CHRYSLER
DODGE
FORD
MERCURY

OLDSMOBI LE
PLYMOUTH
PONTIAC
VOLKSWAGEN

eMODEL YEAR
1964
1965
1966
1967
1968

1969
1970
1971
1972
1973

*DISPLACEMENT
LESS THAN 151
251 - 250
251 = 350
MORE THAN 350

«INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799
*POPULATIONS
1964 - 1967
1968 - 1973

ALL VEHICLES

15
88
L7

10
74
69

29
126
155

11.02
9.71
9.32
9.64
6.12

5.95
5.1b
4.90
5.01
L.20

4,95
L,32
6.68
5.65

4,65
6.01
6.44
3,44

9. 84
5.22
6.08

2,26
1.12
0.14
2.71

0.00
5.16
2.87
0.99

2.17
2.U3
1.93
1.92

2.79
2.32
3,03
3.4
2.66

2.18
1.06
0.90
1.67
0.81

1.n02
0.88
3.02
2.22

0.99
2.73
2.80
0.14

2.85
1.78
2.71

67.3
100.8
109.5

36.5

72.9
116.1
85.3
61.5

98.9
112.7
104.7

75.1

167.8
160.3
135.3
133.9

98.3

86.0
83.1
73.0
76.5
74.9

75.1
68.8
103.0
87.7

67.9
89.0
103.0
109.5

7.7
81.8%
94.1

27.3
37.2
22.3%
52,5

0.0
59.5
34.3
24,7

55.1
29.5
48.1

8.4

33,7
33,3
u3.8

41,3

37.8
33.6
27.8
3u.0
22.6

8.4
27.7
46.0
40.7

16.4
41.3
46.9
22.3

40.6
33.8
43.5

3.67

1.62

1.21
1.60
2,33
1.68
2,47

3.16
2.60
3.07
2.R9
1.69

1.62
2,45
2.20
3.05

2.24
2.29
2,70
1.85

1.77
2.62
2.46

AUTOMOTIVE TESTING .LABORATORIES, INC,
COLFAX, AURORA,

18900 E.

151

coLo.

80011

0.28

0.75
0.84
1.n6
1.25
1.26

1.36
0.82
1.30
1.14
0.70

0.28
1.08
1.10
1.34

1.19
1.10
1,34
0.33

1.04
1.21
1.22

12.70
12.92
13.43
15.57
13.41

14.20
13.97
14,47
13.20
13.69

22.23
17.58
13.55
12,17

20.93
14.28
12.37

9.81

13.67
13.83
13.80

0.47
1.32
1.22
1.60

0.00
2.03
2.60
1.42

1.02
1.93
0.99
1.14

1.20
1.05
1.38
3.28
1.91

2.49
2.76
3.75
2.12
2,57

1,14

2.33
1.36
1.30

2.4Y
1.64
1.01
1.22

2.15
2,67
2,57



MANDATORY MAINTENANCE EVALUATION

EXHAUST EMISSION REDUCTIONS AFTER MAIMTENANCE

1975 FEDERAL TEST PROCENURE

NOX
HEAN

S.D.

*VEHICLE MAKE
AMER, MOTORS
BUICK
CAD!LLAC
CHEVROLET

CHRYSLER
DODGE
FORD
MERCURY

OLDSMOB! LE
PLYMOUTH
PONTIAC
VOLKSWAGEN

*MODEL YEAR
1964
1965
1966
1967
1968

1969
1970
1971
1972
1973

«DISPLACEMENT
LESS THAN 151
151 - 250
251 = 350
MORE THAM 350

*|NERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799

#*POPULATIONS
1964 - 1967
1968 - 1973
ALL VEHICLES

19
23
21
21

15
88
u7

10
74
69

29
126
155

HC
MEAN S.,D,
0,819 1.16
1.054 1.12
0,357 1.15
2.694 V.39
0.340 0.00
-0.090 3.61
0.928 L.0S
0,186 1.25
1.087 3.30
2,309 6.48
1.195 u4.28
0.452 1.07
1.253 3.938
3,243 5.76
4,276 10.57
1.483 1.89
0.859 3.23
1.510 7.50
2.733 6.06
1,780 5,24
0.104 1.28
0.021 0.A2
0.452 1.07
0.757 1.56
2,077 6.05
0.5%34 u,.n2
0.341 0O.84
0.782 2.41
2.352 7.19
0.357 1.15
2.727 b.66
1.153 4.6h9
l.447 5.13

-6.88
23.36

5.59
11.13
14.88

9.71
6.58
12.00
13.50
0.38

5.25
11.58
9.30
9.38

7.69
5.66
13.92
1.76

B.hb
3.59
9.41

22.60
45,16
22,84
23.08
47.31

4n.97
26.79
17.79
29,72
13,75

14,87
27.90
35,17
24, 84

20.96
26.02
36.74
11.92

30.03
31.32
30.99

-0.562
-0.560
-0.011

0.309

0.0n1
0.540
6.470
~0.436

-0.039
0.152
0.038
0.270

0.u00
0.133
0,091
0.070
0.539

-N. 0y
0.571
0.318

=0.078
0.111

0.270
=0.045
0.331
0.0n95

0.016
0.230
0.248
-0.011

0.172
0.232
0,221

AUTOMOTIVE TESTING LABORATORIES, INC.

19900 E.

COLFAX,

152

AURORA, COLO,

80011

1.N00
1.37
0.36
0.86

0.00
0.92
1.15
1.30

0.55
0.63
0.56
0.29

0.25
0.96
0.u46
0.42
1.22

1.15
1.38
0.78
0.94
0.35

0.29
0.58
0.92
1.14

0.58
0.98
1.00
0.36

0.57
1.03
0.96

0.N4s6
-0.649
-0.514
-0.594
0.148

-0,.397
0.237
-0.475
0.n20
-0.047

-1.003
-0.604
-0.054
-0.137

-0.645
0.n21
~-0.298
0.111

-0.450
-0.097
~0.163

0.69

1,27

0.00
0.71
1.03
1.48

0.77
1.16
1.07
1.45

0.90
1.12
1.03
0.71
1.37

1.20
1,32
0.95
1.13
0.89

1.45
1.1
1,19
0.92

1.21
1.18
1.05
0.13

0.94
1.16
1.13



MANDATORY MAINTENANCE EVALUATION

PERCENT REDUCTIONS AND REDUCTIONS PER DOLLAR

1975 FENERAL TEST PROCEDURE

co

NOX

M1 LLIGRAMS/MILE/DOLLAR

HC

co

NO X

sVEHICLE MAKE
AMER, MOTORS
BUICK
CAD!LLAC
CHEVROLET

CHRYSLER
DODGE
FORD
MERCURY

OLDSMOBI LE
PLYMOUTH
PONTIAC
VO LKSWAGEN

*MODEL YEAR
1964
1965
1966
1967
1968

1969
1970
1971
1872
1973

«DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 250

*|NERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799
«POPULATIONS
1964 - 1967
1968 - 1973

ALL VEHICLES

19
23
21
21

15
88
L7

10
74
69

29
126
155

[N R =N o)

3.50

8.36

10.21
25.03
31.46
13.33
12.30

20,24
34,72
26.66
2.03
0.49

8.36
14,92
23,73

9,51

6. 84
11.52
26.75

9.39

21.09
18.10
19.22

32.14
20.90

1.58
12.53

1.23
-9.05
3,40
1.33

16.03
13.05
7.88
6.53

-4.27
12.72
3,97
7.67
13.14

10.14
7.33
14,12
15.00
0.51

6.53
SRS |
8.29
9.66

10.17
5.97
11.90
1.58

5.52
10.50
9.0n9

COLFAX,

=23.34
-22.83
~0.58
12.00

0.05
19.39
15.54

=13.47

=1.65
6.69
1,34
14,30

24,84
10.27
3.77
3.98
17.92

-1.42
18.01
9.38
-2.98
6.16

14.30
-1.86
13.09

3.02

0.71
9.13
8.42
=0.58

AURORA,
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-3.03
-1.38

1.12
=2.57

3.73
1.42
0.06
4L.58

-5.08
=2.14
-1.10
~4,73

0.36
=5.29
-3.98
-3.97

1.09

-2.88
1.67
=3.40
0.15
~-0.34

-4,73
=3.56
-0.40
-1.14

-3.18
0.14
=2.47
1.12

=3.40
~0.71
-1,20
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13.1
19.4
40.8
11.9

54.2
23.7
29.6

355.9
453.2

29.9
248.1

20,5
=222.6
69.4
18.4

327.1
387.3
156,2
151.8

-135.6
469.5
108.7
226.8
290.2

201. 18
137.0
256.6
275.2

7.9

151.8
296.4
182.9
188.5

212.6
120,3
265.6

29.9

171.7
197.7
192.7
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INLE INSPECTION EVALUATINN VEHICLES

---COSTS====
VEH YEAR MAKE MODEL  CID CYL CARB TRAN I.WT ODOM,  FAILURE INSP. MTCE.
001 1965 OLDS DELT 425 8 4 A 4500 040150 PASS  4.N0  0.00
002 1967 MERC  COUG 289 8 U A 3500 070863 o 2.50 35.00
003 1966 BUIC  LESA 340 8 4 A 400D 022750 BOTH  3.50 16.25
004 1967 BUIC SPEC 300 8 2 A 3500 048935 co 5.50  3.60
006 1967 CADI  SEDA 429 8 4 A 5000 104304 co 1.50  3.00
007 1966 CHEV  IMPA 327 8 4 A 4000 04388y HC 5,50 6.60
008 1964 VOLK  SEDA 73 4 1 4 2000 105861 PASS  5.00 0,00
010 1966 CHRY 300 383 8 4 A 4000 066648 co 6.00  6.00
011 1966 CHEV ~ CHE2 194 6 1 3 3000 072251 co 5.50 5,50
012 1967 CHRY STAW 383 8 4 A 5000 063004 PASS 2,50  0.50
013 1965 DODR  DART 225 6 1 A 3000 032679 PASS 3,50  0.00
014 1964 CHEV ~ CHE2 194 6 1 33000 049237 PASS  4.0D0  0.00
015 1967 FORD  STAW 289 8 2 3 3500 060240 co 5.00 2.00
016 1967 FORD  FALC 289 8 2 A 3000 059003 PASS  5.50  0.00
017 1966 CHEY  BISC 283 8 2 A 00O 051045 PASS  1.50  0.00
019 1965 AMMO  CLAS 232 6 1 33000 062545 co 5.50  3.00
020 1967 OLDS DELT 425 8 4 A 4500 089113 HC 5.50  9.90
021 1967 - PLYMt  BFLV 273 8 2 A 3500 070009 PASS 6,00  0.00
022 1971 CHEV  VEGA 140 & 2 4 2500 040186 co 5.50  6.60
023 1973 FORD  STAW 40D 8 2 A 5000 003001 HC 3.50  2.00
024 1964 CHRY  NEWP 361 8 2 A 4500 099340 co 6.00 36.57
025 1966 DODG VAN 273 8 2 33500 054740 PASS  4.00  0.00
026 1965 CADI  DEVI 429 8 4 A 5000 084961 PASS  2.50  0.00
027 1965 MERC  MONR 390 38 2 A LODD 072548 PASS  L.0D  0.00
028 1964 OLDS  STAW 330 8 2 A G0N0 089020 BOTH  4.50 5.00
029 1965 PONT  TEMP 326 8 2 A 3500 059585 PASS  5.00  0.00
030 1964 CADI  DEVI 429 8 4 A 5000 048156 co 2.50  7.50
031 1964 CHEV  IMPA 327 8 u A 3500 060672 co 2.50 48,07
033 1965 FORD  MUST 200 6 1 A 3000 065042 HC 1.50  4.50
035 1965 DODG  POLA 383 8 2 A 4000 064463 PASS  6.00 0,00
036 1965 BUIC  SKYL 300 8 2° A 3500 075400 BOTH  3.50 15.30
037 1964 FORD  FAIR 289 8 2 3 3500 052629 HC 5.50  5.50
038 1966 FORD GALA 390 8 4 A 4000 054520 PASS 4,50  0.00
039 1968 PONT  VENT 428 8 4 A 4500 069716 HC 5.50  5.50
040 1968 FORD  CUST 302 8 2 A 4000 019u45 HC 1.50 18.84
01 1970 CHEV  NOVA 230 6 2 A 30N0 030980 BOTH  5.50  6.60
042 1960 PLYM BELV 318 8 2 A 3500 039269 BOTH 2,50  7.50
043 1971 FORD  MAVE 170 6 2 32750 020533 PASS  5.00  0.00
oLl 1967 CHEV  CAPR 327 8 4 A 4000 0LGOUG PASS  4.00  0.00
ous 1972 DONG  DART 225 6 1 A 3000 00541y He 6.00 6.00
06 1965 PLYM VALl 225 6 1 33000 085428 PASS 4,00  0.00
0L8 1967 MERC  STAM 390 8 2 A 4500 D6LN33 PASS  1.50 0,00
069 1967 CMEV  CAMA 250 & 1 % 3000 07RB64 BOTH  4.50 6,00
051 1969 OLDS DELT 455 8 2 A 4500 064800 PASS  2.50  0.00
053 1964 DODG  POLA 318 8 2 A 4000 042474 BOTH  3.50 4,50
055 1966 FORD  MUST 200 6 1 A 3000 054749 o 2.50 7.50
056 1964 CHEV  BELA 230 6 1 A 3500 0LGB6D o 1.50  0.00
057 1971 VOLK  SEDA 97 1 4 2000 034981 co 5.00  1.00
059 1965 CHEV  STAW 327 8 4 A 5000 079730 BOTH  2.50 10.35
060 1970 CADI  DEVI 472 8 4 A 5000 045946 PASS 4,50  0.00
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IDLE INSPECTION EVALUATION VEHICLES

