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1. OVERVIEW AND SUMMARY OF RESULTS

1.1 Summary of Project Obhjectives

Stated very briefly, the focus of this »roject has heen to orpanize
and summarize the results on automobile exhaust emissions levels as estimated
from the data base gpathered hecause of the California Air Resources Roard
Assembly Line Test Program; to assess the nationwide reduction in emissions
which might be realized with currently existing emission control systems if
alternate assembly line test procedures were employed on a nationwide basis;
to extrapolate these results to proposed catalyst type emission control systems;

and to assess the nationwide costs of such programs.

The California Assembly line Test Pragram frr 1972-7% ceonsists of
the following:

e ]
N
38 o8

19072 Scven mode test
CVS audit test

of praduction
5 of production

1973 Scven mode test 25% of preduction
Idle test 75% of production
CVS audit test 2% of production

The 75% idle test requirement for 1073 was implemented in stages over the

model year so that, at some stages, fractions of less than 75% were idle tested.

1.2 Summary of Results

The results of the many analyses undertaken will be briefly summar-
ized here. More detailed data underlying these results, as well as a
description of the methodology employed in approaching the numerous subtasks
is contained in subsequent chapters of this report. To the extent feasible,

the results will be presented and discussed in the order mentioned in Sectinn
1.1.
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Frequency and Patterns of Scven Mode Test Failures

The failure rates experienced on scven mode tests applied during the
1972 wodel year varied considerably among manufacturers and at different
times of the production year within a manufacturer. The variation among

manufacturers is illustrated below,

Manufacturer Overall Failure Rate
Seven Mode Tests

Chrysler 25.5 %
Ford 24,8 %
General MMotors 5.3 %

Tahle 1.2-1
Nverall Seven Mode Failure Rates

Throughout the production quarters of the 1972 Model yvear, there
appeared to be a decrease and then increase in the seven mode test failure
rate, and this vattern seemed to hold for all three manufacturers. This

is illustrated below.

Manufacturer Production Quarter
1 2 3 4 5 werall
General Motors| N.A.16.19 4.95 13.83 15.82 5.3
Ford N.ALI21.0 19.5 130.2 41.1 24 .8
Chrysler 34.0 |16.3 | 27.4 |24.1 36.6 25.5
Table 1.2-2

Quarterly Seven Mode Failure Rates

It is apparent that a gradual improvement in test results occurred
as the model year proceeded, 'bottoming out’ generally in one of the middle

quarters and then increasing dramatically in the fifth or buildout quarter.

While very noticeable increases in failure rates were observed throughout
this data base for the buildout quarter it should be noted that this quarter

normally accounts for about 8% of yearly production.
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While these failure rates, within a manufacturer, were analyzed
and compiled on engine category, division, etc. bases, such detail will not
be presented here. These breakdowns can be reviewed in Chapter 3. For our
purposes, at present, it will suffice to say that large variations exist in
failure rates from one engine family to another, from one division to
another, etc. The time pattern in failure rates cited earlier appears,

however, to prevail in spite of these 'category' differences.
p P g

Frequency, Patterns and Reasons For Audit Test Failures

The overall failure rates on gudit tests are shown below for

the 1972 and 1973 model year data available.

Manufacturer Failure Rate (%)
1972 Model Year 1973 Model Year
General Motors 7.0 15.7
Ford 15.7 11.5
Chrysler N.A. 17.37
Table 1.2-3

Overall Audit Failure Rates

These failure rates reflect the number of original test failures
as a percentage of the number of original audit tests performed by a
manufacturer. Within a given manufacturer there were large variations in
audit failure rates between divisions, engine families, engine sizes, etc.
This high degree of variability was true for all three manufacturers and is
elaborated on in Chapter 3. An interesting characteristic which prevailed

among all manufacturers represented in the data base was that on audit

test failures, the HC , CO and NOx attributed failures tended to be disjoint;
that is, if a car failed on the HC standard it usually did not fail CO and/or

Nox. Consequently, the overall audit failure rates appear to be, by and large,

accounted for by the accumulated failure rates of cars which failed HC only, O

only and NOx only.
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One of the manufacturers (i.e. - General Motors) provided descriptors
for the reasons of an audit failure in their data base. Upon analysis of
these ''reasons for failure', two major patterns presentcd themselves: First,
while there were many described reasons for failing an audit test a
comparatively small number of these 'reasons for failure" accounted for 90%
of the number of audit failures recorded. From the 1972 data hase 19 of the
52 listed reasons for failure accounted for 90.26% of the failures. From
the 1973 data base 8 of the 41 listed reasons for failure accounted for
90.4% of the failures. The second point observed is that the reason for
failure most frequently listed in both years covered was '"rerun no renair"
accounting for 40.8% and 68.3% of the failures in 1972 and 1973 respectively.
This descriptor is applied when a car fails the audit test but no attributable
reason for failure could be isolated. This frequently occurring situation
suggests a high degree of variability among repcated tests on the same car.
Whether this variability is attributable to the so called 'grcen engine
effect', to inherent variability of the test procedure, or possibly some
combination of both of these factors was not determinable from the data bhase

available for this study.

Nationwide Emissions Level Changes From Assembly Line Tests

Upon an analysis of the experiences with geven mode, idle and
dudit testing during the brief history of the Galifornia
Assembly Line Testing Program it appears that an extension of a similar
program to a nationwide basis would increase emissions levels.

This analysis:

(1) determined changes in average CVS cmissions from
the second to fifth quarters of 1972

©J

(

) compared CVS cmissions for cars that were seven mode
tested and thosce not seven mode tested

(3) compared CVS emissions for cars that were idle tested
and those not idle tested

(1) compared initial and final CVS emissions for cars that
werc audit tested.
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Tables 1.2-4 through 1.2-7 present, in summary fashion, the results of esti-
mating the changes in emissions levels, on a nationwidc basis, if these
programs (i.e. - 25% seven mode testing, 75% idle testing and 2% audit testing)
were implemented. The estimated emission levels contained in these tables are
based on extrapolations which employed one years production volume and assumed

an average yearly mileage of 12000 miles per year for this automobile population.

Some brief interpretive comments are in order here. Regarding the
1972 data hase (i.e. - Table 1.2-4) the only emissions changes estimated are
for hydrocarbon and carbon monoxide, since oxides of nitrogen were not
measured by C.V.S. techniques during that model year. The emission level
changes associated with a trend in the average emissions during the year
show a decrease in hydrocarbons and an increase in carbon monoxide. For
reasons discussed at some length in Chapter 4 it is felt that such changes

cannot, on the basis of the data in this study, be attributed to nor

disassociated from the Assembly Line Testing Program, and consequently shall
not be dwelt upon here. Seven mode test results, which were only estimable
from General Motors data, showed a decrease in both hydrocarbon and carbon
Tonoxide ; however, these estimates were based on a relatively small sample

of automobiles seven mode tested and these were concentrated in a small number
of assembly plants and engine categories. Consequently, these are not to be
interpreted as typical of what results might be expected across all engine
types, manufacturers, etc. The audit changes are seen to be veiy small. In
summary then, while general patterns and magnitudes of emissions chonges were

estimable from the 1972 data base, their overall utility is quite limited.

The 1973 data base yielded more useable results as related to
assembly line testing. Sample sizes of automobiles seven mode tested and/or
idle tested were large and comprehensive enough to lend more confidence in
the estimates of emission level changes associated with the tests applied on

a nationwide basis. The most interesting result from this analysis is that
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Emissions Type
FSQurge OfL 1 Manufacturer
"missions Leve HC 0 NOX
Changes
Trend GM -1555 +35750 NA
Ford -1272 +825746 NA
Chrysler -66 -108 NA
Total -2893 +118218 NA
Seven Mode GM -2310 -29040 NA
Ford NA NA NA
Chrysler NA NA NA
Total ~-2310 -29040 NA
3 -122 -39 )
Audit M NA
Ford NA NA NA
Chrysler NA NA NA
Total -122, -39 NA
Total -5324 +89139 NA
Tahle 1.2-4

Summarized Emissions Level Chanpges - 1972
(tons per year)

~ decrease in tons per year (nationwide)

+ increase in tons per year (nationwide)

1-
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Source of Emissions Type
Emissions Level Manufacturer
Change HC cn NOX
GM -0.0236 +0.5417 NA
Trend Ford -0.0292 +1.8957 NA
Chrysler -0.0338 -0.0558 NA
GM -0.0350 ~(,4400 NA
7-mode Ford NA NA NA
Chrysler NA NA NA
oM -0.00185 -0.02253 NA
Audit Ford NA NA NA
Chrysler NA NA NA
Table 1.2-5

Summarized Emissions Level Changes - 1977

(grams per mile)
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Source of Emissions Type
Emissions Manufacturer
Level Changes HC @ NOX
GM NA NA NA
Trend Ford NA NA NA
Chrysler NA NA NA
Total NA NA NA
Seven Mode GM 0 -60500 +825
Ford +872 0 +3815
Chrysler -64 0 0
Total +808 -60500 +4640
oM +14 355 +103950 +2970
Idle Ford 4185 0 22943
Chrysler 0 +851 +45
Total +10170 +104801 +72
Ford NA NA NA
Chrysler -30 -589 -34
Total -151 ~-2906 -96
Total +10827 +41395 +4616
Table 1.2-6

Summarized EFmissions Level

(tons per year)
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Source of Fmissions Type
DOouTcCe Manufacturer
Emissions
Level Chanpes HC co NOX
GM NA NA NA
Trend Ford NA NA NA
Chrysler NA NA NA
7-mode M 0 -0.9167 +0.0125
Ford +0.0200] 0 +0.0876
Chrysler -0.,0032 0 0
M +0.2175 +1.5750 +0,045
Tdle Ford -0.0961 0 -0.0870
Chrysler 0 +0.0429 +0.0023
GM -0.00183 -0.0351 -0.0009
Audit Ford NA NA NA
Chrysler -0.00153 -0.0297 -0.0017
Table 1.2-7
Summarized Emissions Level Changes - 1973

(prams per mile)
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there appears to be an overall increase in emissions resulting from the
combined effects of seven mode, idle and audit tests. The idle tests, in
particular, dominate the overall impact and if one omits the jdle test effect

it would appear that the nationwide emission change would be:

1) Hydrocarbon 657 ton per year increase

I1I1) Carbon Monoxide 63406 ton per vear decrease

ITI) Oxides of Nitrogen 4544 ton per year increase

This is a grossly different pattern than with any idle testing. The develop-
ment of these results and an extensive discussion of the data and methodology

on which they are based is contained in Chapter 4 of this renort.

Nationwide Emissions Changes From Alternate Assemhly Line Tests

Tables 1.2-8 a,b and ¢ summarize the estimated nationwide emission

level changes which would result from combinations of representative levels
of seven mode and audit test rates employed as alternates to the current

structure of the California assembly line test propram. Note that idle tests
are not considered here, this being a result of the apparent increase in
emissions levels attributable to idle testing. Tt is further re-iterated at
this point that the changes in nationwide emissions levels estimated here
result from the '"rectifying aspects' of the alternate tests considered;

that is to say, from the adjustments performed on failing cars and their
resultant impact on the overall distribution of emissions. Any changes in
emissions levels which may be attributable to trends {as discussed previously)
are not included here. The two most striking patterns apparent from these
data are that: (1) only carbon monoxide shows a decrease in emissions and,
(11) increases in audit test rates reflect nominal changes in emission levels
by comparison to the seven mode test effect.
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Seven Mode

Audit Test Rate (%)

Test Rate (%) 1 2 3 5 10
25 + 716 + 624 ] + 533 + 349 -109
50 +1524 +1432 | + 1341 +1157 + 608.45
75 + 2332 + 2240 +2149 + 1965 +1506.45
100 + 3139 + 3047 | + 2950 + 2772 +2313 .45
Table 1.2-8a
Hydrocarbon Emission Level Changes
For Various Seven Mode/Audit Test Rates
(tons per year)
Seven Mode Audit Test Rate (%)
Test Rate (%)
1 2 3 s 10
25 -62701 | -64902 - 67103 | -71505 -82510
50 -123201 } 125402 | -127603 | - 132005 - 143010
75 - 183701 185902 | - 188103 | - 152505 -203510
100 -244201 246402 | -248603 | - 253005 -254010
Table 1.2-8b

{tons per vear)

1

11

Carbon Monoxide Emission Level Chanpes

For Various Seven Mode/Audit Test Rates




Seven Mode Audit Test Rate (%)
Test Rate (%) 1 2 3 5 10
25% + 4567 + 4495 + 4422 + 4276 + 3913
50% + 9207 + 9135 + P62 + 8916 + 8553
75% +13847 W+13775 +13702 +13556 L+ 13193
100% +184%7 lf18415 +18342 +18196 + 17833
Table 1.2-8c¢c

Oxides of Nitrogen Emission Level Chanpes

For Various Seven Mode/Audit Test Rates
(tons per vear)

Nationwide Emissions Changes From Proposed Catalyst Type Systems

Viewing the catalytic converter systems to be employed on 1976
automobiles as essentially 1973 automobile engines feeding into a catalytic
converter, the nationwide emissions estimated from alternate assembly line
test programs are essentially fractional multiples of the levels estimated
under conventional designs and discussed earlier. Therefore, the emissions
levels and changes in emissions levels from 1973 assembly line tcsting are
reduced by a fixed percentage in order to assess emissions levels and
changes in emissions levels from assembly line testing of catalyst equippned
vehicles. Onc should be cautioned to note, however, that this extrapolation
technique assumes fully functioning catalysts in all cars and does not
account for intermittent failures of catalyst units which may occur.
Alternately, this technique does not include any beneficial effects which the
presence of assembly line testing may contribute to the quality control of

catalyst systems. With hot start tests considered ineffective in estimating



emission reductions attributable to catalytic systems, the only alternate

tests considered were audit tests and the emissions changes anticipated are
summarized below:

Audit Rate Emission Level Change {tons per year)
in % HC CO NOX
1% - 16.79 -319.16 - 9.67
2 % - 33.58 -638.,31 - 19.34
3% - 50,37 -957.47 - 29,02
5 % - 83.95 -1595.78 - 48.37
10 % -167.91 -3101.55 - 96.75
Table 1.2-9

Audit Rate Related Emissions Changes
with Catalytic Converter Systecm

It is apparent from these estimates that the anticipated magnitudes
of emission reductions with catalytic systems are quite small; however it should
be kept in mind that with the catalytic converters the magnitudes of both total
emission levels and incremental changes in emissions will be a small fraction
of the corresponding emissions components from a 1973 system. The ratio of
“"change in emissions' to 'total emissions level' will be the same for both the

1973 and 1976 (i.e. - catalytic systems) considered in this report.

Costs of Alternate Assembly Line Test Programs

Cost analyses performed on alternate assembly line test proprams
are discussed at length in Chapter 7. Summarized very briefly here,
alternate configurations of assembly line test programs considered for use
with current engine/control system combinations covered average test costs
over a range of $5.20 to $28.00 per automobile and when cextrapolated
to nationwide production yielded anticipated nationwide costs in the range

from 51 million to 274 million dollars per year. These cost estimates stem
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from two basic types of source data: First, estimates of the unit costs of
the component tests included in alternate test programs considered {i.e. -
seven mode test, idle test, and audit test) and secondlv the sampling rates
associated with each type of test in a particular test propram configuration
(e.g. ~ 25% seven mode, 75% idle and 2% audit testing). Cost effectiveness
of these test programs, in terms of Nationwide Testing Costs per Ton Emission

Change is discussed in Chapter 7.

Shown below are the estimated ranges of unit costs associated
with the three types of tests employed (at varying sampling rates) in the

alternate test programs considered.

Test Tyne F Unit Cost Ranpge
(Dollars per Test)

Seven-mode $8.00 - $20,00

Idle $.32 - $1.20

Audit $68.00 - $350.00
1.3 Comments on Data Base

The analyses and extrapolations performed in the course of this
study were based on data supplied by three automobile manufacturers, this
data being derived from assembly line testing programs required by the
California Air Resources Board for automobiles sold in the State of
California. The data base employed did not include test information about
exhaust emissions from automobiles not assembly line tested. As in most
studies of this sort limitations on time and resources precluded the develop-

ment and/or acquisition of as comprehensive a data base as would ideally be
desired,
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2 GENERAL METHODOLOGTCAL APPROACH

2.1 Introduction and Overview of Emission Level Changes

In presenting the methodological approach to assessing the
magnitudes of emissions reductions which would result if assembly line
testing procedures similar to those currently employed in California were
employed on a nationwide basis, it will be helpful to construct a frame-
work within which the plausible factors which operate combine to determine
general emission levels. Consider, for example, a situation in which a
single manufacturer produces a single automobile on which there is only

one engine/emission control system combination available.

If we were to measure the HC emission levels from a large
number of these automobiles (say by C.V.S. sampling) at a fixed point in time,
t, during the production year and plot a histogram of these emission
levels,we would obtain a "'picture" or "histogram" of emissions which

would tend to be distributed in a manner similar to the schematic of
Figure 2,1-1,

Frequency of

Observations

U

|
|
|
l T~
]

P

Emissions Level "o

Figure 2.1-1
Schematic of Typical Emissions Distribution
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Typically, such plots of emissions measurements will tend to be

skewed to the right. Let us refer to these emissions as being distributed
with some population average,,at, and population variance, 6t2,
(i.e. C = D( ,LLt.)Cftzj). 0f fundamental importance in assessing changes
in emissions levels of new automobiles, over time during a production
year, is the ability to describe how the average emissions level (i.e.,{lt)
varies, with time, during that production year. Conceptually, one would
hope to be able to specify how the average emission level varies as a

function of the "time of production year'" as depicted in Figure 2,1-2.

Average Uy My
Emission N A o ——
Level \1‘\\ //’/ \\\ [/Utz
(HC) o ol
'\\'.
\

' Time in The Production Year

Figure 2.1-2

Temporal Patterns of Average Emissions Level

I1f one were able to obtain sufficient data to describe the manner
in which ,{l,t varies with time, a logical next question is to consider
what factors contribute to, and combine, to determine the dependence of

/LLt on time. This project will, for the purpose of providing some
structure within which to approach this task, segment those factors into

two major categories:

1.) Specific Actions Taken in the Production/Inspection
Process which are clearly identifiable and whose
impact on emissions lend themselves to measurement
and isolation of effects. Included here would be
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factors such as the presence or absence of seven
mode testing, different levels of audit testing, etc.

IT.) Long-Term Trends and Less Identifiable Factors: -
included here would be that nebulous "other"
catepory of the elusive and ill-characterized factors
which, individually are virtually impossible to
isolate, but collectively account for changes in the
emission levels patterns and distributions which are
otherwise unexplainable.

Reference to Figure 2,1-3 will, perhaps, facilitate a clearer
understanding of this ''segmenting" of factors accounting for emissions
level <changes. At a fixed point in time, say t, the emissions levels
prevailing among all automobiles produced are thought of as being
distributed according to some distributional pattern with an average

Aot and variance CE;gt, ie. - b( Adot, C5zot). Let us
think of this distribution as the one which would prevail if we were
able to measure the emissions levels of each automobile as it came off

the production line,

Now, over a 'short period of time'" some changes may occur to
these automobiles as a result of certain identifiable actions. Specif-
ically, a fraction of them ( CXI) may be hot seven mode tested, a fraction
of them ( X 2) may be idle tested, another fraction of them ( C. 3)
may receive both a hot seven mode and jdle test, and finally a fraction
( <3(o) may receive no tests at all. Conceptually, we will describe
any changes which may result in the emissions distribution as a result of
the particular action (i.e. - testing type) taken by means of indicating
a modified set of parameters a-posteriori to the testing. For example,
at time t, the emissions were distributed D( /LLot, ‘:S%t) whereas that
fraction, (X1, of automobiles which were 7- mode tested only, at time
t will, after testing, be distributed D( AU1,t, S%4t) - possibly
different from prior to this testing type. In a manner similar to this the

impact of the other actions (i.e. - modes of inspection testing) are
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reflected in their changed distributions. After the respective tests are
performed on the portions of the incoming population of automobiles and
these tested subpopulations are pooled together apain, we can conceive of
the resultinp emissions distribution as being D A4, Esggt) and this
constitutes the statistical nature of the emissions population which
becomes thie input population to the C.V.S. testinp (i.e. - audit testing)

phase.

