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Executive summary

The goal of this project was to demonstrate the ability of
remote sensing to determine, and potentially lead to control of
mobile source emissions in the Chicago metropolitan area. A remote
sensor for on-road carbon monoxide motor vehicle emissions was used
in conjunction with a video freeze-frame system which allows the
instantaneous carbon monoxide emissions measurements obtained from
passing vehicles to be superimposed on a picture of the vehicle and
its license plate. The license plates can then be recorded and
identified through state records and the emissions linked to that
vehicle. The remote sensor for on-road carbon monoxide (CO)
emissions has been developed at the University of Denver. The
results have been verified by comparison to on-road and to
on-dynamometer vehicle emissions readings.

The location for the initial study was west of the downtown
Chicago area on the on-ramp to the eastbound Eisenhower expressway
from Central Avenue. The measurements were made from the 7th
through the 11th of August, 1989. 11,818 successful exhaust CO and
license plate measurements were made. Half the CO measured was
emitted by 8% of the vehicles termed "gross polluters” with exhaust
%CO greater than 4.5 (equivalent to 1637 grams of CO emitted per
gallon of fuel used). These findings are indistinguishable from
data obtained in similar studies in the Denver, Colorado area.
Although the gross polluters are 8% of the whole vehicle fleet, the
percentage of gross polluters increases with age (3% of the 88 and
89 model year, 4.5% of all 83-89 vehicles, 14% of 1975-1982
vehicles, and 20% of 1974 and older cars). Most of the vehicles in
all age groups are not in the gross polluting category. The major
difference between Chicago and Denver data is the higher (3%)
fraction of gross polluters in the 1988 and 1989 model year. In
Denver studies, the ramps used were circular, the fraction of 1988
and 89 gross polluters was less than 0.6%. This difference may be
attributable to "off cycle"” emissions in which some new vehicles
under full load are designed to run with rich air to fuel mixtures.

It is less likely that one would observe full load conditions on
the tightly curved ramps used in the Denver studies.

Of 671 vehicles measured four times or more, twelve (1.8%)
were responsible for 13% of the CO emissions measured at that site.
Data obtained on the variation of vehicle emissions with vehicle
age agree with previous studies, but contradict the EPA model of
motor vehicle emissions. Most old cars are quite clean. All the
dirtiest cars are not old, and not all the cleanest cars are new.

Hydrocarbon (HC) emissions in Federal Test Procedure (FTP)
tests are well correlated to CO emissions from vehicles with rich
air/fuel mixtures and suboptimal emissions control systems. FTP
testing indicates that a remote sensing program which detects only
CO gross polluters will in fact detect 80% of the gross HC
emitters. If gross CO emitters were detected and tuned up to emit
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the mean of their model year, the CO emissions reduction would be
about 40%. The correlation suggests that the HC reduction would be
greater than 30%.

There is funding at the University of Denver from the American
Petroleum Institute to develop a real-time HC remote sensing
channel with a tested prototype anticipated in the fall of 1990.

Control measures for HC and CO do not however depend on the
availability of the device, in view of the correlations herein. In

fact the use of CO remote sensing to detect vehicles with failed
emissions system components will, when these components are
repaired or replaced, result in lower emissions of all pollutants.

Nitrogen oxide (NOx) emissions on the FTP are not well
correlated to HC or CO emissions. If remote sensing is considered
as a part of a control program for NOx emissions, then a planned
remote sensor for nitrogen oxides would need to be developed.

Two correlations between remote sensing and the lllinois
Inspection and Maintenance (I/M) program were tested. In the first
instance the lllinois idle standards were applied to the remotely
measured fleet. Most new cars passed, similar to the I/M program,
however a disproportionately large fraction (40%) of the 1981
vehicles would fail, and only a small (8-12%) fraction of the pre-
1980 vehicles would have failed. A simpler standard uses the exact
gross polluting criterion observed by remote sensing, namely 4.48
%CO as the standard irrespective of model year. The correlation is
excellent between the lllinois I/M failure rate by model year and
this remote sensing failure test.

There are many different techniques whereby the remote sensing
information could be used as an air pollution control measure. A
New York State mobile source expert suggested that, in real time,
tolls could be assessed more heavily the more emissions the vehicle
evidenced. In effect this would be a proportional pollution tax.

Another scheme places a single remote sensor at each
centralized testing location, with all vehicles entering the remote
sensing lane as they arrive. A fraction of the cleanest vehicles
(70%) would be issued with a passing certificate, and would be
allowed to go on their way. This procedure with a stop light and
a single moving test lane would take approximately 15 seconds,
would pass on to the current test all the dirty vehicles, and would
save the public a great deal of time, frustration and an estimated
$12 million per year in lllinois.

Remote sensing used on-road, with the dirtiest 10% sent on to
centralized I/M would also save an estimated $12 million per year
in lllinois, but would achieve a higher level of pollution control.
Hydrocarbon reduction potential is estimated at 186 to 386
tons/day, with costs estimated between $100 and $248 per reduced
ton. A feasibility study for such a program is recommended.
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l. Introduction - History of Remote Sensing Technology
A. How it works

1. The FEAT system

a. Hardware and software

With initial support from the Colorado Office of Energy
Conservation, the University of Denver (DU) has developed an
infra-red remote monitoring system for automobile carbon monoxide
(CO) exhaust emissions. In view of the fact that significant fuel
economy results if rich-burning (high CO) vehicles are tuned to a
more stoichiometric (and more efficient) Air/Fuel (A/F) ratio, the
University of Denver CO remote sensor has been given the acronym
Fuel Efficiency Automobile Test (FEAT). The basic instrument
measures the carbon monoxide to carbon dioxide (CO/CO » ratio in the
exhaust of any vehicle passing through an infrared light beam which
is transmitted across a single lane of roadway. Figure 1 shows a
schematic diagram of the instrument.

Co -
mputer. @ Caliblration

R

o, ety

UNIVERSITY of DENVER

Fi gure 1: Schematic diagram of the University of Denver CO
remote sensor.

The infra-red (IR) source sends a beam of radiation 10 inches
above the road. This beam is picked up by the detector and split
into three wavelength channels, CO, CO ,, and reference. Data from
all three channels are fed to a computer for analysis. The
calibration gases are used as a daily quality assurance (Q/A) check
on the system.



The instrument determines the CO/CO , ratio (Q). Q itself is a

useful parameter with which to describe the combustion system. Most

vehicles sho w a Q of zero. To observ e Q > 0, the engine must have
a fuel rich air/fuel ratio, and the emission control system must

not be fully operational. With the aid of a fundamental knowledge

of combustion chemistry, many parameters of the vehicle/emissions

system can be determined including the instantaneous air/fuel

ratio, grams of CO emitted per gallon of gasoline (gm CO/gallon)

emissions and the %CO which would be read by a tailpipe probe.

The mechanism by which the University of Denver CO remote
sensing system measures Q is reprinted in Appendix A from a
published article in Analytical Chemistry (1), a peer-reviewed
journal of the American Chemical Society. The reprint describes how
Q can be determined by remote sensing, independent of wind,
temperature, and turbulence in 0.7 seconds per passing car. Two
other peer-reviewed publications regarding remote sensing are in
the scientific literature (2,3).

The detector is on line all the time once it is turned on.
The exhaust gas analysis routines are triggered by the beam being
blocked (for instance by a vehicle or pedestrian). If the beam is
blocked and less than a preset minimum CO (0.04 cm at one
atmosphere (atm)) or CO , (0.01 atm cm) increase is observed, then
the computer gives a 990 XCL (eXceeds Confidence Limits) error
code. This code is generated by the wheels of large trucks or
tractor trailers, pedestrians, etc. If CO , and/or CO are observed,
the computer plots deltaCO versus deltaCO , Where delta indicates
the increase in CO or CO , above that measured in the air just in
front of the vehicle. The least squares slope of the line is Q.
The computer also calculates the standard deviation of the slope
0Q. For most vehicles, Q is close to zero and an XCL code of 991
arises if 0Q is larger than 0.02 For vehicles where Q is > 0.1, the
same error code arises if 0Q> 0.2*Q.

In total FEAT has measured over 250,000 vehicle emissions. In
a study (2) of 20,200 beam blocks at a freeway on-ramp, exhaust gas
measurements were reported for 18,510 vehicles; a 990 code for 655
vehicles and a 991 code for 1035 vehicles.

As discussed in Appendix A, the remote sensing measurement of
Q is independent of instrument temperature. Wind and turbulence
serve to dilute the exhaust behind the vehicle. This dilute
exhaust is the material detected by the remote sensor and its
further dilution is a necessary part of the measurement. As
discussed above, the computer program is written so that only
"valid data" is accepted. If wind, turbulence, or other factors
such as exhaust from another vehicle were to perturb or eliminate
the CO/CO, slope, then an XCL code is generated.

Recent testing at the University of Denver has involved a
stationary pre-catalyst vehicle idling with various A/F ratios.
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The remote sensor used a rotating ventilated exhaust beam chamber

to measure the exhaust and to generate appropriate span and zero
voltages using the exact program also used to measure vehicles on

the road. Out of 486 measurements at one A/F ratio, six did not
observe an adequate plume (990 code), the other 480 all fell within

a total range of Q of 0.13 to 0.15. This demonstrates that the
claimed precision of + _ 20% is very conservative. The actual
observed relative standard deviation of the data was <7%. This
estimate of precision includes any drift in emissions from the

parked vehicle.

b. Calibration

As described in Appendix A, after setup at a given location,
the instrument is calibrated (zeroed and spanned) from the computer
using three span gases in certified cylinders of known values of Q.
A slope is derived from the observed straight line calibration
readings. Readings from passing vehicles are directly compared to
the span gas readings through this calibration curve.

The manufacturers of the calibration cylinders (CO and CO , in
Nitrogen from Matheson Gas, Inc.) claim a traceable accuracy of + 2%
by a gravimetric cylinder filling procedure. All the data are
compared to spans from these cylinders. The spans are obtained in
the same day and using the same hardware and software as the
on-road measurements.

c. The Chemistry of Motor Vehicle Exhaust

In this report, all ratios are in molar units. This
simplifies the chemistry calculations, because molar units are the
natural wunits in which to study chemical reactions such as
combustion. The CO/CO , ratio by moles is abbreviated as Q.

Figure 2 shows a schematic diagram of an automobile. From the
point of view of a remote sensor, an automobile is a device in
which fuel containing carbon and hydrogen (formula CH .) IS burned
with air (whose approximate formula for this purpose is given as
(0.210 , + 0.79N,) in a combustion chamber to derive power. The
products are sometimes further burned on a catalyst or in the
exhaust system. However, all combustion processes (power or
catalytic) are governed by the same combustion equation:

CH_ + m(0.210, + 0.79N,) - g(Hzo) +aco + bco, + 0.79mnN, (1)



| Air

Exhaust Leaks

Catalyst Air Leaks

Exhaust Air Pump

Fi gure 2: From the point of view of a remote sensor, the only
source of excess CO or CO , in the exhaust is combustion of the
carbon in the fuel, either in the engine or on the catalyst.

Figure 3 illustrates the chemistry arising from equation (1),
and shows that a vehicle burning with too little air (rich
combustion) makes up for the lack of air by not burning all the
carbon in the fuel to CO ,. Some remains as CO. Any hydrogen in the
fuel is burned to water. The remaining oxygen is partitioned
between CO and CO, according to this graph. Molar A/F ratios less
than 4.5 are so rich that there is not enough oxygen even to burn
the fuel to CO and H ,O. Combustion is so poor under these
circumstances that no vehicles operate in so rich a mode.

If the overall combustion process is complete, then all the
fuel is burned to CO ,and HO, a =0, ab =0, Q = 0. If the
overall combustion process is not complete, (ie the engine is
getting more fuel than the air can fully combust and is in a rich
burning mode), then some of the carbon will appear as CO. a>0,

Q>0. The remote sensor measures the increase in CO and CO , behind
the vehicle compared to in front of the same vehicle. Since the
fuel is the only source of extra carbon either for CO , or CO, then

a measure of Q amounts to a measure of any inefficiency with which
the overall combustion system of that car converted the fuel carbon
into CO ,. In a real system there are both unburnt hydrocarbons,
and oxides of nitrogen. Both are at small enough levels that they
do not effect the equations for the major species CO and CO .
There is a proposal under consideration by the United States
Environmental Protection Agency (USEPA) to develop techniques to
measure remotely both hydrocarbons (HC) and nitrogen oxides (NOX)
since they also are important air pollutants along with CO. The
American Petroleum Institute (APIl) has initiated a program to
develop an HC channel in combination with the current CO monitor.



Effect of A/F Ratio on Emissions
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Figure 3: A gasoline engine combustion map showing CO and CO )

emissions as a function of molar air to fuel ratio. The solid
vertical line represents stoichiometry.

Table | shows that large values of Q can only be measured in
the exhaust of a vehicle which has both a rich-burning engine and
an incompletely effective emissions system.