--=C0STS==--
VEH YEAR MAKE MODEL CID CYL CARB TRAN | ,WT oODOM, FAVLURE INSP, MTCE,
061 1972 CHEV VEGA 140 4 2 4 2500 025879 PASS 5.00 0.00
063 1967 PLYM FURY 318 8 2 A 4000 0L2005 HC 3.50 7.50
064 1970 AMMO REBE 232 6 1 A 3500 064875 PASS 4.50 0.00
065 1970 CHRY NEWP 383 8 2 A 4500 036717 BOTH 6.00 11.20
066 1970 PLYM DUST 318 8 2 3 3000 037361 BOTH 2.50 7.50
067 1971 CADI DEV! 472 8 b A 5000 041770 PASS 2.50 0.00
068 1968 O0LDS CUTL 350 8 2 A 3500 054881 BOTH 5.00 6.00
069 1967 FORD LTD 390 8 2 A upon 048253 co 5.50 11.00
070 1972 PONT CATA 400 8 2 A 4500 016700 HC 1.50 3.00
071 1972 VOLK SEDA 97 & 1 4 2250 041347 co 5.00 1.00
072 1972 CHEV NOVA 250 6 1 A 3000 012834 BOTH 5.00 4L.90
073 1971 FORD TORI 351 8 2 A 3500 022051 PASS 5.50 0.00
074 1965 FORD FAIR 289 8 2 A 3500 073336 PASS 3.50 0.00
075 1371 FORD PINT 98 4 1 L 2250 012609 BOTH 5.00 11.00
076 1967 BUIC LESA 340 8 4 A 400D 021887 PASS 2.50 0.00
077 1972 CHEV IMPA 400 8 4 A 4500 0278438 PASS 3,50 0.00
078 1972 FORD STAW 351 8 2 A 4000 020434 PASS 5.50 0,00
079 1971 FORD STAW 400 8 2 A L4500 035284 BOTH 2,50 18,00
080 1967 CHEV MALI 283 8 2 3 3500 075280 BOTH 5.50 6.60
082 1971 PLYM STAU 383 8 2 A 4000 050843 BOTH 6.00 6.00
083 1970 DODG DART 318 8 2 A 3000 016300 co 2.50 5.00
084 1970 PONT GTO 400 8 b A 4000 042846 HC 4.00 0.00
085 1968 BUIC RIVI 430 8 4 A 4500 060029 BOTH 5.50 5.50
087 1967 OLDS STAW 330 8 2 A L0OOD 064?223 PASS 4L.50 0.00
088 1967 AMMO STAWN 290 8 2 A 4000 072440 BOTH 2,50 7.50
090 1970 FORD MAVE 200 6 1 A 2750 022467 PASS 5.00 0.00
091 1973 PGNT LEMA Lo0 8 2 A 4000 006704 PASS 5.00 0.50
092 1970 FORD MAVE 200 6 1 A 2750 035000 BOTH 1.50 L.50
093 1972 PLYM DUST 198 6 1 A 3000 020817 BOTH 6.00 6.00
09y 1969 BUIC LESA 350 8 4 A 4500 034309 BOTH 4,00 0.00
095 1968 AMMO STAU 290 8 2 A L4000 052932 co 2.50 L,00
096 1965 PONT CATA 389 8 b A 4000 076369 BOTH 3.50 38,05
097 1964 PLYM VALI 170 6 1 3 3000 026268 PASS 5.50 0.00
098 1972 FORD MAVE 302 8 2 A 3000 026575 HC 2.50 7.50
099 1971 CHEV BLAZ 350 8 b L uN0n 019987 BOTH 5.50 3.30
100 1969 FORD MUST 302 8 2 A 3000 047190 BOTH 5.00 2.00
101 1969 CHEV STAV 327 8 2 A 4500 068576 BOTH 1.50 70.59
102 1964  MERC PARK 390 8 4 A 4500 055285 PASS 4L.50 0.00
103 1973 FORD MAVE 302 8 2 A 3000 009029 PASS 5.50 0.00
104 1968 PLYM BELV 273 8 2 A 3500 058630 BOTH 4,00 0.50
106 1964 FORD GALA 289 38 2 3 4500 030087 PASS 5.00 0.00
107 1965 CHEV CORV 164 6 2 L 2750 076078 BOTH 2.50 7.50
108 1964 FORD FALC 200 6 1 3 3000 087334 PASS 1.50 0.00
109 1966 AMMO AMER 232 6 1 3 3000 064169 PASS 1.50 0.00
110 1969 CHEV CHEV 307 8 2 A 3500 045577 co 2.50 7.50
111 1972 FORD TORI 302 8 2 A L4000 017170 PASS 3.50 0.00
112 1970 FORD MUST 351 8 2 A 3500 051330 PASS 4,50 0.00
113 1969 CHEV STAW 350 8 4 A 4000 075334 co 6.00 6.00
115 1967 CHEV 1MPA 283 8 2 A LO0OO 064860 PASS 5.50 0.00
116 1973 CHEV VEGA 140 4 2 3 2500 009706 BOTH 2,50 7.50

AUTOMOTIVE TESTING LABORATORIES, INC.
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INLE INSPECTION EVALUATINN VEHICLES

CIN CYL CARB TRAN 1 .WT

0NOM,

144

148

149
150
151
152
153

154
155
156
157
158

159
160
161
162
163

165
166
168
169
170

oLDs

CHEV
CADI

MERC
CHEV
DATS

PONT
VOLK
VO LK
PLYM
FORD

MUST

350 8 2 A 4000
uoo 8 2 A 4000
350 8 2 A 3500
318 8 2 A 3500
91 & 1 4 2000
326 8 2 3 3500
283 8 2 A 4000
102 4 2 L 3000
400 8 2 A 4500
327 8 4 A 4000
318 8 2 A 3500
390 8 2 A L0NO
283 8 2 A 3500
200 o 1 3 2750
73 4 1 4 2000
351 8 2 A 3500
225 6 1 A 3500
91 & 1 4 2000
330 8 2 A 3500
327 8 4 A 4500
250 6 1 3 3500
425 8 2 A 4500
120 4 2 A 2750
350 8 2 A 3500
289 8 2 A 3000
4Loo 8 2 A 4000
302 8 2 A 3000
L55 8 2 A 4n0on
350 8 2 A 4000
400 8 2 A 3500
352 8 N A 400N
318 8 2 A 3000
121 4 2 4L 3000
351 8 2 A 4000
283 8 2 A 4000
91 b 1 A 2000
307 3 2 A 4000
97 4 1 4 2000
97 4 1 4 2000
455 8 L4 A 4500
250 6 1 A 4000
472 8 4 A 5000
351 8 2 A 3500
283 8 N A 4000
97 4 1 L 2500
389 8 2 A 4000
97 &4 1 4 2000
78 4 1 4 2000
318 8 2 A 4000
289 8 2 A 3000

653727
071128
031776
044942
048582

0u21u6
085172
003006
029602
033735

0u8219
108053
073598
092515
089782

045898
038665
068227
05665
071086

031895
048553
009840
025592
038659

012721
005516
061594
0B04LGH
N1u660

078”74
026700
045943
029562
130460

050486
0R6417
024425
007972
033747

009065
036519
ou7191
0745L3
021888

054195
012674
048575
113497
081058
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FAILURE INSP. MTCE.
BOTH 5.00 2.00
PASS 1.50 0.00
PASS 5.50 0.00
HC 6.00 6.00
BOTH 5.00 2.00
BOTH 2.50 25.49
PASS 3.50 0.00
HC 2,50 5.00
PASS 4,00 0.00
BOTH 5.50 6.60
co 6.00 6,00
BOTH 4,50 13,50
BOTH 5.50 7.00
PASS 2,50 0,00
HC 5.50 11.00
BOTH 2,50 43,50
co 6.00 6.00
HC 5.00 4,50
PASS 4.no 0.00
PASS .50 0,00
HC 2.50 7.47
BOTH 5.50 6.60
PASS 5.50 0,00
PASS 4.00 0.00
PASS 5.00 0.00
BOTH 3,50 4.50
PASS 1.50 0.00
co 4.50 1,50
HC 6.N00 12,00
co 6.N0 6,00
co 5.50 11.00
co 2,50 3.00
PASS 5.00 0.00
HC 4,50 30.01
PASS 3.50 0,00
BOTH 2.50 11.00
BOTH 1.50 3.00
PASS 5.00 0.00
PASS 5.50 0.00
PASS 4L.00 0.00
PASS 5.50 0.00
PASS 4,50 0.00
PASS 2.50 0.00
BOTH 3.50 4,50
HC 5.50 12.50
BOTH 2,50 51,45
BOTH 5,00 1.00
co 5.50 11,00
BOTH 6,00 6.00
BOTH 2,50 7.50