Again, any change in emissions pattemns which may be intro-
duced as a result of audit testing is indicated by a modified set of
parameters after such testing [(i.e. - D( ,iJSt, C5'25t]]' as compared
to the situation before this testing (i.e. - D{ /Lﬁt, (2524t)].

In summary then, at a "fixed" point in time, t, the total
impact on the emissions patterns which results from these specific actions
{i.e. - combinations of 7-mode, idle and C.V.S. tests) is described hy
a comparison of the emissions patterns before these steps (i.e. - D
( Adot, CSzot)} and the emissions patterns after these steps - (i.e. -
D( ,115t, CSZSt)). It is these types of changes which are included in
the first category described earlier, that is, "Specific Actions Taken

in the Production/Inspection Process''.
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2.2 Trends in Average Emissions Levels During a Production Year

Suppose that at the time t within a production year one can specify:

n(t) - the number of automobiles produced at time t of that
production year.
(t) = average emissions level of the new automobile produced
= P
at time t (in grams per mile).
E conversion factor which will convert grams per mile to

tons per year (assuming a fixed number of miles per

year driven by an "average' car).

Then

-
E = Vf NG U E) dt (2.2.1)

represents the total average emissions (in tons per year) which will be generated
as a result of the production pattern and time pattern of average emissions.
This assumes that automobiles produced at time t will continue to generate

emissions at an average level /L(t) throughout their driving life cycle.

Alternately, consider that instead of automobiles produced at time t
emitting at the average level AL(t),one were to assume that the average emission
0
level were constant, say /Liﬁ ). Then,

i
B f @) dt

(=)}

&

H

1t

(o T
U )[o n(e)dt (2.2.2)

would represent the total average emissions (in tons per year) if all new auto-

©)

mobiles produced had the same average emissions level, i.e.,/LA
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Further, E(O) - E, would represent the change in average emissions
which would result during the production year if average emissions follow the
pattern {,LL(t):O < ts T } rather than stay at the average level /il}o) for

all production during the year.

This admittedly simplistic approach to measuring change in average

emission levels stimulates a number of questions:

(1) Is sufficient data available to support an adequate charac-
terization of the functions _UJ(t), rcv(t), etc.? If not,
what modifications in this approach would be necessary to
enable a similar measurement to be developed which is in

harmony with available data?

(2) Even if the computations, or a reasonable approximation
thereof, can be attained, can one attribute the estimated

emission level changes to any causal factors?

Regarding (1) above, the data available for analysis in the report
were summary results covering various production quarters during 1972 and 1973
model years. This aggregated (in time) data precludes an analysis of emissions
level change in continuous time, however, modifications of the conceptual
approach to estimating changes in levels of emissions so as to e ploy aggre-
gated data will be presented in Chapter 4 of this report. The se:ond point
(2) above is perhaps a more crucial one. The absence of any data on missions
levels which were gathered on automobiles produced prior to the introduction
of assembly line testing procedures in California would appear to raise serious
questions about whether or not any trends (i.e., changes) in emissions levels
occurring over time during the production year can validly be attributed to
the presence of assembly line testing as the causal factor. Stated alternately,
the data base available for analysis only reflects the "after assembly line
testing' situation and there was not available any '"before assembly line test-

ing" data against which to compare. Because of this, there has been no attempt
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in this report to either assess the statistical significance of changes in
emissions levels over time during a production year or to identify the
presence of assembly line testing as the cause of any such changes as may
appear significant. Rather, such changes in emissions levels as may be
estimated by the techniques briefly described earlier, are presented in the
hopes that such preliminary information on the magnitudes and patterns of
such changes during a production year may provide useful insight into a more

fundamental understanding of the nature of this type of testing.
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2.3 Short Inspection Tests and Their Tmpact Assessment

This section will focus on a discussion of the methodology employed
to assess the impact of those combinations of hot seven mode tests and dle
ests which are applied to end of production line automobiles. 1In Figure 2.1-3
we can view this as that segment of the '"flow'" of automobiles through the
portion of the Assembly Line Test Procedure which terminates just prior
to the C.V.S. Testing Phase. The primary interest of this section, then,
is an analysis of the manner in which 7- mode testing, for example, at some

level will affect the average level of the emissions distributions.

Consider some end of line inspection test, T, say, the effect
of which one seeks to investigate. Specifically, we desire to estimate any
difference in average emissions levels which may exist due to the presence

of testing some fraction ()} of automobiles produced by this test pro-
cedure.

Let /LLTj be defined as the average {i.e. - lst moment) of
the distribution of emissions of type j for the population of automobiles
which have been tested by procedure | prior to audit testing. Con-
versely, let /Ll?} be the mean of the distribution of emissions of
type j for the population of automobiles which have not been tested by
procedure | prior to audit testing. If it is true that the fraction

X of the total population of automobiles have received test | , and
the fraction (1-OX ) have not received test | , then the expected vilue
of the emissions resulting from audit testing from the total (and mixed)

population of automobiles is:

Mg = Mrpd+ G4) Usy
= /‘JT'J"{' A (UTJ’UTT‘-&) (2.3.1)
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1f, in fact, the average level of emissions (as measured by
audit testing) in the presence of test procedure T (i.e. - /{4Tj) is
significantly different from the average level in the absence of procedure
‘T' (i.e. - /Llfj),then the fraction, X , of the population receiving
test " represents the rate at which the overall process mean will
deviate from _AATj in "units" of ( /LJTj —  _AAFH) prams per

mile. Consequently the term

A My = AUF ) (2.3.2)
represents the deviation in grams per mile of the mean level of emissions
when applying test | to 100X % of the automobiles produced from the

mean level when none of the automobiles receive procedure

In order to express this averape emissions level in terms of

tons per year, one can convert as follows:

R

= A TTM N (2.3.3)

= overall mean emission level, as
defined previously, of emission type j

where

R

= conversion factor (1.1 x 107 tons/gram)

P4 = average yearly mileage per automobile
PJ = number of automobiles produced per year

2-10



2.4 Audit Tests and Their Impact Assessment

This section focuses on an analysis of the impact on emissions
reduction occurring as a result of the screening or rectifying aspect of
the audit test procedures. Aside from the long term effect which may
occur simply due to the fact that some kind of emissions level monitoring
exists, an interesting question, in and of itself, 1is, to what extent
are overall emission levels changed if a 2% audit test is applied to all
cars produced in the nation. This section focuses on an analysis of just

that question.

Consider the following situation. Emissions measurements, via
C.V.S techniques as employed currently in California, are taken for a
single emittent (say, hydrocarbon) and the density function of the random
variable, € , is determined. We shall think of this distribution of &
as characterizing the distribution of original measurements of C.V.S. tests
on this population of automobiles of a single enpine category. Assume the

distribution to be of the form as shown in Figure 2.4-1.

P(es 3)z1-p

£, (e)

|
8

Emission Level "
Figure 2.4-1
Skewed Emission Patterns
The shape of this density is similar to that so commonly
observed in emissions measurements, i.e. - non-nepative, skewed to the
right and approximately log-normally distributed. Shown in Figure 2.4-]
is a value of the standari"fg'u which is to be interpreted as the
current standards in the California procedures. We shall denote:
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D= éé(&)de
= P{C?) %} (2.4.1)

that is, p equals the probability that one observation on this population
(i.e. - emissions measurement on an automobile) exceeds the standard f;

In a similar manner, we denote

=P

1

s
of{ce)de
P{es S;{ (2.4.2)

that is, the probability that one observation on this population does not

iy

exceed the standard.

Of basic concern is, what happens to average emissions levels
as a result of the audit sampling and any modifications which occur in the
emissions distribution because of it. We shall focus on three subsets of

the total population:

I. The set of automobiles not audit tested
I1. The set of automobiles audit tested and passing the test

T1T. The set of automobiles audit tested and failing the test.

The intent is to determine the distributional form of emissions,
after the audit sampling, so as to relate this in some way to the audit
sampling rate, EB , say. Let us consider how the distributional character-
istics of the three subsets described above will contribute to this -

"post audit sampling' emissions distribution.
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Case T - Autcmobiles Not Audit Tested

Given this population of automobiles not audit tested, one

one would anticipate that if they were C.V.S. tested their distribution
of emissions would be reasonably approximated by Fo(e), the density in
Figure 2.4-1 which described the distribution of original measurements of

emissions. We thus assume:

f(e[not audit tested) = fo(e)

It is further noted that (1-B) is the fraction of the total population of

automobiles to which this density applies.
Case II - Automobiles Audit Tested and Passing the Test

This subset of automobiles is restricted to those which,
upon C.V.S. testing, yielded emission values no greater than;S;. In
Figure 2.4-1 this is the set of emission values, e, less than or equal to

. Now, if sufficient retesting were performed on automobiles in this
subset one could characterize the distribution of emissions of such cars.
after the impact (if any) of initially being C.V.S tested and having
passed that test has been accounted for. Let us denote Fz[e) as the
density function of the distribution of emissions from such automoviles.

It is important to note that this distribution is not, necessarily,
identical with that of cars not audit tested at all since this category

does not include failing vehicles. Further, this distribution is charac-
teristic of a fraction g? (1-p) of the total population of original

automobiles.

Case III - Automobiles Audit Tested and Failing the Test

This subset of automobiles is a fraction of the upper tail

of the density function of Figure2.4-1. Let us denote the density function
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characterizing this distribution of emissions as fs(e). As in the previous
case it is important to note here that fz(e) is not, in general, identical
with f{e) for after automobiles are audit tested, have initially failed,
and are subsequently adjusted, repaired, etc. to a point where they can
pass a retest, the distribution of their emissions may be substantially
modified. The sum total of this modification is encompassed in Fs(e).
Acain, as earlier, observe that this density will be characteristic of

a fraction QBGD of the total population of original automobiles.

We reiterate, at this point, the central question of this
section. How does the average emission level change as a result of the
audit sampling procedure employed? Consider first the average emissions

which would prevail if no audit testing were employed. This is

Q

c = &, f@ Feyde (2.4.3)

Q

Alternately, what average emissions level will prevail if audit

testing is executed at the rate ES f> It is readily seen that

ah (1~(3)£efo(€>de + 36-@) £Cvf‘(e)cle + Bpfzg(e)de

i

(-2HC. + \3(\~P)€. + (3P S @2.4.0)

That is, the resulting average emissions level is a weighted
average of the average emissions levels of the three subsets of auto-
mobiles discussed earlier, the scaling weights being those fractions of the

total population falling into the respective subsets,.
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The change in average emissions levels attributable to the

audit sampling rate, ES , is the difference in these two averages, namely:
— (> — )

A=c - &
A = 0= {(l-@)éﬁ@(“\ﬁ')g&@P—éz}

A= BCo~BU-PIB - BpT. @45

We thus have the change in average emissions (in grams per
mile) resulting from this sampling and rectifying procedure. The
discussion thus far has assumed a single automobile or engine category
and also a single emittant type. If these additional factors, as
well as different manufacturers, are incorporated a straightforward

modi fication of expression(2.4.5) above applies. Let us denote:

i

manufacturer's index; A@==1,2,3 for
General Motors, Ford and Chrysleq
respectively

v,

emission type index; j = 1,2,3 for
hydrocarbon, carbon monoxide and
oxides of nitrogen, respectively

.
n

overall failure rate for manufacturer /
in the audit tests

i
"

4, = average emissions level for emission
¢ type j, manufacturer .£on original
measurements of automobiles not audit tested
— Y
;?= average emissions level for emission type
3 j, manufacturer £ on measurements of
antomobiles which were audit tested and
passed the test originally

63, = average final emissions levels for emission
3 type j, manufacturer £ on measurements
of automobiles whichwere audit tested, failed
the test and were adjusted so as to pass a
subsequent C.V.S. test
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It is now possible to denote the change in emissions attributable
to a sampling rate, ﬁ%, for a specific emission type and manufacturer.

This is a modification of expression(2.4.5employing the above notation:

A - %——o) 8’/ ) -:(.) —{2) J = 1,2,3
1= BC, BRI -ARE, -2 @4

These emissions changes are in grams per mile. To relate this
change to tons per year, it is necessary to account for the average
mileage (per year) an automobile is driven, and the number of automobiles

being manufactured. Defining

My = average miles per year driven by a
typical automobile from manufacturer .

Ny = number of automobiles produced, per
year, by manufacturer _/

[ = conversion factor to relate grams per 6
mile to tons per mile (i.e. - [T = 1.1 x 10
tons/grams)

One obtains

8}2&= F‘A}?A‘ML‘NJ_ L= 1,2.3

j=1,2.3

ac the average change in emissions (in tons per year) for emissions type
j associated with manufacturer £ as a result of the audit testing program

as currently conducted in California,
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As outlined above, this methodology is employed for the
assessment of emissions levels changes which would be attained if audit
testing, as currently employed in California, were extended to a
nationwide basis. Specific results emanating from this type of analysis
applied to the currently available data base are contained in Chapter 4
of this report. FExtension of this methodology in order to consider

alternate modes of audit sampling is contained in Chapter 5.
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3. FATLURE RATES AND REASONS FOR FATLURE OBSFRVED FROM
ASSEMBLY LINE TEST PROGRAM DATA

3.0 Introduction

An overview of the failure rates and descriptions of reasons for
failure is presented in this chapter. Tt will be helpful to have this

'hbaseline" understanding of current inspection and audit testing failure
rates being experienced by the various manufacturers whose data is em-

ployed in this study, prior to moving on to an analysis of emissions

reductions which may be attainable on a nationwide basis from these and

related testing programs.

3.1 Sven Mode Inspection Tests

3.1.1 Qverview of Failure Rates

For the 1972 model year, the failure rates for the seven mode
inspection tests which were run are summarized in Table 3.1-1. This data

represents the overall results by manufacturer.

Number of Overall Failure Rates
Manufacturer Tests (Seven Mode Inspection Tests)
Chrysler 31669 25.5%
Ford 81953 24.8%
General Motors 96519 5,29%
Table 3.1-1

1972 Model Year Seven Mode Inspection Test

Failure Rates (by Manufacturer)
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Within a manufacturer there are a variety of ways in which these
overall failure rates can be segmented for analyses. Further, variations
in the reporting format from one manufacturer to another can result in
differing interpretations of ''failure rates'. Because of these differences,
further discussion of the seven mode inspection test results will be

presented for each manufacturer.

3.1.2 Failure Rates: General Motors Corporation
a.) Data Base

Summary test data was available on seven mode tests performed for
the 2nd, 3rd, 4th and 4th plus buildout quarters of the 1972 model year only.
Reporting requirements for the 1973 model year tests are such that the 1973
seven mode test results are not available. For the 1972 data available the
total number of units initially tested, the number of units failing initial
tests and the number of units passing initial tests were reported (classified,
in each case, by Manufacturing Division/Engine Displacement/Carburetor barrels

categories).

An analysis of the failure rates on inspection tests was complicated
somewhat by variations in the reporting format of data from the different
production quarters for the 1972 model year. Specifically, for the second
and fourth plus buildout quarters, the results for units failing initial tests
tables contained (by category) data on the number tested and the number of
gross fails., The similar tables from the third and fourth quarters included
(by category) data on the number tested, number of gross fails and number

of good rerumns.

Ambiguity in the definition of ''gross fails'" leads to some con-
fusion on how to handle a summary of failure rates. To illustrate, consider
third production quarter data for the Pontiac 400 C.I.D. (4 barrel) engines
as reported by GM:

Number of Initial Tests 884
Number of Failing jnitial Tests 33
Gross Fails among initial Tests 13
Good Reruns 10



The gross fails may have resulted from a mixture of two sources.
On the one hand they could all be attributable to test equipment (and/or
procedure) malfunctions, and as such, the corresponding test results would
represent invalid data points. Alternately, they could all be attributable
to unaccountably extreme variations in an engine's results even though there
was no test equipment (and/or procedure) malfunction. Here such data,
while undesirable, represents valid data and test results. If the former

case prevails we might adjust our interpretation of the source data as

follows:
Number of valid initial tests = Number of Initial Tests -
Number of Gross Fails
= 884 - 13
= 871
Number of valid failing initial tests = Number of failing initial
tests -~ Number of
gross fails
= 33 - 13
= 20
and

Number of valid failing initial tes s
Number of valid initial tests

% Failure Rate x 100

%’?’1‘ x 100
2.3%

In the second situation cited above, we might consider the failure rate as:

Failure Rate (%) (Number of Failing Initial Tests) 4

(Number of Initial Tests) x 100
g—‘gzx 100

= 3,74%

[
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These two alternatives represent the bounding cases, and if the
indicated gross fails consisted of a mixture of test equipment/procedure
related gross fails and engine related gross fails the failure rate for that
category would always be between these two extreme values. Consequently it
is illuminating to consider the discrepency in failure rates (for a given

category) which may occur.

b.) Seven Mnde Test Failure Pates

Assuming that all gross failures are attributable to engine
variability and not test malfunctions, the failure rates for the 1972 model

year tests are summarized in Tables 3.1-2 thru 3.1-4.

Production Quarter (1972 Model Year) Total

Division 2 3 4 5 Year
Chevrolet .9 2.4 3.4 15.4 4.4
Pontiac 4.7 3.4 3.8 21.6 4.1
Oldsmobile 11.5 10.4 7.0 12.2 10.1
Buick 1.4 6.6 5.7 41.6 4.9
Cadillac 4.0 1.6 1.8 - 2.5
Overall 6.19 4,95 3.83 15.82 5.29

Table 3.1-2

7 Mode Test Failure Rates (in %)
General Motors: 1972 Model Year

(By Division and Production Quarter)
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From Table 3.1-2 one observes a number of patterns:

1 Some noticeable differences in the failure rates from one
division to another (e.g., Oldsmobile and Cadillac show strikingly

different failure rates).

11 Within an operating division, there is the general trend of a
decreasing inspection test failure rate as the production year
proceeds, except for the buildout quarter in which there is a
consistent increase in the failure rate, This appears to indicate
that there is a gradual improvement in the ability of the pro-
duction process to satisfy the testing procedures as '"experience'
in production of that model grows, with the excention of the
buildout quarter.
Aggregating the data according to engine size (i.e., C.I.D.)
rather than operating division similar tone patterns appear, as seen from
Table 3.1-3,
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Engine Production Quarter (1972 Model Year) Total
Size 5 3 4 5 Year
140 15,7 9.7 9,2 15.9 12,1
250 5.2 2.7 3.4 6,1 3.5
350 5.4 4.0 3.3 14.0 4.3
400 6.1 2.5 2.6 35.9 4.1
455 5.2 4.2 2.9 11.8 4.5
472 3.8 1.5 1.5 0.0 2.2
500 4.5 2.4 4.0 - 3.6

!
Overall 6.19 4,95 3.83 15.82 5.29 :
s
Table 3.1-3

7 Mode Test Failure Rates (in %)
General Motors: 1972 Model Year

(By Engine Size and Production Quarter)

In Table 3.1-4, the seven mode test failure rates are nresented
when segmented into categories indexed hy Division/DNisplacement/Carburetor
harvale envhinations for the production quarters available fram the 1972

Model vear.
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Engine

O

Production Quarter

Total
Category 2 3 4 5

Chev. 140-1 20.6 19.2 13,2 19.8 17.8
140-2 14.8 8.7 8.6 15.0 11.2

250-1 5.2 2.7 3.4 6.1 3.5

350-2 3.1 1.2 1.4 6.1 1.7

350-4 4.2 1.9 2.1 8.5 2.7

400-2 7.5 2.1 2.6 38.2 4.4

Pont. 350-2 5.4 3.6 5.5 10.7 4.7
400-2 5.0 2.6 2.8 23.5 3.5

400-4 2.9 3.7 2.5 20.0 3.2

455-2 4.9 6.5 4.9 40.0 5.8

455-4 5.4 2.6 3.2 13.5 4.2

01ds. 350-2 2.3 4.9 5.0 18.2 4.5
350-4 20.7 16.2 11.2 29.3 16.6

455-4 7.7 6.1 2.3 7.4 6.2

Buick 350-2 3.5 10.9 .7 3.3 8.0
350-4 5.6 8.0 6. 48.7 7.7

455-4 2.9 2.7 3.0 37.9 3.0

Cad., 472-4 3.8 1.5 1.5 0.0 2.2
500-4 4.5 2.4 4.0 - 3.6

Table 3.1-4

7 Mode Test Failure Rates (in %)
1972 Model Year
(By Engine/Division Category and Production Quarter)

General Motors:
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Cc.