Tabl e | Relation of Engine status to CO/CO , ratio
TABLE |
Engi ne St at us Em ssion System Q
T ——————————————————————————————————————————————
Lean Operational 0
Lean Not Operational 0
Rich Operational 0
Rich Not Operational >0
as high as 4 in
extreme cases




The CO/CO, ratio (Q) in vehicle exhaust emissions depends on
the status of both the engine and the emissions system. Table |
demonstrates that even without all the succeeding arithmetical
derivations, a remote sensor which can quickly and accurately
measure Q can be useful to determine the engine/emissions system
status of a passing vehicle.

It is important that the fuel chemistry introduces no error
into the remote determination of Q. Values of Q can be used
directly when remote sensing is used in a gross emitter detection
mode.

d. Determination of Effective Air/Fuel Ratio

Appendix B details the arithmetic by which the effective
instantaneous A/F ratio of the overall combustion (engine plus
emissions system) can be determined from a remote sensing
measurement of Q. Gasoline is a mixture of many species including
saturated hydrocarbons (for instance, hexane, C cHis with more than
two hydrogens per carbon) and aromatic hydrocarbons (for instance,
toluene (C ,H; with less than two hydrogens per carbon). The average
comes out quite close to a ratio of two hydrogens per carbon (CH 2)-
Other calculations have used CH 185 as a representative fuel.

Using CH, as the formula for "gasoline”, the resulting
equation has the simple form:

Molar Air (3 + 20)
Fuel  0.42 * (1 + Q)

For more than 70 percent of vehicles, Q<0.1. Appendix B shows that
the A/F ratio is approximately proportional to 2 + n/2 where n is

the number of hydrogens in the fuel. Thus for n values close to
two (namely all normal gasolines), any uncertainty in the value
assigned to n is halved when the A/F calculation is carried out.

Thus, if the fuel is really CH 185, the error in instantaneous molar
A/F calculated from FEAT data would be less than 4%.

Air to fuel ratio and fuel efficiency are directly related
because the vehicle is getting the most energy out of its fuel only
if just enough air is present to burn the fuel fully to CO , and H,0.
An approximate solution to the energy balance from the combustion
equation (1) above indicates that the combustion efficiency is
decreased by approximately twice the observed %CO. Thus a gross
polluting vehicle measured at a Q = 1 will have a molar A/F of a
litle under 6, and a %CO of 8.6. If this vehicle were tuned to
have the necessary extra air, that is to the stoichiometry point,
the combustion efficiency would improve by approximately 16%.



e. Determination of CO emissions in gmCO/gallon of fuel used

To derive from remotely sensed Q, the vehicle emissions in
gm/gallon of fuel burned, the combustion equations are solved as
before. However, a small correction arising from tailpipe
hydrocarbon emissions is required. An approximate equation totally
neglecting hydrocarbon emissions is:

qmCo [N
= — Douu =# —
AL 10N (1

on

+ ‘"H)

«Q

With a hydrocarbon correction factor based on FTP correlation
between tailpipe CO and HC, one obtains:
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For normal values of Q, the differences between the two equations

are small. When funding is available we plan to build an HC
channel into the FEAT unit. A proposal to build such a unit has

been funded by the API. When the HC channel is operational it will

determine Q" = CO/HC. With this number, a complete solution of the
gm COl/gallon equation is possible. It takes the form:
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These equations are not new to FEAT and are all derivable directly
from the published US EPA gas mileage equations. Appendix B shows
the calculations and shows that the error arising, even from total
neglect of HC, is <<6 percent for most vehicles. For details see
Appendix B.

f. Determination of the exhaust %CO

The exhaust %CO which would be obtained by a tailpipe probe,
when corrected for excess air and after removal of water, is the
result reported most frequently in the FEAT literature. The air
correction could be termed a dilution correction, or an oxygen
correction. It is the correction required to any tailpipe probe
measurement to account for the fact that both CO and CO , readings
are lowered by dilution if any unburned air is present. Q or
gm/gallon are equally valid measures of the instantaneous vehicle
emissions. FEAT literature reports %CO because many vehicle owners
and mechanical engineers are familiar with the %CO readings used as
the emissions measurement basis for most Inspection and
Maintenance (/M) programs.

The derivation of dry, air-corrected, mole %CO readings from
the measurement of Q follows the same procedures discussed above
and is detailed in Appendix B.



The final equation used is:
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The equations and derivations in Appendix B are independent of
the nature of the vehicle and of its emissions system. The
equations are slightly dependent on the chemical nature of the
fuel. For 80% of vehicles, if the C:H ratio is off by 8%, the %CO
is off by 4%. For the few dirtiest vehicles, the percent errors
become equal at 8% each.

Appendix B shows that the results from the equations which
calculate %CO from measured Q are not going to vary by more than
0.5% CO for realistic fuel chemistry or exhaust system chemical
equilibria.

Q is a very non-linear term and as such at increasing Q the
error domains associated with Q increase very dramatically. This is
not to imply that Q is a term which cannot be measured accurately
or precisely, but that any term which converges to infinity will
have an error space which also approaches infinity. Figure 4
graphically displays a typical error space for Q. A [l line is
shown along with upper and lower error regions delineated by the
respective lines.

Error Space for Q

(Q)
i

Upper limit

Ratio
w
1

Lower limit

Ratio (Q)

Fi gure 4: The error space for measurements of Q. The upper and
lower limits are superimposed + 1%CO errors plotted in terms of

Q.

The error bounds have been generated by considering how Q maps
onto %CO. The Q’s from the 1:1 line have been converted into %CO
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and a = 1% CO error introduced. The values are then converted back
into Q and plotted as the upper and lower error lines. The lines
show the accuracy required for the determination of Q if an
accuracy of £ 1%CO is required.

2. Technology characteristics

The final section discusses the characteristics of the various
current, and potential future remote sensing technologies to fleet
emissions monitoring and gross emitter detection.

a. The Federal Test Procedure

The Federal Test Procedure (FTP) was designed in the early
1970's as a method whereby new vehicle emissions could be judged
for compliance with the Clean Air Act Legislation. The vehicle is
treated in a very specified way for specified periods of time on
specified fuels and run on a dynamometer with specified loads
(dependent on the vehicle) over a tightly controlled speed/time
course. The emissions are collected in a Constant Volume Sampler
(CVS) and divided into three bags (cold transient, cold stabilized,
and hot transient). From the measured concentrations in the three
bags and the mileage driven in each testing mode, the vehicle FTP
emissions in gm/mile is calculated. For CO, reported data show a

precision on repeat testing of the same vehicle of + _20%.

imprecision is stated to be the result of the nature of vehicles,
not any reflection of the quality of the test.

It is important to note that the FTP test is the legal
standard by which the vehicle and its compliance with Federal
emissions laws is judged. The extent to which mobile source
emissions have been reduced by these standards is strong evidence
of the efficacy of the FTP in the role for which it was designed,
namely new vehicle performance specification.

b. Speed dependence of gm/mile units

A major advantage of %CO or of gmCO/gallon readings over the
conventional gm/mile units is that they depend only on the engine
and emission system operating characteristics. Gram per mile
emissions also depend on the vehicle transmission setting and
speed. In fact, gm/mile has an infinite singularity at zero speed.

The large variability of gm/mile emissions with speed may have
given real-time emissions monitoring a bad name. In studies of
individual vehicles on the road and on a dynamometer, the %CO
varies little with speed and load above a load of about 10 hp. A
similar conclusion can be drawn from the fact that measured fleet
average emissions vary by only about a factor of two between a
lightly loaded 25 mph average in Denver at 5,000 ft., and 45 mph up
a 6% grade at 7,900 ft., west of Colorado Springs. The steep
dependence of gm/mile emissions on vehicle speed is illustrated in

This



data from a recent report by Zweidinger et al of the Environmental
Protection Agency (4).

The State of California uses an approach to emissions
modelling which avoids the infinite singularity in gm/mile units at
zero speed. According to Seitz (5), FTP emissions are used, but
all the data are transferred into gm/minute values.

c. Correlation of %CO to FTP gm/mile

If gm/mile estimates are desired as an input to an already
existing regional model, they may be obtainable from a remote
sensing study. This possibility arises from the results of a
recent report by Austin et al (6). This report, a summary of which
was published under the authorship of Austin and Sherwood in SAE,
891120, discusses the correlation between concentration emissions,
(such as would be measured by a remote sensor), instantaneous mass
emissions (gm/sec) and FTP gm/mile.

The report points out that concentration emissions might be
expected to be better correlated to FTP than instantaneous mass
emissions under some circumstances. The report also gives the
equations whereby mass and instantaneous concentration emissions
may be directly converted, using vehicle weight and engine
displacement with a very high degree of correlation. In agreement
with their theory, of the seven steady state measurement modes with
correlation coefficients for CO greater than 0.7, for five modes
the CO concentration was better correlated than instantaneous mass
emissions to FTP, and for the other two modes, mass emissions
correlated at 0.88 and 0.75 while concentration correlated at 0.86
and 0.75 respectively

d. Regional Fleet Emissions Modelling
According to a recent paper by Whitby et al (7):

"Because the FTP has been a cornerstone
in the FMVCP [Federal Motor Vehicle Control
Program] for nearly two decades, the failure
of many urban areas to achieve NAAQS [National
Ambient Air Quality Standards] during that
time has generated suggestions to replace or
revise the FTP. Specifically, criticisms of
the FTP suggest that fuel specifications,
temperature, speed, acceleration, and load
ranges used in FTP testing inadequately
represent on-road driving conditions on urban
and suburban roads and highways (8). It may
be unrealistic to expect the FTP to meet the
needs of vehicle certification and also fully
simulate many on-road driving patterns.”
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States which have CO problems are required to model the CO
emissions in the non-compliance region using some type of regional
model. The regional models used require a grid to be placed over
the region. The number of vehicle miles travelled (VMT) in each
grid square is estimated. The USEPA MOBILE(N) model estimates the
gm/mile for the estimated fleet in that grid square. These two
values are multiplied and the gm/day for each square is obtained.

The MOBILE(N) model is based on FTP gm/mile data, but applies
corrections to enable the data to resemble more realistically the
fleet on the road. Figure 5 shows the process in cartoon form.

Regional Model Input

Non-Compliance

Region Map For each grid '
N Estimate
P T TN Vehicle Miles MODEL

] l | Travelled. ®
il \'

—

V' Multiply by Based on
Modelled gm/ Traffic

il —
E%;R k:i:F= “-~\\\ mile emissions Counters

di

{

vided into grids

MOBILE(N)
MODEL
includes

Vehicle Mix

| Zero Mile
Emissions.
Deterioration
(assumed linear
with age).

~I/M effectiveness
kCongestion
MTampering
pPTemperature effects
WMAlternative Fuels

Figure 5: An illustration of the method by which gm/mile FTP
emissions (which contribute to most of the MOBILE Model inputs)
are used to obtain inputs to regional models.

Figure 5 shows that a large number of correction factors are
used to get from FTP data to on-road emissions. The California
approach is somewhat different from the above, because rather than
determining the number of vehicle miles travelled in a given grid
square, the model is based on the time spent in the square, and the
gm/minute emissions.

e. The use of gm/gallon to obtain regional emissions

The remote sensor measures gm/gallon for a large number of
vehicles. If this measurement is carried out at several locations
in a non-compliance region, then the average gm/gallon can be
multiplied by gallons sold (available from the State Revenue
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Department without the use of VMT modelling). HC and NOXx regional
emissions can similarly be derived from the remote sensing
observations when remote sensors for these species are available.
This capability is important in a fleet emissions monitoring
project, since fuel tax and, hence, fuel sales statistics are
always available for any area. This allows remote sensing to
contribute to a regional mobile source inventory without the need

to carry out extensive (and often inaccurate) Vehicle Mile
Travelled surveys.

If gridded data are required, the gridded fuel use data would
be required analogous to the gridded time or VMT of the alternative
methods.

It has been suggested that remote sensing cannot possibly be
useful in view of the variability of on-road vehicle emissions.
The questioners point out that instantaneous CO emissions vary
enormously. The variation depends on the speed of the vehicle, the
acceleration rate, the vehicle loading (including the number of
passengers), the road grade, the condition of the engine, and the
temperature of the engine. All of these variables must be known
before a comparison on the effectiveness of any program can be
determined. In fact this variability is the reason why remote
sensing is bound to be superior to computer modelling.