IDLE ITNSPECTION EVALUATION VFHICLES

=~-C05TS==-~-
VEH YEAR MAKE MODEL  CID CYL CARB TRAN 1.WT ONOM,  FAILURE INSP. MTCE.
171 1965 FORD  STAW 289 8 2 A 4500 071092 co 3.50  2.50
172 1964 CHEV ~ IMPA 283 38 2 A 3500 110629 BOTH 5,50 9,90
173 1972 0LDS  CUTL 350 8 2 A 3500 026639 PASS  1.50 0,00
174 1969 FORD  FAIR 302 8 2 A 3500 055127 BOTH  4.50 4,50
175 1972 CHEV  NOVA 350 8 2 A 3500 021117 PASS  2.50  0.00
176 1973 CAD!I  DEVI 472 8 4 A 5000 007405 PASS  3.50 0,00
177 1972 CHRY  NEWP 400 8 2 A 4500 029493 BOTH  6.00 39,95
178 1964 FORD  GALA 390 8 4 A 4000 059024 PASS  1.50  0.00
179 1973 CHEV  NOVA 307 8 2 A 3500 017115 PASS  2.50  0.00
180 1968 FORD  GALA 302 8 2 A 40ND 076747 BOTH  4.50 32.07
181 1968 CHEV ~ NOVA 307 8 2 A 3000 042449 BOTH  3.50 7,00
182 1968 CHEV ~ CAME 327 8 2 A 3500 083926 BOTH  4.00  0.00
183 1971 CHEV  STAW 400 8 2 A 4500 021163 PASS  2.50 0,00
184 1971 CHEV  IMPA 350 8 2 A 4000 035983 BOTH  5.50  6.60
185 1971 TOYO  CORO A" 2 4 2000 029881 BOTH  5.50 12.50
186 1970 VOLK  SEDA 97 u 1 4 2000 048300 BOTH  5.00  4.00
187 1973 FORD  LTD 351 8 2 A 4500 004725 PASS  1.50 0,00
188 1371 MERC  COUG 351 8 2 A 4000 017215 PASS  4.00 0,00
189 1971 DODG  DART 225 6 1 A 3000 011166 BOTH  6.00  6.00
190 1973 PLYM  DUST 225 6 1 A 3000 0D08NSA PASS 4,00  0.00
191 1967 CHEV CHE?2 194 6 1 3 3000 022266 BOTH 4.50 2.50
192 1966 CHEV ~ CHEV 230 6 1 A 3500 04G9T3 co 2.50 5,00
193 1969 FORD  FAIR 302 8 2 3 3500 054596 BOTH  2.50 15.00
194 1968 CHEV IMPA 327 8 4 A 4000 054000 BOTH 5.50 45,87
195 1473 CHEV ~ CHEV 350 8 2 A 4000 006886 BOTH  2.50  5.00
196 1971 CHEV  CAPR 400 8 2 A 4500 036250 PASS 3,50 0,00
197 1972 FORD  PINT 122 &4 2 A 2250 011175 PASS  1.50 0,00
198 1966 CHEV  I1PA 283 8 2 A 4000 083297 BOTH  4.0p 13.85
199 1967 VOLK  SEDA 91 & 1 b 2000 068155 BOTH  5.00 1,00
200 1972 CHEV  NOVA 307 8 2 A 3500 015710 BOTH  5.50  9.90
201 1973 FORD  PINT 122 4 1 A 2500 010729 BOTH 2,50 26.90
202 1975 DATS 1200 71 4 1 4 2000 000519 PASS 5,50 0,00
203 1973 CHRY  NEWP 400 8 2 A 4500 059407 BOTH  6.00 27,45
204 1970 FORD  GALA 390 8 2 A 4000 020723 PASS  4.50  0.00
205 1969 CHEV  STAW 350 8 4 A 4500 093878 BOTH 4,00 6,87
206 1965 CAD!  FLEE 429 8 4 A 5500 053146 PASS 3,50  0.00
207 1972 VOLK  SQOBK 97 4 F1 b 2500 011511 PASS  5.00  0.00
208 1971 DATS 510 97 4 1 4 2000 027615 BOTH  5.50  5.50
209 1966 BUIC ELEC 401 8 0 A 4500 056428 BOTH 2,50  7.50
210 1973 VOLK  SEDA 97 4 1 4 2000 015868 co 5.50 5,50
211 1970 PLYM  FURY 318 8 2 A 4000 063652 HC 6.00 45.08
212 1967 FORD  MUST 289 8 2 3 3000 051835 co 1.50  3.00
213 1966 CHEV ~ STAY 283 8 2 3 4000 061637 PASS  5.50  0.00
214 1966 PONT  CATA 389 8 2 A 4000 04608H PASS 2,50  0.00
217 1972 CADI  COUP 477 8 4 A 5000 017251 PASS  4.50 0,00
218 1973 CHEV ~ NOVA 307 8 2 A 3500 016372 PASS  4.00  0.00
219 1968 CHRY  STAW 383 8 4 A 4500 071302 co 6.00 6,00
220 1968 BUIC  LESA 350 8 4 A 4500 074568 BOTH 5,50  6.60
221 1964 PONT GRAN 389 8 4 A 4000 074401 BOTH 2.50 15.00
222 1964 AMMO  AMER 196 6 1 3 3000 068526 PASS  1.50  0.00
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IDLE INSPECTION EVALUATION VEHICLES

---COSTS----
VEH YEAR MAKE MODEL  CID CYL CARB TRAN |.WT ODOM, FAILURE INSP. MTCE.
223 1964 BUIC WILD 40l 8 4 A 4500 051818 HC  2.50  2.00
224 1968 CHEV  MALI 250 6 1 A 3500 043307 co 4.50 1,50
225 1968 CHEV  STAW 396 8 & A 4500 048577 BOTH  3.50 56.65
226 1973 0ODG  DART 318 8 2 A 3000 003813 BOTH 2,50  7.50
227 1373 AMMO  STAW 304 8 2 A 3000 003437 PASS  4.00  0.00
228 1971 OPEL 1900 116 & 1 A 2250 011620 PASS  5.50  0.00
229 1972 VOLK SEDA 97 & 1 4 2000 018774 BOTH  5.00  4.00
230 1366 PLYM BELE 225 6 1 3 3500 099961 O 6.00 6.00
231 1973 PLYM DUST 318 8 2 A 3500 007751 BOTH  6.00 6.00
232 1973 FORD MAVE 200 6 1 3 2500 003468 PASS 1,50  0.00
133 1972 BUIC LESA 350 8 4 A 4500 020861 PASS 5,00 0,00
234 1968 MERC  COUG 302 8 4 A 3500 074758 BOTH  2.50 49.11
235 1965 BUIC  WILD 1425 8 4 A 4500 078046 BOTH 4,50 48,92
236 1965 CHEV  IMPA 327 8 4 A 4000 061259 BOTH  2.50  7.50
237 1968 CAD!  FLEE 472 8 4 A 5000 065733 PASS  4.00  0.00
238 1969 DODG  CORO 318 8 2 A 3500 051016 HC 1.50 18,82
239 1968 VOLK SEDA 91 & 1 4 2000 084309 co 5.50  0.00
200 1965 CHEV  CHEV 230 6 1 A 3000 071640 PASS  3.50  0.00
261 1965 CHEV  IMPA 396 8 4 A 3500 101402 BOTH  5.00  0.00
242 1970 FORD  MUST 302 8 2 A 3500 016785 HC 3.50 4,50
243 1969 PONT  CATA 400 8 2 A 4000 057823 BOTH 2,50 12,50
245 1968 FORD  FAIR 289 8 2 3 3500 077348 HC  4.50  6.00
246 1968 OLDS DELT 455 8 2 A 4500 114750 PASS  1.50  0.00
247 1968 FORD  GALA 390 8 2 A 4000 046034 PASS  1.50  0.00
248 1969 PONT  LEMA 350 8 2 A 4000 027997 PASS  5.00 0,00
249 1971 PLYM  FURY 383 8 4 A 4000 030259 PASS  6.00  0.00
250 1970 CHEV  CAME 350 8 2 4 3500 047370 ROTH  2.50  7.50
251 1973 CHEV  [HPA 350 8 4 A 4000 006702 PASS  5.50  0.00
252 1973 OLDS OMEG 350 8 & 33500 009599 PASS 4,00  0.00
254 1970 FORD  MUST 302 8 2 A 3000 036423 PASS 3,50  0.00
255 1972 CHEV  NOVA 307 8 2 A 3000 032867 BOTH  1.50  1.50
256 1966 OLDS  CUTL 330 8 2 A 3500 053077 HC 4,50 41,20
257 1965 CHRY STAY 413 8 4 A 5000 083241 PASS  5.50  0.00
258 1965 FORD  THUN 390 8 4 A 5000 083015 co 2,50 2,00
259 1966 VOLK  FAST 97 & 2 4 2250 115141 PASS  5.50  0.00
260 1971 CHRY  IMPE 440 8 4 A 5000 023677 PASS  6.00  0.00
261 1969 FORD  MUST 200 6 1 33000 068680 PASS  5.00  0.00
262 1973 CHEV  STAW 4S5S4 8 4 A 4500 017416 PASS  5.50  0.00
263 1968 DODG  DART 273 8 2 3 3000 065448 PASS  6.00 0,00
264 1972 OPEL 1900 116 & 2 4 2250 022672 HC 5.50  5.50
265 1969 CHEV  CAPR 327 8 & A 4000 030213 BOTH  2.50  5.00
266 1967 FORD  MUST 200 6 1 3 3000 064477 co 4,50  3.00
267 1967 FORD  FALC 200 6 1 3 2750 103550 BOTH 2,50  7.50
268 1973 DODG  DART 225 6 2 A 3000 025094 PASS 6,00  6.00
269 1968 TOYO COROD 116 4 2 4 2500 061312 PASS 5,50  0.00
270 1971 CHEV  NOVA 250 6 1 A 3500 095217 PASS  5.50  0.00
271 1967 PONT  FIRE 326 8 4 A 3500 059028 PASS 4,00  0.00
272 1966 PLYM  FURY 318 8 2 A 4000 092494 co 6.00 6,00
273 1970 CHEV  CAPR  L0O 8 2 A LODD 047305 co 3,50  4.50
274 1970 BUIC  SKYL 350 8 4 A 4000 034266 PASS  1.50  0.00
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IDLE INSPECTION EVALUATIQ™

I WT

VEHICLES

oDOM,

FA!LURE

295
296

297
298
299
300
301

302
303
304
3065
306

307
308
309
510
311

312
314
31°¢
316
317

318
319
320
321
322

323
324
325
326
327

MODEL cip
LEMA 326
STAW 289
MUST 289
STAu 120
STAM 3217
MUST 200
FALC 170
CATA 400
AHBA 401
BARR 318
CHAR 318
LESA 455
TENP 350
SEDA 91
FURY 318
NOVA 307
MUST 351
NEWP 383
POLA 383
MUST 260
DUST 198
JAVE 360
SATE 318
MANT 116
COME 302
CENT 350
DUST 318
CORO 318
AMBA 290
ELEC 430
N vA 230
TOR1 351
TOR! 351
MAVE 302
MAVE 250
COME 302
BRON 302
CUTL 350
MONT 302
MAVE 200
GALA 400
TORY 351
MUST 351
NOVA 250
NOVA 307
TEMP 350
NOVA 250
GALA 351
CORO 116
CORD 113

CYL CARB TRAN
8 [ A
8 2 A
8 4 A
4 2 A
8 4 3
6 1 A
6 1 3
8 4 A
8 4 A
8 2 A
8 2 A
8 4 A
8 2 A
4 1 4
8 2 A
8 2 A
8 4 A
8 2 A
8 2 A
8 2 A
6 1 3
8 4 4
8 2 A
4 2 4
8 2 A
8 4 A
8 2 A
8 2 A
8 2 A
8 4 A
6 1 A
8 2 A
8 2 A
8 2 A
6 1 A
8 2 A
8 2 3
8 [y A
8 2 3
6 1 A
8 2 A
8 2 A
8 2 A
6 1 A
8 2 A
8 2 A
6 1 3
8 2 A
4 2 [
4 2 4

3500
3500
4500
2500
2500

073426
084032
059885
003829
096491

059352
097889
075255
031837
060568

065609
0179938
040178
063512
052667

029533
019843
065163
053254
052813

027784
023737
028091
006817
010804

006508
006L73
022983
054001
034898

029124
021037
074369
008u55
022036

008589
020440
026169
027532
023567

0L0209
013444
003445
012130
032511

030849
004682
016385
076050
051836

AUTOMOTIVE TESTING LABORATORILS, INC,
COLO. 80011

19900 E.

COLFAX, AURORA,

+~=C0STS -~ ==
INSP. MTCE.
5.00 1.00
2.50 11.20
2.50 0.00
5.50 0.00
5.50 6.60
4.50 0.00
4,00 0.00
2.50 0.00
1.50 40.20
4.50 4.50
6.00 6.00
2,50 5.00
3.50 4,00
5.50 0.00
2,50 11.70
5.50 0.00
1.50 0.00
4.00 0.00
3.50 2.00
5.00 2.00
6.00 0.00
5.00 0.00
L. 0o 0.00
5.50 11,00
2,50 7.50
5.50 0.00
4.50 0.00
6.00 0.00
2.50 0.00
4.50 1.50
5.50 9.90
1.50 0.00
3.50 2,00
2.50 7.50
5.00 2.00
.00 0.00
k.50 36,07
5.50 0.00
2,50 4,00
5.00 0,00
4.00 0.00
3.50 4,50
1.50 0.00
6.00 0.00
2.50 7.50
4.50 21.54
3.50 0.00
1.50 0.00
5.50 u46.50
5.50 0.00



EXHAUST EMISSIONS BEFORE

1975 FENDERAL TEST PROCENDURE

HC

s.n.

co
MEAM

INSPECTION

S.Dn.

*VEHICLE MAKE
AMER, MOTORS
BUICK
CADILLAC
CHEVROLET
CHRYSLER
DATSUN

DODGE

FORD

MERCURY
OLDSMNBILE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLY.SHAGON
voLvO

*MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

«|HERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
u800 - 5799

*POPULATIONS
1964 - 1967
1968 - 1973
ALL VEHICLES

46
127
112

110
130
300

7.%0

10.03
11.92
11.11
9.80
7.21
7.14
6.98
6.45
6.04
h.57

5.82
6.72
8.97
3.19

5.79
7.57
9.48
b.89

10,77
6436
7.98

AUTOMOTIVE TESTING

19900 E,

2.38
6. 82
3.81
7.04
9.14
0.95
5.09
3.93
4,10
4,38
1,54
5.58
7.29
1.62
2.67
0.00

3.29
7.34
7.30
3.07
2,73
6.3
5.09
L.76
5.71
2,01

2.43
3.50
6.20
6.07

2.35
4,19
7.38
3.25

5.77
L, 71
5.5

102.9
148,3
127.9
119.4
172.7
461.1
102.2
95.2
99 .4
119.7
70.0
123.0
118.3
72.8
81.9
30.9

146.7
1u8.4
140.6
137.4
113.5
97.5%
86.3
82.6
92.6
78.3

79.2
97.3
117.9
120.2

717.9
103.6
129.0
126.6

1h3.1
91.3
110.3

COLFAX, AURORA,

160

27.9
L3.4
60,4
63.8
67.8

5.0
42.8
35.8
69.6
40,3
29,3
46,2
64,8
40,2
23,4

0.0

58.5
64.1
39.8
47.5
53,2
37.9
4n.3
38.6
52.6
33,2

33.2
43.6
52.2
61,1

31.7
47.1
59,7
51,3

52.5
4y, 1
53.5

coLn.