Seven Mode Test Failure Pates:

Adjusted For Test *Mal fuinctions

Considering the situation where the indicated gross failures nre

assurmed to be attributable to test and/or equipment mal functions the failure

rates are only slightly modi fied in contrast to the earlier situnation. These

failure rates, a¥ter adiustment for test mal functions, are summarized in
Tahles 3.1-5 through 3.1-7.

Production Miarter (1972 “odel Year)

Division Total

9 z 4 5 Year
Chevrolet 6.7 2.4 3.4 15.3 4.3
Pontiac 4.1 3.0 3.5 20.9 3.7
Nldsmohile 10.8 10.0 7.0 11.5 9.7
But ck .3 6.5 5.7 4.1¢ 4.9
Cadialac 3.6 1.3 1.5 n.o 2.2
Overall 5.89 4.78 3.77 15.61 5.15

Tahle 3.1-5
7 Mode Test Failure Rates (in %)
Fngine Production Ouanter (1772 Model Year) Total
Size 2 3 4 5 Year
140 15.72 8.95 8.28 15.85 11.68
250 5.1 2.7 3.3 5.3 3.4
350 5.02 3.86 3.29 13.33 4,12
400 5.74 2.17 2.42 35.87 3.80
455 4.08 3.99 2.92 11.57 4.34
472 3.5 1.20 1.10 0.00 1.90
500 4.0 2.20 4,00 0.00 3.40
Nverall 5.89 4,78 3.77 15.621 5.15
Tahle 3.1-6

7 Mode Test Failure Pates (in %)
Adjusted for Test Mal functions

General Motors:

1972 Model

Year

(By Engine Size and Production Nuarter)
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Engine Production Muarter (1972, *odel Year) Total
Catepory 2 3 4 5 vear
Chevrolet 140-1 20.6 19.2 13.2 19.8 17.8
140-2 14.8 8.7 8.6 15.0 11.2
250-1 5.1 2.7 3.3 5.3 3.4
350-2 3.1 1.2 1.4 5.3 1.7

350-4 3.6 1.8 2. 8.0 2.5

400-2 7.5 2.1 2.6 3R.2 4.4 %
Pontiac 350-2 5.2 3.5 5.5 9.1 4.6
400-2 4.6 2.4 2.8 23.5 3.4
400-4 1.5 2.3 1.0 0.0 1.8
455-2 4.9 6.5 4.9 40.0 5.8
455-4 4.8 2.3 3.2 43.5 3.0
N1dsmobile 350-2 n.30 4.2 5.0 15.6 3.5
350-4 2n.0 15.8 11.2 28.4 16.2
455-4 7.5 6.0 2.3 7.2 6.0
Rui ck 350-2 | 3.2 10.8 8.7 3.3 7.9
350-4 E 5.6 8.9 6.7 4R, 7 7.6
455-4 ( 2.9 1.5 3.0 37.9 2.6
Cadillac 472-4 3.5 1.2 1.1 0.0 1.9
50N-4 l 4.0 2.2 4.0 0.0 3.4

—_—

Table 3.1-7
7 Yode Test Failure Rates (in %)
Adjusted For Test Mal functions
feneral Motors: 1972 Model Year

(Ry engine/division categorvy and nroduction quarter)



3.1.3 Failure Rates: Ford Motor Company

a.} Data Base

Summary test data for 7-mode tests was available for the 2nd,
3rd, 4th and 4th plus buildout quarters of the 1972 model year. The Ford
data is broken down by engine size, across all divisions (Ford, Mercury and
Trucks), and does not include vehicles that failed because of test equipment

malfunctions,

h.} Seven *ode Test Failure Nates

Tn Tahle 3.1-8 the sceven mode test failure rates are nresented,

Here they are classified by enpine catepory and production quarter.

Engine Production Quarter Total
2 3 4 5
98-1V 40,6 39.2 34.8 50.0 38.8
122-1V 34.9 36.2 38.3 62.6 39,8
159-2vV - 34.9 61 .4 - 58.8
170-1V | a.0 26.7 24.5 0.0 22.9
| 200-1V 38.4 19.1 31.9 51.1 29.3
i 240-1V 18.0 12,1 % 14.3 5.6 12.8
| 250-1V 38.0 36.5 37.5 55.8 37.5
302-2V 31.6 26.7 31.0 33.6 29.4
351-2V 15.7 6.2 18.7 28.9 12.8
351-4V 5.9 16.0 18 .4 25.7 18.4
360-2V 31.6 32.3 40.5 49 .4 37.6
390-2V 56.3 33.3 41.8 20,0 37.8
400-2V 9.5 3.6 8.7 14.1 7.7
429-2V 13.1 .8 .2 9.6 10.4
460-2V 20.8 14.0 14.0 19.8 ! 16,3
T
Overall 21.0 19,5 30.2 41.1 24.8
Table 3.1-8

7 Mode Test Failure Rates (in %)
Ford: 1972 Model Year
(By Engine Size)
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3.1.4 Failure Rates: Chrysier Corporation
a.) Data Base

Summary test data for seven mode tests from the Chrysler Comara-
tion was available for the lst through Sth (i.e. - buildout) quarter of the
1972 madel year. This data was categorized by enpine size and production
quarter, and reflected the nurber of initial tests and the nurher of initial

failures.
b.) Seven Mode Test Failure Pates

In Table 3.1-9, the seven mode test failure rates are vnresented
for the 1972 model year Chrysler data. These failure rates are classified

by engine categsorv and nroduction quarter.

. i (1972 Model

Engine Production Quarter Year )
Size Total

1 2 3 4 5
198 0.0 16.3 39.6 49.0 33.3 34.3
225 88.9 53.3 74.5 77.1 85.4 75.8
318 38.1 11.9 4.7 13.4 22.7 15.8
340 6.0 3.2 3.5 0.6 2.5 3.2
360 44.3 32.8 23,6 9.4 10,7 20.7
400 14.1 12.3 4.8 4.1 6.8 8.7
440 10.9 8.3 3.5 3.8 8.9 7.1
Overall 34,0 16.3 27.4 24.1 36.6 25.5

Table 3.1-9

7 Mode Test Failure Rates (in %)
Chrysler Corporation: 1972 Model Year
(By Engine Size)
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2.2 rMudit Tests

3.2.1 Overall Audit Test Failure Rates

Tables 3.2-1(a) and (b) present the overall audit test failure

rates for the three manufacturers included in this study,

Manufacturers Numbgr of Overall Failure
Original Rate
Tests Audit Test
General Motors 9296 7.0 %
Ford 6514 15.7 %
Chrysler * N.A. N.A.
i

Table 3.2-1(a)
Overall Audit Test Failure Rates
1972 Model Year

* Audit test failure rates not computed for 1972 model year Chrysler data.

Number of Overall Failure
Manufacturers Original Rate
Tests Audit Test
General Motors 4090 15.7 %
Ford 2901 11.5 %
Chrysler 1462 17.37 %

Table 3.2-1(b)
Overall Audit Test Failure Rates
1873 Model Year
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It should be noted that Table 3.2-1(a) is based on test data
covering production quarters 2 through buildout, within the 1972 model
year, and Table 3.2-1(b) is based on test data covering production

quarters 1 and 2 of the 1973 model year.

3.2.2 Audit Test Failure Rates: General Motors

Tables 3.2-2 through 3.2-5 summarize the audit failure rates as
determined from the 1972 and 1973 model year data available from General
Motors. 1In all cases here, the failure rate is the ratio of failures on
original tests divided by number of original tests. The colums in
Tables 3.2-3 and 3.2-5 refer to distinct failure type categories, that is,
entries in the colum labelled HC refers to the failure rate for tests

which failed the HC standard only, the column HC and CO refers to the failure

rate for tests which failed both the HC and CO standards only, etc.
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Divisi Engine Number Number Failure
ivision :
Category Tests Failures Rate %
Chevrolet 140-1,2 1041 96 9.2
250-1 289 19 6.4
350-2 1661 116 7.0
350-4 827 53 6.4
400-2 862 44 5.1
Pontiac 350-2 419 33 7.8
400-2 133 5 .8
400-4 154 31 20.1
455-2 52 4 7.7
455-4 152 7 4.6
Oldsmobile 350-2 174 6 3.4
350-4 413 21 5.1
455-4 359 14 3.9
Buick 350-2 273 15
350-4 336 15
455-4 422 30 1
Cadillac 472-4 476 52 10,9
500-4 116 7 6.0
Table 3.2-2

Audit Failure Rates (in %)
1972 General Motors

(by Division/Engine Category)
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Failure Type or Combination

Division T [ Cad [ oy | € and| 0 and| Wg, —|otal
Cco NOX NOX 0 and
NOX
Chevrolet 2.1 3.6 0.3 0.9 0.1 0 0 7.0
Pontiac 3.1 3.3 1.5 0.4 0 0 0 8.3
Oldsmobile 1.7 1.0 0.0 1.7 0 0 0 4.4
Buick 1.3 1.3 0.4 2.7 0.1 0.1 0 5.9
Cadillac 0.2 8.1 0.0 1.7 0 0 0 10.0
Trucks 6.4 1.1 0.7 0.1 0 0 0 8.3
Table 3.2-3

Audit Failure Rates (in %)

1972 General Motors

(by Failure Type and Division)



Division Fngine Number Number Failure
Category Tests Fails Rate %
Chevrolet 140-1,2 338 53 16.0
250-1 69 7 10.0
350-2 723 65 10.0
350-4 268 27 10.0
400-2 206 37 18.0
Pontiac 250-1 8 1 13.0
350-2 186 43 23.0
400-2 96 21 22.0
400-4 97 25 26.0
455-4 74 6 8.0
Nldsmobile 350-2 44 27 61.0
350-4 161 4 2.
455-4 196 9 5.0
Buick 350-2 185 50 27.0
350-4 124 15 12.0
455-4 266 90 34.0
Cadillac 472-4 254 16
500-4 64 4 6.0
Table 3.2-4

Audit Failure Rates (in %)
1973 General Motors
(by Division/Engine Category)
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Failure Type or Combination Total
Division He o HC and NOX HC and | CO and | HC, CO
0 NOX NOX and NOX
Chevrolet 2 8 1 3 0 1 0 13
Pontiac 2 2 0 18 0 0 0 22
Oldsmobile 2 4 2 2 0 0 0 10
Buick 10 9 5 1 1 1 0 26
Cadillac 1 3 0 1 0 0 0 6
Trucks 3 13 3 5 0 0 0 24
Table 3.2-5

Audit Failure Rates (in%)
1973 General Motors

(by Failure Type and Division)

3.2.3 Audit Test Failure Rates: Ford Motor Company

Tables 3.2-6 through 3.2-9 summarize the audit failure rates as
determined from the 1972 and 1973 model year data available from Ford.
As in the previous section, the failure rate referred to here is the ratio

of orieinal failures to number of original tests.



Division Engine Nurber Num?er %.
Category Tests Fails Fail
Ford 98-1 210 9 4.0
122-2 1611 157 10.0
200-1 166 4 2.0
302-2 579 36 6
351-2 783 157 20
400-2 743 97 13
429 -4 532 42 8
170-1 34 17 50
250-1 85 1 1
351-4 38 2 )
Mercury 122-2 154 5 3
200-1 19 0 0
302-2 133 4 3
351-2 284 54 19
351-4 11 2 18
400-2 197 35 18
429-4 1 0 1
460-4 271 35 13
250-1 20 )
170-1 2 0
159-2 87 10
Trucks 240-1 77 12
302-2 184 68 37
351-2 44 5 11
360-2 197 71 36
351-4 18 2 11
390-2 34 1 3
Table 3.2-6

Audit Failure Rates (in %)

1972 Ford
(by Division/Engine Category)
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Division | cyeetory Tests. Fails | Fatls
Ford 98-1 103 3 3
122-2 666 95 14
250-1 47 5 11
302-2 380 32 8
351-2 568 47 8
400-2 426 80 19
429-2 179 18 10
Mercury 302-2 108 11 10
351-2 9 1 11
460-4 271 15 5
Trucks 240-1 10 0 0
302-2 114 16 14
360-2 14 10 71
400-2 6 0 0
Table 3.2-7
Audit Failure Rates (in %)
1973 Ford

(by Division/Ingine Category)
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Division

Failure Type or Combination

Audit Failure Rates (in %)

1973 Ford

(by failurc Type and bivision)

HC co |HC, CO | ND HC,NO | €O,NO HC, CO, NO| TOTAL
Ford 1 7 2 0 0 0 0 i1
Mercury 2 7 1 2 0 0 0 12
Trucks 11 5 12 0 0 0 D 28
L
Table 3.2-8
Audit Failure Rates (in %)
1872  Ford
(by Tailure Type and Division)
Division Failure Type or Combination
L‘_Af‘, r 1) T we, r NO H{‘,,‘.QOT O NN l Be, ) WO TOTAL
Ford 3 3 1 4 0 0 0 12
Mercury 2 4 1 1 0 0 0 7
~1
Trucks 10 2 3 2 0 0 0 18
Table 3.2-9




3.2.4 Audit Test Failure Rates: Chrysler Corporation

Table 3.2-10 summarizes the audit failure rate as determined from
the 1973 Chrysler data base .

Engine Number ' Number %
Category Tests Fails Fail
225 401 84 20.94
318 459 66 14 .37
340 19 14 73.68
360 156 15 9.61
400 295 55 18.64
440 103 12 11.65
Spl. 8 29 6 20.68
Overall 1462 252 17.37
Table 3.2-10

Audit Failure Rates {in %)
1973 Chrysler
(by Engine Category)
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3.3 Audit Test Failure Reasons

The audit tests performed on the 1972 and 1973 model year pro-
duction for General Motors provided some diagnostic descriptions of reasons
for audit test failures. From the 1972 data base there were a total of 716
audit test runs which failed the test; in 1973 there were 974 such failures.
These numbers include more than the number of original failures, for a
single car which failed originally and on one or more subsequent retests will

have generated more than one ''failure' data point.

Tables 3.3-1 and 3.3-2 summarize the patterns of ''reasons for
audit failures'' as observed from the 1972 and 1973 General Motors data,
respectively. Each table presents the failure reasons, ranked, from most

frequent to least frequently occurring in their respective data sets.
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Descriptor of Number of % of Cumulative %
Tailure Reason Failures Total of Total
Rerun no Repair 292 40.78 40,78
Carb. Change 97 13.54 54.32
Electrical Conn Shy 37 5.16 59.48
Idle Low 75 RPM Slow 29 4.05 63.53
Rich Choke Action 26 3.63 67.16
Idle Stop Solenoid Bad 18 2.51 69.67
Miscellaneous Repair 18 2.51 72.18
Vacuum Conn Shy/Leaking 17 2.37 74.55
Improper Precondition 13 1.81 76.36
Loose/Shy/Damaged Ign. 13 1.81 78.17
Damaged/Stick Choke St. 12 1.67 79.84
Timing Was Advanced 11 1.53 81.37
Vacuum Hose Leak 10 1.39 82.76
Vacuum Hose Leak/Diset 10 1.39 84.15
Wrong/Broken Spark Plg. 10 1.39 85.54
Equipment Mal function 9 1.25 86.79
Idle High 75 RPM fast 9 1.25 88.04
Brakes Dragging/Defe 8 1.11 89.15
Loose Mounting 8 1.11 90.26
Wrong Plug Gap 8 1.11 91.37
Engine Change 5 .69 92.06
Test Bench Malfunction 4 .55 92.61
Choke Rod Disconnected 3 .41 93.02
Incorrect Dwell 3 .41 93.43
“gs. Switch 3 .41 93.34
Valves 3 41 94..5
Diverter Value Defect 3 .41 94.¢6
Driver Error 3 .41 95.07
Timing was Retarded 3 .41 95.48
Valve Lifter 3 .41 95.89
Accelerator Linkage 2 27 96.16
Distributor Defect 2 .27 96.43
Idle Stop Solenoid Deft 2 27 56.70
Incorrect/No Upshift 2 .27 96.97
Stove Pipe Disct/Shy 2 .27 97.24
Ran out of Gas 2 .27 97.51
Air Hose Disct/Shy 1 .13 97.64
Fluid Leak 1 .13 97.77
Probe Fell out H 13 97.90

( Table 3.3-1 continued on next page)
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(Cont 'd)

Descriptor of Number of % of Curual ative %
Failure Reason Failures Total of Total
Air Cleaner Sw Sensor 1 .13 98.03
Air Pump Defect 1 .13 08.16
Data Instrument Failurs 1 .13 08.29
Driver off Schedule 1 .13 9§.42
Foreign Ohj. in Carb. 1 .13 98.55
Fuel Pump Defect 1 .13 08.68
Tnop. Pre-Conditioning 1 13 88§.81
Tegnition Wires Crossed 1 .13 98.94
Throttle Blade Binds 1 13 09.07
Computer Malfunction 1 .13 899.20
Overheater 1 13 99.33
TCS Fuse 1 13 99.46
TCS Temp. COverride Swt 1 .13 59.59
Table 3.3-1

Audit Test Failure Reasons

{ranked by frequency of occurrence)

1972 General Motors
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Descriptor of Number of % of Cumulative %
Failure Reason Failures Total of Total
Rerun No Repair 665 .683 .683
Carb. Change 121 .124 .807
Tdle Stop Solenoid Bad 25 .026 .833
Timing was Advanced 19 .020 .853
Miscellaneous Repair 18 .018 .871
Vacuum Hose Leak 13 .013 .884
Brakes Dragging/Defective 11 .011 . 895
Equipment Ma] function 9 .009 .904
Idle Low 75 RPM Slow 7 .007 911
Incorrect Fast Idle 7 .007 .918
EGR Valve Defective 6 .006 .924
Engine Change 5 .005 .929
Loose Mounting 5 .00S .034
Distributor Defect 5 .005 .939
TCS/TVS Defect Disconn. 4 .004 .943
Vacuum Break Defect 4 .004 .947
Incorrect/No Up Shift 4 .004 .951
Overheater 3 .003 .954
Wrong Plug Cap 3 .003 957
Wrong/Brcken Spark Plg. 3 003 960
Vacuum Hose Leak 3 .003 963
Electrical Conn. Shy 3 .003 066
I1dle High 75 RPM Fast 3 003 L9469
Incorrect Dwell 2 002 971
Loose /Shy/Damaged Ign. 2 .002 .973
TCS Temp Override Sect. 2 .002 .975
Veh. Not Driveable 2 .002 977
Air Hose Disct/Shy 2 .002 970
Rich Choke Action 2 .002 981
Timing was Retarded 2 .002 .983
Vacuum Conn. Shy/Leaking 2 .002 .985
Driver Error 2 .002 .987
Delay Relay Defective 2 .002 .989
Incorrect Choke Index 1 .001 .990
Wrong/Damaged Ign. Wire 1 .001 .991
Idle Stop Solenoid Deft 1 .001 .992
Improper Calibration 1 .001 .993
Incorrect Choke Rod Set 1 .001 .994
Stove Pipe Disct/Shy 1 .001 .995
Egr. Valve Leaks 1 .001 .996
Fluid Leak 1 .001 .997

Table 3,3-2

Audit Test Failure Reasons

(ranked by frequency of occurrence)

1973 General Motors
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4. AN ASSESSMENT OF EMISSIONS REDUCTIONS ATTAINABLE FROM A
NATTONWIDE APPLICATTON OF CURRENT ASSEMBLY LINE TEST PROCFDURES

4,0 Introduction

As discussed in Chapter 2, the analysis and assessment of emissions
reduction which may appear to be associated with the Assembly Line Testing
activities will focus on three contributing segments: (1) Trends, (2) Short
Tests, and (3) Audit Tests. This chapter presents the specific results of
analyses of the available data base and an attempt to assess the magnitude of
emissions level changes as well as identify the plausible contributors to

these changes.