Most of the potential sources of variability discussed above
are intentionally eliminated in the FTP. To retrieve realistic
fleet emissions, these sources of variability are parameterized in
the Mobile models. It is apparent that actual on-road measurements
of a statistically significant number of vehicles can investigate
these variables at representative locations. Such a procedure
would appear to be more likely to yield correct results than any
attempt to parameterize the variability based on relatively few FTP
studies.

f. Error bars in remote sensing fleet emissions

With the FEAT remote sensor, passing automobiles are directly
compared by remote sensing to a set of certified and calibrated
cylinders containing known amounts of CO and CO ,. Typical passing
vehicles have %CO emissions varying from less than 1% to a high of
15%. At most locations, 75% of the vehicles are measured at or
below 1%CO. Published evidence shows that the absolute error bars
are less than + _ 1%CO, but in view of the highly skewed distribution
and the small number of gross polluters, it is not necessary to
claim error bars less than + _ 1%CO on an individual reading (gross
emitter detection mode). For fleet studies (fleet emissions
monitoring mode), the fact that large fleets can be observed each
day (excess of 2000 vehicles) dramatically decreases the standard
error of the mean. When daily means made up of 4,000 vehicles per
day are averaged over five days (20,000 vehicles), typical mean and
standard deviation values are 1.09 and = 0.03 exhaust %CO.
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g. Video camera

With the addition of a video camera and some copyrighted
software, it is possible not only to measure the emissions of the
passing vehicles, but also to record the image of each vehicle as
it emerges from the FEAT beam position (see Figure 1.) The
computer freezes the image of the vehicle as it exits the beam
region. After the exhaust emissions calculation is completed, the
computer writes the date, time, vehicle number, CO and CO
emissions on the video screen together with the vehicle image. The
video information is recorded on a S-VHS videotape.

With this much information on the tapes, it is possible to
read the tapes and enter any license plate information which is
visible into the computerized database of emissions values. This
procedure is however currently carried out manually and is very
time consuming. It takes a careful investigator approximately a
week to read the data from the videotape for an eight hour day.
Once this reading and hand entry has been carried out, the license
plate data are written onto a computer tape and submitted to the
relevant State Motor Vehicle Licensing Department for determination
of the make and model year of all the passing vehicles which are
equipped with readable, in-state plates. From this information
statistics can be determined relative to the make, model year, etc.
distribution both of the whole fleet, and of the gross polluters.

There are two potential solutions to the problem of slow
manual reading of videotapes. The first is to record the video
images digitally, then purchase or develop software to locate and
read the plates automatically. The second is to purchase a
commercially available (Perceptics Corp. Knoxville Tenn.) device
which reads the image of the vehicle in real time, carries out the
required pattern recognition, and returns the license plate data in
real time to an computer. The latter instrument is for sale at
approximately $30,000. The former solution requires some very fast
large scale digital video image storage capability, as well as
software.  Computer advances are such that this capability is
probably now close to available, but the price may not be
significantly less than outright purchase of the Perceptics unit.

3. Verification against FTP, dynamometer testing, and on-road tests

A comparison of FEAT measurements to those from a vehicle of
instantaneously known (and operator controlled) emissions has been
carried out in a true on-road comparison. Such a vehicle was
available in January of 1989 when Dr. S. Cadle of General Motors
conducted a blind, drive-through intercomparison (9). The GM
vehicle was driving in the midst of normal traffic at the off-ramp
from 1-25 to Eastbound Speer Blvd. in Denver. The 42 data points
which formed the comparison database were reported from the FEAT
readings to GM without any knowledge of the vehicle status at the
time of the measurement. The correlation study showed a slope of
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1 and a correlation coefficient (R 2) of 0.95. A similar,
successful, blind intercomparison has just been carried out in

quite polluted air in Los Angeles by Dr. Douglas Lawson of the
California Air Resources Board.

Dr. George Lauer of Atlantic Richfield Co commissioned a
comparison between FEAT readings at low speed in a level parking
lot and FTP readings conducted at the same site (National Institute
for Petroleum Engineering Research in Oklahoma) on generally older,
pre-control vehicles. Data were obtained by NIPER personnel after
training by University of Denver staff, and reported to ARCO
without any intervention by The University of Denver. Although the
data are not yet fully analyzed, the correlation is said to be
"good" between the FEAT %CO readings and the FTP results.

A draft report to EPA (Marc Pitchford EPA, EMSL, Las Vegas,
Nevada, has recently been submitted in which it was demonstrated in
a blind test that the FEAT unit could determine the emissions from
a vehicle on a dynamometer with a precision of +/- 0.2%CO for a
clean car and +/- 0.3%CO for a 10%CO (very dirty) car. The
absolute accuracy of the FEAT readings depends on the calibration
cylinders. The cylinders used are certified to +/- 2% accuracy.
We have reason to believe that +5% would be a more realistic
assessment, and that on-road measurements may show more noise than
the dynamometer studies.

B. Previous Findings from on-road studies
1. Denver

There is a published paper on a single site study of the 1988
Colorado oxygenated fuels program (2). In this study, half the CO
was emitted by under 10% of the vehicles and the predicted
beneficial effect of oxygenated fuels on CO emissions was detected,
but was a factor of two smaller than EPA Mobile3 predictions. The
following year another oxygenated fuels study was carried out at
two locations in the Denver area with better agreement between the
measured and predicted emissions (10).

2. Colorado Springs

The first application of the video system was to test the
effectiveness of the Colorado Inspection and Maintenance program.
It was conducted on an upgrade at 7,900 feet, about 15 miles west
of the City of Colorado Springs in El Paso County (11). The site
was inside the I/M program area, but was also subjected to a large
fleet of vehicles from adjoining Teller County, outside the I/M
program area. At that site, the apparent effect of the I/M program
was one tenth of that claimed in the Mobile3 computer model.
Again, half the CO was emitted by about 10% of the vehicles. For
both of the 1989 studies the average emissions by vehicle model
year could be obtained. These are shown in Figure 6.
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Figure 6a: Average %CO emissions by model year from University
Blvd. and Speer Blvd. in Denver, CO. Error bars are +1 standard

error of the mean.
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3. Consistency
a. Non-random

There is no possibility that our data are chance occurrences
from a random measurement system. there are several lines of
evidence which validate this contention.

1) Calibration cylinders are measured routinely, as if
they were automobiles, with the same hardware and
software.

2) Two on-road blind intercomparisons have now been
conducted, comparing, successfully, to a vehicle of known
emissions in flowing traffic.

3) Studies supported by EPA have shown that blind
comparisons with vehicles on a dynamometer show excellent
agreement.

4) The observed data could not be obtained if the system
were behaving randomly. The comparisons in Figure 6 show
a steady increase in average emissions for vehicles of
older model vyears. The FEAT software is quite
independent of the license plate and video data. Such
consistency could not be observed unless both the FEAT is
operating correctly and older vehicles are, on average,
dirtier for CO.

b. Real on-road emissions measurements

As discussed earlier, the FEAT system takes a snapshot of the
CO emissions of a passing vehicle. In every location where we have
measured (including California) half the CO emissions come from
less than 18% of the vehicles, often less than 10%. This indicates
that there are a few gross polluters on the road and that
cost-effective CO control measures could be targeted at this small
population of vehicles. As will be discussed in Section IV, the
same conclusions are also appropriate for hydrocarbon emissions.

Since vehicles are measured under on-road conditions, the
remote sensing measurements are an indication of the performance of
the vehicle at that instant. As will be discussed, most vehicles
are consistently clean, a few consistently dirty, and a few quite
variable.

Automobile manufacturers have spent almost two decades
manufacturing vehicles which pass the FTP test. The FTP test does
not contain any hard accelerations at high speed. The
manufacturers have taken this into account according to Austin,
et.al. of Sierra Research (6):
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"Almost all late-model vehicles use mixture
enrichment to increase engine power as the engine
approaches wide-open-throttle conditions. This can cause
a vehicle that emits less than 3.4 g/mi CO on the FTP to
temporarily emit over 300 g/mi CO."

One can regard this fact either as the manufacturers "cheating" on
the test, or as the manufacturers providing the extra power and
acceleration necessary for the safety and well being of their
customers.
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Il. Chicago Findings
A. Site
1. Description

Remote Sensing of the (CO) emissions from passing vehicles was
carried out from August 7, 1989 to August 11, 1989 at the straight,
uphill, eastbound on-ramp from Central Ave. to the East bound
Eisenhower Expressway (1-290) in Chicago, lllinois. Figure 7 shows
the location on an area map. Figure 8 illustrates the site. The
east bound on-ramp was chosen to sample morning commuters headed
into the city. This ramp was a straight uphill (4 - 5% grade),
traffic light controlled on-ramp. The University of Denver’s
instrumentation was set up approximately 50 yds beyond the traffic
control light and measurements were made on five consecutive days,
August 7, 1989 - August 11, 1989 between 6:00 a.m. and 1:00 p.m.

2. Data

The measurements were made using a control program with a half
second of data collected for analysis. The instrument was
calibrated before and after the measurements with three gas
cylinders containing certified CO/CO , mixtures, 1:12.1 (0.0826),
1:1 and 4.96:1. The values measured for Q at the site with the
respective standard deviations were, 0.097 + 0.01, 1.09 + 0.15 and
5.3 £ 1.02. From Figure 4 it is apparent that large variance of Q
at large Q corresponds to small variance in the derived %CO. A Q of
5.3 + 1.02 translates to a %CO of 16.6 (+0.6, -0.9). The measured
values do fall on a straight line with the slope of that line being
1.07 = 0.003. All of the collected data has been corrected
according to this calibration curve.

Two of the days (8/10 & 8/11) a portable radar gun was used to
determine average vehicle speeds for different times of the day.
For the 10th speeds were checked for 26 vehicles each at 6:30,
10:30 and 11:30 with the averages being 23 + 3.7, 26.7 + 6.9 and
34.3 = 4.5 mph respectively. On the 11th, 26 vehicles each were
measured at 6:30 and 10:30. The averages were 21.8 + 3.5 and 28.2
+ 5.2 mph. The traffic control light for this ramp operated
approximately between the hours of 6:30 and 8:30 each day. This
caused the lower speeds.

During the five days there were 16,260 blockages of the light
beam followed by at least 0.5 seconds of non-blocked beam. The
instrument records that event as a "vehicle count”, although
pedestrians and both the front and rear tires of large trucks are
counted. Of these 16,260 counts, 523 were excluded as exceeding
the preset confidence Ilimits on the CO/CO , ratio and 735 were
excluded because of the lack of sufficient exhaust to obtain a
valid CO/CO , ratio. Exclusion (XCL) criteria were discussed
earlier. This resulted in 14,997 valid exhaust measurements.
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The video tapes were reviewed and a total of 12,215 license
plates were submitted to the office of the lllinois Secretary of
State for data processing. Included in these 12,215 license plates
were 456 license plates for which it was impossible to determine
the year of registration. The approach taken was to submit those
license plates in two sets, each with a different registration
year, i.e. 1989 and 1990. Upon return of the tape the duplicates
arising from this process were removed. The reduction from 14,997
to 12,215 arises from unreadable plates, out of state plates and
missing or out of the field of view plates. After plate matching
with the State of lllinois database, the final total population of
readings with both CO emissions and license plates is 11,818.

There are many possible ways to analyze the database. A few
are discussed herein and a few more are presented in the
appendices. The database in ascii format on IBM-PC formatted
diskettes is available from the lllinois Department of Energy and
Natural Resources.

B. Day to day and overall findings
1. Data

Table 1l shows the number of measurements in each %CO category
for each of the contiguous weekday periods at the site, the daily
means and standard errors and the fraction of measurements
responsible for fifty percent of the CO emissions. The overall
means are also shown, calculated using a weighted average of the
daily means with the weighting factor being the number of
measurements. The standard error for the overall mean has been
calculated using the variance of the daily means about the overall
mean. This method is more conservative than using the standard
error of the mean as calculated from the entire distribution.
Figure 9 graphically displays the daily and overall means. In
previous literature we have used the small fraction of vehicles
responsible for half the pollution as an indication of the
potential for selective control measures, as well as an operational
definition of "gross polluters”, as a member of the fraction of
vehicles which cause half the emissions. In most cases measured to
date this dubious distinction belongs to vehicles with emissions
greater than about 4% CO.

2. Comparison to previous findings

Fleet average %CO measurements are not very variable wherever
measured. In Colorado we have shown that the major differences
between sites were caused by a difference in average vehicle age.

The whole range of averages measured by FEAT varies from 0.85%CO at
a tight circular ramp in Denver, to 2.1 %CO for a much older fleet,

west of Colorado Springs. Preliminary unpublished data on vehicle

fleets in California fall in similar ranges.
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Tabl e 11: Daily results for all vehicles with measured exhaust %CO

Table I
%CO Central Ave. to Eastbound 1-290
Category 8/7 8/8 8/9 8/10 8/11 Overall
<1 1663 1703 1964 1530 1708 8568
1 221 218 226 200 223 1088
2 126 128 127 81 130 592
3 67 88 93 66 91 405
4 64 74 81 56 74 349
5 45 59 56 43 41 244
6 24 36 48 27 34 169
7 24 25 23 19 29 120
8 17 16 21 13 21 88
9 12 12 17 13 14 68
10 10 12 12 13 15 62
11 10 5 3 4 7 29
12 3 6 4 5 2 20
13 4 2 0 1 1 8
14 4 0 0 0 2 6
>15 0 1 1 0 0 2
Totals 2294 2385 2676 2071 2392 11,818
Mean %CO 1.16 1.22 1.13 1.11 1.21 1.17
Standard Error 0.05 0.04 0.04 0.05 0.04 0.05
Mean 418 439 409 402 434 420
gm/gal
Percent of
Vehicles
Responsible for 7.8 8.8 8.2 7.8 8.6 8.2
50% of CO
Emissions
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Figure 9: The daily percent CO Means for the vehicle
measurements. The overall mean calculated as a weighted average
of all of the daily means is given at the right. Data based on

a total of 11,818 measurements.