4,82

2.13
2.03
2.16
2.16
2.83
3.24
3.37
3.20
2.64
1.99

2.25
2.1h0
2.47
3.02

2.36
2,440
2,85
2.70

2.12
2.87
2.59

LABORATORIES, INC,

80011

0.00

1.48
1.16
0.91
1.67
1.78
1.30
1.39
1.39
1.08
0.86

1.00
1.39
1.29
1.63

1.26
1.25
1.62
1.18

1.31
1.39
1.41

14,15
14,10
14,21
14,55
14,28
14,06
14,61
15.09
14,90
15.00

20.86
17.05
13,58
11.72

20.68
14,86
12.12
10.80

14,26
14,68
14.53

2.74
1.35
1,35
2.68
1.34
1.58
1.92
2,94
1.95
1.14
1.00
2,25
1.30
2.02
2,12
0.00

3.54
3.73
2.99
3.23
2.83
2.786
3.24
L.40
3.80
4,03

2,40
2.30
1.58
1.53

2.48
2.05
1.33
1,38

3,34
3.58
3.49



EXHAUST EMISSIONS AFTER INSPECTION AND !MAINTENANCE

1975 FEDERAL TEST PROCEDURE

1964-1967 VEHICLES: 13 HC FAILURES, 13 CO FAILURES, 20.0% FA!LURE

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E. COLFAX, AURORA, COLO, 80011

161

RATE
RATE

14,38
14,17
14,18
14,40
14,34
14,21
14,78
15.30
15,00
15.01

20.97
17.08
13.72
11.75

20.81
14,84
12.31
10.80

14,29
14,79
14,61

2,83
1.53
1.35
2.57
1,34
1.58
1.87
3.09
1.85
1.3
1.00
2.25
1.20
1.85
2.35
0.00

3.41

3.76

3.10
3.36
2.59
2.93
3,19
4,53
3.61
L.n3

2.55
2.40
1.45
1.49

2,58
2,03
1.40
1.38

3.38
3,56
3.50

1968-1973 VEHICLES: 22 HC FAILURES, 21 CO FAILURES, 20.0% FAILURE
# OF HC cn ND X
VEH. MEAN §S.D. MEAN S.D, HMEAN S.D.
*VEHICLE HNAKE
AMER., MOTORS 10 7.07 2.22 100.5 27.3 2.81 1,42
BUICK 15 8.63 5.83 15,6 46,9 2,29 1.14
CADILLAC 10 6.89 3,81 127.9 60.4 2.69 1.28
CHEVROLET 67 8.70 7.20 114.8 53.1 2.25 1.09
CHRYSLER 10 7.63 2.60 134.1 43,7 2.37 0.95
DATSUN 3 4L.21 0.95 41.1 5.0 2.77 1.00
DODGE 18 6.66 4,25 97.4 37.9 3.00 1.07
FORD 68 6.66 2.80 93.3 35.7 2.96 1.62
MERCURY 11 7.893 5.21 107.0 88.3 3.46 2.A6
OLDSMOBI LE 16 9.26 11.44 116.3 37,7 2,41 1,13
OPEL 3 4,51 1.54 70.0 29.3 2.19 1.08
PLYMOUTH 22 7.07 3,26 116.2 45.7 2.26 1.05
PONTIAC 20 7.27 3,77 117.5 65.5 2.70 1,45
TOYOTA 6 4. 06 1.24 71.9 33.0 2.42 1.10
VO LKSWAGON 20 6.00 2,32 81.8 24.0 1.92 0.76
VOLVO 1 3.29 0.00 30.9 0.0 L.82 0.00
*MODEL YEAR
1964 22 .23 3.34 138.1 54.1 2.19 1,58
1965 30 11.21 8.21 146.4  62.7 2.04 1.18
1966 29 11.30 8.74 162.9 49,7 2,15 0.95
1967 29 9.92 4.16 138.3 53,2 2.11 1.67
1968 30 6.535 2.31 105.0 37.6 2.69 1.39
1969 29 6.82 6,41 91.1 35,2 3.29 1,36
1970 30 5.38 1.07 81.6 30,2 3.11 1.21
1971 35 5.37 1.34 78.8 34.1 3.31  1.47
1972 33 5.09 1.57 84,6 32,6 2,68 1,05
1973 33 b.4b 1,74 77.7 31.6 2.00 0,86
*DISPLACEMENT
LESS THAN 151 39 5.38 2.05 78.0 32,1 2,09 0.99
151 - 250 47 h.63 3.84 96.6 46,4 2.3%39 1.30
251 - 350 126 7.84 4,62 112.5 47,7 2.45 1,20
MORE THAN 750 88 7.97 7.23 115.7 58.1 3.07 1.62
= I NERTIA WEIGHT
1800 - 2799 46 S.40  2.04 76,4 31.3 2,20 1.17
2800 - 3799 127 7.30 4,76 101,5 uh.5 2.45 1,21
3800 - 4799 112 8.32 6.59 121.8 56.7 2.86 1.57
4800 - 5799 15 6.89 3,25 126.6 51.3 2.70 1.18
*POPULATIONS
1964 - 1967 110 10.50 6.70 141.7 54.86 2.12 1,34
1968 - 19753 190 5.56 3,00 86.1 34.n 2.84 1.31
ALL VEHICLES 300 7.37 5.27 106.5 50.6 2.57 1.36



EXHAUST EMISSION REDUCTIONS AFTEP

1964-1967 VEHICLES:
1968-1973 VEHICLES: 22 HC FAILURES, 21 CO FAILYRES, 20.0% FAILURE RATE

¢t OF
VEH.

1975 FENERAL TEST PROCEDURE

13 HC FAILURES,

MEAN

13 CO FA!LURES,

Co

S.h,

INSPECTION AND MAINTENANCE

20,0% FAILURE RATE

HO X
HEAN

*VEHICLE MAKE
AHER, MOTORS
8U1CK
CADILLAC
CHEVROLET
CHRYSLER
DATSUHN

DODGE

Fonp

MERCURY
OLDS*"0BI LE
OPEL
PLYMOUTH
PUNTIAN
TOYCTA

VO LKSHAGOM
voLvo

«MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

«DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

«INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799

*POPULATIONS
1964 = 1967
1968 - 1973
ALL VEHICLES

22
30
29
29
30
29
30
35
33
33

39
u7
126
88

L6
127
112

15

110
190
300

HC
MEAN S,D,
0.259 1.30
1.372 5.65
0.000 0.00
0,273 5,05
3,886 9,88
0.00n 0.00
0.619 2,55
0.577 2,99
-N.N96 1,38
=1.452 12,74
0.000 0.00
1.314 4,03
1.902 5.39
0.370 0,01
0.359 0,84
0.000 0.00
0.797 2,27
0.714 7.12
-0.190 10,62
-0.121 1.91
0.673 1,90
0.327 0,71
1.592 4,79
1.131 4,23
0.949 5,50
0.133 0.77
g.442 1,08
0.096 2.1u4
1.128 4.30
0,215 7.33
0.370 1,01
0,271 3.57
1,164 7,10
0.000 0.00
0.272 6.68
0.804 3,58
0.609 4,94

3

2.45
2.66
0.00
.68
8.60
0.00
L. 83
1.90
7.01
5, 4L
0.00
6. 74
0. 81

0:08
0,00

1,24
0.74
5.34
4,53

1.51
2.13
7.28
0.0n0

1.39
5.27
3.85

13,34
10,47
0.00
25.97
79. 89
n.no
12,81
12.28
22,16
27.40
0.no0
14,89
22,22
2.19
6.58
0.00

27.36
18.55
19.69
12.09
34,72
16.15
21.12
11.08
43.12

3.58

6.59
12,18
20.76
34,00

6. 74
15.52
34,14

0,00

19.71
25.26
23,42

-0, 10t
0.ns5!
0.000
0.0ut

-0.26u
0.1N0

-N,048
0.016
0.030

=N, N4
0.000

-0,00?

-N.n28
0.n98
0.780
0.nnn

-0,057
-0.01¢
0.01f
0,049
0,142
-0.053%
0.253
-0.10%
-0.035
-0.002

0,185
0.n017
n.nN18
=0.042

0.160
-0.009
=-0.005

0.1000

0.0n2
0.029
0.019

AUTOMOTIVE TESTING LABORATORIES,INC.

19900 E,

COLFAX,

162

AURDRA, COLO.

80n11

0.33
0.19
0.27
N.38
0.77
0.50
0.97
0.ul
0.36
0.01

0.53

0.u6
0.653

0.50
0.50
0.52
0.00

0.30
0.58
0.50

-0.231
-0.072

0,032

0.N8Y
-0,060
-0.153
-0.128
-0.208
-0.097
-0.017

-0.106
~0.035
=0.132
-0.029

-0.128
0.019
-0.192
0,000

=0.035
-0.111
-0.083

0.61

0.75
1.47
0.00
0.42
0.69
0.83
0.63
0,00
0.55
0.46
0.20
0.58
0.00

0.77
0.41
0.65
0.66
1,03
0.39
0.91
0,60
0.80
0.10

0.56
0.65
0.66
0.74

0.57
0.63
0.78
0.00

0.63
0.70
0.67



PERCENT REDUCTIONS AND REDUCTIONS PER DOLLAR

1964-1967 VEHICLES:
1968-1973 VEHICLES:

1975 FEDERAL TEST PROCEDURE

13 HC FAILURES,
22 HC FAILURES,

------ PERCENT REDUCTIONS

13 CO FAILURES,
21 CO FAILURES,

20.0% FAILURE RATE
20.0% FAILURE RATE

MILLIGRAMS/MI LE/DOLLAR

HC

P R el - - - = - - - - - -
- - - - - - - - - ——-

*VEHI CLE MAKE
AMER, MOTORS
BUI CK

CAD] LLAC
CHEVROLET
CHRYS LER
DATSUN

DODGE

FORD

MERCURY
OLDSMOBI LE
OPEL
PLYMOUTH
PONTI AC
TOYOTA
VOLKSWAGON
voLVvO

*MCNDEL YEAR
196
1965
1966
1967
1968
1969
1970
1971
1972
1973

«DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAM 350

*INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 = 4799
4800 - 5799

*POPULATIONS
1964 - 1967
1968 - 1973
ALL VEHICLES

22
30
29
29
30
29
30
35
33
33

39
L7
126
88

u6
127
112
15

110
190
300

0.00

7.95
5.99
=1.71
-1.23
9.34
4.58
22.83
17.54
15.71
2,92

7.59
1.43
12,58
2.62

6.23
3.58
12,28
0.00

2.53
12.64
7.63

co NO X
2.38  -3,84
1.79 2,28
0.00 0.00
3,92 2.02

0.00 0.00
4.73 -1.61
1.99 0.52

4.54 =-2.06
0.00 0.00
5.h8 -n.11
0.69 =1.04
1.23 3.90
0.10 15.09
n.on 0.00
5.82 =2.43
1.34 =-0.91
-1.65 0.73
-0.67 2.29
7.46 5.00
6.58 -1.64
5.5 7.66
4,67 -3.27
8.58 -1.33
0.80 =N.12
1.57 7.32
0.76 0.73
4.53 0.71
5.77 =-1.40
1.94 6.78
2.05 =n.35
S.6h -0.17
0.00 n.00
0.97 0.09
5.77 1.n2
3,49 0.74

-1.64
-0N,51

0.22

0,57
=N.h2
-1.09
-0.87
-1,38
-0.65
-0,11

=0.51
-0.21
-0.97
-0,25

-0.62
0.13
-1.58
0.00

-0.25
-0.76
=-0.57

AUTOMOTIVE TESTING LABORATORIES, INC,

19900 E.

COLFAX, AURORA,

163

coLo.