4,1 Emission Level Changes Association with Trends During a Production
Year
4.1.1 Introduction

The discussion in Section 2.2 of Chapter 2 presented a conceptual
approach to estimating the magnitude of changes in emissions associated with
trends in average emission levels during a production year. In this section,
that approach is developed with respect to the data base available for this
Project and the consequent constraints placed on the computational procedure.
Specifically, due to the availability of emission data and production data on
a quarterly basis, rather than continually throughout the year, some distinct
modifications in the estimation technique are necessary. These are developed

in the next section.

4.1.2 Methodology

Assume that in production quarters j there are 0 j autos produced.
Consider a baseline quarter in which emissions are distributed D¢ ,L/o,tfiél.
Suppose in production quarter j the autos manufactured have emissions distributed
D(-JJj, CS;). One can then pose the question, "What difference in emittants
(i.e., in tons per year) results from producing the Nj autos from quarter j
at the average emissions level Uj rather than U o?"
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(1} If produced at average emissions level /ﬂfo, the emissions

in tons per year are:
Eo= Ao - [Te Mx MNj (4.1.1)

where ,lJo = average emissions (gm/mile) level at baseline
rT = conversion factor tons/gm
* average yearly mileage

M
N\ j = number of autos produced in "quarter" j:j=1,2,...,5

(2) If produced at average emissions level AL j, the emissions

in tons per year are:

Ei = Ajl7 - mNj (4.1.2)

vwhere ,Lij = average emissions level (gm/mile) for jth
production quarter

and i ) M, and r\j are as before.

The difference in emissions levels (in tons per year) as

a result of producing the j cars at level AAj rather than level /o is seen
to be:

80& = EO—EA :{/UO‘UJ}PMP\& (4.1.3)

Since this difference in emissions levels involves only one produc-
tion quarter, one can add these over all production quarters of a model year
subsequent to that quarter in which the baseline level [[o prevailed, obtaining

€o =22 MM (/uo 'tU&jDJ (4.1.4)
4

as the change in emissions, relative to operating through the entire production

year at average emission level /Ljo. In particular, if the baseline emission
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level, /Llo, were viewed at the level prevailing at the beginning of a model

vear, then one would accumulate the changes over the 5 production quarters of

a typical model year (i.e., the four calendar quarters plus the buildout quarter);
thus:

5
Eos= 3;, WM(U"‘M&) Ny (4.1.5)

Schematically, it may be helpful to interpret expression 4.1.5 in the
context of the fipure below. The horizontal dotted line represents the average
emissions level which is presumed to prevail at the bepinning of a production
year (i.e. - at time to). The curved solid line represents a particular pattern
of how averape emissions levels may vary, with time throughout the production

year. At times t the average emissions levels prevailing are /ul,...,

seeast
115 and let uslassumesthat these can be viewed (as defined previously) as an
average level typical of all production in quarters 1,2,...,5. Application of
expressions 4.1.,1 and 4.1.2, for each quarter, will yield the total emissions
resulting from that quarters production at the respective levels A o and
/Hj. The 'change" in emissions then (i.e. - expression 4.1.3) is then
seen to be attributable to the difference in emissions levels prevailing in the

respective quarters and as portrayed below.

Ae u3/T Ag
t, 1st | 2nd | 3rd | 4tn | 5th |
Otr, Otr. Ntr, Ntr. Ntr.
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Three comments are appropriate at this point. First of all, the dis-
cussion thus far has not distinguished between types of emittants. Since HC,
CO and NOx are all of concern in this study, changes in emissions will ultimately
be estimated for all three types of emissions; however, for purposes of dis-
cussion and methodological development, the text will generally refer to a
""'single emittant type.'" The second comment regards the ”jth quarter production
level, rwj," employed in expression (4.1.5). Upon analysis of nationwide pro-
duction data for the three manufacturers considered in this study (i.e., General
Motors, Ford and Chrysler), it occurred that the fraction of yearly total pro-
duction which occurs in the various production quarters maintains a relatively

constant split among the 5 production quarters of a model year, as follows:

Production Quarter Fraction of National
of Model Year Production in Quarter

0.17
0.25
0.25
0.25
0.08

(72 TR - 7S I S I

Hereafter we shall define:

(1) CXj = fraction of national yearly production taking place

in production quarters j(j=1,2,...,5)

(2) N nationwide yearly production of the manufacturer

in

under consideration.
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and then

A

y :NO(J (j=1,2,...,5)

that is, the jth quarters production will be specified as a fractional multiple

of the applicable nationwide production level.

The third comment concerns the average emission levels (i.e., .o,
/Mﬁ‘s) employed in expression (4.1.5). Analysis of manufacturer's data
reveals that there is generally no single average emission level representative
of all engine categories, consequently, it is appropriate to make expression
{4.1.5) "engine category specific" by relating the average emissions levels to

a manufacturer's engine category as follows:

baseline average emission level for engine category L
(L=1,2,...,0)

Define: (1) Mo

average emission level for quarter j and engine

(2) /ULQ

category i

fraction of a manufacturer's yearly nationwide pro-

®» B

duction which is in engine category i (note X (3.=41 )
L=
Then, employing this additional notation, the previous computational procedure

is readily modified to account for "engine category specific' computations, as
follows:

4-5



a 3§
€o = L=Z| JZ_:I(ELO— E‘La)
e S5
=2 2 Mo M BN
T oQ a 5
éba = WJ\/H\I{(EMWBL,) '-(LZ:: AZ-_-.M“J BLd&>}
(4.1.6)
Note:
Zi:iluo;%L = weighted initial average emissions level

L= (weighted by engine category production)

Q
and E?( weighted average emissions level through

L7

el I

U )R
o
! A § the yvears' production quarters as well as

engine catepories.

The basic computational procedure in estimating emission level differ-
ences, as a result of differences in average emission levels, was expanded, in
the preceding material, to handle different engine categories. This procedure
assumed that data was available to establish the mean emission levels
{jja& uéisjiéLsc-} for all five quarters of a model year under consideration

as well as the baseline mean emission level, i.e., /lJio-

For much of the data of this study, the entire model year's data was
not available. For example, 1972 General Motors data covered only production
quarters 2, 3, 4 and 5. This situation necessitated a modification in the
computational procedure employed as well as in the interpretation of the
results. Consider the 1972 General Motors situation.

Suppose data is available only for production quarters ,E through 5
( 2 1). During these quarters the total production is N(éoﬁg) rather
than N, the entire year's production. Consequently, the totaf average emissions

generated if the entire remaining year's production were at a level ,Zjio, is:
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(4.1.7)

Alternately, if in production quarter j the average emission level were I ij,

for engine category ( , the corresponding emissions for that quarter would be

ZL@IFN%%

and, for all quarters,

(JZ)

£ = My M NG R,

113
w Vo
o e

<J
5 &
= PMN(?}EEUL&@L%)

As previously, the change in emissions during the remainder of the

(4.1.8)

year, in lieu of staying at levels { 10} , is
= (E)

£ - EY
PMN Z O( Z_ULOB - PMMJZ E—Uﬂ@kda
. pL'

MN zou{z (o= L) 3]

(4.1.9)
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. (£)
In summary then, the estimate CE of change in emissions, is a

o

"'scaled" emissions change, conditional on measuring changes for the remainder

of the model year, starting from quarter ,2 .

4.1.3 Summary of Results

Based on the data and computations discussed at length in Section 4.1.4

of this chapter, the estimated changes in emissions which would appear to occur

during the 1972 model year analyzed in this study, if the changes observed in

the California data base are extrapolated to nationwide production, are as

indicated in Table 4.1-0,

Emission Type

Manufacturer HC o
General Motors -1555% +3575 )%=
Ford -1272 +8525746
Chrysler -66 -108

Table 4.1-0

Trend Associated Emissions Changes (Tons per Year)

*

NA
NA

A minus sign (-} indicates a decrease in tons per year, nationwide

* &

A plus sign (+) indicates an increase in tons per year, nationwide.

As discussed at length in Chapter 2, these data must be interpreted

with extreme caution since they are from data sources operating only under the

existence of an operational California assembly line test program.

Further, while

the General Motors and Ford values result from analysis of 4 production quarters'

data, the Chrysler data estimates a change over a 3-quarter period.
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Engine Category Average Emissions Level (by quarter)

Division CID/bbls 2 3 4 5
Chevrolet 140-1, 2 1.64 1.25 1.44 2.40
250-1 1.31 1.66 1.35 1.43

350-2 1.92 1.79 1.83 1.88

350-4 2.06 1.76 1.87 2.52

400-2 1.93 1.73 1.88 1,95

Pontiac 350-2 2.72 2.53 2.39 3.32
400-2 2.26 2.00 2.05 2.30

455-2 2.07 2.13 2.21 2.21

400-4 2.33 2.37 2.29 2.50

455-4 1.96 1.93 1.92 2.22

Oldsmobile 350-2 2.30 2.28 2.58 2.50
350-4 2.40 2.23 2.35 2.42

455-4 1.40 1.24 1.42 1.59

Buick 350-2 2.00 2.08 2.02 2.00
350-4 1.81 1.73 1.74 1.76

455-4 2,32 2.10 2.45 3.02

Cadillac 472-4 1.00 1.13 1.21 1.60
500-4 0.87 0.89 0.87 0.87

Table 4.1-1

Average Hydrocarbon Emissions from Audit Tests

(By Engine Category and Production Quarter)
1972 General Motors
(grams per mile)
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Engine Category Average Emissjons Level (by gquarter)
Division CID/bbls 2 3 4 5
Chevrolet 140-1, 2 21.75 19.87 18.66 19.36
250-1 21.17 26.75 22.04 22.39
350-2 27,95 28,18 31.71 32.13
350-4 18.02 18.52 23,35 24.38
400-2 24.91 22.42 27.37 27.35
Pontiac 350-2 28.76 24,26 22.34 26.60
400-2 27.81 18.08 19 .45 22.00
455-2 28.00 25.46 26.57 26.57
400-4 26.84 25.55 26.11 32.56
455-4 17.50 18.50 17.50 22.50
Oldsmobi le 350-2 24 .86 24,18 26.00 40.20
350-4 19.23 16.84 18,75 17.00
455-4 15.36 16.80 24 .88 19.37
Buick 350-2 26.27 26.25 29.31 32.00
350-4 17.94 18.70 20.87 22.00
455-4 21.31 21.29 26.61 29 .44
Cadillac 472-4 24.41 26,90 31.09 46.00
500-4 23.20 23.97 22.76 22.76
Table 4.1-2

Average Carbon Monoxide Emissions from Audit Tests
{By Engine Category and Production Quarter)
1972 General Motors
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4.1.4 Data and Computations: Trend Analyses
Tables 4.1-1 and 4,1-2 present the average hydrocarbon and carbon

monoxide levels of audit tests indexed by engine category (within division)
and production quarter for the 1972 General Motors data set. The similar data
for NOx was not used since 7-mode tests were employed in 1972.for NOX
Measurements. Using these average emission levels, and the computational
procedures discussed in Section average emission levels, and the computational
procedures discussed in Section 2.2, the changes in emissions levels for the

remainder of the 1972 model yecar were determined. Specifically, the equation

(4.1.9) was used; that is:

<e>_A szgg(Zo(&)ZULz(’% Zo( ZULABL} (4.1.10)

&3 L'

Observe that for the General Motors analysis the baseline emission
level used is the average emission level in the second production quarter and
consequently the emission level changes estimated here are in terms of changes

from quarter 2 of the 1972 model year.

It is further pointed out that, at the request of the manufacturers
supplying this data, the production figures regarding engine category produc-
tion as a fraction of total year production is being treated in a confidential
manner. Consequently, the actual values of {QB;: L =1,2,...,18} will not be
recorded in this report but rather, the summary result from expression (4.1.10)

will be presented. Ford and Chrysler data will be treated in a similar manner.
For the GM data, one obtains:

(1) Hydrocarbons:

é FMN {(ZO{J)ZUM
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- -6 miles 6 cars gm
= (1.1 x 10 ~ tons/gm) (12000 25;7;})(5 x 10 ) 0.02356 ~=Je

1555 tons per year decrease in HC,

(2) Carbon Monoxide

d%‘j(?)

¢
= FM Nl T 0.54167 gm/mile }
= 35750 tons per year increase in CO,

(3) Oxides of Nitrogen

Indeterminate since 1972 tests were by 7-mode methods.

Tables 4.1-3 and 4.1-4 present the average hydrocarbon and carbon
monoxide emission levels of audit tests, indexed by engine category and pro-
duction quarter, for the 1972 Ford data set. As with all manufacturers, Nox
results were not analyzed. Proceeding as with General Motors, emissions changes
for that portion of the 1972 model year beyond guarter 2 were determined em-
ploying equation (4.1.9) and using baseline average emission levels equal to

second production quarter results.
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Engine Category Average Emissions Level (by quarter)
CID 2 3 4 5
98 2.45 2.35 2.41 2.41
122 2.54 2.51 2.49 2.19
170 2.49 2.47 2.47 2.47
200 2.57 2.39 2.32 2.32
240 2.67 2.72 2.85 2.73
250 2.13 2.03 2.03 2.28
302 2.64 2.52 2.23 3.05
351 2.48 2.49 2.61 2.49
360 3.10 3.09 3.19 3.25
390 3.11 2.59 2.69 2.69
400 2.07 2.08 1.90 1.87
429 2.07 2.18 2.11 2.29
460 2.44 2.35 2.58 2.38

Table 4.1-3

Average Hydrocarbon Emissions from Audit Tests
(By Engine Category and Production Quarter)
1972 Ford

(grams per mile)

Engine Category Average Emissions Level (by quarter)
CID 2 3 4 5
98
122 22.93 28.59 29.18 26.56
170 16.88 17.58 17.68 17.68
200 23.10 23.46 24.21 24,21
240 24.84 30.67 33.06 32.17
250 23.14 21.12 21.12 23.88
302 19.35 23.40 18.98 35.34
351 22.46 28.65 34.58 30.88
360 25.61 29.36 30.44 33.04
390 22.40 25.77 20.10 20.10
400 34,28 32.77 25.91 21.13
429 24.28 26.18 25.64 30.08
460 28.19 28.30 42,58 33.02

Table 4.1-4

Average Carbon Monoxide Emissions from Audit Tests
(By Engine Category and Production Quarter)
1972 Ford

(grams per mile)
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From the Ford data, one obtains:

(1) Hydrocarbons

o )2 2
2= TMNz (2, Tl ) - zuu L?,
e L= J < A
= (1.1 x 106 tons ) (12000 .21%;.% J(3.3 x 106 cars) .0292 %]i_e

(43.56 x 10°)(.0292) tons/yr

1272 tons per year decrease in HC.

é

(2) Carbon Monoxide
5 3 ) 13
= L W A /u" L}
o F’MNz{(;zQ(&E/UzB> f_:_? AE. AB

é
é

(43.56 x 103)(-1.8957) tons per year

82576 tons per year increase in CO.

n

(3) Oxides of Nitrogen

Indeterminate since 1972 tests were by 7-mode methods.

Tables 4.1-5 and 4.1-6 present the average hydrocarbon ard carbon
monoxide emission levels of audit tests, indexed by engine category and pro-
duction quarter, for the 1872 Chrysler data set. In contrast to General Motors
and Ford, the Chrysler data began with production quarter 3, hence, this was
used as a baseline,
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Engine Family
CID

Average Emissions Level

198
225
318
340
360
400
440

(by gquarter)

Table 4.1-5

Average Hydrocarbon Emissions from Audit Tests
(By Engine Category and Production Quarter)

1972 Chrysler
(grams per mile)

Engine Family

Average Emissions Level

(by quarter)
CID 3 4 5
198 27.5 34,1 28.8
225 27.2 26.4 26.5
318 24.6 26,2 25.4
340 21.5 18.5 20.8
360 36.0 31.8 32,6
400 26.3 26.4 25.5
440 23.9 25.0 24.6
Table 4.1-6

Average Carbon Monoxide Emissions from Audit Tests
(By Engine Category and Production Quarter)

1972 Chrysler
(grams per mile)

4-15




Using the procedures, as earlier, with the Chrysler data one obtains:

(1) Hydrocarbons

S 7 ) s K (
E = MMNAG A(Z L) = 2o Z Uy

-6 tons ) (12000 miles Y(1.5 x 106 ca;s

car/yr

#

(1.1 x 10

) 0.0338 80
mile

#

65.8 tons per year decrease in HC.

{2) Carbon Monoxide

= (1.98 x 10% { 0.05578 gm/mile-}

108 tons per year decrcase in CO.

('}um?,

(3) Oxides of Nitrogen

Indeterminate since 1972 tests were by 7 Mode methods.

Trend estimates for the 1973 model year were not computed since,
during this project, data from only two production quarters of the 1973 model

year was available and this was judged insufficient to calculate 1073 trends.
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4.2 Emission Level Changes Associated with Short Inspection Tests

4.2.0 Introduction

The methodology for assessing changes in emission levels associated
with the nresence or absence of hot 7 -mode tests, idle tests, or combina-
tions thereof was described in Chapter 2, Section 2.3. Application of this
methodology to the particular data base available is presented in this

section.

4.2,1 Methodology

As employed in the 1973 California test procedures, two short
inspection test types are employed, namely, (i) the hot cycle 7-mode test and,
(ii) the idle test. Of interest here is an assessment of what (if any) change
in emissions levels (as measured by C.V.S. "audit" test procedures) results

from the presence of this short test procedure.

Considering the '"hot cycle 7-mode test" as a ''procedure T "
discussed in Section 2.3 of this report, we can investigate the manner in
wnicn the averape level of emissions of type j depends on the fraction ( & )
of automobiles receiving this test. Applying expressions 2.3.1 and 2.3.2
where [ = /M (i.e. - “{M& 'presence of hot seven mode cycle test")
one obtains

={O(/um,&+(|-°<)/uw7r1,&] 1 M-N.
85 ) {’u'mé"“ 5 (MVH,;‘MEF,Q} "MN 4.2.1)
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In a similar fashion we can consider the "idle test" as a
"procedure [ " as discussed in Section 2.3. Again applying expressions
2.3.1 and 2.3.2 as above, but in this case with = T (i.e. T <> ''presence

of idle test"), one obtains:
£, = LI MN
‘F‘UIP("?WM} MM N
EA - {/U'f;g + a(/UIJ"de)} I'™M-N (4.2.2)

(2]
where ¢ 1is the fraction of total production receiving dle ests.

4.2.2 Data Base Available

For the analyses performed in this section, data from the 1972
production year of General Motors, and 1973 production year of General
Motors, Ford and Chrysler were employed. While a detailed description of
the data base available and/or employed on this project is contained in
Appendix A , the specific subsets of data employed, and the analysis

executed is described here.