C. Model year and fleet analysis
1. Data

A freeze-frame video system was used to collect the license
plate numbers and subsequently registration information of the
vehicles being measured. Figure 10 gives the distribution by model
year obtained from the registration information. The mean model
year and standard error of the mean are 1983.5 +/- 0.04. Figure 11
gives the average emissions as a function of model year.

Table Il summarizes the breakdown by age of the gross
polluting vehicles, those which are responsible for 50% of the
carbon monoxide emissions. The cut point was at 4.48% CO and
consisted of 8.23% (973) of the vehicle measurements.

A conservative method to estimate the errors on the given
numbers is to treat each day as an independent sample and calculate
the standard deviation (n-1) of the summary numbers from each day.
The + values were obtained in that way from the daily data given in
Appendix F. The gross polluter percentage in the 1988 and 1989 age
categories is 3%. This contrasts to the 0.3% measured at tight
circular on-ramps in Denver. As discussed earlier, some
automobiles drive in a full rich mode when accelerating hard at
high speeds. This kind of driver behavior is less likely on a
tight circular on-ramp than on the uphill straightaway ramp in
Chicago.
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Table 111 Gross Polluters by Age

TABLE Il

Tot al Nunber Percent Gross Polluters

of Vehicl es std error (# of Vehicles)
1

Age G oup

83 & Newer 7481 449 + 0.5 (336)
81 - 82 1030 14.17 + 1.7 (146)
75 - 80 2939 14.26 + 1.5 (419)

74 & Older 368 19.57 + 4.0 (72)

Ownership codes from the motor vehicle registration database
were used to separate the total fleet of vehicles into three groups
by registered ownership. These groups are; private, corporate and

government owned. Table IV ~ summarizes the results for these
groups.
Tabl e 1V Emissions by Age category
TABLE IV
Percent of Tot al Mean Model Mean Percent

(Nunber Year CO
of Vehi cl es) (Std error) (Std error)

Individual 89.72 (10,604) 1983.2 (0.04) 1.20 (0.02)
Corporate 9.68 ( 1,144) 1986.0 (0.11) 0.86 (0.05)
Government 0.60 ( 70) 1985.6 (0.32) 1.58 (0.34)

Unreadable and out-of-state plates do not bias the data. Of
the 16,260 vehicle counts, 14,997 gave rise to readable %CO values.
The mean for this total file was 1.21%, not very different from the
1.17% average for the 11,818 vehicle fleet whose license plates
were readable on the lllinois data base. The average emissions of
the unread vehicles can be computed from these values, it is
1.31%CO. Based on this analysis, CO emissions data at this site
will not be seriously influenced if unreadable and out of state
vehicles are not included in the database. From this observation
it can also be concluded that the elimination of the unreadable
vehicles from potential control measures would not have a
significant influence on control program effectiveness.
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2. Discussion

The basic finding of the in-use measurements conducted at the
Central Ave. and Eisenhower freeway ramp is that a small minority
(8.2%) of the vehicles is responsible for fifty percent of the
carbon monoxide emissions. This is an identical finding to the
previous studies conducted in Denver, CO. Very similar data has
been obtained in California, and west of Colorado Springs.

Figure 12 gives the total histogram for the number of
measurements in each percent CO category along with their total
contribution in percent CO. The distribution is nearly exponential
with the exception of the very clean cars, those which measured at
less than 1% CO, which account for 72.5% of all of the vehicle
measurements. Half of the CO emissions come from those vehicles
which were measured at greater than 4.48% CO, which is almost four
times the mean (1.17) at this location.

Chicago, IL. August 1989
11, 818 vehicles

(Thousands)
(o]

Number of Vehicles / Total %CO

1 1 1 1 1 1T T 1T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+

Percent CO Category

Fi gure 12: Observed vehicle numbers and their CO contribution.
The solid bars represent the number of vehicles in each measured
category (i.e. 0% is for 0% to 0.99% CO). The hatched bars
represent the total sum of the %CO for each category.

Figure 13 shows the vehicle emissions distributed by
percentile rankings. Each bar contains ten percent of the vehicle
fleet, with the height of the bar representing the emissions from
the respective percentiie. The average vehicle emissions fall
between the 70th and 80th percentile. This display also shows that
the median vehicle (i.e. the 50th percentile, and the vehicle most
likely to be observed in a random pullover program) does not emit
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Fi gure 13: Percentile plot of the Chicago database with each bar
representing 1182 vehicles. This plot also represents the
emissions which would be observed from a random selection of ten
vehicles.

the average CO. The median vehicle is much cleaner than the
average because of the dominating influence of the few gross
polluters (90th percentile vehicles) on the average emissions.
These statistics are essentially identical to those found in the

Denver area.

From the average age distribution given in Figure 11 and Table
lll it can be observed that a fairly modern fleet of vehicles was
observed at this location. The average age of the observed vehicles
is between four and five years old and very few vehicles are
observed older than the 1975 model year. Nearly 97% of this fleet
was originally purchased equipped with some form of emission
control technology and more than 70% of the fleet (1981 & newer)
potentially have the most current, closed loop control systems.

Figure 11 displays the average percent CO emissions as a
function of model year. A very interesting observation, which has
also been documented in Denver, is that average emissions increase
almost linearly over the previous ten model years and then reach a
plateau. Table Il suggests that the majority of the increase is
dominated by an increasing fraction of gross polluters and not by
an increase in the emissions of the median vehicle. The majority of
pre-control (<1975) vehicles are still low CO emitters. For
comparison, Figures 6a and 6b in Section Il of this report show the
same plot as Figure 11, but for data taken at two locations in
Colorado: Speer Blvd. and 1-25 off-ramp close to downtown Denver at
about 5,200 ft, and a site three miles east of Woodland Park,
Colorado at about 8,000 ft where most vehicles were measured
climbing a 3% grade.
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We believe that the linear increase and the subsequent plateau
are both measures of the extent to which the fleet contains
vehicles which have not been adequately serviced. New cars are
purchased in a well tuned condition, and only a few are not well
maintained during the first five years. During the second five
years the fraction of badly maintained vehicles increases, but
after ten years, the maintenance status seems to be more nearly
constant. The hypothesis is that the a fleet of vehicles more than
ten years old has an approximately constant level of maintenance,
since the less well maintained vehicles over ten years old will
not remain long in the fleet.

In the Chicago data set there are many vehicles whose
emissions were measured more than once. Appendices 3 and 4
respectively, give the data for the twelve vehicles which appeared
four or more times in the gross polluter (>4.48%CQ) category, and
for all 617 vehicles which were measured more than four times.
Most of the repeat vehicles are consistently clean. We computed
the standard deviations of the emissions from all 617 vehicles
which were measured four or more times. The average standard
deviation is 1.2 + 1 %CO. A few of the observed vehicles show
highly variable CO emissions, and a few (the twelve listed in
Appendix C) are consistently in the gross polluting category. The
1.8% of the fleet recorded in Appendix C are responsible for 13% of
the CO emissions.

A computer program was written to tabulate the histogram of
the differences between subsequent readings of the same vehicle.
The program was written in such a way that three measurements of
the same vehicle at 1, 5, 0%CO would register two differences,
namely a 4 and a 5. The mean of the differences of 4,262 data
pairs was 0.93%CO. The distribution of the differences is similar
to the distribution of the data, namely a very large number of very
small differences, and a few larger ones. Of 4,262 pairs, 3,297
differences were less than 1%. A large majority of vehicles are
both clean, and remain so consistently.

Appendix E shows some analysis of the gross polluting vehicles
observed on each day of the tests.

Appendix F gives tabulated details for each measurement day of
the overall age breakdowns illustrated as Figures 10 and 111.

Appendix G shows all the measured emissions from the
70-vehicle count government fleet. The government fleet is on
average more polluting than either of the other two ownership
categories. The data serve to illustrate that an entire fleet can
be embarrassed by the emissions of only a few vehicles.

Appendix H gives a listing of the fifty cleanest, oldest and
dirtiest vehicles monitored on each sampling day. It is
interesting to note that the highest emitting vehicle in the Friday
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list is the second highest on the Thursday. It was only observed
twice. The cleanest vehicles are all listed at less than zero %CO
emissions. This should not be taken to imply that these vehicles
are somehow cleaning the air, rather that their emissions are so
close to zero that the normal instrument noise can put them on
either side of the zero line. In our analysis of the data it is
essential for us to maintain the negative numbers, otherwise the
average would be biassed high, since so many vehicles are measured
at or close to zero. The tables in Appendix H show clearly that
most old cars are quite clean, that not all the dirtiest cars are

old, and not all the cleanest cars are new.

D. Unique 7456 vehicles findings
1. Data and comparison

There can be statistical problems when the same vehicle is
measured more than once, and the results used to generate global
conclusions. For this reason we restricted the overall database to
include only the first time a vehicles CO emissions were measured.
This reduced the total number of emission measurements to 7,456.
The mean %CO and standard error of the mean for this data set is
1.24 + 0.03. This compares to an overall mean %CO and standard
error of the mean of 1.17 £ 0.05. The difference between these two
values is within the experimental errors and is not statistically
significant.

30



IV. Air Quality Control Implications
A. General Narrative

When there is the potential for a disease in a population,
there are two potential public health response measures, namely
universal prophylaxis, or targeted control measures. The current
air quality control measures in Chicago are based on the universal
prophylaxis theory, whereby every vehicle is required to pass a
test once per year. In the West where the annual tests have not
proven adequate for the job, there are now several cities where
highly oxygenated fuel is required, again for all vehicles.

The data from all testing programs (State, Federal and Remote
sensing) show that most vehicles are in fact quite clean, and that
a few vehicles are responsible for most of the on-road pollution.
For CO, all the data are in agreement that half the CO is emitted
by about 10% of the vehicles. The State and Federal FTP testing
programs in which hydrocarbon and nitric oxide (NO) emissions are
measured also show a skewed distribution. For hydrocarbons, the
distribution is almost as skewed as for CO, and indeed many of the
same vehicles are in the gross polluter category for both species
simultaneously. This fact is reflected in the statistics of the
lllinois idle testing program which is passed by a large fraction
of the vehicles (typically more than 80%).

FTP testing for NO shows a less skewed distribution, and the
gross polluters for NO are frequently not those for CO or HC.
Figure 3 showed the effect of air to fuel ratio on CO emissions.
The curve for CO emissions is almost paralleled (at a lower level)
by a curve for hydrocarbon emissions from the engine. If a
catalyst is effective, but does not have enough air supply to burn
all the CO to CO ,, then any hydrocarbon passed by the engine will
be converted to CO. If however the catalyst is absent or
ineffective, then HC and CO curves would be expected to be
parallel. The richer the combustion, the more CO and HC emitted.

If the processes described here were the only operative processes,
then one would expect that a vehicle would emit zero CO and HC if
clean, would emit CO for sure as the mixture was made richer, and
depending on the catalyst status, might be expected to emit HC up
to some proportion of the excess CO.

A large fraction of the gross HC emitters are probably in this
category, however the situation is complicated by the fact that
there is another important region of engine HC emissions on the
lean side of the diagram, off the scale shown in Figure 3. This is
the region of so called "lean burn misfire". In this air to fuel
ratio region, one or several cylinders has so little fuel in the
air that the spark fails to ignite the mixture at all, and a whole
cylinder full of the air and fuel is emitted into the exhaust pipe.

A functioning catalyst could take care of this problem for a few
cycles, but would be severely overheated if the situation were to
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continue. For this reason, some catalyst systems are capable of
bypassing themselves when overheated. In either case, persistent
lean burn misfire will cause the emissions of a great deal of HC,
without any significant CO.

The combustion processes leading to NO emission are discussed
in great detail in the literature. The important features are that
NO is caused by the heating of a mixture of nitrogen and oxygen to
a high temperature. In an internal combustion engine, the highest
temperatures only occur under load (when large volumes of fuel and
air are entering the cylinders), and even then only when there is
significant, but not too much excess oxygen. Thus, in a perfect
engine, in which cylinder to cylinder differences are neglected, NO
would only be emitted by operating just on the lean side of the
stoichiometric line in Figure 3. From the arguments above, this
region would be a minimum on the emissions of HC and CO. HC would
increase if the mixture were to go a lot leaner (misfire), and HC
and CO would increase together if the mixture became richer, but NO
emissions would disappear.

Diesel engines operate at higher compression ratios, and thus
higher temperatures than gasoline engines. They generally emit
more NO. Because NO is only emitted under load, there are no idle
testing methods for NO, thus all the data currently available are
from the FTP studies. A remote sensor for NO would enable a large
amount of on-road in-use vehicle emission data to be obtained.
That data can not be obtained by any other method.