80011

34.9
161,7

0.0
46. 4
285.3

104.7
84,7
-10.4
~178. 4
0.0
163.5
206,7
23.0
58.4
n.o

qu.1
98.4
-25.1
-24.0
72.4
50,7
168.9
130,3
170.7
27.2

57.3
20.0
157.7
25.5

54,7
Lu.3
128.4
0.0

38.9
109.53
84,3

co NO X
330.7 =14.0
313.,3 6.3

0.0 N.o
795.8 7.9

2833.9 -19.4

0.0 0.0
816.7 -8.0
278.6 2.3

=823, 3.2
668,1 =6.0

N0 n.o

2 -.5 =0.3
L5 -3.0
67.5 7.4
12,8 W7.0

n.0 0.3

1006.4 =6.1
273,5 -2.5
-305,3 2.1
-182.9 9.8

310.6 15.2

992.9 -8.2

509,0n 27.4

Lub,p =-12.1

1428.4 -6.3

127.1 -0.5

161.0 21.4

155,0 3.6
h6,.7 2.5

538.2 =5.0

211.6 22.4

347.6 =1.4

803.1 0.5

0.0 n.0
199,2

0.3
716.4 4.0
532.7 2.6



EXHAUST EMISSIONS AFTER INSPECTION AND MAINTENANCE

1975 FEDERAL TEST PROCEDURE

1964-1967 VEHICLES: 20 HC FAILURES, 21 CO FAILURES, 30.9% FAIlLURE

1968-1973 VEHICLES: 36 HC FAILUPES, 34 CO FAILURES, 30,5% FAILURE
¢t OF HC co NOX
VEH, MEAN S,.D. MEAN S.D, MEAN S.D.
*VEHICLE MAKE
AHMER, MOTORS 10 6.85 2.79 97.5 27.2 2.81 1.42
BUI CK 15 8.48 5,84 W1, 4 by, 2.31 1.12
CADILLAC 10 6,73 3,R3 127.0 58.9 2.67 1.30
CHEVROLET 67 8,02 6.25 110,5 58,5 2,22 1.13
CHRYSLER 10 7.63 2.860 1341 43,7 2.37 0,95
DATSUN 3 4.21 0,95 42.5 6.0 2.54 0,76
DONGE 18 6.45 4,28 92.9 u0.n 2.%8 1.90
FORD 68 6.66 2,73 93.2 35.2 2,96 1.62
MERCURY 11 7.93 5,21 107.0 88,3 3.86 2.66
OLDSHOBILE 16 9.19 11,46 111.5 38.6 2.42 1.13
OPEL 3 b.51 1.54 0.0 29.3 2.19 1.n8
PLYMOUTH ' 22 6.79 2.90 112.4 44,0 2.32 1.1u
PONTIAC 20 7.16 3,83 115,99 66,9 2.71 1,46
TOYOTA 6 5,82 1,03 67.2 41,2 2.50 1,17
VOLKSVAGON 20 5.88 2,25 81.2 23,7 1.92 0.76
voLvO 1 3.29 0.00 30.9 0.0 4L.82 0.00
«MODEL YEAR
1964 22 9.23 3,34 138.1 Su.1l 2,19 1.58
1965 30 10,88 8,26 l44,7 61,1 2.01 1.20
1966 29 11.05 8,81 138.8 s52.0 2.09 0,84
1967 29 9.95 4,15 139,1 52.3 2.07 1.69
1968 350 6.41 2.2u 101.5 33,7 2,70 1.37
1969 29 5.61 1,43 84.5 28.8 3.31  1.42
1970 30 5.22 1,09 9.4 32.0 3.12 1.21
1971 35 5.17 1.37 76,2 34,10 3.28 1.47
1972 33 5.01 1.53 872.3 32.8 2.71 1,11
1973 33 boh 1,74 77.7 31.6 2.00 0.86
«NDISPLACEMENT
LESS THAN 151 39 5.22 1.4a7 .6 32.5 2.09 0,98
151 - 250 47 6.56 3.88 96.1 47,7 2,36 1,34
251 - 350 126 7.38 3.51 107.8 46.9 2.4 1,21
MORE THAMN 350 88 7.95 7,23 115.,6  57.9 3,07 1.62
«+IMERTIA VWEIGHT
1800 - 2799 L6 5.24 1.9 75.8 31.8 2.19 1,17
2800 - 3799 127 7.16 4,78 98,9 45,0 2.42 1,21
3800 - 4799 112 7.95 5.87 119.0 56,0 2.87 1,58
4800 - 5739 15 6.79 3,12 126.1 50.2 2.6%9 1,20
*POPULATIONS
1964 - 1967 110 10.35 6,72 1450.4 54,4 2.08 1,33
1968 - 1973 190 5.29 1,58 83.3 33.1 2.84 1,32
ALL VEHICLES 300 7.18 4,92 loy.2 50,3 2.57 1,37

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E. COLFAX, AURORA, COLO. 80011

164

RATE
RATE
MPG
MEAN S§.D.
15.47 3,47
12.18 1,51
10.47 1.33
14,05 2,44
11,53 1.34
23.33 1.69
15,30 1.94
14,83 3,05
13,12 1.85
12.34 1.39
21.53 1.00
14,71 2.34
12.56 1,23
19,10 1.86
21.46 2,37
21.66 0.00
14,38 3.41
14.23 3.76
14,33 3,12
14.46 3.35
14,43 2.54
14,34 2.81
14.70 3.22
15.40 4.56
15.06 3.67
15,01 4.03
21.07 2.52
17.05 2.44
13,82 1.u2
11.76 1.48
2n.82 2.59
14,91 2.10
12,37 1,58
10.8% 1.36
14,35 3,38
14,85 3.56
14.66 3.50



EXHAUST EMISSION REDUCfIONS AFTER INSPECTION AND MAINTENANCE

1964~1967 VEHICLES:
1968~1973 VEHICLES:

# OF

VEH.
*VEHI CLE MAKE
AMER, MOTORS 10
BUICK 15
CADILLAC 10
CHEVROLET 67
CHRYSLER 10
DATSUN 3
DODGE 18
FORD 68
MERCURY 11
OLDSMOBI LE 16
oPEL 3
PLYMOUTH 22
PONTIAC 20
TOYOTA 6
VOLKSYAGON 20
vOoLVvVO 1
«MODEL YEAR
1964 22
1965 30
1966 29
1967 29
1968 30
1969 29
1970 30
1971 35
1972 33
1973 33
eDISPLACENENT
LESS THAN 151 39
151 - 250 L7
251 - 350 126
MORE THAM 350 88
«|NERTIA WEIGHT
1800 - 2799 L6
2800 - 3799 127
3800 - 4799 112
4800 - 5799 15
*POPULATIONS
1964 - 1967 110
1968 - 1973 190
ALL VEHICLES 300

1975 FEDERAL TEST PROCENURE

20 HC FAJLURES,
36 HC FAILURES,

HC
MEAN S.D.
0.475 1,42
1,527 5.64
0.164 0,52
0.953 6,43
3.886 9,88
0.004 0.01
0.830 2,56
0.570 3.03
-0.096 1.38
-1,382 12.25
0.000 0.00
1,586 4.94
2.005 5.31
0.611 0.98
0.u482 0.96
0.000 0.00
0.797 2.27
1.043 7.1k
0.n70 1N.66
-0.146 2.10
0.795 1,92
1.537 6.09
1.754 4,76
1.280 4,22
1.030 5.50
0.133 0.77
0.598 1.16
0.159 2.23
1.583 5.15
0.233 7.33
0,553 1.09
0,406 3,61
1.538 7.71
0,109 0.42
0.424 B6.72
1,075 4,27
0.836 5,30

AUTOMOTIVE TESTING
COLFAX,

19900 E.

8,53
3.72
1.77
-1.73
11.96
12.92
6.92
6.06
10,25
0.62

2,59
1.20
1n.03
L.60

2.02
4.69
10.08
0.58

2.73
8.03
6.09

165

21 CO FAILURES,
34 CO FAILURES,

27.36
20.95
23.69
14.73
36,58
31.67
21.65
14.03
L3, 6L
3.58

8.ul
16.30
26,724
34,00

9.47
18.57
37.31

2,23

21.76
28.34
26.21

30.9% FAILURE RATE
30.5% FAVLURE RATE

NOX
MEAN

-0.104
0.033
0,021
0.070

-0.2h4
0.235
0.n72
0.n18
0.030

-0.062
0.000

=0,059

-0.031
0.020
0.284
0.000

=0.052
0.013
0,0A(9
0.n90
0.135
=0.077
0.249
-0.076
-0.969
-0.,002

0.187
0.046
0.024
-0,041

0,168
0.019
-0.019
0.n014

0.Nn35
0.023
0.027

LABORATORIES, INC,
AURORA, CNLO,

80011

0.29

0.60

0.56
0.71
0.37
0.31
0.00
O.u43
0.35
0.34
0.72
0.00

0.33
0.24
0.49
0.40
0.78
0.92
0.93
.4t
0.4l
0.01

0.55
0.31
0.62
0.63

0.52
0.57
0.64
0.05

0.38
0.67
0.58

-0.231
-0.130
-0.114

0.088
-0.1u6
-0.284
-0.086
-0.312
-0.155
~0.017

-0.205
-0.n000
-0.240
-n.N37

-0.137
-0,n50
=0.253
~0.035

-0.089
=0.167
-0.138

1.20

0.17
0.99
1.47
0.15
0.65
0.73
0.83
0.65
0.00
0.65
0.57
0.46
0.6k
0,00

0.77
1.01
0.81
0.80
1.06
0.67
0,98
0.68
0. 84
0.10

0.66
1.05
0.77
0.75

0.85
0.80
0.384
0.14

0.85
0.78
0.80



PERCENT REDUCT!INNS AND RENDUCTIOMNS PER DOLLAR

1964~-1967 VEHICLES:
1968-1973 VEHICLES:

1975 FEDERAL TEST PROCEDURE

20 HC FA!LURES,
36 HC FAILURES,

------ PERCENT REDUCTIONS

co

21 €O FATLURES,
34 €O FAILIRES,

NO X

30.9% FAILURE RATE
30.5% FAILURE RATE

MILLI GRANS/MILE/DOLLAR

HC

co

NOX

*VEHI CLE MAKE
AMER, MOTORS
BUI CK

CADI LLAC
CHEVROLET
CHRYSLER
DATSUN
DODSGE

FOPRD

MERCURY
OLDSMOBI LE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLKSVAGON
voLvO

«MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

« | NERTIA WEIGHT

1800 - 2799
2800 -~ 3799
3800 - 4799
4800 -~ 5799
*POPULATIONS
1964 - 1967
1968 -~ 1973

ALL VEHICLES

22
30
29
29
30
29
30
35
33
33

39
47
126
88

U6
127
112

15

110
190
300

2.37
10.62
33.76

0.08
11.41

7.88
-1,23

-17.70

0.00
18,93
21.87
13.77

7.58

0.00

7.95
8.75
0.63
-1.49
11.04
21.52
25.14
19. 85
17.05
2.12

10,27
2.37
17.66
2,85

9.55%
5.36
16.22
1.58

3.93
16.90
10,48

AUTOMOTEVE TESTINA

19900 E.

5.34
4,6t
0.68
7.47
22,36
-3,57
9.14
2.09
-7.65
6. 85
0.00
8.61
2.03
7.74
0.87
0.00

5.82
2.51
1.26
-1,26
10.54
13,25
8.02
7.82
11.08
0.80

3.27
1.24
8.51
3.82

2.60
4.52
7.82
0.45

1.91
8.79
5.52

COLFAX,

-3.860
1.39
0.76
3.04

=12.50
8.47
2.44
0.62
0.85
=2.682
0.00

-2.63

-1.17
0.78

12.39
0.00

7.41
1.93
0.98
-1.35

7.14
0.76
-0.h8
0.51

1.66
0.79
1.05

AURORA,

166

0.00

-1.64
-0.92
-0.80

0.60
-1.03
-2.02
~0.59
-2.07
-1.04
~-0.11

=-0.98
-0.00
-1.77
-0.31

-0.66
~0.34
=-2.09
=-0.33

-0.62
-1.14
=-0.95

coLn,

94.1
129,7
8.5
-22.7
81.8
158.3
172.8
137.6
165,5
27.2

4.1
28.0
181.9
27.6

72.8
57.4
153.2
32.1

56,7
130.1
103.5

LABORATORIES, INC,
80011

712.2
771.3
236.6
1110.9
2833.9
=20n.1
1383.8
282.1
-823.8
962.9

1143,2
227.8
425,2
114,5

0.n

1006, 4
u62.u
215,.0

=-268,1

1229,9

1330.5
682.1
695.1

1647,.7
127.1

321.0
211.5
1153.0
543.4

266.5
663.0
1004,1
169.4

352.2
971.8
753.8
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EXHAUST EMISSIONS AFTER FNSPECTION AND MAYMTENAMCE