Selected data was analyzed to assess the changes in emissions
levels which appear to have occurred due to combinations of the presence
or absence of hot seven mode testing and/or idle testing. The emissions
measurements analyzed were the hydrocarbon (H.C.), carbon monoxide (C.0.)
and oxides of nitrogens (NOX) levels, in grams per mile, as determined
from constant volume Sampling test procedures currently employed in the
California Assembly Line Test procedures. On 1972 model year data the

NOX measurements were not analyzed since they were developed by 7-mode

rather than C.V.S. testing. The data available, and the sample sizes
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of the various categories analyzed, are presented in Figures 4.2-1, 4.2-2,

4.2-3 and 4.2-4, and are grouped according to the manufacturer.

I. General Motors Corporation
There were test results from 9284 original C.V.S.
measurements on 1972 production year automobiles. Source data available did
not indicate whether or not these were idle tested, however, for each it was

stated whether or not a 7-mode test had been performed on the car.

Further, data from the third, fourth and fifth
(i.e. - buildout) quarter indicated, for those cars 7-mode tested, whether
or not the car had passed that test. Figure 4.2-1 illustrates the break-

down of the test/no test samples and their corresponding sizes.

9284

Original Measurements

e

8167 1117
Original Measurements on Original Measurements on
Cars Not 7-mode Tested Cars 7-mode Tested

784 Cars which passed
the 7-mode Test

38 Cars which failed
the 7-mode Test

295 Cars for which

Figure 4.2-1

1972 General Motors DNata 3 P:z:/gssi Z;:gde
Sample Sizes <

7-mode Tested Automobiles
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4084

Original C.V.S. Measurements

217 Original Measurements on

Cars Only 7-mode Tested

1781 Original Measurements on

Cars Not 7-mode Tested

1541 Original Measurements on

Cars Only Idle Tested

2304 Original Measurements on

Cars 7-mode Tested

2087 Original Measurements on
Cars both 7-mode and
Idle tested

A

462 Nriginal Measurements on

Cars Not Idle Tested

245 Original Measurements on
Cars neither 7-mode or
Idle Tested

iy

3628 Driginal Measurements on

Cars Idle Tested

Figure 4.2-2

1973 General Motors

Sample Sizes

Data

7-mode and/or Idle Tested Automobiles
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The 1373 General Motors data base available included C.V.5. test
results from the first and second production quarters of the model year,
Since Idle Testing was statutorily required on this model year, this data
base was capable of being sepmented into a larger number of subcategories

than in the 1972 data. Figure 4.2-2 presents this breakdown.

IT. Ford Motor Company
The 1973 Ford data base employed in this section
contained 2903 original C.V.S. measurements, each of these containing
an indication of whether or not 7-mode and/or idle tests had been per-

formed on the automobiles. This is presented in Figure 4.2-3,

2903
Original C.V.S. Measurements

1242 Original Measurements 398 Original Measurements

on Cars Only 7-mode P | on Cars Not 7-mode

Tested Tested
324 Original Measurements 2505 Nriginal Measurements

on Cars Only Idle Tested {4 - on Cars 7-mode Tested

1263 Original Measurements 1316 Original Measurements

on Cars Not Tdle Tested

-~

on Cars Both 7-mode and
Idle Tested

on Cars Neither 7-mode or % e on Cars Idle Tested
Idle Tested

74 Original Measurements 1587 Nriginal Measurements

Figure 4,2-3
1873 Ford Data
Sample Sizes
7-mode and/or Idle Tested Automobiles
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1IT. Chrysler Corporation

The 1973 Chrysler data base employed in this section

contained 1462 original C.V.S. measurements, each of these containing an

indication of whether or not 7-mode and/or idle tests had been performed

on the automobiles. This is presented in Figure 4.2-4.

1462

Original Measurements

385 Original Measurements on
Cars Only 7-mode Tested

55 Original Measurements on
Cars Only Tdle Tested

’(_

254 Original Measurements on

Cars Both 7-mode and Tdle
Tested

-

968 Original Measurements
Cars Neither 7-mode
Nor Idle Tested

823

Original Measurements on
Cars Not 7 .pode Tested

639

Oripinal Measurements on
Cars 7-mode Tested

|1153

Original Measurements on
Cars Not Idle Tested

l 300

Original Measurements on
Cars Idle Tested

Figure 4.2-4
1973 Chrysler Data

Sample Sizes

7 -mode and/or Idle Tested Automobiles
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4.2.3 Summary of Results

Table 4.2-1 summarizes the estimated emissions level changes
which would result from a nationwide application of hot 7-mode and idle
testing as is currently being performed for California production., To
reiterate, this would incorporate hot 7-mode testing of a 25% (randomly

selected) sample of production and idle testing of the remainder of

production
Source of ..
Emissions Level Mfr. Emissions Type
Changes HC co NOx
7 Mode Test
(1972 Model Year) GM - 2310 - 29040 NA
F NA NA NA
C NA NA NA
Total - 2310 - 29040 NA
7 Mode Test
(1973 Model Year) GM 0 - 60500 + 825
F + 872 0 +3815
C - 64 a 0
Total + 808 - 60500 +4640
Idle Test
(1973 Model Year) GM +14355 +103950 +2970
F - 4185 0 ~-2943
C 0 + 851 + 45
Total +10170 +104801 + 82
Table 4.2-1

Emissions Level Changes From Short Inspection Tests (tons per year)
The specific data and computations on which these results are

based are presented in Section 4.2.4 of this chapter.
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In addition to the emissions changes attributed to 7-mode tests or
jdle tests as presented in the previous table, it is informative to consider
the patterns of emissions level changes associated with automobiles receiving
only 7-mode testing, only idle testing, neither 7 -mode nor idle testing or,
finally, both 7-mode and idle testing. Such considerations are smmmarized,
schematically, in Figures 4.2-5 thru 4.2-7, Each of these charts portrays
the type of change in the audit test emission level as a result of a
particular combination of short tests. All changes portrayed start from the
"reference point'" of the average audit test emission level when no short test
has been executed. For example, consider Figure 4.2-5a, hydrocarbon emissions
on 1973 General Motors data, Relative to audit test levels on cars which
received no previous short tests, this chart reveals that cars which were
only 7 Mode tested do not differ in average HC emission levels, (i.e.,

No Significant Difference indicated on the broken line between the '"Neither
Test" and "7-mode Test' cell). The average HC emission on cars idle tested

only reflected an increase relative to cars receiving Neither Test,

In general then, a broken line between two connected cells indicates
no difference in the average emissions level under the two associated test

conditions; a solid line indicates that the cell toward which the arrow points

reflects an increased (decreased) emission level as compared to the connected

cell according as an increase (decrease} note is along the connecting link.
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Neither

S Test
NSD . wiease
—_
7 | -
{7 Mode increase . Idle
© Test | > Test
S . _ -‘>/ ”f .\\» -
A
increase g NSD

a.) Hydrocarhon Emission Changes

increase

decrease

increase

decrease

decrease

b.) Carbon Monoxide Emission Changes

Figures 4.2-§ a,b
Short Test Patterns of Emission Level Changes
1973 General Motors

4-25



Tdle
Test

Increase Increase

c.) Oxides of Nitrogen Emission Changes
Figure 4.2-5c¢

Short Test Patterns of Emissions Level Changes

1973 General Motors

4-26



Neither
Test

NSD

///;;;:‘\ decrease

decrease

decrease

decrease increase
a.) Hydrocarbon Emission Changes
NSD - : .. NSD
/\,’f f \\
/ lI ..‘
7 Mode | ‘ NSD [ lde
Qst """"" STTTTTTTT Test
! -
¢ NSD Jed
1 ,"
- 3 ”
increase e NSD

b.) Carbon Monoxide Emission Changes

Figures 4.2-¢ a,b
Short Test Patterns of Fmissions Level Changes
1973 Ford
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_/'}" I ST
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c.) 0Nxides of Nitropen Fmission Changes

Figure 4.2-6 ¢
Short Test Patterns of Emission Level Chanpes

1973 Ford
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=

f’

\

increase
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a.) Hydrocarbon Emission Changes

i
{Neither
L Tast

increase

b.) Carbon Monoxide Fmission Changes

Figure 4.2-7 a,b

Short Test Patterns of Emissions Level Changes

1973 Chrysler
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Test
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- Ve
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e

c.) Oxides of Nitrogen Emissions Changes

Figure 4.2-7 ¢
Short Test Patterns of Emission Level Changes
1973 Chrysler
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4.2.4 Data and Computations: Short Inspection Tests

Tables 4.2-2 thru 4.2-5 present the summary results on the samples
of automobiles employed in the analyses of '"hot 7-mode test'" effects. The
sample statistics included here are based on the original C.V.S. measurements
taken on the tested automobiles (in contrast to rerun measurements on an
automobile which had failed its audit test). In this sense, the statistics
represent the average emissions to be anticipated upon the first C.V.S. test
to be run in audit test procedures. |

Table 4.2-6 summarizes the results of significance tests performed
to investigate the possible existence of a significant change in average
emissions (on audit test results) as a result of an automobile having been

7-mode tested prior to the audit testing.
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Emission S?mp;ei?2§rage Sample V;rlancd Sample
Type gm/m (em/mile”) Size
HC 1.70 0.42 1117 7 Mode
co 21.24 95.31 1117 Tested
NOx NA NA NA Sample
HC 1.84 0.73 8167 Not 7 Mode
co 23.0 172.14 8167 Tested
NOx NA NA NA Sample
Table 4.2-2

Audit Test Fmissions Results

7-mode and Not 7-mode Tested Automobiles

1972 General Motors
(Original Measurements)
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Sample Averagd

Sample Variance

Emission ) Sample
Type (gm/mile} (gm/mile?) Size
HC 2,20 0.63 2304 7 Mode
co 25.43 244 .17 2304 Tested
NOx 2.32 0.40 2304 Sample
HC 2.21 0.33 1781 Not 7 Mode
co 29.10 180,66 1781 Tested
NOx 2.27 0.22 1781 Sample

Table 4.2- 3

Audit Test Emission Results

"7 _mode' and 'Not 7-nmode' Tested Automobiles
1973 General Motors

(original measurements)
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Sample Varian

Sl Sample Average
Emission DL€ ) Sample
Type (gm/mile) (gn/mile?) Sige
HC 2.43 0.26 2505 7 Mode
co 26.90 48.91 2505 Tested
NOx 2.46 ¢.13 2505 Sample
HC 2.36 0.16 398 Not 7 Mode
Cco 26,95 66.6 398 Tested
NOx 2.11 0.19 398 Sample
Table 4.2-4

Audit Test Emission Results

"7-mode' and '"Not 7-mode' Tested Automobiles
1973 Ford

(original measurements)
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Sample Variance

P Sample Average
Emission : . Sample

Type (gm/mile) (gm/mile?) Size

HC 2.05 0.24 639 7 Mode
co 25.05 76.04 639 Tested
NOx 2.16 0.29 639 Sample
HC 2.18 0.39 823 Not 7 Mode
co 25.92 99.17 823 Tested
NOx 2.40 0.42 823 Sample

Table 4.2-5

1973 Chrysler

4-35

Audit Test Emission Results
7 -mode and Not 7-mode Tested Automobiles

(original measurements)




Comp

arison of 7-mode Tested vs. Not 7-mode Tested Automobiles

Test

ed Statistic Employed:

Z‘}: (—S(—‘;?‘M,&—-S(_"IM)A)/ S__d?_fj_ + D_E
My Ny

Summary of Results:
Model Manufacturer Emission E? Significant Conclusion
Year Type 3 at 5% Level
1972 GM HC +8.092 Yes UFH 7 Aok
co +5.399 Yes AT > Aham
1973 GM HC +0.578 No Az = Adan
co +8.061 Yes Ad=wm > Mam
NOx -3.55 Yes xLAﬁﬂ 4/LA7M
1973 Ford HC -3.139 Yes U < Adam
co 0.116 No AdTR = Adm
NOx -17.50 Yes A=z < Adgma
1973 Chrysler HC -4.924 Yes ST < Adam
co -1.7778 No A aw = Aam
NOx -1.333 No -
A7 = Uan
Table 4.2-¢
Summary of 7-mode Test Effects on Audit Results
* Introductory Fngineering Statistics by T. Guttman and S.S. Wilks

J.

Wiley and Sons
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For those medel years and emission type combinations for which
there occured a significant change in emissions levels due to the presnece
of 7-mode testing the magnitude of emissions changes (in tons per year) were
computed. These computations are illustrated in the following material, and

employ the relationship

CC,PJJ . FMNQ{U%*O((XJ'M—M'K)} (4.2.3)

as described earlier in this chapter (i.e., Section 4.2)

1972 General Motors:

I Hydrocarbon:

Sll

(1.1 x 107° tons/gram) (12,000 miles/year)
(5 x 106 autos/year)
[1.84 gm/mile + o[ (1.7 - 1.B4) gm/mile]
(66 x 105) (1.84 - 0.14d)
121440 - 92409, tons per year HC
0.25, one obtains a decrease of

n

n

8'&
With
A,= 09240 = 2310 tons/year

11 Carbon Monoxide:

8!1

With o
AI?_ = 116,160¢ = 29040 tons per year CO

(66 x 10°) [23.0 gm/mile + o (21.24 - 23.0) gm/mi]
= 1,518,000 - 116,160 tons per year CO

0.25, one obtains a decrease of

IIT Oxides of Nitrogen:

Not applicable since C.V.S., measurements not available

for this data base.
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1973 General Motors

1 Hydrocarbon

Not applicable since there is no significant difference
in the average emission level under the presence or

absence of 7-mode testing (see Table 4.2-f)

11 Carbon Monoxide

En

With o
Zx2= 60,500 tons per year CO

(66 x 10%) (29.1 gn/mile + & (25.43 - 29.1) gm/mi)
= 1,920,600 - 242,000 tons per year

0.25, one obtains a decrease of

IIT Oxides of Nitrogen

Ela = (66 x 10%) (2.27 gu/mile + & (2.52 - 2.27) gm/mile)
= 149820 + 3300 tons per year
With X = 0.25, one obtains an increase of

A,3= 825 tons per year NOx

1973 Ford

1 Hydrocarbon

Ca

I M N {7 + o (U= M)}

-6 Miles
1.1 x 10 = tons/gm) (12,000
( 6 cargg ) car yr)
{3.3 x 10 )

yT
{2.36 gn/mile + &(2.43 - 2.36)}gm/m11e

102896 + 3488 tons per year
0.25, one obtains an increase of

with
Aj = 872 tons per year HC



11 Carbon Monoxide

Not applicable since there is no significant difference
in the average emission level under the presence or

absence of 7-mode testing (see Table 4,2-6)

III Oxides of Nitrogen

6823

(43.6 x 10°) {2.11 gm/mi + o{(2.46 - 2.11)}gm/mi
91996 + 15260 tons per year

0.25, one obtains an increase of

With
A3 = 3815 tons per year NOx

1973 Chrysler

I Hydrocarbons

€3| M Ns{U-ﬁ*d(M'zM“.UiF\)"}’

-6 miles
(1.1 x 10 ~ tons/gm) (12,000 car yr) (1.5 x 10
{2.18 gm/mile + o((2.05 - 2.18)}gm/mi

4316 - 257X tons per year

€3|

With o = 0.25, one obtains a decrease of
[&3\2 64.25 tons per year HC

II Carbon Monoxide

Not applicable since there is no significant difference
in the average emission level under the presence or
absence of 7-mode testing (see Table 4.2 -¢)

III Oxides of Nitrogen

Not applicable, as described above.
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Tables 4.2-7 thru 4.2-9 present the summary results on the samples
of automobiles employed in the analyses of the '"idle test' effects. As in
the previous analyses of ''7-mode test" effects these statistics are based on

original C.V.S. measurements taken on the tested automobiles,

Table 4.240 summarizes the results of significance tests performed
to investigate the possible existence of a significant change in average
emissions (on audit test results) resulting from an automobile having been

idle tested prior to the audit test,
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Sample Average

Sample Variance

Emission . .12 Sample
Type (gm/mile) (gm/mile“) Size
HC 2.24 0.52 3623 Idle
Cco 27.27 236.88 3623 Tested
NOx 2.31 0.35 3623 Sample
HC 1.95 0,25 462 Not Idle
Cco 25.17 81.67 462 Tested
NOx 2.25 0.14 462 Sample
Table 4.2-7

Audit Test Emissions Results
"Idle'" and 'Not Idle" Tested Automobiles

1973 General Motors

(original measurements)
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Emission Sample Average Sample Variance Sample

Type (gm/mile) (gm/mile?) Size

HC 2.36 0.23 1587 Idle
co 27.07 52.3 1587 Tested
NOx 2.37 0.18 1587 Sample
HC 2.48 0.25 1316 Not Idle
co 26.72 50.30 1316 Tested
NOx 2.46 6.12 1316 Sample

Table 4.2-8

Audit Test Emissions Results

"Idle" and "Not Idle' Tested Automobiles

1973 Ford

(original measurements)
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b s cc Sample Averapk Sample Varianch
Emission : .. Sample
Type (gm/nile) (gm/mile) Size
HC 2.13 0.26 308 Idle
CQ 26.898 20.13% 309 Tested
NOx 2.37 0.29 309 Sample
HC 2.12 0.35 1153 Not Idle
Co 25.17 91.06 1153 Tested
NOx 2,28 0.40 1153 Sample
Table 4.2-9

Audit Test Emissions Results
"Idle'" and "Not Idle" Tested Automobiles
1973 Chrysler

(original measurements)
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Comparison of Idle Testeg vs Not ldle Tested Automobiles

Test Statistic Employed:

Y= - 2 2
N, Ny
Summary of Results
Model Manufacturer Emission z Significant Conclusion
Year Type 4 "at 5% Level
1973 GM HC -11.89 Yes Mz < Uz
co - 4.27 Yes T < Mt
NOx - 3.47 Yes A< U
1973 Ford HC 8.511 Yes Mg > Uz
Co - 1.313 No /[J_I— :U.E
NOx 9,000 Yes /ui' > Lig
1973 Chrysler HC - 0.302 No Mz = g
Ca - 2.958 Yes Mz < U+t
NOx - 2.601 Yes -
AT <y

Summary of Idle Test Effect on Audit Results

Table 4.2-10
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For those emission types which revealed a significant change in
emissions levels due to the presence of idle testing the magnitude of
emissions changes (in tons per year) were computed., These computations are

illustrated in the material which follows and employ the relationship:

83& ="M Ni{/uf,é + RJ(U::,A*'_UE,A\)} (4.2.4)

1973 General Motors

I Hydrocarbons

) -6 miles
Ev = Aax 10 tons/gm) (12,000 Gor7yy)
(5 x 100 =)

[1.95 gm/mi + o (2.24 - 1,95) gm/mi]
= (66 x 10°) [1.95 gm/mi + o{(2.24 - 1.95) gm/mi]
En = 128700 + 19140X tons per year HC
With o = 0.75, one obtzins an increase of
A, = 14355 tons per year

11 Carbon Monoxide

0o
)

(66 x 10°) [25.17 gm/mi + & (27.27 - 25.17) gm/mi)
1,661,220 + 138,600 % tons per year CO

0.75, one obtains an increase of

=

[

ot

=

2
u

A.z= 103,950 tons per year

III Oxides of Nitrogen

£

(66 x 10°) [2.25 gm/mi + & (2.31 - 2.24) gm/mi]
148,500 + 39606( tons per year NOx

0,75, one obtains an increase of

"

With X
Au_= 2970 tons per year
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1973 Ford
I Hydrocarbons

= -6 miles
C?;I = (1.1 x 10 6t22;£gm) (12,000 55;7?})
(3.3 x 10 = )
[2.48 gm/mi + & (2.36 - 2.48) gm/mi]
108,128 - 5580% tons per year HC

0.75, one obtains a decrease of

&
With &
Az

4185 tons per year

II Carben Monoxide

Not applicable since there is no significant difference
in the average emission level under the presence or

absence of jdle testing (see Table 4,2-10)

II1 Oxides of Nitrogen

s = (43.6 x 10%) {2.46 gn/mi + X (2.37 - 2.46)} gn/m
G2 = 107256 - 39248 tons per year NOx
With X = 0.75, one obtains a decrease of
Az3 = 2943 tons per year

1973 Chrysler

I Hydrocarbons
Not applicable since there is no significant difference
in the average emission level under the presence or

absence of idle testing (see Table 4.2-10)

II Carbon Monoxide

= -6 miles
832 = (1.1 x 10 6tons/gm) (12,000 Ea—-rﬁ'r)
cars
(1.5 x 10 -—y;—-)
o
[25.17 gm/mile + o (26.89 - 25.17)]
Cf;z 49836 + 340521 tons per year CO
With g

A,

0.75, one obtains an increase of

851.25 tons per year
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III Oxides of Nitrogen

s

(1.98 x 10y $(2.28 gn/mi + & (2.37 - 2.23i}gm/mi)
4514 + 178,24 tons per year NOx

0.75, one obtains an increase of

With &
Az

44 .5 tons per year

The current Assembly Line Test program calls for 100% of California
production to be "Inspection Tested", with 25% being 7-mode tested and 75%
being idle tested. In theory, then, there would be no overlap of these
testing procedures. In practice, however, it occurs that there is considerable
overlap (i.e., some automobiles receive both 7-mode and idle tests), and
there are large numbers which are either 7 Mode tested only or Idle tested
only.”* The occurrence of these four exhaustive and mutually exclusive com-
binations of testing permits an investigation of further, and more specific,
patterns which may occur in emission level changes as a function of testing

combinations.