There are many ways to express the skewed nature of the
observed distributions.  Half the pollution is from 10% of the
vehicles. 90% is from 30% of the vehicles. The mean emission is
more than four times larger than the emissions of the median
vehicle. However the point is made, it is apparent that there is
tremendous opportunity for a cost-effective control measure if the
few gross polluters can be cheaply identified, and somehow
persuaded to reduce their emissions at least to the mean of their
model year.

CO is not considered to be a major air quality problem in
Chicago, however ozone is. Ozone is formed from NO and
hydrocarbons by a series of complex photochemical reactions. An
elegant synthesis of the results of this process comes from some
recent innovative Australian work by Johnson and Quigley (12).
Their results can be summarized thus:

The reaction to make ozone proceeds at a rate
proportional to the product of the amount of sunshine,
reactive hydrocarbons and a temperature term.

The maximum amount of ozone which will be formed
provided that there is enough integrated solar intensity,
is proportional to the total amount of NO present.
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This realization leads to an interesting conclusion in terms
of control measures, namely, if the ozone receptor is close to the
NO and HC source, then NO control will be ineffective, and only HC
control will help (Milwaukee for instance). If the receptor is a
significant air travel time downwind (Muskegon perhaps), then HC
control will be ineffective, and only NO control will help.
Naturally there are intermediate cases, and recirculating air
motions in which the ozone precursors might even return close to
their point of origin many hours later.  CO is important in ozone
formation, but by no means as important as the reactive
hydrocarbons.

B. Correlations between CO and HC emissions

As a part of this project, several available FTP studies were
investigated, and the CO/HC correlation plots made.

Carbon monoxide to Hydrocarbon ratios have been analyzed from
data of four sources. The Colorado Department of Health (13),
General Motors (14), New York State Department of Environmental
Conservation (15) and the United States Environmental Protection
Agency (16). The Colorado Department of Health data is the entire
database assembled since 1978 when the state began FTP testing for
the EPA. This data includes several different oxygenated fuels. The
data from General Motors is from their continuing in-use testing
database. The data from New York State is real-time emission data
from a single car during each phase of the three phase FTP test.
The EPA database used is their largest database related to fuel
oxygenation FTP studies.

All of the data give CO/HC ratios that cover the range of 9 -
16 with some data sets providing correlation coefficients (R ) of
up to 0.7. Most of the research today is conducted on clean
vehicles (CO emissions < 50 grams/mile) while most of the potential
reductions and therefore the more important data from a correlation
point of view will be on vehicles with CO emissions greater than
150 grams per mile. The General Motors data (Figure 14) is totally
lacking in this area while the data from the Colorado Department of
Health (Figure 15) and the EPA data (Figure 16) contains a few
significant vehicles.

As discussed earlier, perfect correlation is not expected.
Some high HC emitting vehicles will emit very little CO (for
instance the 5gm/mile HC car in the GM database). This can be
explained by a vehicle which is running at stoichiometry in all but
one cylinder which has a spark plug which is not firing for some
reason.

The important conclusion to be drawn from the data is that the
FTP testing indicates that a remote sensing program which detects
only CO gross polluters will in fact detect 80% of the gross HC
emitters. Thus if gross CO emitters were detected and tuned up to
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Fi gure 14: Data from General Motors in-use FTP testing.
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Fi gure 15: Colorado Department of Health FTP database. The slope
is 16 with an r 2 of 0.74.

emit the mean of their model year, the CO mobile source emissions
reduction would be about 40%. The correlation suggests that the HC
reduction would be greater than 30%.

There is funding at the University of Denver from the American
Petroleum Institute to develop a real-time HC remote sensing
channel. This R&D program is underway, with a tested prototype
anticipated in the fall of 1990. Remote sensing based emissions
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Fi gure 16: Data from the U. S. Environmental Protection Agency.

reductions for HC and CO do not however depend on the availability
of the HC device, in view of the correlations herein.

C. Lack of CO/NO correlation

As discussed earlier, there is very little correlation between

CO and NO emissions,

function of on-road NO emissions is unknown.

indeed even the nature of the distribution

The complexity is

exacerbated by the fact that every vehicle is expected to show very

variable emissions as a function of load.

There are extenuating

circumstances. Modern closed-loop vehicles with functioning oxygen
sensors, functioning catalysts, and not driven under so much load
as to go into the off-cycle emissions mode discussed earlier, emit

very little NO, CO or
stoichiometry.

react with the NO to produce CO

HC because they operate essentially at
If any HC and CO sneak down to the catalyst, they
21 N2

and water. These vehicles are

undoubtedly on the road, and will cause a large clump of points

close to the origin when fleet
available.
potential of remote sensing to control

essential that a remote sensing NO unit be developed.

on-road NO and CO data are
For such data to become available, and to evaluate the

NO emissions, it is
Designs for

such a unit exist, and have been patented by the University of
Denver, but no funding sources have been discovered which could
enable a prototype to be constructed and tested.

There will be one failure mode in which CO monitoring, and

repair of high CO emissions vehicles will

control NO emissions.

That is the failure mode for a modern closed loop, oxygen sensor
equipped vehicle in which the oxygen sensor, or other aspects of
the closed loop are out of control. The air to fuel ratio in these
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vehicles is likely to swing on either side of the desired
stoichiometric ratio. When swinging to the rich side the vehicle

will be a detectably high CO emitter. Under these conditions it
will not be putting out NO, however when the ratio swings to the
lean side it will become a high NO emitter. In other words, the
use of CO remote sensing to detect vehicles with failed emission
system components, will, when those components have been replaced,
result in lowered emissions of all pollutants.

NO remote sensing has not developed to the extent that CO has.
This is partly because the IR bands of NO are both weak and in a
wavelength region in which water interferes. Our device will use
ultraviolet wavelengths which show much more promise of meeting the
challenging needs of the measurement.

D. Comparison of FEAT findings to MOBILE4 assumptions

As discussed earlier, essentially all the state mobile source
vehicle control programs are evaluated by means of the EPA MOBILE
(now 4) model. The model is essentially a spread sheet into which
is entered the characteristics of the local fleet, and a set of
assumptions, mostly grounded upon FTP testing, as to how the fleet
emissions will differ from FTP emissions because of the various
factors such as ambient temperature, altitude, tampering rate,
deterioration, I/M programs, oxygenated fuels, etc.

1. Altitude

There is some data available on altitude dependence.
Significant data sets from on-road remote sensing are available
from Denver (5,000 ft), Woodland Park CO (7,900ft.), Los Angeles,
close to sea level, and the current Chicago study. The average
emissions from the various sites vary from as low as 0.9%CO to as
high as 2.3%CO. The largest term causing these differences is the
average age of the fleet. There is also an effect of vehicle load,
higher load, higher average. @ The MOBILE4 model has a built-in
altitude effect of greater than thirty percent between Chicago and
Denver. This is not observed.

2. Temperature

The remote sensing data obtained so far by the University of
Denver has intentionally avoided locations where vehicles are
expected to be in a cold start mode. Possibly for that reason,
remote sensing sees very little effect of temperature on fleet CO
emissions. It is also worth pointing out that the FTP data on the
effect of cold start emissions is uniformly misinterpreted. It is
true that for most vehicles, 80% of the CO is emitted in a cold
start mode, however these are the low emitting clean cars. For the
gross polluters measured by FTP the CO emissions are much more
evenly distributed between cold and hot cycles. Thus if the effect
of cold start is averaged by vehicle , then the data show an average

36



of 70% of the emissions from the cold start mode, however if the
data are averaged in terms of the emissions, i.e. in proportion to
their effect on the air, then the effect of cold starts is lower
than 40% of the total emissions. Furthermore, the gross polluters
which emit large amounts of CO at all times are not constrained in
the real world to run an FTP cycle. The few gross polluters which
are also high daily mileage vehicles, and which emit CO all day,
probably dominate the basinwide emissions. In locations where a
large number of vehicles are in a cold start mode (i.e. at the end
of the day in a cold parking lot) then they will dominate the local
CO emissions.

Since the ozone problem is dominated by basinwide effects,
rather than local effects, the remote sensing data could be
regarded as diverging from the MOBILE model in terms of
temperature dependence.

3. Oxygenated Fuels

The remote sensor has been used to study the apparent effects
of oxygenated fuels on emissions. The results agree with the
models to within a factor of two (2, 9).

4. Inspection and Maintenance

The remote sensor has also been used to study the effects of
the Colorado I/M program (a decentralized idle and 2500rpm idle
program) (15). In this one study, the results showed that when the
age of the tested and untested fleets was taken into account, the
I/M program reduced fleet average emissions b y 3 £ 3% (10). This
contrasts sharply with the model assumption of greater than 30%.
The local authorities have suggested that this discrepancy may
arise because the driving mode studied was under heavy load up a
mountain grade, and that in City driving a greater difference might
be observed. They have not suggested a location where such a study
might be unequivocally carried out. We note that uphill under load
is the condition under which most fuel is burned, and therefore
most pollutants emitted. So, the results are probably entirely
correct from an air quality point of view.

5. Fleet Age

The data in Figures 6 and 11 show that vehicle CO emissions on
average, increase approximately linearly for about ten years, and
then level off. As discussed earlier, the increasing average is
not because most vehicles are deteriorating, rather because the
minor fraction of gross polluters is increasing (up to 25% in the
oldest fleets).

This observation has profound implications to the MOBILE model
predictions of future fleet emissions. The data and the model
agree that new vehicles are essentially irrelevant to on-road
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emissions (for this reason the Clean Air Act tighter new car
standards are likely to be ineffective). The model, however,
requires a linear deterioration rate for all vehicle model years,

thus all 1973 cars are modelled as dirtier than all 1974 vehicles,

etc. The model actually includes larger deterioration rates for

the older vehicles. The result is that the modelled emissions by
model year show a curve quite similar to the data for new vehicles,
and quite discrepant for older vehicles. Figure 17 shows the
results of a typical model run (MOBILE3 for Denver Colorado with
75% Light Duty Gasoline Vehicles). When this model curve is run
out into the future, the old (dirty) cars get off the road, and the

new (clean) cars take over, and we meet the standards. If the
remote sensing data are used instead of the model, then a year
later some of the old cars have gotten off the road, but all the
vehicles have become a year older, the fraction of gross polluters
has increased in every model year, and the fleet emissions are
unchanged.

Mobile 3 Predictions
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Fi gure 17: Mobile 3 predictions similar to Figures 6 and 10, but
in grams/mile units.

In the last decade there has certainly been a reduction in
mobile source CO. We attribute the reduction to the tighter new
car standards. The fact that new cars are irrelevant to CO is a
tribute to both the regulators and the regulated industry.

Unfortunately, unless the observed deterioration is altered,
further reduction in new car emissions will be quite ineffective.

Our conclusions concerning the correctness of the MOBILE model
assumptions are confirmed by several other literature sources.
Hlavlinka and Bullin (17), Zweidinger (4) and Ingalls (18) have all
reported measurements for which the MOBILE model underpredicts the
emissions. For CO, Hlavlinka and Bullin report disagreement by a
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factor of 2.2, Zweidinger a factor of 3.6 and Ingalls a factor of

2.7. For hydrocarbons Zweidinger reports that the model
underpredicted by a factor of 1.7 and Ingalls reports an
underprediction factor of 3.8.

In an independent audit of the Arizona I/M (VEIP) program the
State Auditor General concluded that (19):

"MOBILE3's limited data base appears to result in
underestimates of fleet emissions and overestimates of
VEIP benefits ..."

E. Comparison of findings to lllinois I/M failure rates
1. Enforcement implications

One can imagine many different techniques whereby the remote
sensing information could be used as an air pollution control
measure. A New York State mobile source expert suggested that in
real time, tolls could be assessed more heavily the more emissions
the vehicle evidenced; in effect a proportional pollution tax.

Another scheme whereby remote sensing could be used is to
place a single remote sensor at each centralized testing location,
with all vehicles entering the remote sensing lane as they arrive.
A fraction of the cleanest vehicles (for instance 70%) would be
issued with a passing certificate, and would be allowed to go on
their way. This procedure would take approximately 15 seconds,
would pass on to the current test all the dirty vehicles, and would
save the public a great deal of time and frustration.

It is important to consider how a remote sensing program might
compare with lllinois current I/M testing program. One way to judge
programs is to compare the failure rates by model year of the
current idle program with two potential remote sensing programs.
Figure 18 details the failure rates for vehicles by model year
under the current program (20).

Figure 19 is using the Chicago FEAT database but applying
current idle standards as if the measurements made had been true
idle measurements. They, of course, were not and it can be seen
that many more 1980 and newer vehicles fail the test using this
criterion. It may be fortuitous, but it is interesting to note that
the shapes of the two graphs are similar. Both have maximums in
1981 then decrease and are flat after that year.