1975 FECERAL TEST PROCEDURE

1964-1967 VEHICLES: 28 HC FAILURES, 25 CN FAILURES, 39.1% FAILURE

RATE
RATE

14.39
14,23
14.41
14.49
1. 44
14,48
14.69
15.41
15.13
15.01

21.05
17.07
13.85
11.83

20.83
14.95
12.41
10.83

14.38
14.88

3.41
3.77
3.12
3.35
2.55
2:75
3,23
4,56
3.65
L.00

2,54
2.44
1.43
1.52

2,57
2.09
1.39
1.36

3.38
3.54

1968-1973 VEHICLES: 47 HC FAITLURES, 48 CO FAILURES, 40,0% FAILURE
¢ OF HC co NN X
VEH. MEAN S.D. MEAN S.D, MEAN S§,D.
*VEHICLE MAKE
AMER. MOTORS 10 6.59 1.95 9h,f 23,4 2,79 1.41
BUI CK 15 8.42 5.85 141,1 45,2 2,24 1.18
CAD! LLAC 10 6.73 3,63 127.0 58.9 2,67 1.30
CHEVROLET 67 8.00 6.26 110.4 58.9 2.21 1.13
CHRYSLER 10 6.91 1,80 121.3 32,5 2.49  1.00
DATSUN 3 4.21 0,95 42.5 6.0 2,546 0.76
DODGE 18 6.48 4.28 92.6 39.9 2,89 1.00
FORD 68 6.59 2.73 91.9 34,8 2.88 1.51
MERCURY 11 7.93 5,21 107.0 88.3 3.46 2.66
OLDSMOBI LE 16 9.25 11,44 1n9.6 38.8 2.42 1.13
OPEL 3 4,11 1.58 63.8 28.6 2,20 1.07
PLYMOUTH 22 6.70 2.95 109.3 43,3 2.32 1,14
PONTIAC 20 7.19 3.81 113.4 67.6 2,85 1.49
TOYOTA 6 3.82 1.03 67.2 41,2 2.50 1.17
VOLKSWAGON 20 5.86 2.24 81.0 23.6 1,93 0.80
voLvo 1 3.29 0.00 30.9 g.0 4,82 0,00
*MODEL YEAR
1964 22 9.34 3,37 138.1 54.2 2.19 1.59
1965 30 10.90 8,25 144.8 61,0 2,00 1.20
1966 29 10.87 8.85 136.8 53.6 2,08 0,87
1967 29 9.85 4,17 138.2 52.4 2,05 1,69
1968 30 6.32 2.18 99.0 32.3 2,74 1.38
1969 29 5.55 1.38 82.7 28.5 3.25 1.26
1970 30 5.26 1,12 78.0 31.1 3.12 1.20
1971 35 5.16 1,32 76,2 34,9 3.23 1.39
1872 33 4.92 1.50 79.7 30.2 2,69 1.10
1973 33 bo24 1,11 4.6 24,8 2,03 0,87
«DISPLACEMENT
LESS THAN 151 39 5.18 1,98 76.1 32.5 2,09 1,00
151 - 250 47 6.57 3,88 95.6 47,7 2,35 1.33
251 - 350 126 7.33 3.62 106.8 46.9 2.40 1,15
MORE THAN 350 88 7.85 7.2721 112.7 S57.0 3.09 1,59
*INERTIA WEIGHT
1800 - 2799 46 5.20 1.05 75.0 31.8 2.18 1.18
2800 - 3799 127 7.11 4.79 97.9 44,7 2.38 1.15
3800 ~ 4799 112 7.86 5.84 116.6 55,8 2,89 1.57
4800 ~ 5799 15 6.79 3.12 126.1 50.2 2.69 1,20
*POPULATIONS
1964 - 1967 110 10,30 6.73 139.6 54.9 2.07 1.34
1968 =~ 1973 190 5.22 1,58 81.5 31,1 2.84 1.27
ALL VEHICLES 300 7.08 4,91 102.8 50.0 2,56 1.35

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E. COLFAX, AURORA, COLO. 80011

167

14.70

3.49



EXHAUST EMISSION REDUCTIONS AFTER

1964-1967 VEHICLES:
1968-1973 VEHICLES:

*VEHICLE MAKE
AMER, MOTORS
BUICK
CADILLAC
CHEVROLET
CHRYSLER
DATSUN

DODGE

FORD

MERCURY
OLDSMOBI LE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLKSWAGON
voLvo

*MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

#|NERTIA WEIGHT

1800 - 2799
2800 - 3799
5800 -~ 4799
4800 - 5799
«POPULATIONS
1964 - 1967
1968 - 1973

ALL VEHICLES

# OF
VEH.

10
15
10
67
10

18
68
11
16

22
20

20
1

22
30
29
29
30
29
30
35
33
33

39
47
126
88

L6

127

112
15

110
190
300

1975 FEDERAL TEST PROCEDURE

28 HC FAlLURES,
47 HC FAILURES,

HC
HEAN S.D.
0.738 1.56
1,582 5.63
0.164 0.52
0.972 6.u4b
4,599 9.71
0.004 0.01
0.803 2,57
0.639 3,09
-0,096 1.38
-1.449 12,25
0.406 0.7n
1.684 4,92
1.981 5.32
0.611 0.98
0.497 0.96
0.000 0,00
0.695 2.38
1.025 7.15
0.241 10.68
-n.050 2.16
0.883 1.95
1.591 6.08
1.718 4.78
1.285 4,22
1,124 5,49
0.339 1,15
0.637 1.16
0.156 2,23
1,642 5.16
0.341 7.36
0.588 1.09
0.h57 3.64
1.628 7.72
0.10% 0.u2
0.469 6,74
1.144 4,28
0.897 5.31

HEAN

8.3%7
7.17
0.86
9."h
51.37
=1.47
9.61
3.27
=7.61
10.14
6.18
13.66
4,94
S.h3
0. 86
0.00

8.55
3.66
5.82
-0, 83
14,04
14,76
7.96
6.42
12,87
3.74

3. 14
1.74
11,09
7.46

2,90
5.70
12.42
0.58

3.50
9, 86
7.53

25 CN FAILURES,
48 CO FAILUPES,

cn

S.Dn,

17.386
19.39

2,73
32.69
77.66

2.54
16.72
15.25
22.16
29,44
10.70
18.12
26,72
11.37

7.78

0.00

27.42
21.04
25.56
15,70
37.54
32.09
22.05
14,06
uh, N2
13,49

9.02
16,52
26.52
35.89

10,24
19, 32
38.31
2,23

22.46
29,25
27.10

u0, 0%

NOX

HEAMN

-n.N91
n,1n0
0.021
0.n81

-0.385
0.235
0.06R8
0.097
0.030

-0.N65

-0.n03%

-N.N62

-0.174
0.020
0.230
0.000

-0,055
0.029
0,085
0.109
0.095

-0.018
0.248

-0.,030

-0.053

-0.0364

0,165
0.n51
0.066
-0.069

0.173
0.053
-0.034
0.014

0.0438
0.030
0.037

AUTOMOTIVE TESTING LABORATORIES, INC,

19900 E.

COLFAX,

168

AURORA, COLO,

30011

S.0.

0.30
0.38
0.06
0.71
N.61
0.41
0.56
0.82
0.37
0.31
0.00
0.43
0.59
0.34
0.75
0.00

0.34
0.26
0.51
0.h0
0.81
1.19
0.98
0.49
0.42
0.14

0.57
0.31
0.69
0.70

0.54
0.64
0.70
0.05

0.39
0.74
0.63

IHSPECTION AND HMAINTENANCE

39.1% FAILURE RATE
FAYLURE RATE

-0.238
-0.135
=0.195

0.n56
-0.162
-0.h18
-0.077
-0,321
-0.224
-0.011

-0.192
-0.021
=0,267
-0.,108

-0.146
-0,089
-0.296
-0.035

-0.121
-0.201
-0.172

0.79
1.01
2.87
0.81
1.08
0.88
0.98
0.68
0.90
0.19

0.68
1.06
0.79
0.87

0.87
0.83
0.90
0.1u

0.88
0.83
0.85



PERCENT REDUCTIONS ANN REDUCTIONS PER DOLLAR

1964-1967 VEHICLES:
1968-1973 VEHICLES:

1975 FEDERAL TEST PROCENURE

28 HC FAILURES,
47 HC FAILURES,

25 CO FAILURES,
48 CO FAILURES,

------ PERCENT REDUCTIONS=====~=

co

39.1% FAILURE RATE
40.0% FAILURE RATE

M1 LL!GRAMS/MI LE/DOLLAR

HC

co

NOX

*VEHICLE MAKE
AMER, MOTORS
BUICK
CADILLAC
CHEVROLET
CHRYSLER
DATSUN

DODGE

FORD

MERCURY
OLDSMOBI LE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLKSWAGON
voLvo

*MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACEHENT
LESS THAN 151
151 - 250
251 - 350

MORE THAM 350

«INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799

*POPULATIONS
1964 - 1967
1968 - 1973
ALL VEHICLES

22
30
29
29
30
29
30
35
33
33

39
47
126
88

L6
127
112

15

110
190
300

6.93
8.60
2.17
=0.51
12.25
22.27
24,63
19.92
18.60
7.41

10.9%
2.32
18.31
4.16

10.15
6.03
17.17
1.58

h.35
17.98
11.24

AUTOMOTIVE TESTING

199060 E.

5.83
2.47
2.72
-0.60
12.72
15.14
9.22
7.76
13.91
L.78

3.96
1.79
9.41
6.21

3.73
5.50
9.63
0.45

2.45
10.79
6.82

COLFAX,

NOX MPG
~3.36 =3.53
b.27 -1.28
0.76 -0.51
3.55 -0.94
-18,25 -7.68

8.47 0.37
2.29 =2.40

3.25 -0.58
0.85 3.19
-2.74 ~0.61
-0.13 -0.28
=2.73 ~3.13
-6,50 -2.02
0.78 -1.43
12,70 -0.31
0.00 0,00
-2,56 -1,68
1.45 -0.96
3.93 ~-1.38
5.04 0.38
3.3, -1.13
-0.55 -2,97
7.35 =-0.53
-0,95 ~2.13
=-2.00 -1.50
-1.79 -0.07
7.31 -0.92
2,12 -0.12
2.69 -1.97
-2.29 -0.92
7.33 -0.71
2.17 -0.60
-1.18 =2.44
0.51 -0.33
2,28 -0,85
1.06 =-1,37
1.u42 -1.18

AURORA, COLO,

169

LABORATORI ES, 1NC,

80011

87.1
156,1
Ly, 8
107.0
271.1

113,3
82.5
=10.4
~167.8
Ly,2
176,56
173.3
k6.1
70.3
0.0

78.9
119.8
25.7
~7.2
71.0
154,6
168,2
136.3
168.0
54,3

72.6
26.7
177.3
34.2

71.3
60.6
1h3.4
32.1

55,8
125.3
101.2

988.2
706.9
236.6
995.1
3027.7
-200.1
1356.4
422.9
~-823.8
1173.8
674.2
1432.8
432.0
425.2
122.2
2.0

970.5
L28,1
406.3
-119.2
1161.7
1433,5
779.0
680.5
1923.7
600.1

358.1
298,4

1197.1

49,4

352.3
756.5
1094.1
169.,4

b16.4
1079.7
849.,1
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EXHAUST EMISSIONS AFTER INSPECTION AND MAINTENANCE
1975 FEDERAL TEST PROCEDURE

1964-1967 VEHIZLES: 37 HC FAILURES, 36 CO FAILURES, 50,.0% FAILURE
1968-1973 VEHICLES: 61 HC FAILURES, 64 CO FAILURES, 50.0% FAILURE