Tables 4.2-11 thru 4.2-13 present the summary results, by manufacturer,
on the samples of automobiles employed in the analysis of '"hot 7-mode and/or
idle test'" effects on C.V.S. audit test emissions levels, It should be noted
that the data of these tables represents a further decomposition of the
samples, and consequently the statistics, contained in Tables 4.2-2 thru
4.2-5 as well as Tables 4.2-7 thru 4.,2-9,

* Further, for the 1973 data base employed in this study (i.e. - the first
two production quarters), only 25% of production was required by California to
be idle tested; thus, some autos in the data base received no inspection
testing.
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Inspection Emissions Sample Sample Sample
Test Type Average Variance Size
Combination (gm/mile) (gm/milez)
7 Mode HC 1.92 0.23 217
Only co 24.17 89.93 217
NOX 2.24 0.16 217
Idle HC 2,24 0.33 1536
Test o 29.58 196.18 1536
Only
N0oX 2,28 D.24 1536
Both HC 2.23 0.66 2087
Types cn 25.56 260,08 2087
NOX 2.33 0.42 2087
Neither HC 1.97 0.26 245
Type co 26,06 73.0 245
NOX 2.26 0.13 245
Table 4.2- 11

Audit Test Emission Results

7-mode/1dle Test Combinations
1973 General Motors

(original measurements)
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Inspection Emission Sample Sample Sample
Test Type Average Variance Size
Combination (gm/mile) (gm/milez)
7 Mode HC 2.48 1 0.25 1242
Only 00 26.62 48.74 1242
NOX 2.48 0.11 1242
Idle HC 2.32 0.15 324
Only (0] 26.63 64.42 324
NOX 2.08 0.17 324
Both HC 2.38 0.51 1263
Types (04] 27.19 49 .24 1263
NOX 2.45 0.15 1263
Neither HC 2.51 0.17 74
Type om 28.36 74.63 74
NOX 2.22 0.25 74
Table 4.2-12

7-mode/Idle Test Combinations

Audit Test Emission Results

1973 Ford

{(original measurements)
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Inspection Emission Sample Sample Sample
Test Type Average Variance Size
Combinations (em/mile) (gm/milez)
7 Mode HC 1.96 0.20 285
Only (€8] 23.39 66 .32 285
NOX 1.97 0.21 38S
Idle HC 1.83 0.14 55
Only co 23.85 67.92 55
NOX 1.97 N.19 55
Both HC 2.20 0.26 254
Types 40 27.55 80.59 254
NOX 2.46 0,27 254
Neither HC 2.21 0.40 768
Type ™ 26 .07 101.17 768
NOX 2.43 0.43 768
Table 4.2- 13

Audit Test Emission Results

7-mode/1dle Test Combinations
1973 Chrysler
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4.3 Emission Level Changes Associated With Audit Tests

4.3.0 Introduction

The methodology for assessing changes in emission levels associated
with the audit procedures was described in Chapter 2, Section 2.4, Application
of this methodology to the particular data base available is presented here.
For the 1972 model year such analysis was possible for the General Motors
Corporation only, since this was the only available data set which contained
final measurements of emission levels for those automobiles which failed the
audit tests originally. Further, within this model year, analyses were only
possible for Hydrocarbon and Carbon Monoxide emissions (since NOx was measured

by 7 Mode rather than C.V.S. techniques).

For the 1973 model year analyses were possible for both General
Motors and Chrysler data, and further, since C.V.S. techniques were employed
on NOx measurements for this model year it was possible to consider all three

types of emissions (i.e., HC; CO; and NOx).

4.3.1 Methodology

The basic estimation procedure employed is the relation:

—(2)
w& T’WM{B@, -B-PAEY-R gegé} (4.3.1)
as discussed in Section 2.4, From the data base available it is not possible

to estimate EE?; and consequently it was assumed that

— M — )P

ff.)a = 2
for each manufacturer(g?d emissigg type. Under this assumption, and coupled

. —(e — (0 ——-C)P
with the fact that cfah = {*(3%'  (1~P) . , substitution
into expression 4.3.1 reduces to
°),i ""'"‘2)
623 PMxNe@D&(e Jﬂ (4.3.2)

The components of this expression were derived as follows:
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1 7 o= (1.1 x 10-6 tons/gram)

et
-t
<
o
i

12,000 miles per vear (assumed as a plausible yearly
average mileage for a typical automobile). This was
further assumed to be constant for all manufacturers
(i.e., ¥ =1, 2, 3).

ITI Pdi = vyearly nationwide production for manufacturer .

IV &3 = 0.02 (i.e., current procedures employed in California
call for 2% audit sampling)

v :21 = For the E-th mapnufacturer this was taken as the ratio
of the number of failures on original audit tests

divided by the number of oripinal audit tests.

VI Eé;?P= The average level of emissions of tyme pa for cars
originally failing for the (-th manufacturer, from all
available oripinal emissions measurements from the
audit tests.

VII = The average level of emissions of type h for cars
originally passing for the £-th manufacturer, from all
available original emissions measurements from the
audit tests.

VIII EE?; = The average of the final emissions measurements from
the audit tests of manufacturer 1 {(on emission type }).
4.3,2 Data Base Employed

The data and information needed to estimate the parameters employed
in expression 4.3.2 were based on appropriately selected subsets of the 1972

and 1973 General Motors Audit Test data and the 1973 Chrysler Audit Test dat.

B Estimation of the "original average emissions level for failing cars
P L D . .. .
- & was conducted by using the set of original audit test results for the manu-

facturers involved. These sets included both passing as well as original measure-

4-52



ments on failing cars and in that sense were representative of a population of
measurements taken on first tests of cars which failed off the production line,
For the data bases involved this included (I) 656 oripinal measurements on 1972
General Motors cars, (11) 643 original measurements on 1973 General Motors cars,
and (III) 254 oripginal measurements on 1973 Chrysler Corporation cars.
Estimation of the ''final average emissions level of rectified cars
which had originally failed the audit test" Ef'(z) was conducted by using
the set of final audit test results for the manufacturcrs involved. For the
data base involved this included: (1) 650 final measurements on 1972 General
Motors cars which originally failed, (11) 640 final measurements on 1973
General Motors cars which originally failed and {1T1) 254 final measurements

on 1973 Chrysler cars which had originally failed.

4.3.3 Summary of Results

Table 4.3-1presents a summary of the estimated emission level
changes which would result from a nationwide application of 2% Audit Sampling

as is currently being performed on California production.

Model Year Manufacturer EmTi)s’;ion | Emlsg;;\;el.evel
: (tons per year)

T
1972 | General Motors Hydrocarbon ; 122  (decrease)
Carbon Monoxide 39 (decrease)
1973 General Motors Hydrocarbon 121 (decrease)
Carbon Monoxide i 2317 (decrease)
Oxides of Nitrogen 62 (decrease)
1973 Chrysler Hydrocarbon 30 (decrease)
Carbon Monoxide 589 (de crease)
Oxides of Nitrogen iﬁ 34 (decrease)

Table 4.,3-1

Estimated Emission Level Changes From Nationwide Audit Testing
at 2% Sampling Level
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4.3.4

The specific data and computations upon which the results of

Table 4,3-1 are based are presented here.

I Conversion Factor: [T = 1.1 x 10°% tons per gram
IT  Average Yearly Mileage: 12,000 miles per year per car
assumed constant for all manufacturers
II1 Nationwide Productions
Ng
Manufacturer L (automobiles/year)
General Motors Corporation ; 1 % 5.0 x 10° i
Ford Motor Company 2 i 3.3 x 10° i
iChrysler Corporation _ 301 1.5 x 10°
1
IV Sampling Rate: §3 = ,02 assumed constant for all manufacturers
v Failure Rates
0
Manufacturer i Re (%)
1972 1973
General Motors Corporation 1 7.06 | 15.74
Ford Motor Company ] 2 NA NA
1
iChrysler Corporation z 3 NA 17.37
| H
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VI  Average Emissions Levels: Original Measurements

Average Emissions
. 1 —n .
Manufacturer E Emittant 4 CZI} (gm/mile)
i 1972 ‘ 1973
General Metors Corp. 1 HC 1 3.01 2.75
COo 2 38.59 38.78
NOx 3 NA 2.57
Ford Motor Co. 2 HC 1 NA | NA
co 2 NA | NA
NOx 3 NA ’ NA
|
Chrysler Corp. 3 HC 1 NA ! 2.61 |
co 2 NA 34,44
NOx 3 NA i 2.82°
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VII Average Emissions Levels:

Final Measurements for Cars which

Originally Failed

{ g Average Emiss@on;
Manufacturer ' j Emittant } | EE?; (gm/mlle)
1972 1973 .
: ‘
General Motors Corp. 1 ! HC 1 1.70 2.17 |
; | oo 2 22.64 | 27.63
| | Nox 3 NA 2,27
| | | | ! |
Ford Motor Co. P2 HC 1 NA NA |
| Cco 2 NA NA
NOx 3 NA NA
iChrysler Corp. 3 HC 1 NA 2.12
| Cco o2 NA 25.88
! | NOx | 3 NA 2.33
I | !

Substitution of the data of I - VII above into expression 4.3.2

yields,

1972 General Motors

[t}

1 £,

n &,

i

"MNBR (ET-E

(1.1 x 10 gm/mile)

5 x 106 cass)

2

\\

(12 x 103 miles/yr)

(0.02) (.0706) (3.01 - 1,70 gm/mi)
122.08 tons per year decrease in HC

7 MN, BP. (-2
105 (5 x 109 (.02) (.0706)

(1.1 x 107 ) (12 x
(38.59 - 22.64)

1486.41 tons per year decrease in CO
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1973 General Motors

I £| PMMBR(ﬁu—em

1.1 x 1008 a2 x 105 6 x 10% (.02) (.1572)
(2.75 - 2.17)

=120.51 tons per year decrease in HC

I TMN RBPR (B, -3
(1.1 x 1078 a2 x 10% ¢ x 10% (.02) (.1574)
(38.78 - 27.63)

2316.61 tons per year decrease in CO

Q.
e
I

m &, = MTMN RBR(CLT-E2

(1.1 x 1078 @2 x 109 (s X 106) (.02) (.1574)
(2.57 - 2.27)

62.33 tons per year decrease in NOx

1973 Chrysler
1 &, = TMN B (E5-8a)
= (1.1 x10°% 2 «x 103) a.s x 10% (.02) (.1737)

(2.61 - 2.17)
30.27 tons per year decrease in HC

i Ey = PMN. R Ps(éil’ Ei)

= (1.1 x10"% (2 x 103) a.s x 10%) (.02) (1737
(34.44 - 25.88)
588.80 tons per year decrease in CO

I Eyz = TMN.BPa (-5 )
= (1.1 x10°% a2z x 105 .5 x 10% (.02) (.1737)
(2.82 - 2.33)

33.70 tons per year decrease in NOx
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4.4 An Analysis of Gross Emitters

ne facet of emissions patterns which is likely to be of some interest
and utility is that of outliers or gross emitters. While the statistical
pattern of emissions for a particular enpine may he at an acceptable average
level one may still be concerned about the "hipgh tail" of the distribution,
namely what percentage of autos produced will have emissions beyond some
"tolerance limit', so to speak. 1In an attempt to develop some insight into the
extreme values resulting from audit test emissions measurements, the 1972

General Motors data base was analvzed. Because of time and funding limitations

this restricted subset of data was employed to analyze gross emitters, rather
than using the entire data set available during the project. At the request of
the Environmentzl Protection Agency a lower bound for defining a "Gross Fmitter"
was defined as that point which was both two standard deviations ahove the

averare level of the emission type under analysis and higher than the applicable
emission standard. For the three emittants the development of the "Gross Emitter

Limits'" is shown below:

Emissionl Sample Sample Gross Fmitter |California
Type Average (gm/mile) |Std. Dev. Limit Standard
HC 1.82 0.83 3.48 3.2
o 22.79 12.78 58.35 39
NOX 1.93 0.67 3.27 3.2

Since these limits exceed, for each emission tvne, the applicable

standard these limits will serve to define the pross emitters.

Working with the set of original measurements on 1972 Gencral Motors
Audit Test results those values of HC, €0 and NOX emissions measurements which

exceeded the limits were determined. (Tt should be recalled here that for the

data subset under consideration, the NNX data was obtained by 7-mode tests.)
The failures were classified according to whether only the HC limit was exceeded,

only the €0 limit, etc. For the second thru fifth quarter, as well as yearly
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totals the overall failure rates are shown in Table 4.4-1, the failure rates
by Gross Emitter Category are shown in Table 4.4-2 and Table 4.4-3 summarizes

the averages and standard deviations of Gross Emitters (by catepory) for the

1972 General Motors data.

Production Number Number Percentage
Quarter Original Measurements Gross Emitters Gross Emitters
2 2504 118 4.71
3 3656 112 3.06
4 2878 92 3.20
5 246 37 15.04
TOTAL 9284 359 3.87
Table 4.4-1

Nverall Gross Emitter Rates
1972 General Motors

Giross Emitter Number of Category % of All
Type Gross Emitters Rate (%) Gross Emitters

HC 201 2.17 56

04) 35 0.38 10

NOX 104 1.12 29

HC & CO 13 0.14 4
HC & NOX 5 0.05 1.5
00 & NOX 0 0.0 0.0
HC, O & NOX 1 0.01 0.5
TOTAL 359 3.87 100.0

Table 4.4-2

Gross Emitter Rates - by Catepory
1972 General Motors
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Gross Emitter Hyd rocarbon Carbon Monoxide NOX
Category X s x s X s "N
HC 4.52 1.22 26,88 9.78 1.73 0.44 201
co 2.10 0.58 85.03 62 .44 1.93 0.57 35
NOX 1.86 0.56 22.90 6.85 3.70 .45 104
HC § CO 5.38 2.65 90.54 16.93 1.76 0.30 13
HC & NOX 4.44 0.38 28.0 8.49 5.46 3.99 5
CO0 & NOX -- -- -- -- -- -- 0
HC, CO § NOX 3.91 -~ 76 .0 - AL.0 - 1

Table 4.4-3

Average and Standard Deviations of Gross Emitters

(by category)
1972 General Motors

(grams per mile)

4-60




5 ALTERNATE ASSEMBLY LINE TEST PROCEDURES AND THEIR TMPACT
ON EMISSTIONS

5.1 Introduction

Having observed the magnitudes of emissions changes which may be
related to segments of the assembly line testing as currently employed in
California and considering the assessment of changes in emissions which might
occur if such procedures were employed on a nationwide basis, the next logical
step is to consider how and to what extent variations in the structure of an
assembly line testing program may be devised and what emissions changes might

be obtained from alternate approaches. This chapter focuses on that issue.

A number of potential alternate assembly line testing structures
are discussed in Section 5.2. Essentially these focus on possible variations
in some of the controllable characterisitcs of the currently employed
California procedure. Specifically, variations in (I) the acceptable audit
test failure rate, (II) level of hot 7-mode testing, (III) level of idle
testing, and (III) level of audit sampling will be considered. Further, a
modification in the audit sampling procedures will be discussed in an
attempt to consider how alternate sampling strategies, within the confines of
a fixed sampling rate, may offer some promise of substantial improvements in
the rectifying capabilities of the audit testing phase of assembly line

testing programs.
5.2 Methodology and Analyses
5.2.1 Considerations of Modified Failure Rate Standards

¥ shall first consider the issue of varying the acceptable audit
test failure rate associated with an assembly line testing rrogram design,
Recall that the current California procedure has specified a 10% failure rate
limit., It is instructive to consider what might happen if this failure

criterion were modified, say to 5% ,or 15%, etc. Suppose an assembly line
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program specifies an audit failure rate limit of [%,(not necessarily equal to
10%), and further assume that audit sampling occurs at the rate (3. If, for
a given engine family of a manufacturer, the actual failure rate prevailing
is b, then subsequent to audit sampling (and the concomitant adjustment to
passing levels of automobiles which failed), the rectified fraction of failing
automobiles will be,

Y~ = ™

P=l-B)P (5.2.1)

This relationship merely reflects the fact that the audit screening, to

the extend that it only affects the environment by removing detected failing
cars, misses a fraction (1-\3) of those autos which are failures to begin with,
It follows that if one seeks to assure that, on the average, outgoing failure
rates of "audited" engine families satisfy the legislated limit,/q,, then

necessarily

Sex B2 RG-R) (5.2.2)

B> =)= 2 629

Expression 5.2.3 suggests that for a given engine family with

or alternately,

incoming audit failure rate F), a minimum audit sampling rate Ggois necessary
if the audit process is to screen enough failures from the incoming process
to satisfy the maximum failure rate F>°' Given audit test failure rates, by
engine category within a manufacturer, as are summarized in Chapter 3, one
can assess how well or poorly the current audit rates (i.e., EB = 2%) screen
the input failure levels and consequently contribute to meeting the 10%
desired failure rate limit. Perhaps a more central issue, regarding
variations in the magnitude of F)o' is how changes in its level would be
reacted to by the manufacturers in so far as medifying process averages and

variabilities so as to satisfy the limit on failure rates.

Appropriate data was clearly not available during this project to
adequately characterize the manner in which emission distributions would
"adapt" to varying failure rate limits; thus this facet of alternate assembly

line programs is not pursued further.
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5.2.2 Consideration of Alternate 7-mode and Idle Test Rates

A second aspect of alternate assembly line program design is the
possible variation of 7-mode and/or idle test rates. Presumably, in an
attempt to decrease emission levels by manipulating testing rates one would
seek to increase test rates for those test types for which the rate of change
in emissions is most negative. The analyses of 7-mode, idle, or 7-mode and idle
test effects on audit test results yielded very mixed results, and consequently,
it is not at all clear that increasing levels of 7-mode testing, or levels of

idle testing would yield a discernable improvement in emissions levels.