Figure 20 is a graph of the failure rates if a new type of
criterion were applied to the Chicago data. The criterion uses the
50% cut-point for gross polluters measured at the location. This
value is 4.48% CO applied to every model year, regardless of type
of vehicle.
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Fi gure 18: Failure rate by model year for the current Illinois
Environmental Protection Agency I/M program. 1988 and 89 data
are estimated equal to 1987.
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Fi gure 19: Failure rate by model year using remote sensing data
compared to current idle standards as pass/fail criterion.
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Fi gure 20: Failure rate by model year using remote sensing data
compared to the 50% cut point for gross polluters (4.48% CO) as
the pass/fail criterion.

As can be seen from this figure, the failure rates are almost
identical to the current Illlinois program. It is therefore
reasonable to assume that programs based on remote sensing would
achieve failure rates similar to the current program.

2. Costs

A remote sensing program could also save the lllinois
taxpayers money. Approximate costs are derived for two scenarios.
In the first scenario, a single remote sensor is located at each
centralized testing station. The present I/M testing costs are $23
million. If the remote sensing system is set to pass the cleanest
70 percent of the fleet, then the centralized program will be
reduced to 30 percent of its current cost. Allowing for upgrading
the centralized services the costs would be approximately $7
million for a savings of $16 million. The cost of remote sensing
is estimated to be $0.50 per test plus $1.00 for a certificate for
each passing vehicle (1.50 * 2.8 * 0.70) equals $3 million, for a
net savings of $13 million.

An alternate method to calculate the savings can be derived
using data from Wards Engine Update (November, 1989). According to
Wards, a single centralized I/M lane costs $460,000 for land,
buildings and equipment and can test 20 vehicles per hour. A remote
sensor is priced at $50,000, it can easily operate from a small van
(say $20,000) and be used beside the right of way wherever there is
room to park. A unit such as described is capable of testing over
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1,000 vehicles per hour. At one busy freeway ramp in California we
once observed 1,200 vehicles per hour. The extent of the potential
cost savings is great. More refined cost savings arising from full
scale implementation in the Chicago area can also be estimated.

A higher level of utility and cost savings would be realized
in a second scenario. Remote sensing is used as an on-road
screening tool to send only the dirtiest vehicles in the fleet to
take the centralized test. Assuming that the test is set to screen
out the dirtiest ten percent of the fleet and assuming that remote
sensing is required to test each vehicle five times per year, the
cost savings would be over $12 million. The cost savings are
estimated as follows. Present I/M testing costs $23 million. If
reduced to ten percent of the fleet, and upgraded, the I/M cost
would be reduced to approximately $3 million for a savings of $20
million.  Assuming the cost of remote sensing at $0.50 per test,
testing 2.8 million vehicles, 5 tests/yr, will cost $7 million plus
$1.00 notification for 10% of the fleet ($280,000). The net
savings are over twelve million dollars.

This program will also achieve significant hydrocarbon
emission reductions. According to the Federal Implementation Plan
(FIP) for the Chicago area, the total daily amount of hydrocarbon
ozone precursors (VOC) emitted into the Chicago air is 2187
tons/day. Of this total, 44 percent or 966 tons are estimated to
be emitted by mobile sources. Assuming that a remote sensing based
I/M program will be 80% effective at controlling 50% of the mobile
source problem, then a reduction of 386 tons/day will be realized.

It is predicted that proposed gasoline volatility (RVP) reductions

will result in a 200 ton/day reduction in on-road VOC emissions by
1992. RVP reductions and elimination of gross polluters are not
targeting the same sources, nevertheless the calculation is very
conservative if the full effect of RVP is discounted from the
estimated effect of a remote sensing based I/M program. This
leaves the program with a 186 ton/day potential VOC reduction. A
total program cost of $10 to $12 million for 260 weekdays per year
means a daily cost of $38,000 to $46,000. Dividing by reductions
of 186 or 386 tons/day leads to a cost effectiveness of $100 to
$248 per reduced ton of VOC in the Chicago area.

As the public becomes used to the convenience of never having
to go to the centralized test, one can envisage a system in which
the remote sensing results themselves would be used to issue
notifications, and centralized testing would only be needed for
those vehicle owners who wished to dispute their readings, or to
demonstrate compliance. With centralized testing now being a small
component of I/M, it is possible to envisage more stringent
(including loaded mode) testing of the few vehicles which are sent
to take the centralized test. Not only are the cost savings
substantial, but also the emissions reduction potential is great.
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F. Additional air quality and economic side benefits

The overall cost savings, reduced pollution and substantial
cost efficiency advantages of remote sensing, as discussed above,
are significant. As a final word we list three other important
benefits.

1. Not only are the proposed remote sensing I/M programs less
expensive, we predict that they will be more effective than current
programs. The major problems with current I/M programs are that
the vehicle is tested under no-load conditions, and those few
owners who treat the test as a contest to be won, rather than a
commitment to clean air, know exactly when to tune their vehicles
to "pass the test’. Some "de-tune" them afterwards.

2. If the vehicle owners of the gross polluting vehicles have
their vehicles tuned up, then their gas mileage will improve. Both
carbon monoxide and hydrocarbons are combustible. A vehicle which
burns all its fuel to carbon dioxide is getting the most possible
energy out of the fuel. Combustion efficiency increases by about
twice the observed %CO if a good tune-up is obtained. Thus a
vehicle which fails a remote sensing test at 5%CO might be tuned up
to emit 1%CO. The gas savings would be about 8%. For a 25 mile
per gallon (mpg) car this amounts to an extra two mpg. This
increased efficiency benefits the owner, as well as benefiting the
atmosphere both because of the CO reduction, and because of the
greenhouse CO , reduction. Overall less gasoline is handled, and
thus less spilled and less evaporated.

3. A program based on remote sensing collects the data by
which it can be judged for effectiveness. When the remote sensors
return to the same sampling sites after some time period, the
results can be used directly to determine a measure of the program
effectiveness.

For all of the reasons given above, we believe that remote
sensing represents the most economical, effective and socially
acceptable inspection component of a control strategy for mobile
source emissions yet devised. In the present system, it is
important to remain vigilant that the vehicle maintenance is
performed in a timely and effective manner. At a minimum, the
advantages of remote sensing certainly justify a commitment to
proceed with development of this technology, and to move toward
implementation of remote sensing based mobile source emissions
enforcement programs.
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APPENDIX A:

IR Long Path Photometry

SRR e
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Gary A. Bishop, John R. Starkey,
Anne lhlenfeldt, Walter J.
Williams, and Donald H, Stedman

Departments of Chemisty and Physics
Uriversity of Denver
Denver, CO 80208

Picture Los Angeles or New York City
on a hot summer day. Few commutars
can ignoere the ever-present haze sur-
rounding these ¢ities caused by motor
vehicles that emit carbon monoxide
{C0), bydrocarbons, nitrogen oxides,
fine particles. and lead. With the Clean
Air Act of 1970 and subsequent amend-
ments (1,.2), a mandate exists “to pro-
tect and enhance the qualily of the
Mation's air resources.” As a result, a
major industry concerned with the
measurement of automobile exhaust
emissions was horn,

Afver reviewing the Federal Motor
Yehicle Control Program, M. J. Walsh
[} outlined the following criteria for an
az-vet nonexizstent ideal emisgions test.
It should evaluate the vehicle under
real-life conditions; be reproducible,
accurate, guick, and inexpensive; mea-

OQ03-2700/88/0361-8714/501.50/0
© 1989 American Chemical Society
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aure all pollutants of concern; and ba
comprehensive enough to discourage
teating higs.

Fromm a scientific standpoint, it is es-
sential that the first criterion be met,
With this in mind, we undertook 8 new
approach using an old technology to
develop a long-path IR photometer
that can remotely measure 0} emis-
sions (rom operating vehicles,

Current testing

Federal and state governments, along
with the automohile manufacturers,
test and certify new wehicle emissions
and carry oul some in-use testing of
older vehicles. These tests use the Fed-
eral Test Procedure (FTF) {(4-7], 8
caretullv dezigned, specific test that i
divided into eold transient, cold stahi-
lized, and hot transient phases. A vehi-
cle iz operated under a series of accel-
erations, decelerations, stops, and
slarts on a chassizs dynamometer whose
inertin and friction are set for each ve-
hicle. The emisgions from each phase
are collected at a constant volume into
thres sample bagz, and the concentra-
tiony of each species are determined.

T'he final result; given in grams of pol-
lutant per mile, iz a weighted average
from the three phases. The driving
course is modeled after a typical aum-
mertime (20 *C to 30 °C) commute to
work in Lios Angeles. Each test takes at
feast 12 h to complete and costs more
than 8700, Precision of the results fora
given vehicle is claimed to be £20% (3]
and is vonlrelled mainly by the repro-
Aucibility of the automohile’s emission
gvatem, not by the test syvstem or gas
analysis protocols.

Current computer models (EPA
MOBILES and soon-to-be-releazed
MOBILEA) are based on the concept
that the FTT emissions measured from
a fleat of wehicles are well correlated
(though not necessarily 1:1} with the
emigeions that the same fleet would ex-
hibit under normal driving conditions.
Because little is known about actual
on-the-road fleet emissions, itis impos-
gible to gauge the aceuracy of Lthis as-
sumption.

The puhblic iz more familisr with
state inspection and maintenance
{L/M) programs, which are designed to
iest every vehicle in anv area with air
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pollotiom problems, These UM teats
ar alwnys lees rigorows than the FTE,
el Thnes tha resulizs are less indicutive
ol mitinl oo-the-rood smissloss. The
mosl sophisticated centralized 1M
testing programa use a chamis dynn
mometer with ome or twn Oaed loads
unel apeeds and mopsurs the stendy-
nlake grisnions as o penent of the ex-
bkl Bony eentralized {and all de-
centrmlied ) programa: only  Diemsre
idle sminmicne st one, o phil:'bh' L,
nnfine spreds. These testn typically
tuke =10 min 16 perform and oost $0
o 512 pah
The iden of remnotely monsuering vehivle
emissicns is not pew. Lockheed Mis
silen med Spuice Corporstion first -
pupngited 0 comstract an acnoss-the-
romd manitos for the California Air Ra-
soroes Baord (F, bal soccessful
operation of the device was ver e
poriad I..l'r.u.r.[.'-!u:n.:}' i) proved Lhnt
L4 plumes from passing cam cophd e
ubserved ming a gas filter carpelativn
rudinmedar, Lnfortunately, Chaney's
avatem did wot inclode any of the pa-
tumEbere nefessary Lo estimate amks-
aians doia frm Lee plume shesevatbn
The University of Denvers inatni-
maend coimmists of three tmaic onita: the
mimaree, o delector, and 0 compiites, IR
atworption B med e determine the
wimkosite of OO and OOy emitted by g
passting autvmobile. The TR Lght
sotaren, lomted on ome sde of & eond-
way, itnds a colimated beam into o s
filter radiometer eguipped with lwa

liguid-mitragen-ooaled  indiom  anti

|, NO. 1D, MAY 13 18B8

Figura 1. Opfics and dwinctor configuration.
The maior rolmes th ges Slisr comeialion cell g1 38T rom, and it position i ssnied phoimsisoyically

mnnkde phetoyoltaic detectomn (Judon
Infrared Ine., Montgompryyille, PALA
&.3-pum handpaes filier isolate the CO,
sprpctial reglon, and & 4.6-gm flter iao-
lndesi the O pegdon. The &6-um banm
pasines through o rotating gos [hes
whiwl (Thermo Envirenmental Carp,
Framlelin, ¥AL one-half of which con.
ks o 00w Hy inazture and the oth-
e hall Ny 177h Tha rotating wheal
mmdulates the sigoal ind provides both
s reforence chamnel o a D0 dawin
channel. Figure L is 4 schematic of the
opties nnd the detector bryool.

A typleal operotional scepario fol-
lown, 'The system |s inatalled porges o
sirigle-lane highwey with the TR boum
Tocated 10 bn. (254 em) above Uk rond-
way., Wheti o onr enfers the opthoal
path, & drop In ihe reference voliage
ulwlp the wwhicle’s presroee Hgan
wiktoges [rom each of the thres signal
chanmeds (Cls, GO, and relarsnos) are
mopiired  before the  ear enters Lhe
Dbeam, and reso correclion wslbnpes faF
each chanmel nne soguiired while the car
wenmpletely hincking the bapm. As the
vihicle exits the beam, & |- voltage
wirrstE tima erace Trom each ol the thres
channeds (s obtnined. Tha 1 s is 0 usar-
nitlectsd] thme chisen Tor monvenianes,
recenl ests of om-hall sesond of ex-
hust phwmes lsave alsa been soceeslul,
'Fhe signal = aveornged over 8 ma (the
tima for oo lalf ol w rotation oi the gos
filer wheell, sere-corrected, and rolat-
#d Lo Lhe spaan vl

Figizre Yo whows o iypical 1-8 voltngn
trace for the 00, 0y and - reference
chanaels. If o second vehicle esters the
binm amd interropts the messaremsenl




of m previous vehicls, the softsnre recy-
cle= snd performs the measurement on
the new vehicle using the span valaes
aohtained from o feont of the first car.
Emission resulte are. obtained by
compuating the ratirs of the €O and
OOy volioges (F) b the reference walf-
ages () and re-peaking these nrbilmercy
rolls oo enlibrared OO and COy val-
wes through the use ol colibration
curves determined [0 the nhoratory
isee Figure Zhi. These dola are them
analyeed by & beast-squares procodure
thnt determines o single path indepen-
dent COVCCY, eatio from the slope of
the OO vers D0, mph i Fhgure 2o

Figure 2. (@i Ciata rom the remals sensor for a 1883 Oadsmobdla ai 20 mph, (0] raw data conwirted to cadibrated GO and GOy val-

[t has been well docwmented thet the
application of .o linear lenst-sgiinres
analysia to datn whise dependont and
independent variables are hoth sahject
to error cnn prodece errdneous resulta
(42 13, As n saleguard, some fmeroed
exparimentol dotwers Eited using the
linear least-squares method nnd astan-
dard Eterstive nonlinear procedurs
{14}, All of thess tosts produced identi-
cal messurements of the slepe within
eEpeTimental arrar,

The CCWVCOG etk be-the only valid
mansursment that can be made e
causs the inatrument cannod disfine
guish the magmitiude or peation of the

sxhaust pliame Potlution santribution
con he determined |:'|:ir:|:L|:|.' from
ratio. A& high ratio corresponds toa high
palluter, & low ratio 1o a clenn:burning
vehicle, The highess polhtors obearved
producs almost vertimal slopes.