14,47
14,32
14,57
14,56
W a7
14,57
14,68
15.58
15.06
14,96

21.28
17.14
13.89
11,82

21.02
14,99
12,44
10. 80

14,48
14,91

3.10
1.90
1.39
1.01
2,26
1.28
2.96
2.38
0.00

3.39
3.72
3.42
3.32
2.55
2.81
3.24
4.78
3.59
4,00

2.62
2.38
1.37
1.51

2.65
2.06
1.38
1.34

3.43
3.59

# OF HC co NOX

VEH, MEAN S.,D, MEAN S.D. MEAN §,D.
*VEHICLE MAKE
AMER, MOTORS 10 6.59 1,95 94,6 23.b4 2,79 1,41
BUt CK 15 8,34 5,88 138.7 45.4 2,25 1.21
CADILLAC 10 6.73 3.63 127.0 58.9 2.67 1.30
CHEVROLET 67 7.68 5.82 106.1 53.9 2.23 1.13
CHRYSLER 10 6.91 1,80 121.3 32.5 2.49 1.00
DATSUN 3 4.21 0.95 42,5 6.0 2,54 0,76
DODGE 18 6.70 4,36 96.7 40.6 2.82 1.02
FORD 68 f.46 2,50 91.0 3h.6 2.89 1.49
MERCURY 11 7.82 5.19 96.7 85.8 3.61 2,58
OLDSMOBILE 16 9.25 11,un 109.6 38,8 2.2 1.13
OPEL 3 4,11 1,58 63.8 28.6 2,20 1.07
PLYMOUTH 22 6.67 2,96 108,3 u4.5 2.33 1.15
PONTIAC 290 7.20 3.31 113.4 67.5 2,84 1,49
TOYOTA 6 3.53 0.65 6,6 42,9 2.39 1.19
VOLKSYARON 20 5,65 2,05 78,5 22.1 1.91 0,80
voLvo 1 3.29 0.00 30.9 0.0 4.82 0.00
*MODEL YEAR
1964 22 9.27 3,39 136.9 53.0 2.18 1.60
1965 30 10,29 7.72 139.6 53,7 2.07 1.19
1966 29 10.82 8,89 136,00 S4.1 2.05 0.89
1967 29 9.63 3,92 134.4 51.6 2.9 1.68
1968 30 6.31 2.15 98.4  31.8 2.73 1.38
1969 29 5.47 1.29 8§1.3 29.n 3.22 1,26
1370 30 5.25 1,17 77.8 30,3 3,14 1.19
1971 35 5.07 1.34 Thon 34,1 3,22 1,39
1972 33 h,89 1,52 79,2 30.h 2.71 1.10
1973 33 4.21 1.11 73.4 0 25,1 2.02 0.83
*DISPLACENENT
LESS THAN 151 39 5.03 1,84 Th,u 32,2 2,07 0.99
151 - 250 47 6.55 3,8¢% 94,7 ub. 4 2.33 1.34
251 - 350 126 . 7.10 3.08 103.9 3.5 2.2 1.12
MORE THAl 350 88 7.85 7.22 112,33 57.4 3.10 1.59
«INERTHA WEIGHT
1800 - 2799 46 5.07 1,84 73.5 31.5 2,17 1.18
2800 ~ 3799 127 7.02 4.72 96.2 h3.4 2.38 1.1u
3800 - 4799 112 7.76 5,57 114.6 53,6 2,91 1,55
4,800 - 5799 15 6.76 3.1nh 125.8 50,5 2.68 1.19
*POPULATIONS
1964 - 1967 110 10.05 6.53 13,7 52.h 2.09 1,34
1968 - 1973 190 5.18 1,57 80,4 31,1 2.83 1,27
ALL VEHICLES 300 6.96 4,76 1n1.1 48.5 2,56 1.3%

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E. COLFAX, AURORA, COLN, 80011
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14,75
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EXHAUST EMISSION REDUCTIONS AFTER

1964-1967 VEHICLES:
1968-1973 VEHICLES:

¢ OF
VEH.

1975 FEPRERAL TEST PROCEDURE

37 HC FAILURES,
61 HC FA!LURES,

MEAN

36 CO FA!LURES,
64 €O FAILURFES,

co

S.D.

INSPECTION AND MAINTENANCE

50.0% FAILURE RATE
50.0% FA1LURE RATE

NOX
MEAN

S.D.

MPG
Y EAN

S.D.

*VEHI CLE MAKE
AMER, MOTORS
BUICK
CADILLAC
CHEVROLET
CHRYSLER
DATSUN

DODGE

FORD
MERCURY
0LDSMOBI! LE
OPEL
PLYMOUTH
PONT! AC
TOYOTA
VOLKSWAGON
vOLVO

*MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

#fNERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799

*POPULATIONS
1964 - 1967
1968 - 1973
ALL VEHICLES

10
15
10
67
10

3
18
68
11
16

3
22
20

6
20

1

22

29
29
30
29
30
35
33
33

39
L7
126

L6
127
112

15

110
190
300

HC
MEAN S.D.
0,738 1,56
1.A67 5,63
0.164 0.52
1,288 6.79
4.599 9.71
'0.004 0.01
0.585 2.83
0.775 3.15
0.019 1,42
-1.449 12,25
0.406 0.70
1.709 4,91
1.964 5.33
0.908 1.02
0.711 1.11
g.nco 0.00
0.758 2.38
1.629 7.86
0.297 10.70
0.172 2,58
0,834 1.95
1.672 6.07
1.721 4.77
1.377 4,21
1,150 5.u48
0.367 1,15
0.792 1,22
0.178 2.24
1,867 5.u40
0.340 7,36
0.719 1.15
0.546 3,70
1.786 7.89
0.131 0.42
0,719 7.00
1.185 4.27
1.015 5,43

AUTOMOTIVE TESTING
COLFAX,

19900 E.

8,37
9.58
0. 86
13.3%2
51.37
=1.47
5.57
4,21
2,69
10.14
6.18
14,66
4,87
8.16
3.40
0.00

9.77
8.85
b.h3
2,97
15.08
16.12
8.57
8.24
13.37
L.96

L.83
2.59
14.00
7.92

L.34
7.42
14.43
0.83

6.37
10.90
9.24

17.36
20,35
2,73
38.64
77.66
2,54
22.61
16.18
36.52
29,44
10.70
17.91
26,73
11.55
10. 84
0.00

27,53
38.51
25.97
25.09
37.47
31.92
22.07
14,65
43.94
16. 14

10.38
17.10
31.70
35.98

11.32
21.60
41.52

2,37

29.72
29.45
29.58

-0.091
0.092
0,021
0.060

-0,.385
0.235
0.1n0
0.092

-0,118

-0.065

-0,003

-0.076

-0.167
0,125
0.293
0.000

-0.0h0
-0,041
0.114
0.063
0.101
0.019
0.234
-0.022
-0.072
-0.N26

0,188
0.076
0,042
-0.076

0.192

0.058
-0.062

0.020

0.n27
0.035
0.n32

LABORATOR] ES, INC,
AURORA, COLO,

80011

0.30
0.39
0.06
0.75
0.61
0.41
0.59
0,84
0.62
0.31
0.00
0.43
0.60
0.42
0.74
0.00

0.35
0.40
0.54
0.53
0.81
1.21
0.99
0.51
0.43
0.18

0.57
0.33
0.74
0.70

0.54
0.68
0.72
0.06

0.47
0.75
0.66

-0.530
-0,227
-0,.053
-0,233
-0.830

0,.n86
-0.275
-0.n90

0.236
-0.075
-0,n61
-0.407
-0,244
-0.871
-0.327

0.000

=0,321
=0.225
=0.360
-0.016
-0,187
-0.514
-0.Nn69
-0.492
-0.157

0.0u0

-0.419
~0.093
=-0.307
=-0.102

-0.338
-0.128
=0.326

0.001

=-0.225
-0.230
-0.7228

1.19
0.6u
0.17
1.19
l.43
0,15
0.78
0.85
1.17
0.65
0.10

0.82
0.95
1.41
1.06
0.00

0.81
1.32
1.07
0.98
1.09
0.93
0.98
0.91
1.02
0.37

1,03
1.09
0.98
0.87

1.13
0.94
1.01
0.20

1.07
0.92
0.98



PERCENT REDUCTIONS AND REDUCTIONS PER DOLLAR

1964-1967 VEHICLES:
1968-1973 VEHICLES:

1975 FEDERAL TEST PROCEDURE

37 HC FAILURES,
61 HC FAILURES,

...... PERCEMT REDUCTIONS

HC

co

36 CO FAILLURES,
61 CO FAILURES,

NO X

MPG

50.0% FAILURE RATE
50.0% FAILURE RATE

MILL}GRAMS/MI LE/DOLLAR

HC

co

NOX

«VEH!CLE MAKE
AMER. MOTORS
BUICK
CADILLAC
CHEVROLET
CHRYSLER
DATSUN

DODGE

FORD

MERCURY
OLDSMOBILE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLKSHAGON
voLvo

*HMONEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACENENT
LESS THAN 151
151 - 250
251 = 350
MORE THAM 350

«INERTIA WEIGNT

1800 - 2799
2800 - 379¢
3800 ~ 4799
4800 - 5799

*POPULATIONS
1964 = 1967
1968 - 1973
ALL VEHICLES

22
30
29
29
30
29
30
35
33
33

39
47
126
88

L6
127
112

15

110
190
300

7.56
13,67
2.F7
1,75
12.40
23.41
24,67
21,36
19.03
8.03

15.61
2.684
20,82
4,15

— —
[l I
00 00 1O &
DN N

6.68
18.63
12.77

8.13
6.ub
0.68
11.15
29,275
-3,57
5.45
4,42
2.71
8.47
8.83
11.92
4,12
11.21
4,15
0.00

6.66
5.26
3.29
2,16
13,210
16,54
9.92
9.a7
14,45
6.33

6.10
2.566
11,82
6.59

5.57
7.16
11.19
0.65

bohs
11.93
8.37

=3.36
3.92
0.76
2.61
-18.25
8.47
4,73
5.09
=3.36
=2.74
-0.13
~3.37
=-6.26
4.95
13,29
0.09

-1.88
=2.04
5.26
2.90
3,57
0.58
6.0
=-0.7n
-2,72
-1.30

8.32
3.12
1,71
-2,50

8.15
2.40
-2.19
0.74

1,28
1.21
1.23

=3.53
-1.89
=-0.51
-1.68
-7.68

0.37
-1.84
-N.61

1.74
-0.61
-0.28
-2.84
-1.96
-4.63
-1.53

0.00

~2.27
-1.60
-2.53
-0.11
-1,31
~3.65
-0.47
=3.26
-1.05

0.27

-2.01
-0.55
-2,2¢
=0.87

-1.63
-0.86
-2.60

.01

-1.58
-1.57
-1.57

AUTOMOTIVE TESTIMG LABORATORIES, INC,

19900 E.

COLFAX

, AURORA,

172

coLo.

30011

87.1
17,4
Lh,8
124,0
271.,1
0.5
65.9
9.4
l.4
-167.8
uh,?
168.4
168.9
59.2
92.7
0.0

63.9
181.3
29.0
19.9
0.9
139.0
166,1
137.0
165,1
51.°%

84,3
29,7
171.9
33,3

82.0
60.6
152,5
37.0

Th,7
121.5
104.5

988,2
847.0
236.6
1282.1
3027.7
-200.1
627.3
512.2
205.6
1173.8
674.2
1444,8
418.9
532.0
443,4
nN.0

888.0
985.0
452.5
34,0
1195.9
1339.9
826.5
819.8
1920.2
699. 4

514.0
433.4
1288.6
777.9

49k, 2
823,5
1232.8
233.6

661.9
1116.8
951.4



EXHAUST E!ISSIONS AFTER INSPECTION AND MAINTENANCE
1975 FEDERAL TEST PROCEDURE

1964~1967 VEHICLES: 42 HC FAILURES, 57 CO FAILURES, 60.0% FAILURE

RATE
RATE

MPG
MEAN

15.53
12.23
10.54
14,19
11.67
23.16
15.28
14,89
13.32
12,32
21.90
14,71
12.71
19.70
21,86
21.66

14,53
14,35
14,59
14,56
14,53
14,57
14.67
15.58
15.12
14,96

21,36
17.16
13.91
11.82

21.07
14.99
12.47
10.81

14,50
14,93

S.D.