Since combinations of both 7-mode and idle tests on a single auto-
mobile appear to interact with one another and, more often than not (as
indicated, based on the preliminary analyses of Chapter 4), combine to in-
crease emissions levels, we shall consider only testing levels for which
7-mode testing and idle testing are mutually exclusive. Further, the results
from idle tests alone suggest that the presence of idle tests appear to in-
crease audit test emissions levels (i.e., 1973 data for idle tested cars
suggest increased levels of HC, CO and NOX in contrast to no Idle testing).
These factors suggest that the most likely candidate for reducing emissions,
based on the analyses of data from this study, is to increase the testing

rates on hot 7-mode tests. It was observed in Sectiond4.2.1 that, as a
function of 7-mode testing rate, O , the average emissions level can be

expressed as
£ < \"M'N{/U”’fﬁ +0((M¢,M~)J=m)} (5.2.4)

From the 1972 model year data base Ford and Chrysler analyses reflected no
appreciable changes in emissions levels (i.e., HC and CO) resulting from the
presence of 7-mode tests, and while the General Motors Data yielded a
significant trend, this was somewhat suspect in that the 7-mode tested cars
were from a restricted set of engine classes and assembly plants raising
some question of whether or not this trend is really attributable to the
7-mode test or to some other correlated factor. The 1973 data base yields
more promising results. While HC and NOx are seen to increase with 7-rode
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testing, CO decreases substantially. The question then is how to '"balance"
increases in HC and NOx against decreases in COG. (learly, some value
judgments will be needed to finalize this.

Employing expression (5.2.4) and denoting the total emissions

changes after summing over manufacturers, one obtains:

I Hydrocarbons

3 5 2 -
A ; < P A
E7 = £ TTMNp {lam + (M- Ui § - 5.2.5)
=
where the superscript denotes the manufacturer. This

reduce S to:

[121440 + 0.0\]
+ [102,896 + 34884]
+ [4316 - 2574]
L
& 228652 + 3231¢{ tons per year (5.2.6a)

it

IT Carbon Monoxide
a8
éf = [1,920,600 - 242,000« )
+ {1,165,020 + 0.«]
+ [51,322 + 0.4]
a0
£ = 3,136,942 - 242,000 X tons per year  (5.2.6b)

111 oOxides of Nitrogen

QHDK
& = (149,820 + 3,300}
+ [91,996 + 15,2604]
it + [4752 + 0]
dﬁ = 246,568 + 18,5600( tons per year (5.2.6c¢)
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In summary then, based upon available data, it would appear that
increasing 7-mode test rates would modify HC, CO and NOx emissions levels as
indicated in expressions 5.2.6a-c. Emissions level changes at a representative

set of test rates (¢{) for 7-mode testing are presented in Table 5.,2.1.

!7 Mode Test Emission Level Changes (tons per year)
; Rate 1 _ T
Nationwide HC | - CO NOx
25% + 808 - 60,500 + 4,640 |
50% +1616 -121,000 + 9,280 |
. 75% +2424 -181,500  +  +13,920
" 100% +3231 242,000 [ 418,560 f
H I
Table §5,2-1

7-mode Test Related Emissions Changes

5-5



5.2.3 Consideration of Alternate Audit Sampling Procedures

A third area of possible variation in the assembly line testing
procedure is centered on the audit testing segment, On the one hand, the
audit rate, GB , might be varied and on the other hand the audit rate might be
held fixed, but the manner in which the total sample of autos to be audited

may be altered.

Regarding the former approach, an assessment of the emissions level

changes is relatively straight forward. From expression (4.3.2) we have

o), F — @
é){, TM Ny (2 Pz(u 52()>

and from this it is readily apparent that by varying EB, the audit rate, the

(5.2.7)

emissions level varies linearly with Gﬁ. For each emission type we can
express a combined effect on emissions by summing over those manufacturers
for which data is available., From the 1973 data base, estimates were

attainable for General Motors and Chrysler. These results are:

I Hydrocarbon

Q ©
éﬁn Cn + Ca
=+6025.5 3+ 30.27

=6055.77G} tons per year decrease in HC

11 Carbon Monoxide

Cgiz 5%»2 +-<§332
115830.50 (3 +20440 (3
=145270.5@5 tons per year decrease in Cn

ITI Oxides of Nitrogen

)
S's = éuz + Cas
=3116.50 (3+1685.00 (3
=4801.50(5 tons per year decrease in NOx
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Emission level changes at a representative set of audit rates are

presented in Table 5.2-2.

Audit Emission Level Changes (tons per year)
Rate () ; E
HC co ‘ NOx
! 1% - 60.56 - 1452.71 - 58.01 F
2% 121,12 | - 2905.4] - 96.02 |
: | . i
! 3% -181.67 |- 4358.12 1 -144.03 :
ST b _302.79 | - 7263.56  _240.05
P 10% -605.58 | -14527.05 ELRT)
Table 5.2-2

Audit Rate Related Emission Changes

Recognizing that the data of Table 5.2-2 represents estimates based
only on Ceneral Motors and Chrysler data it may be helpful to extrapolate to
what these levels might be if Ford data were available. Given that General
motors and Chrvsler account for approximately 66% of the total production of
the "Big Three' manufacturers and assuming that Ford experience on audit
tests would "approximate" the GM/Chrysler results, we can divide each entry
of Table 5.2-2 to estimate the emissions changes, on a nationwide basis,
when extended (under the limitations of the above assumptions) to all three

manufacturers., This result is summarized in Table 5.2-3,
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Audit Emission Level Chanpes (tons per vear)

Rate HC Cco NOX
1% - 91.76 - 2201.08 T2.74
2% -183.52 - 4402 .14 -145 .45
3% -275.26 - 6603,21 -218.23
5% -ASR 77 ~11005. 30 -363.71
10% -617.55 ~22010.68 -727.42

Table 5.2-3

Extrapolated Audit Rate Related

Fmission Changes

Thus far we have discussed anticipated emission level changes if
the rate of audit sampling (®) is varied,but the manner of sampling is
retained as currently done. For example, at a 2% audit rate General Motors
would audit test approximately 100,000 automobiles on a nationwide basis and
these are tested on a pro-rated basis splitting them proportionally in each
production quarter of the vear (i.e. 17%, 25%, 25%, 25% and 8%) and within
each quarter auditing 2% of cach enpine categories' production. The emissions
changes shown in Tables 5.2-2 and 5.2-3 are premised on this samp_ing

procedure.

We will now focus on an alternate approach to how one mipht
"allocate" the 100,000 automobiles to be audited, thereby retaining the
equivalent of 2% sampling, yet hoping to improve upon the emissions
reduction attained. Consider a manufacturer with, say, CE different engine
categories and let [lij denote the number of automobiles produced in
engine category i during production quarter j. Further, let -Sij represent
the number of automobiles "audit tested' by the manufacturer from engine

category i in production quarter j.
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Define

BLJ'E Si}/nl‘; §=1,2,...5

"
—
N
:

(a

(5.2.8)

It is seen that @ij represents the fraction of production in
category i and quarter j which is audit tested. As assembly line testing
is currently applied it is true that Bij = 0.02 = B for all i, j; that
is, 25% gf production is audited on a category/quarter basis. Since
N = ZZ ﬂié' equals the yearly total production for this manufacturer and

. 4= . P PR
since 3ij = Qﬂlj for all i, i in the current scheme it is clear that

oy s =
o= 2L Sy
cl—l = [
< 2
= BN (5.2.9)
represents the total audit sample size for the manufacturer (e.g. - equals

100,000 for G.,M. when N = 5 x 106. &= 0.02}. Consider an allocation of the
S automobiles to be audit tested in a manner other than a fixed percentage
of each category/quarter production level; that is, consider sampling only

subject to the constraints

(1) os Gy = Ny for all i, j

i 5 ¢

(i1) JZ S SL& - BN (5.2.10)
G P24

The question is, can a set {SL;} be selected which can improve upon
emissions reductions in contrast to the situation where { Siﬁt and}'
To be more specific, consider category i and quarter j. The potential

emissions change attributable to audit sampling such autos is



(O),'F --—-(2)

EL6 J—?{VISLA pLA (p 6 4

—(e ’J-F

FTMBN 2y (S~ E

(5.2.11)

and summing over all engine category and production quarter combinations
5
Q f
= —-(0) (’2)
- PMNZ_ LA LA( Ld )

(5.2.12)

N o~ *
What one would ideally seek is to define {(3 LJ} (or equivalently S"J )
which would maximize

~ s £ Co‘nc ()
& = PMNE'; \BLA{ 4 (S ““a)

(u){' ""LZ)
) (5.2.1%)

s G
= may LD
e AZWZ\ aPa(S

Now conceptually it is one thing to consider the idea of selecting
ggij.s to extremize éi,but operationally it is another question, for the
coefficients of EBU in expression (5.2.13) are random variabhles which, at

the beginning of a production year, are unknown.

Let us consider the possibility of estimating the maximum emissions
reduction which could be attainable, a-posteriori to a production year,

had sampling levels been decided upon at the beginning of a production vear.

De fine CO)‘F—-..(Z) i= « 0
LA, PLA (} i=1,2,...5

(5.2.14)



and let {SLIJ—L‘ /?'-_- l)'z).u W } be defined so that

S Gup> Bup W)
(5.2.15)

That is to say, (i jl) is the engine category cell which contains the
maximum éij value; cell (Lz, jz) contains the second largest value, etc.
The & ij term can be interpreted as an exptected or average change in

emissions rate (in grams per mileg)ﬁresultinp from detecting and correcting
— {0 - (2) ] ]
failing cars. The component ( G,-LJ - 6_?43 ) is the magnitude of improvement

to be attained conditional on detecting (and correcting) a car whose emission

level exceeds standards. The component P'ﬂ is the probability of detecting

such a car.

Further define

S:h = mﬁx{ o, mm[s) ﬂ:_,)a,,_]}
o
SL%J’Z 2 max { O, mm[ S" St,,d, ) DL—,;,&’L]}

+ 2 . -
SLS’P = rnen {0) min[ S"El SLLM ) ﬂx.‘s,ag,]}

and in general

!

K~
- . _ “
SLKJK = n'mx{O) mm[s ,LZ., SLJ,J{ ’anJ;]} (5.2.16)
K = 1’2'lllw

Expression (5.2.16) merely implies that one assigns as much
audit sampling as possible (without exceeding planned production levels)
to those cells with the largest, second largest, ... etc. Sij values
until one has either exhausted the permissible total audit sampling level
(ice. - S=(3N ) or audited all cells fully, whichever occurs first.
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One can demonstrate that for the emissions type corresponding to
the given set 55%.} for a particular production year allocating the
-
audit sampling as described in (5.2.16) maximizes the total emissions change

as in (5.2.13).

LLet us illustrate with an example. Consider the 1972 General
Motors data. Tables 5.2-5 through 5.2-7 contain, for HC, CO and NNX
emissions respectively, the values of <5%= F{;(Ei:%-ﬁif?) indexed by
engine category (i) and production quarter (j). We shall consider an
"allocation' of audit inspected cars at a rate of Qa = 2%. FEstimating
1972 General Motors nationwide production at 5,300,000 automobiles this
yields 100,000 automobiles to be audit tested. We shall select engine
category/production quarter combinations on the basis of the hydrocarbon
values of & ij. Ranking the 63 ij valuyes from maximum to minimum and

al locating the A:f autos to be audited according to (5.2.16} one obtains:

Engine Category/ i ij Sij
Production Ouarter

Chevrolet 140-1,2; 05 0.8250 29090 29040

Pontiac 350-2; 05 0.7200 17160 17160

Chevrolet 250-1; 03 0.5494 75625 53800
Table 5.2-4

Audit Sample Allocations
1972 General Motors

Observe that this allocation would audit all automobiles produced

in the 5th quarter in the first 2 rows of Table 5.2-4, but only 53800 of the
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Fngine Class
Division | Category Code Production Quarter (j)
(1) 3 4 5
Chevrolet 140-1,2 1 .2979 L1102 1001 .8250
250-1 2 .0275 .5494 L0567 0.0
350-2 3 .0529 .0469 .0789 .0695
350-4 4 .0852 .0432 .1353 .4675
400-2 5 .0292 L0473 .0442 0.0
Pontiac 350-2 6 L1193 .0094 .0426 .7200
400-2 7 .0076 .0100 .0589 0.0
400-4 8 .0628 .2785 .1672 .1918
455-4 9 .1287 .1184 .000 .00
Oldsmobile | 350-2 10 0112 0675 .4020
350-4 11 .0324 .0603 .0413 .1000
455-4 12 .0211 .0702 | ,1365
Buick 350-2 13 .0172 L0830 0287
350-4 14 .0665 .0797 .0070
455-4 15 .0319 L0419 .0489 .3097
Cadillac 472-2 16 .0355 .0153 L0611 L400
500-4 17 .0764 | _ 0560 .0020
Table 5.2-5

Hydrocarbon <3 ij Values
1872 General Motors
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Division Fngine Class Production Nuarter (i)
Category | Code 2 3 4 5
(i)
Chevrolet 140-1,2 1 1.0651 L4204 L4421 L8250
250-1 2 1.7500 | 13.216 | 1.2077 .0
350-2 3 L7614 L0411 ]1.9666 | 2.123
350-4 4 1.2837 9204 | 1.6135 | 2.7325
400-2 5 L7779 L7175 11,1477 .0
Pontiac 350-2 6 1.97 1.339 .5472 4.0
400-2 7 .7600 L3600 | 6787 .0
400-4 8 3.3488 { 4.0460 | 1.6724 | 5.3778
455-4 9 4620 L9065 0 -.25
Dldsmobile 350-2 10 .084 L4590 § 13.002
350-4 11 L4082 L2385 | 1.2925 | -.6000
455-4 12 .7508 | 6.588 3.4125
Buick 350-2 13 .2054 | 1.2267 { .0D615
350-4 14 .1330 6154 | -.0528
455-4 15 .3440 1 1,4904 } 2,112 1.7749
Cadillac 472-2 16 1.3065| 1.1590 | 3.4437 | 20,0
500-4 17 .0 L2080 { .120
Table 5.2-6

Carbon Monoxide

1972 General Motors
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Engine Class Production Quarter (3)
Division Catepory| Code |-
(i) 1 3 4 5
Chevrolet 140-1,2 1 .0605 .0551 .0835 6171
250-1 2 - .0150 4134 | 0164 0
350-2 3 .0033 .0051 .0218 .0521
350-4 4 .0039 .0027 | .0108 +.025
400-2 5 .0082 .0046 | .0139 .2529
Pontiac 350-2 6 0141 .0094 | 0198 .0200
400-2 7 .0076 .0120 | .0110 .0
400-4 8 L0157 0643 |-, 0113 -0.0056
455-4 9 .0132 .0444 .0 .60
0ldsmobile 350-2 10 -.0028 .0027| -.0780
350-4 11 .0180 .0158 | -.0055 .0600
455-4 12 0277 | 0275 .3528
Buick 350-2 13 .0080 .0270 .0390
350-4 14 .0350 .0561 .0458
455-4 15 .0794 .0064 .0530 .0966
Cadillac 472-2 16 L0275 .0088 -.0134 .20
500-4 17 .1793 .0280 .0
Table 5.2-7

Nox S ij Values
1972 General Motors
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75625 Chevrolet 250-1's to be produced in quarter 3 since we are constrained
to a total of 100,000 autes to be audited.
*
Fmploving expression (5.2.13) with the allocations Qﬂij of
Table 5.2-4 we obtain the estimated nationwide emissions reduction associated

with this audit program, as shown below:

Reduction in

Emission Type
Tons per vear

HC 874

0 16,608

NOX 535
Table 5.2-8

Emission Reduction From Optimal
2% Audit Sampling Allocation
1972 General Motors

Two points are noteworthy here: First, since 1972 test procedures
employed seven mode testing for NOX, the emission reductions noted in Table
5.2-8 for NOX correspond to 7M results whercas, the HC and (0 results are
from C.V.5. tests. The second point is more critical and centers on the
interpretation of the estimates of Table 5.2-8. As described earlier in
this section, these emissions changes represent upper bounds on the maximum
attainable emissions reduction from 2% audit testing during 1972, Had one,
at the beginning of the 1972 model year, made the choice to allocate the
100,000 audit tests as shown in Table 5.2-4, the reductions of Tahle
5.2-8 would have been attained. Most likely, such an allocation would not

be selected a priori. The utility, however of this computation is that it

demonstrates a rather dramatic potential for improvement from audit testing
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in contrast to the currently employed scheme where the 2% sample is pro-rated
across all engine categories and production quarters. This is seen more
clearly from a comparison of the estimated nationwide reductions from thc

current procedure (See Table 4.3-1), and is summarized helow:

Emissions Reductions
HC co
" (3]
Current "2% 122 tons/yr. 39 tons/yr.
Audit Sampling
Optional 2% 874  tons/yr.{10608 tons/yr.
Audit Samnling
Tahlz 5.2-9

Comparative Audit Sampling Emission Levels

The 1973 data base available facilitated a somewhat more
satisfactory application of this technique. Such data was available from
General Motors and Chrysler Corporation. Further, C.V.S. tests yvielded
nJX as well as HC and CO test measurements, hence estimates for all three
emittent types were possible here. Without including all the tabular
data (i.e. - 5Sij's, production levels, etc.) Table 5.2-10 pnresents the
emissions changes attainable from an optional audit test allocation during

the first 2 production quarters of the 1973 model vyear.

Manufacturer Emission Reduction (tons per year)
HC (04 NOX
G. M. 70 1326 45
Chrysler 58 915 42
TOTAL 128 2241 87
Table 5.2-10

Emission Reductions From Nptimal
2% Audit Sampling Allocation
1973 Model Year: Quarters 1 and 2
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Since these estimated maximum attainable reductions were hased on
data from the first 2 production quarters (i.e. - on approximately 42% of
the total years production), one can project this data te a full year's impact-
assuming that similar attainable improvements might be attainable in the
remainder of the year. Further, since Ford data was not available here,
these numbers were hased on 66% of nationwide prodution (i.e. - G.M. and
Chrysler constitute roughly 66% of the "Big Three' total production): one
might extrapolate from this data assuming that the Ford experience, if
available, would be comparable to the G.M. and Chrysler results. Thesce
steps, combined, would result in dividing the entries of Tahle 5.2-10 hv
the constant (0.42) (0.66) and vield estimated yearly total chanses for

G.M., Ford and Chrysler. These estimates arc shown helow:

Fmission Ixtrapolated Nationwide
Fmission Reduction
{tons/vr.)
HC 161
0 8084
NOX 711

Table 5.2-11

Fxtranolnated Emission Reduction Levels
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6. ASSESSMENT OF EMISSIONS REDUCTIONS ATTAINABLE WTTH CATALYST
CONVERTER EMISSTON CONTROL SYSTEMS PLANNED FOR THE 1976
MODEL YEAR

6.1 Introduction

This chapter focuses on a consideration of what chanpes may result
from some form of assembly line testing program applied, on a nationwide basis,
to automobiles which will have the 1976 catalytic converter emission control

systems as they are currently anticipated.
6.2 Methodology and Results

The catalytic converter emission control systems to he considered
in this study will be limited to those planned for the 1976 model year
automobiles, and the corresponding standards (as of the recent E.P.A,
ruling which granted a one year delay of the 1975 emissions standards).

The 1976 (and later) Federal Standards for emissions which will be

employed in this analysis are shown below:

Fmission Type Federal Standard

hay

Hydrocarbon (H.C.) 0.41 grams per mile

Carhon Monoxide (C.0.);] 3.4 grams per mile

Oxides of Nitrogen 0.40 grams per mile
(NOX)

In attempting to draw upon the empirical evidence available from
the 1972, 1973 data base on emissions experience in California and infer from
this, and supplementary information, the potential emissions levels from a

"'catalytic system', a number of key issues and assumptions must be considered.
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i.) It is assumed for this analysis, that the 19376 engine/
catalytic converter systems will be typical of a 1973
type engine design feeding into a catalytic converter.
In light of this, it appears reasonable to utilize the
characterization of emissions levels obtained from the
1973 data base available to this project as descriptive
of the "inputs" to the catalytic convertors which will bhe
on 1976 automobiles. Consequently the averape emission
tevels, variabilities, patterns of distribution of HC,
(N and NOX emissions as derived from the 1973 California
data base will be employed.

ti.) Considering the operational characteristics it appears
rcasonable to argue that any form of 'hot start test"
will be essentially useless in assessinp emissions
reduction attributable to the presence of a catalytic
converter system. The very nature of a catalytic
converter is such that when hot it is extremely efficient
and removes the vast majority of emittants contained in
the input stream. The emissions which, it is anticipated,
will pass throupgh the convertor will do so during the
"cold phase'. Because of this characteristic, this
analysis will not consider assessing any chanpes in
emissions which may result under "hot 7-mode tests'
or '"idle tests'" since these would really be hot start
tests. Consequently, of the alternate tests considered
in earlier sepments of this report, there remains the
various audit tests applied. The rcmaininpg portions of
this chapter will concentrate on the audit tests,

iii.) It is assumed that the catalytic converters to be employed
on 1976 model year automobiles are ''fixed percentagn’
reducers of emissions. That is to say, a functiona
catalytic converter appears to be capable of removing
a canstant percentapge of emissions input to the
converter. Further this property will be assumed to
hold over all ranges of emissions levels input to the
converter.

iv.) Fresh catalysts on cars are assumed fully operable and effective.