Computer algorithms are written
copservatively sonfidence Hmits re-
guire the prepance of  minimuom
amoints o L-f.:l-_., and l]npu stardard
dievintions must not exdeed +20%. The
minimum amaount of GO0y requirsmient
|z uaed to distinguish cars from pedes-
trinna. bicycles: or heave-duty trucks
with elevated exhanst sysbemn. When
tests wre made In favorahle weather,
data fall outside these confidence |im-
itn for less thas 1# of the measuare.
OIS

Conversion of COSCO, ratio to
exhaus] parcenl CO
Yiowt workers in the autemobdle emls
ainstn Thedd cloo ot pepaore OO rotios,
Idle emission standnrds are wsuslly
wrilben it terns of porcent COb Thus
wi hiove derived equations Lhal Lrins
lote the observed COMNCD, o the pers
cent U0 thot dn exluest gas monitor
wisuld observe if inserted into Che Lail-
pipe at Lhe Ume of Lhe remmntes sansing
megsirmont. Wa alsn hove derived
ithe equuibon lor eonverting the T
00y patio iAto gromes il N per pollin
of fuel, an mmportant conversion for
fleei arudies

These cnleubathoms wre made under
the amsumption that any excéss air
presenl by the gabaust is paglectad and
that the coniriboibom of water vogssr (o
the actual exbhan=t volume = sabiract
el Thiz is pnnlogous to standard mani

ween s, birme usang @ dein. (10,18 o) calibration oell, 2nd {2) the tral C0/C0; corralalion prach used 10 ciFain withess slopa

Dy cars produce & nosizonial comelation graph

AHALYTICAL CHEMISTRY, WOL B3, MO 10, MaY 15, 45983 = 8734

51



AMNA ICAL
ACH

AP

Figare 3. \deaiized anging map of porcant podlulants ws. sirco-fus| retss.
PSR ADDYE ANe T 0N of T pOBUITS 10 SOy FRannoar i smesiins e sEhenlic ond sxagger-

tors thal messure o reading ofter the
wter vipoer has been condemsed out of
their intake systems. Figure J shows nn
ideal engitne map of pércent emissunns
&5 & [unetion of awic-fo-Tuel catio (15
Above the siandard diagram & the
sume information plotted (0 terms of
thi ratla of emstted species g OO0y The
eguationa are derived (com ah gocurate
verabon of this dingrom and the sinn
durd clembial aguation for opmbustion
in mir of & G:1 by weight carbion:bydro-
e mixtura tvpical of Denver gosaline.

Accuracy and precislon

This zensor i calibrated initially u=ing
a dpecial Mow cell with caleium Muaride
windoas and a 4-0n (10 06-cm) optical
path. Controlled mixtores of pure 00
and COy miged with nitrogen are
psaed theaugh the cell using niass flow
comtrollers (MES Inslruments 16e.,
Andover, MA), The calibration s
checked in a made thet slmniates gute
rxhnust by mn'l:l:l.ﬂnl.n:rll:l Brlocking tlhe
heam and then puffing cortified mix
tured of OO and GOy for hall 8 secoml
imti the hemm without the cell.

AL i local froeway TRmp, three certi.
fie=d gas miziures wath COMCO: patkos
aof U121, 1:1, and 4.86:1 {Scientific Lras
Produects, Longmont, COuoand Linds,
Therver, OO0 wers psed Tof Geld cals
hration. Tha 1:12.1 eylinder waa mea-
sired A1 thmes over & temperators
range of 520 $0 28 T owith & msan dnd
wtandnrd orror of 00108 £ f6.01; the 101

BT A ¢ ARALYTICAL CHEMIGTRY, WOL
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cylinder was mansursid 53 Limes 0vera
rernpeErstuen range of —2 S0 o 24 o B
with u menn and standard ereor of
1,017 £ 04973 ; and the 4.06:1 was méa-
aured U7 times over a8 tempersture
ennge ol 620 46 21 *C with a mesan and
standurd prrar of 481 & .58 These
rathos, tranalated Inte pxhaust percent
GO values, would e 144 £ (013
(1R 1), B84 &+ (46 ¢1:1), and 16,27 &
(s 44.086:1), The svstem is calibrated
dinily iming the gas mixztures and an

autimated compuler program.

In the surmmar of 1987 three sehicies
were fested uncer simiinr conditions
ii.e., wnrmed up and i frst pear wmider
constant aceeleration in-& large circulnr
packing loth Esch vebicle was drivan a
constant 20 r.rl.ph up o Mgmdn and wns
tmeasikeed 3§ imes by the sensor. Mes-
suremeni variability was found o in-
vraasn with incrapsing OO concentra:
tion. A camputse-contadled, bw-mils-
age 1885 Chevy Celebrity pave reaulis
ol 0,28 4+ 04% OO0 A& 1521 Fonda Civic
with Californls-apecified controks wnd
high mileage givve reaults of 1684 2 004%
), Thia wekhicle emitted less than 15
0 when idiing angd experienced tran-
signt emismions of ap to 6% OO0 when
shifting inta second grar. A& TGT Ford
Cralabe ahowed Lhe highest amissions
anid varighality ot 647 £ 0.8% C0.

Firther testing was conducted on
the Hondn Civie &t & local speedway,
Weasuramanis were mads atl speeds of
s e 40 imph with the gear ratio, speed,
nnd manifald vecuum recorded. An ai-
tempE wiks made tosimulntbe Lhese com-
ditions on g chaesis dynamoameter ot
the Environmental Testing Corpara-
tion in Aarora, U0, Unfortonately, on
the dynamometer it was impossible 1o
sufficiently redoces Lhe inevitable dvna-
mometer roller ltod an the vehicls to
obtain |dentical manlfold vacwams,
Wicth thizs coavent in mind. the dynu-
mometsr laboratory posults summa
rized im Tohls | con be comparesd with
the feld data:

A 187T Volkswagen Hos  owes
eguipped with an an-lnaard  Peerlsss
l;_‘m'pu,nr_uthm exhaust gas monitor and
printer to measire pereent OO0 and por-
cent 0k Tosts were conduactaed al var-

Table |.  Test result comparisons between the remote sensor and
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‘conventional methods of automoblie emission testing for a 1881
Harih Ciwic
 Location/method M mph  Percemi GO rendings
State o4 Colorade pah"  — (F ] 1
itk 1t
Remoie semeor ol [ MAS i TR i
Bﬁlﬂ_.'l! i 3o an4of .g__
a0 TEEAE 8
Enviranmentsl Testing Gor. s erTor 05 MA
ipaden wheady-site eefirg 500 20 28 A
onrollers e A
whaal 4 i LI
B0 it NA
l.r-:h:t wm ™
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o ilF-10-Tisel ratins on & local feseway
fump. Figups 4 crmpares the reaulls e
tween the fwo monitors Chiie expen
muntnl deflically encountensd was that
thi intnke system (or the Peerless mon-
e created u 13-2 deloy between the

tadpipe ond the octual mensurement.
Hegause the printer was operated mon-
ually, the timing of this delsy could oe
counl for Lhe values at the higher dir
tosfuel rateos excesding the expected
+1% error hismads. More “high-end™

Figure 4, Fiempie sensing GO GO, measuraments commplated against data from an

ai-board pescant GO and percant CCG 8xheest monsdon,
T savit] Hine reprasanis'a 1 agreanant. Toe dathes |lnts ndcnis Fa corsaponding 4 1% G0 des)

mign froem B 1 1 e

Figure 5§, OO ermisaion msasoremeants of operaliog wehicles made in Apdl 1088 &t a

hocal fresway ramg.

The bipshk hors represent the mempee of werec ey

ad Cabaman m qeer i e pow,, AW

T8, R obgl | T colnned ars repeaseT! i el comarisut ion in pernent G0 for sach fategony
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calibrntion dath and @ sehicls whoss
emissinnm can be adjusted o highare
gareent OO0 mre nesded Lo extend the
vange. Typioal in<ows porcent OO ems
seon= ronge from 9t 76%. Bosed on
the test dats described above, we le-
liwwe that ouwr svstem hes nn accuirncy
and preclsson of 1% OO0 for an indi
yidfunl 1est

Comparisosn o Federal Tesl
Procedure

Ir-eallaborntinn with the Coleroda De-
partmant of Health; o comparisan he-
wwieedi Lhe FTF and our remote sansing
method ‘wan ati=mpiad, After the
bengthy FT P wis vcompleted, sach vehi-
cie wae driven up o parking g with 4
Fmdﬂ":r =~ ¥k theough Uhe remaote son
sor bean. An average of thres to five
readings was tecorded. Fiflv-thres
meanuramen s were recordedd T i we-
triches Lhst comsumed sithee regualar an
Jeadded ar 1|51!mv||:|LH|. Tueds, & eieridi
tion coelTicient to the FUP of 851 was
ohtained. Lleing only the first romobe
pansalng measaremurl fram endh ek
e the correlation coslTlieient to FTP
itk 68 Firal nod second moensusemants
from theee vehicles —a LF8E and & 1067
[hodge Aries and & |BRT Tsuan Pickupe
were preluded from the eorrolotinns
hecanse of unexplattsed hehswior o
which high (=2-5%} nitial peseent C0
measiremeits werg (oflowed by very
Iow measuremedta (==t=0.0% 1 Tha
vurinhibily oleerved b e peimole ses-
ing test results wos comparabide B 1 b
wartatility of the stondard two-specd
idle pests perioeinesd by the Colorsdo
Department of Health copcuereni with
ihie FT'F testn. Lhrect vorsnbabily corm:
guaeleons with FTF wees nnl _|p_|-..-,|;||:||,.|_-
becikise thae FTP mieasursments wene
nat repeiled

Uring: miles-per-gallon. dnta ovail-
ghha from the FTTE tests, itis paozaibke 1o
comvert b porcent OO Qgroms of OO0
per gablom af fuel) pead imes diesctly it
grams of 0 per mile, dnpriving the
average coreelation i (LEL This data
sef indhicates that further improvemen:
in the porrelstion s possilsle Chiroagh
thio- s of o muliomods Lesl (e, usiig
different  wppeeds  and weesleration
ertea ) L) Bocamse remote densing ful-
fille this nsed Tor g direct mi-Fomed est,
corredation with FTF w ool as fmpor
gt g 11 i for short soyele dynnmome
HieF LEsEs

Applications snd luture developments

The Umwversity of Lhenver's remote sen
st mllows the rapid and low-cost mea
surim#nl of numerongs volbckss ugerat-
ing under real copditirm. Figure & =0
histigrnm detailing Lhe OO0 meisore
ments ol JLTE sehicles made during »



two-week period in April 1988 at a local
freeway ramp. A small percentage of
the vehicles are very high CO emitters.
In this data set 8.6% of the vehicles
account for half of the CO emissions,
and 71% of the vehicles are totally irrel-
evant contributors from an air quality
standpoint (all measured at less than
1% CO). This demonstrates the ease
with which very large data sets can be
accumulated at a fraction of the cost of
current testing.

Currently under development is a
video system that will enable us to ask
more pertinent questions of our fleet
distributions: What is the day-to-day
variability of the high-pollution vehi-
cles, and can they be repeatedly identi-
fied? What do percent CO distribu-
tions look like for various vehicle ages
and models (e.g., are the high-polluting
vehicles all older vehicles)? Do some
models have a higher probability of
showing up in this category?

The EPA computer model has been
shown to be ineffective at predicting
operating vehicle emissions. In two re-
cent studies (17, 18), the EPA model of
vehicle CO emissions (MOBILE3) was
in error by more than a factor of two.
The MOBILE# models are handi-
capped by a lack of operating vehicle
data, especially on ‘“‘super emitters”
(vehicles with CO emissions greater
than 150 grams per mile). We antici-
pate that remote sensing measure-
ments can form the basis for a more
realistic model through the collection
of large in-use databases (19, 20).