3.41
1.45
1.30
2.33
1.22
1.76
1.92
3.13
1.90
1.39
0.54
2.28
1.30
2.96
2.30
0.00

3.37
3.71
3.41
3.31
2.72
2.81
3.21
4L.78
3.69
3.98

2.58
2,37
1.37
1.52

2.65
2.07
1.43
1,30

3.42
3.62

1968-1973 VEHICLES: 87 HC FAILURES, 85 CO FAILURES, 57.4% FAILURE
¢ OF HC co NOX
VEH. MEAN S.D. MEAN S.D, MEAN S.D.
«VEHICLE MAKE
AMER, MOTORS 10 6.59 1.95 94,6 23,4 2.79 1.4l
BUICK 15 8.34 5.88 138.7 45.4 2.25 1.21
CADIJ LLAC 10 6.67 3.58 123.8 55.2 2,67 1,30
CHEVROLET 67 7.61 5.78 104.8 52.7 2.23 1.13
CHRYSLER 10 7.1 2.31 120.2 30,1 2.48 1.01
DATSUM 3 4,00 0.70 40,9 5.5 2.57 0.79
DODGE 18 6.60 u4.37 94.3 u41.8 2.83 1,01
FORD 68 6.48 2.54 91.0 35,4 2.83 1.45
MERCURY 11 7.82 5.19 96.7 85.8 3.61 2.58
OLDSMOBI LE 16 9.25 11.44 109.6 38,8 2.42 1.13
CPEL 3 3.74 0.98 57.9 19.6 2,32 0.95
PLYMOUTH 22 6.68 2.96 108.4 43,6 2,25 0,95
PONTIAC 20 6.85 3.04 110.7 64,1 2.86 1.45
TOYOTA . 6 3.53 0.65 6h.6 42.9 2.3 1.19
VOLKSWAGON 20 5.65 2.09 77.0 21.6 1.92 0.71
voLvo 1 3.29 0.00 30.9 0.0 4.82 0.00
sMODEL YEAR
1964 22 8,88 2.88 132.3 49,0 2.22 1,60
1965 30 10.21 7.73 137.9 52.3 2.07 1.18
1966 29 11.01 8,84 135.7 54,0 2,05 0.90
1967 29 9.54 3.81 134.3 50,0 2,06 1.65
1968 30 6.28 2.18 97.0 33,1 2.66 1.19
1969 29 5.47 1.29 81.3 29.9 3.22 1.26
1970 30 ,5.28 1,22 77.9 30,3 3.12 1.19
1971 35 5.07 1.34 . b 34,1 3,22 1.39
1972 33 4,73 1.52 6.7 32,0 2.68 1.04
1973 33 4,25 1.15 73.6 25,1 2.00 0.80
*DISPLACEMENT
LESS THAN 151 39 5.02 1.87 73.1 32.0 2,08 0,95
151 - 250 47 6.61 3.90 94.6 46,8 2,32 1.32
251 - 350 126 7.03 3,03 102.9 42,7 2,40 1,08
MORE THAN 350 88 7.79 7.17 111.1 56.1 3,08 1,57
*INERTIA WEIGHT
1800 - 2799 46 5.08 1.85 72.8 30.8 2.18 1.13
2800 - 3799 127 7.04 4,72 86.2 43,7 2.36 1,11
3800 - 4799 112 7.56 5,50 112.7 52.4 2.89 1.52
4800 ~ 5799 15 6,81 3.15 124.4 48,2 2.67 1.19
*POPULATIONS
1964 - 1967 110 9.98 6.47 135.2 50,9 2.09 1,33
1968 - 1973 190 5.16 1.59 79.8 31,5 2.81 1.23
ALL VEHICLES 300 6.92 4.72 100.2 47.8 2.55 1.31

AUTOMOTIVE TESTING LABORATORIES, INC.
19900 E, COLFAX, AURORA, COLO. 80011

14,77

3.55



EXHAUST EMISSION REDUCTIONS AFTER

1964-1967 VEHICLES: :
1968-1973 VEHICLES: 87 HC FAILURES, 35 CO FAILURES, 57.4% FAILURE RATE

# OF
VEH.

1975 FEDERAL TEST PROCEDURE

42 HC FAILURES,

HMEAN

co

S.n.

NO X

MEAN

S.D.

IMSPECTION AND MAINTENANCE

57 CO FAILJRES,. 60.0% FAILURE RATE

=VEHICLE MAKE
ANER, MOTORS
BULCK
CADILLAC
CHEVROLET
CHRYSLFR
DATSUN

DODGE

Fonrn

HERCHRY
OLDSMOBI LE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLKSWAGON
voLvOo

+MODEL YEAR
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

*DISPLACEMENT
LESS THAN 151
151 - 250
251 - 350
MORE THAN 350

#INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 - 4799
4800 - 5799
*POPULATIONS
1964 - 1967
1968 =~ 1973

ALL VEHICLES

10
15
10
67
10

18
68
11
16

22
20

20

22
30
29
29
30
29
30
35
33
33

39
47
126
88

ub
127
112
15

110
190
300

HC
HEAN S,D,
0,75 1.56
1.667 5.63
0.227° 0,53
1.3%2 6.81
4,367 9.86
0.713 0.36
0.678 2,83
0,754 3,17
0.019 1,42
-1.,409 12,25
0.775 0.67
1.702 4.92
2,315 5.39
0.908 1,02
0.713 1,22
0.000 0.00
1.153 2.64
1.709 7.88
0,104 10.72
0.256 2,65
0.725 1,94
1.672 6.07
1.698 4.80
1.377 4,21
1.308 5.ub6
0,321 1.1R%
0.804 1,30
0.112 2.28
1.939 5,39
0.u01 7,39
0.714 1,24
0.526 3.71
1,923 7.90
0.082 0,59
0.791 7,05
1,206 4.27
1.054 5,45

8.37
9.58
4,05
14,60
52.47
0.18
7,02
4,15
2,69
10.14
12.05
14,59
7.59
2. 16
4.4
0.00

14,39
10.55
4,88
3.10
16,07
16.12
8.0
3.7%4
15.82
4,77

6.09
2.69
14,95
9.0n8

5.08
7.46
16.36
2,25

7.86
11.49
10.16

17.36
20,35
10,1h
39.05
76.93

4,57
23.65
16.60
36,52
29,04
10.45
18.51
27.57
11.55
14,32

0.00

28,38
39,80
26424
25.55
37.83
31.92
22.37
14.65
43,56
16,21

12.39
17,70
32.02
36.17

13,32
21.77
41.62

9.02

30.66
29.56
29.97

=0.091
0,097
0.027
0.n59
-0.368
0.200
0.176
0.148
-0.118
-0,N65
-0.131
0.004
~0.189
0,125
0.286
0.000

=-0.080
=0,047
0.115
n.n%6
0.174
0.019
n,2u38
=0.n22
=-0,035
=-0.007

0.170
0,086
0.068
-0.055

0.179
0.078
=0.041
0.029

0.027
0.058
N.0L7

AUTOMOTIVE TESTING LABORATOR!IES,INC.

19900 E.

COLFAX,

AURORA, cOLn,

80011

0.30
0.39
0.07
0.75
0.62
O.bb
0.61
0.88
0.62
0.31
0.22
0.64
0.60
0.42
0.81
0.00

0.37
0.40
0.54
0.55
0.94
1.21
0.99
0.51
0.54
0,22

0.62
0.35
0.77
0.753

0.58
0.70
0.75
0.06

0.u8
0.79
0.69

~0.376
-0,.250
-0.377
-0.018
=0.242
=0.514
-0.063
-0.492
=-0.220

0.033

-0,501
-0.112
-0.326
-0.100

-0.388
-0,133
=0.356
-0.008

-0.248
=0.250
=0.249

0.82
1l.34
1.08
0.98
1.17
0.93
0.99
0.91
1.09
0.u1

1.06
1.12
1.00
0,89

1.16
0.96
1,02
0.30

1,08
0.95
1.00



PERCENT RENDUCTIONS AND REDUCTIONS PER DOLLAR

1964-1967 VEHICLES:

*VEHICLE MAKE

AMER, MOTORS
BUI CK
CADILLAC
CHEVROLET
CIHRYSLER
DATSUN
DODGE

FORN
MERCURY
OLDSMOBI LE
OPEL
PLYMOUTH
PONTIAC
TOYOTA
VOLKSWAGON
voLvO

*MODEL YEAR:
1964
1965
1966
1967
1968
1969
1370
1971
1972
1973

*DISPLACEMENT
LESS THAN 151

151 - 250
251 - 350

MORE THAN 350

*INERTIA WEIGHT

1800 - 2799
2800 - 3799
3800 -~ 4799
4800 -~ 5799
*POPULATIONS
1964 - 1967
1968 - 1973

ALL VEHICLES

20

22
30
29
29
30
29
30
35
33
33

39
u7
126
88

L6
127
112

15

110
190
300

1975 FENDERAL TEST PROCEDURE

42 HC FAILURES,
1968-1973 VEHICLES: 87 HC FAILURES,

57 CO FAILURES,
85 CO FAILURES,

------ PERCENT REDUCTINNS em o= en
cn -

10.n6
16,66
-3.29
15.13
37.94
5.06
9.31
10,42
0,24
-18.57
17.17
20.31
25.25
20,47
11.21
0.00

11.50
14,33

0.93

2.61
12.84
23.41
24,34
21.36
21,65

7.01

13.81
1.66
21.63
4,389

12,33
6.95
20.27
1.19

7.35
18.96
13.21

9.81
7.11
3.47
2,25
14,52
16,54
9.8
9.97
17.09
6.09

7.68
2,77
12.69
7.56

6.53
7.20
12,68
1.77

5.49
12.58
9.21

HOX

-3.36
3,92
1.02

17.47
7.21
4.26
L.n7

-3.36

-2.74

=5.96
0.16

-7.06
4,95

12.96
0.00

=3.77
=2.31
5.30
L.us
6.15
0,53
7.37
=0.70
-1.31
-0.37

7.50
3,59
2.60
-1.80

7.61
3.19
=1.43
1.06

1.26
2.03
1.80

NPG

-3.,53
-1.89
-1.13
~-1.86
-7.97

1.10
=2.29
~0.52

1.7h
-0.61
-1.69
-2.63
-2.05
-L4.63
-2.33

0.00

=2.66
=1.77
=2.65
-0.12
=1.70
~3.65
=0.43
=3.26
=1.u7

0.22

-2.40
-0.66
=-2.40
-0.85

~-1.88
-0.89
-2.94
-0.08

=1.74
-1.70
-1.71

AUTOMOTIVE TESTING LABORATORIES, INC.

19900 E.

COLFAX

’

AURORA,

coLo,

80011

HC

87.1
147.4
51.5
125.1
248.6
18.5
73.4
8h.6

-167.38
mn.4
160.2
184,38
59,2
88.8
0.0

4,3
183.6
9.4
28.0
69.1
139.0
158.5
137.0
165,2
43,0

"78.5
16,4
173.2
37.6

4.9
56.3
156.1
19,7

76.8
118,7
103,2

60.0% FAILURE RATE
57.47% FATLURE RATE

co

988.2
847.0
920.2
13u8,°
2986.9
15,4

857.3.

465.2
205.6
1173.8

1095.4.,

1373.4
6N5.5
532.0
615.6

n.o

1176.6
1134, 4
Lun.s
339,04
1230.3
1339.9
788.1
819.8
1997.8
639.6

595.1
396.6
1335.6
853,.5

533.1
799.3
1328.6
539.3

762.3
1130,2
99h.1

HPLLIGRAMS /MILE/DOLLAR

NOX
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HYDRCCARBONS AT 2500 RPM
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CARBCN MONCKIDE AT 2500 RPM
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HYDRCCARBONS AT 2500 RPM
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CARBON MONCXIDE AT 2500 RPM
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HYDRCCARBCNS AT IDLE
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HYDROCCARBONS AT 2500 RPM

2500=-1t

+

+

+

+

2250~ +

L +

A +

B +

ol +

R 2000=~+

a +

T +

o +
R

Y 1750~

1500~

1250~

1000~

0750~

(500~

I IO A I I B R B R AR N B B R IR A 2 A A A

+1 1
0250-+ 1 1
+ 11
+ 211 CCRRELATION CCEFFICIENT: 0.686
+231 1
+2 1
00N 4mmccdmmmcbroccrfocantarmctrecnterantecantecnctncentennatemend
t t t 1 ] t 1
0 500 1000 1500 2000 2500 3000

INSPECTION STATICN NO. 9
LEGENDs DIGITS SHOWN ON GRAPH REPRESENT THE NUMBER OF CQJINCIDENT
DATA PJINTS. IF MORE THAN NINE ARE CCINCIDENT, AN °X°
IS PRINTED.

AUTCMOTIVE TESTING LABCRATCORIES, 1INCe
19900 E. CCLFAX, AURCRA, CCLCRADC 80011

209



CARBON MONOXIDE AT IDLE
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CARBCN MONCXIDE AT 2500 RPM
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HYDRCCARBONS AT IDLE
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HYDRCCARBCNS AT 2500 RPM
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CARBON MCONCXIDE AT 2500 RPM
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