In light of assumptions ((i} - (iv]) discussed above, there are
essentially two steps which must be taken to assess the emissions reductions
associated with catalvtic systems. The first is to estimate the "reduction
rate" at which anticipated catalytic converters will remove emissions from a

typical (i.e. - 1973 level) input stream; and secondly to apply these



"reduction rates'" to the 1973 levels estimated earlier in this report. Let

us consider these steps presently:

Catalytic Converter System Reduction Factors

Dur task here is to determine a "reduction rate' for each emission
type (i.e. - HC, CO and N0X) which will describe the percentage reduction,

from an input stream, of emissions going through a catalytic converter.

Since test procedures have been modified for 1976 C.V.S. tests in
contrast to 1973 C.V.S. tests, a test procedure scaling factor, gé , is
necessary due to the different weiphting of the '"hot bag" and ''cold hap"
emissions components in the 1973 versus 1976 C.V.S. procedures. FEmpirical
data and analyses supplied to E.P.A. by various manufacturers have facilitated
the determination of a multiplicative relationship between the emissions level
which would be obtained by testinp the same auto with the "1973 procedure"

as compared to testing it with the ''1976 procedure'". We shall consider this

to be

" 1976 Procedure Emissions Level Measurement” &=

D x

"1973 Procedure Emissions Level Measurement!

where gé varies according as we are measuring HC, O and NOX. The
specific scaling factor values supplied by E.P.A. and to be employed in this

study are as follows:

Emission Type Scalinp Factor
H.C. 0.7
c.0 0.6
N.0.X. 1.0
Table 6.2-1

Emissions Scaling Factors
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Applying the scaling factor to the 1973 emission Standard, one
obtains the "Comparable Standard' which should apply to a 1973 automobile

C.V.S. tested under the 1976 test procedure. These values are seen in

Table 6.2-2:
Emission T 1973 California Standarfl Scaling | 1973 Standard
mission type (1973 Test Procedure){ Factor (1976 Test Procedure
HC 3.2 gm/mile 2.24 gm/mile
@ 39 pgm/mile 27.3 om/mile
NOX 3.0 gm/mile 1.0 3.0 gom/mile

Tahle 6.2-2
1973 Emissions Standards:

Scaled to 1976 Test Procedure

In order to determine the "reduction factor' for a specific emission

type, under the "constant reduction assumption', we compute the ratio of

the "1976 standard for catalyst systems' to the "1973 standard adjusted to

the 1976 test progedure". This is shown in Table 6.2-3:

Emission T 1976 Standard 1973 Standard Catalytic Con-
missi YPEl  (Catalyst System)|(1976 test procedure) | verters
Reduction
Factor ( £ )
HC 0.41 gm/mi. 2.24 em/mile 0.183
co 3.40 gm/mi. 27.3 gm/mile 0.145
NOX 0.40 gm/mi. 3.0 gm/mile 0.133
Table 6.2-3

Reduction Factors For Catalytic Converters
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The rationale underlying the develonment of these '"Reduction Factors"
contained in the rightmost column of Table 6.2-3 is that the 1973 and 1976
standards are feasibly attainable levels, and, given that the 1976 systems
are essentially 1973 inputs to a catalytic converter, the degree to which
1976 standards are lower than 1973 standards is attributable to the %
reduction of the catalytic converter output stream relative to the input
stream. The results in Table 6.2-3 imply that HC emissions leaving the
converter are approximately 18.3% of the input levels; C.0. output is 14.5%

of CO input, and NOX output is 13.3% of input,

Fmission Levels Leaving Catalytic Converters: AMudit Tests

It will be recalled that according to the development of Chapter 4,
the emissions level change resulting from an audit test applied to 1973

systems at the rate gg is:

E =FMNBP(E&’% ém) (6.2.1)

Here, subscripts denoting manufacturer, engine category, emissions type, etc.
have neen deleted to facilitate discussion; however, the definitions of

terms contained in expression 6.2.1 are as before, Farlier discussion has
implied that if:

c = emission level measured on a test of
a 1973 auto, or equivalently, at
input to a 1976 catalytic converter

€ = emission level measured at the output
of a 1876 catalytic converter
then
€ = EDCE_ (6.2.2)
where G) = Catalytic Converter Reduction Factor, as
developed in Table 6.,2-3
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Itappears to be plausible that -
== P"Le > SHTB}

D{Pe > S'H?;%}

= P‘{’T; = /;_‘,qumg

- . 6.2.3
=TT ( )

that is to sav, under the "constant reduction rate assummtion® one would

egxpect the failure rate to remain approximately constant. TFurther, since

== 2< it follows readily that
—_—) :-= 3 é Coy ’f
(2 -

I

G ‘ (6.2.4)

That is, the averape emissions upon first audit testinp of catalyst systems

(0 D . .
(i.e. - & )j, and averape emissions of failing cars which have been

St

rectified (i.e. - & (2)) are related to their empirically estimable counter-
parts —é (O ana é (2)

Substituting the results of 6.2.3 and 6.2.4 into 6.2.1, one obhtains
= - IMNBTT(EFLE™)
L NBp((-’E’f J{Pefub

{FMN@P( :on‘ m

E
E @E 6.2.5)

That is, the emissions changes anticipated with the 1976 catalytic converter

systems are linearly related to the results of the 1973 systems,

i

1

the reduction
factor (@ being the multiplicative constant.

Applying the relation of (6.2.5) to the emission level chanpes

attributable to 6 % audit sampling (as B varies) which were illustrated
in Table 5.2-2 (see page 5-7) we obtain the following levels which would
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prevail imder a catalyst system

Audit Emission Level Chgnges {tons per vear)
Rate (B ] HC co NOX
1% - 11.08 - 210,64 - 6.30
2% - 22.16 - 421,28 -12.77
3% - 33,25 ~ 631,93 -19.16
5% - 55,41 -1053.22 -31.93
10 % -110.82 -2106,42 -63.85
Tahle 6.2-4

Audit Rate Related Fmission Chanpes
with Catalytic Converter Emission Systems
(Nationwide for GM and Chrysler)

Recalling that these levels were based on General Motors and
Chrysler data only, if we were to extrapolate to all three manufacturers
by pro-rating according to nationwide production levels (i.c. - M and
Chrysler constituting 66% of the "Bip Three" production) we obtain the
estimates of Table 6.2-5.

Audit Emission [evel Changes (tons per vear)
Rate (3 ) HC o NOX

1% - 16,79 - 319.16 - 9,67

2 % - 33.58 - 638.31 -19.34

3% - 50,37 - 857.47 -29,02

5% - 83.95 -1595.78 -48.37

10 % -167.91 -3191.55 -86.75

Table 6.2-5

Audit Rate Related Emission Changes
with Catalytic Converter System _
(extrapolated to all three manufacturers, nationwide)
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7. COST ANALYSES OF NATIONWIDE ASSEMBLY LINE TEST PROGRAMS

7.1 Introduction

Assessing the costs, on a nationwide basis, of alternate configura-
tions of assembly line test vrograms is, at best, a difficult task for at
least two reasons, First, there is asparcityof cost data available and that
which is available is quite variable in terms of estimates of performing a
given test. Secondly, there are many ways ‘in which one can characterize and/

or interpret costs of a testing program.

Regarding the first issue, cost data was obtained from a variety of
sources, larpely estimates of unit costs of 7-mnde, idle and audit tests
by various personnel within E.P.A., various manufacturers, the California
Air Resources Board, etc. The reported costs were widely spread but the

range of costs ultimately developed were as follows:

1. 7-mode test Unit Costs: $8.00 - $20.00 per test
2. Idle tests: $.32 - $1.20 per test
3. Audit tests: $68.00 - $350.00 per test

For most of the analyses performed in this chapter average costs of $16.00,
$1.00 and $120.00 per test for 7-mode, idle and audit tests, respectively,
are employed in subsequent computation.

Regarding the second issue, two basic approaches were adopted in
assessing costs. On the one hand, for a given assembly line test configura-
tion one can determine an average test cost per automobile and extrapolate
this to nationwide production levels to develop a single total yearly cost.
Additionally, one can consider the cost/effectiveness of a test confipura-
tion in the sensec of assessing the estimated nationwide yearly cost per
unit (i.e. tons per year) change in emissions level. Both such approaches

were undertaken,
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7.2 Nationwide Cost of California Assembly Line Test Procedures

Given a unit cost for each 7-mode, idle and audit test, the
determination of the nationwide cost of applying the California procedures
is straight forward. Let us assume the following average unit costs for

testing.

i. 7 Mode Test - $16.00 per test
ii. Idle Test - $1.00 per test
iii. Audit Test - $120.00 per test

On a nationwide basis the total cost would be

Total Cost = (9,800,000 cars/yr) x
$16.00(0.25) + $1.00(0.75) + $120.00(0.02)
= (9,800,000 cars/year) ($7.15)
Total Cost = $70,070,000.00 per year

This amounts to an average of $7.15 per car produced for testing costs.

7.3 Nationwide Cost of Alternate Assembly Line Test Procedures

The alternate assembly line test procedures considered were, with
the exception of audit test variations on sampling strategies, of a nature
such that the nationwide costs are linear functions of the sampli-pg or

testing rates. Let us define

i) C} = unit cost of the }-th test type (J:= 1,2,3)
ii) Xj = sampling or test rate of } -th test type
( + = 1,2,3}
iii) 7? = nationwide automobile production per year

The total cost of a specified testing program is readily specified as

Total Cost Per Year = m x (KC+Nely +3C3 )

where (o, C,+ N2 Cyp + U3 C3 ) is interpreted as the average test cost per car.
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If the testing rates or unit costs of tests are varied one will obtain a
range of total costs varying linearly in these parameters. The current
California procedures represent one special case of this situation, namely

X, =0.25, = 0.75 and X3 =0.02 for 7 Mode, Idle and Audit tests

respectively.

In Chapter 5, a number of alternates were considered, these having

test rates of the form
[al>o ) dZEO ’O(3>O ]

that is, some level of 7-mode testing (O{, >© ) and audit testing (NHz >0 )
but no idle testing (i.e. - HA2,=20 ). For the representative ranges of
7-mode test rates and aundit test rates incorporated in Tables 5.2-1 and 5.2-2,
the average testing costs per car usinpg the representative costs of $16.00
per 7-mode test and $120 per audit test are as follows:

7 Mode Audjt Test Rate (%)
Test Rate (%) 0 1 5 3 5 10
0 0.00] Y20 [ 2.40 3,60 %.00 12,00
25 4,000 5.20 | 6.40 7.60 | 10.00 16 .00
50 8.00{ 9,20 (10.40 11.60 | 14.00 20.00
75 12.00| 13,20 }14.40 15.60 | 18.00 24,00
100 W6.00{ 17.20 [18.40 19.60 | 22.00 28.00
Table 7.2-1

Averapge Assembly Line Test Costs Per Car
For Various 7 Mode/Audit Test Rates (Dollars)

Assuming a nationwide auts production of 9,800,000 automobiles

»ay vear, the corresponding total costs per year on a nationwide basis would

be as shown below, in Table 7.2-2.
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7 Mode | Audit Test Rate (%)

Test Rate (%) 0 1 5 3 B 10
0 0 12 24 35 54 118
25 39 51 63 74 98 157
50 78 90 102 114 137 196
75 118 129 141 153 176 235

100 157 169 180 192 215 274

Table 7.2-2
Nationwide Costs of Assembly Line Test Programs
For Various 7 Mode/Audit Test RNates

(in millions of dollars per ycar)

If the nationwide testing cost for a particular combination of
7-wode and sudit test rates is divided by the corresponding magnitude of
emission level changes one obtains some insight into the estimated cost
per ton of emission change for a particular test confipuration. These
results are shown in Tahle 7.2-3 a through c. In reviewing these tables
one should be careful to recall that, based on the data analvses presentc:d
earlier in this report, the combined effcct of 7-mode and audit tests
together are estimated to increase HC and NOX levels while decre: sing
CO levels. Consequently, these tables reflect the "cost per ton per vear
change'" in emissions levels where the chanpe is an increase for IO and
NOX but a decrease in (0. Tt is clear that in this situation a judgement
will need to be made to determine if the improvement in the €0 situation

counters the depradation in the HIC and MOX situation for a given test level,



7 Mode Audit Test Rate (%)
g
Test Rate (%) 1 2 3 < 10
25 71,229 100,962} 138,837 280,802 -1,440,367
50 59,055 | 71,229 85,011 | 118,410 280,802
75 55,317 | 62,946 71,196 | 89,567 156,042
100 53,8%0 | 59,074 64,953 | 77,561 118,461
Table 7.2-3a
Cost of Hydrocarbon Increases
(Dollars per Ton per Year)
7 Mode Audit Test Rate (%)
Test Rate (%)
1 2 3 5 10
25 813 971 1103 1370 1903
50 731 813 893 1038 1371
75 702 758 813 914 1155
100 692 731 772 850 1038
Table 7.2-3b

(Dollars per Ton per Year)
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7 Mode Audit Test Rate (%)
Test Rate (%) 1 P 3 s 10
25 11,167 14,016 16,735 22,919 10,123
50 9,775 11,166 12,580 | 15,366 22,91¢
75 9,31¢ 11,736 11,165 12,083 17,812
100 9,142 4,775 10,148 i1t ,81¢6 15, 365

Table 7.2-3c

Cost of NOX Increases

(Dollars per Ton per Year)
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APPENDIX A

LISTING OF SOURCE DOCUMENTS FOR DATA USED
IN THIS STUDY

GENERAL MOTORS CORPORATION

Reports 1 through 17 were all supplied to the indicated agencies by:

Environmental Activities Staff
General Motors Corporation
General Motors Technical Center
Warren, Michigan 48090

Report of Assembly Line or Pre-Delivery Testing of Motor Vehicle
Exhaust Emissions. Period Covered October 1, 1971 Through
December 31, 1971.

To: California Air Resources Board

January 28, 1972

Report of Assembly Line or Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Emissions. Period Covered January 1, 1972
Through March 31, 1972.

To: California Air Resources Board

May 3, 1972

Revisions to (2) above, dated July 7, 1972,

Report of Assembly Line or Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Fmissions. Third Quarter April 1,

1972 Through June 30, 1972,

To: California Air Resources Board

September 14, 1972

Report of Assembly Line or Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Emissions. Fourth Quarter July 1, 1972
Through September 3G, 1972,

To: California Air Resources Board

November 16, 1972

Report of Assembly Line or Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Emissions. Period Covered Year to Date
September 1, 1971 Through March 31, 1972,

To: California Air Resources Board

July 10, 1972
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11.

12.

13.

14,

15,

l6.

Report of 1973 Assembly Line or Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Emissions: Start of Production Through
September 30, 1972.

To: California Air Resources Board

November 16, 1972

Report of 1973 Assembly Line or Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Emissions for the State of California:
Fourth Calendar Quarter October 1 - December 31, 1972,

To: California Air Resources Board

February 1, 1973

Report of 1973 Assembly Line Pre-Delivery Testing of Light Duty
Motor Vehicle Exhaust Emissions for the State of California:
Year to Date September 1 - December 31, 1972.

To: California Air Resources Board

February 6, 1973

Report of 1972 Light Duty Vehicle Production: 1972 Model Year.
To: California Air Resources Board
November 16, 1972

Report of 1972 Model Production: Period Covered Start of 1972
Production Through September 30, 1971.

To: Environmental Protection Agency

October 27, 1971

Report of 1972 Model Production: Period Covered October 1, 1971
Through December 31, 1971.

To: Environmental Protection Agency

January 28, 1972

Report of 1972 Light Duty Model Production: Period Covered January
1, 1972 Through March 31, 1972,

To: Environmental Protection Agency

July 24, 1972

Report of Light Duty Model Production: Start of Production Through
June 30, 1972.

To: Environmental Protection Agency

August 31, 1972

Report of 1972 Light Duty Model Production: 1972 Model Year.
To: Environmental Protection Agency
November 16, 1972

Report of 1973 Light Duty Model Production: Start of Production
Through September 30, 1972.

To: Environmental Protection Agency

November 16, 1972



17,

Report of 1973 Light Duty Model National Production: Start of
Production Through December 31, 1972.

To: Envirommental Protection Agency

February 1, 1973

FORD MOTOR COMPANY

Reports 18 through 29 were supplied by:

18.

19.

20.

21.

22,

23,

24,

25.

26.

27.

Automotive Emissions Office, Enviroumental and
Safety Engineering Staff

Ford Motor Company

The American Road

Dearborn, Michigan 48121

Second Quarterly 1972 California Assembly Line Testing Report;
January 25, 1972.

Third Quarterly 1972 California Assembly Line Testing Report;
April 25, 1972.

Fourth Quarterly 1972 California Assembly Line Testing Report;
Undated.

Final Quarterly 1972 California Assembly Line Testing Report;
October 24, 1972,

First Quarterly 1973 California Assembly Line Testing Report;
October 24, 1972,

Second Quarterly 1973 California Assembly Line Testing Report;
January 1973,

First 1972 Quarterly Report of the Number of Light Duty Vehicles
and Heavy Duty Engines Built for Sale in the United States;
November 30, 1971.

Second 1972 Quarterly Report of the Number of Light Duty Vehicles
and Heavy Duty Engines Built for Sale in the United States;
January 31, 1971.

Third 1972 Quarterly Report of the Number of Light Duty Vehicles
and Heavy Duty Engines Built for Sale in the United States;
April 28, 1972.

Fourth 1972 Quarterly Report of the Number of Light Duty Vehicles
and Heavy Duty Engines Built for Sale in the United States;
September 21, 1972,
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28.

29.

1972 Model Year Nationwide Production Report; March 13, 1973.

Production Reports: 1973 Model Light Duty Vehicles Produced for
Sale in the United States; March 12, 1973,

CHRYSLER CORPORATION

Reports 30 through 38 were supplied by the:

30.

31.

32.

33.

34.

35.

36.

37‘

38.

Engineering and Research Office
Chrysler Corporation
Detroit, Michigan

Chrysler Corporation 1972 First Quarterly Report
California Assembly Line Test Report; October 29, 1971.

Chrysler Corporation 1972 Second Quarterly Report
California Assembly Line Test Report; January 26, 1972,

Chrysler Corporation 1972 Third Quarterly Report
California Assembly Line Test Report; April 26, 1972,

Chrysler Corporation 1972 Fourth Quarterly Report
California Assembly Line Test Report; August 9, 1972,

Chrysler Corporation 1972 Final Quarterly Report
California Assembly Line Test Report; September 29, 1972.

Chrysler Corporation 1973 First Quarter Report
California Assembly Line Test Report; November 30, 1972,

Chrysler Corporation 1973 Second Quarter Report
California Assembly Line Test Report; January 31, 1973,

1973 Light Duty Vehicle and ﬂéényDuty Gasoline Engine Praduction
Report for Quarter Endine September 30, 1972; November 1, 1972,

1973 Light Duty Vehicle andMldavy-Duty ,Gaseline Engine Production
Report for Quarter Ending December :31, 1972; February 5, 1973,