The current device will work only on
a single lane of traffic and on only one
exhaust species, CO. It probably will
not be possible to distinguish separate
contributions from vehicles operating
in adjacent lanes. However, we believe
that the basic concept is sound and
that it is feasible to expand the sensor
to monitor additional species such as
hydrocarbons, formaldehyde, and ni-
trogen oxides.

The authors thank the Colorado Office of Energy
Conservation and NSF ATM 8620365 for funding
the instrument development and testing. Jerry
Lyons and the Colorado Department of Health
Emission Technical Center and the Aurora Police
Department are thanked for the FTP testing.
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APPENDIX B: Detailed Calculations

Detailed arithmetic derivations of A/F ratio, gms CO/gallon,
and dry, air corrected, exhaust %CO from the remotely-measured
value of Q. For this purpose, dry air is assumed to have the
formula 0.210 , and 0.79N ,. It is interesting to note that (0.21 x
2) = 0.42 and 0.79 appear throughout the final equations, sometimes
with added integers (such as 2.79). Reappearance of these numbers
is one advantage of carrying out all arithmetic in molar rather
than mass units.

Determination of effective A/F ratio

7 rr o~ ~ T

ChH_, +mi0.210, + 6.75N,) ~—~ g (A,0) + aC0 + bClO, + §.79miv,
at+b=1 by carbon balance
042m =n/ 2 + a + 2b by oxygen balance
Q = ab by remote sensing

a=0Q/(1+Q), b=11+ Q)

Molar A/ F = m =

= (n/2 + a + 2b)/0.42

= (/2 + 1/(1 + Q) + 1)/0.42

= (2 + nl2 + Q1 + n/2))/0.42(1 + Q)
For fuel of chemical formula CH ., N = 2 and

AF = (3 + 2*Q)0.42(1 + Q).

If the fuel has a different C:H ratio, then this calculation will

be in error. However, for small values of Q (most vehicles) an 8%
error in the assumed C:H ratio results in only a 4% error in
calculated A/F ratio.

The AJF ratio used by mechanical engineers is by weight. To obtain
the engineering units, the molar ratio should be multiplied by
29/(molecular weight of the fuel). In the case of n=2, multiply by
29/14.

Note that unburned HC or evaporative emissions will increase

the actual fuel use, and an air pump or excess combustion air would
increase the actual air throughput. This calculation only refers
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to air participating in combustion either in the engine, catalyst,
or exhaust system.

Determination of gm/gallon CO emissions

The ratio of CO to CO + CO ,is a measure of CO emissions in moles
of CO per mole of carbon in the fuel, thus:

CO/(CO + CQ) = a/(a + b) = a
from earlier equation sa=0Q/(1 +Q)
To convert moles of CO to grams of CO multiply by 28gm/mole
To convert moles of carbon in the fuel to gallons of fuel use
approximate fuel formula CH », (14 gm/mole) and density 700gm/liter,
4 liters per gallon.
CO gm/gallon = 4*28*700*Q/(1 + Q)*14
= 5600*Q/(1 + Q)

Note that this equation is approximate and neglects any
contribution from exhaust HC.

The FEAT gm/gallon equation can also be derived from the Federal
EPA miles/gallon equation (a). The EPA MPG calculation is based on

the same exact combustion equations used in the FEAT system. The
numbers look more complex since mass units are used instead of
molar units. The EPA MPG equation reads:

MPG = 2421/(0.866HC + 0.429CO + 0.273CO ,) (b)
where HC, CO and CO, are expressed in gm/mile and HC is assumed to
be CHgs. Since gm/gallon equals gm/mile multiplied by
miles/gallon.

.429C0O(gm/gal)=2421-.273CO »(gm/gal)-.866HC(gm/gal)  (c)
The FEAT System measures Q = CO/CO, in molar units.
CO/CQ in mass units - Q*28/44.

A development planned for the FEAT System will measure Q'=CO/HC in
the next generation system.

CO/HC in mass units = Q'*28/13.85.
Substituting in equation (c), we obtain:

0.429C0=2421-0.273(44C0/28Q)-0.866(13.85C0/28Q")
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12*Q*CO = 67,800Q-12C0-12QC0O/Q’
12CO(1+Q+Q/Q’) = 67,800*Q
CO gm/gallon = 5650Q/( 1 + Q + Q/Q)

As shown above, a simplified equation was derived neglecting HC and
dropping one significant figure. This equation was

CO gml/gallon = 5600*Q/(1 + Q)

For typical fleet average, Q = 0.1 and the results of this
simplified equation and the hydrocarbon-corrected equation are
essentially identical. Since we do not currently have the

capability to measure HC, we make use of literature data (from FTP)
which shows that CO and HC are quite well correlated with a ratio
of about 12.5 (in molar units) (2). This allows for a simple
correction for HC, i.e.,

CO gml/gallon = 5650*Q/(1 + 1.08*Q)
If the CO/HC ratio were actually 10, the equation reads:
CO gm/gallon = 5650*Q/(1+1.1*Q)

For most vehicles Q = O and all equations are identical. For a
gross-polluting car (Q = 1), the HC addition increases the
gm/gallon by only 6% from the simple formula in which HC is not
included at all. This demonstrates that lack of measurement of HC
has little effect on the CO equations. Neglecting HC entirely
leads to errors less than 6% for 95% of vehicles. Incorrect
assignment of the CO/HC ratio introduces negligible further
correction.

When the next generation of FEAT Systems is available which
measures Q’, then not only will slightly more accurate gmCO/gallon
estimates be available, but also accurate tailpipe gmHC/gallon
estimates will become available.

It is important to note that all these per-gallon calculations
refer only to fuel which exits via the tailpipe, vehicles with
large evaporative or other fuel losses will use more gallons than
these tailpipe-based equations assume.

Derivation of the exhaust mole %CO and %CO , _in_ terms of the

measured CO/CO, molar ratio Q:

Assuming n = 2
from (@ ) m = (1 + a + 2b)/0.42
dry CO, fraction = b/(1 + 0.79m)
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Note that, as discussed earlier, any percentage errors in m caused
by the assumption o f n = 2 will be halved for most vehicles:

fraction of CO ,= (1/(1+Q))/(1+0.79(3+2Q)/0.42(1+Q))
multiply throughout by 0.42(1+Q)

0.42/(0.42+0.42Q+2.37+1.58Q)
0.42/(2.79+2Q)

dry %CO, = 42/(2.79 + 2Q)

dry %CO = 42*Q/(2.79 + 2Q)
from which one obtains directly

dry %CO, = 100/(6.64 + 4.76*Q)

dry %CO = 100*Q/(6.64 + 4.76*Q)

Effect of the Water Gas Shift Reaction

There is a reaction known as the water gas shift reaction in
which the exhaust CO reacts (sometimes on the catalyst) with
exhaust H ,0 to form CO, and hydrogen (H ),).

CO + HO -> CO, + H..

To determine the effect of this reaction, consider a vehicle
burning CH , fuel in which the exhaust would have been measured at
Q =1 (8.8% CO). The exhaust would have been:

HO + 0.5CO + 0.5CO, + 5.95*0.79N ..

If the water gas shift proceeded so as to remove half the CO, then
the exhaust would be:

0.75H ,0 + 0.25CO + 0.25H, + 0.75 CO, + 4.7N,

The remote sensor would find Q = 0.25/0.75 = 0.333, and calculate
exhaust %CO as
420Q/(2.79 + 2Q) = 14/3.456 = 4.45%.

0.25 x 100
In fact, dry exhaust %CO = ----------ommmmm- = 4.2%
0.25+0.25+0.75+4.7

Thus, for a very dirty vehicle, the water gas shift reaction can be
shown to cause only a small error in reported %CO. For the
majority of clean vehicles, CO is small and the effect is even
smaller.
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For the interested reader, Table | brings together in summary
form the relevant equations for emissions as a function of Q for
three extreme vehicle fuels (carbon, CH , and CH,). The equations
and derivations are independent of the nature of the vehicle or of
its emissions system. The equations are slightly dependent on the
chemical nature of the fuel, but the dependency is small because
the largest fraction of the exhaust, namely nitrogen, is constant.

TABLE 1

Solutions to the combustion equation in terms of CO/CO , ratio
(Q) for three extreme C/H ratio fuels. It is interesting that for
these three simple cases, most of the coefficients are integers or
integers plus 0.42 (twice the 0.21 fraction of oxygen, O , In air),
These parameters are derived from the remotely measured values of
Q, the determination of Q would be carried out correctly
independent of the fuel chemistry.

FUEL  FORMULA A/F in moles EXHAUST CO FRACTION

Carbon c (2 2=0.42A/F 420
42(1+Q)  140.79A/F 2+1.21Q

Gasoline CH , (3+2Q) 3-0.42A/F 42Q
42(1+Q)  140.79A/F 2.79+2Q

Natural

Gas CH (4+3Q) 4-0.42AJF 42Q
42(1+Q)  140.79A/F  3.58+2.79Q

The EPA fuel economy equations are based on the same
combustion equations as are used in all the derivations above. As
discussed in the Federal Register, there are no corrections
required for differences in the vehicle or for the presence,
absence, or type of emission system. There are small corrections
required for the density and the carbon to hydrogen ratio of the
fuel. For normal gasolines, the density differences are not large.

Figure 1 illustrates that the corrections arising from a lack of

knowledge of fuel carbon to hydrogen ratio are also not large. For

a vehicle which has enough air to burn all the fuel carbon to CO 2
then no CO is observed, and independent of C/H ratio, the exhaust

%CO is correctly assigned to zero. For a vehicle in which a CO/CO

ratio of one is observed (a fairly dirty car wunder any
circumstances), for a fuel with a C/H ratio of 1:2, the %CO will be

reported as 8.8. If the vehicle were actually running on pure

carbon, (a coalfired carl C/H of 1:0), the remote sensor would

report 8.8 again, whereas the actual value would be 12. Going to
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the other extreme, if the vehicle were powered by CNG (methane,
CH,) with the maximum possible C/H ratio of 1:4 for a hydrocarbon
fuel, then the remote sensor report would be wrong at 8.8, but the
correct reading would be 6.6. The reason the errors introduced by
drastic changes in fuel oxygenation are not large has mostly to do
with the fact that the major exhaust percentage is always nitrogen.

We have also solved the combustion equation for 2% and 4% fuel
oxygenation. The resultant equations show that the remote sensor
would underreport by a percentage equal to half the oxygenation
percentage. These small corrections are taken into account when we
report studies of oxygenated fuel programs where the degree of
oxygenation is known.
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APPENDIX C: Repeat Gross Polluting Vehicles

Vehicles which showed up four or more times in the gross
polluter (>4.48% CO) category in license plate order. The first on
the list, license 428027 AM motors, Four-door 1980 showed up a
fifth time at 3.3% CO. For all others, all data were >4.5%. These
12 vehicles emitted an average of 2270 grams CO per gallon of
gasoline. The total CO emissions is calculated from these 12
vehicles by summing all the observed %CO values. This number is
118,059 emissions units The total CO emissions from the 671
vehicles measured 4 times or more is 907,499 in the same units.
Thus, the 1.8% of the vehicles which drive by that site in the
gross polluting category every day, cause 13% of the CO measured at
that site.
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Date

08/09/1989
08/07/1989
08/08/1989
08/10/1989

08/10/1989
08/11/1989
08/08/1989
08/09/1989

08/10/1989
08/09/1989
08/11/1989
08/07/1989
08/08/1989

08/09/1989
08/08/1989
08/11/1989
08/10/1989

08/11/1989
08/08/1989
08/11/1989
08/10/1989

08/07/1989
08/10/1989
08/11/1989
08/08/1989

08/11/1989
08/07/1989
08/08/1989
08/10/1989
08/09/1989

08/10/1989
08/07/1989
08/11/1989
08/09/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

Time

07:32:16
07:45:14
07:46:52
08:11:02

06:05:43
05:56:15
06:07:15
06:07:47

08:24:01
08:30:29
08:26:22
08:37:37
08:31:22

06:42:27
06:25:44
06:24:34
06:32:28

06:13:18
09:35:17
06:53:04
08:55:31

07:43:58
07:43:57
07:12:18
07:44:43

06:40:31
06:45:10
06:35:41
06:30:12
06:32:20

07:20:46
07:17:39
07:31:15
07:23:18

06:50:39
06:50:42
06:49:42
06:52:53
06:49:40

License

428027
428027
428027
428027

DCZ500
DCZ500
DCZ500
DCZ500

GFT313
GFT313
GFT313
GFT313
GFT313

MBT120
MBT120
MBT120
MBT120

MBX893
MBX893
MBX893
MBX893

MY2834
MY2834
MY2834
MY2834

NLV805
NLV805
NLV805
NLV805
NLV805

OM4672
OM4672
OM4672
OM4672

PER173
PER173
PER173
PER173
PER173

Make

AM MOTORS

BUICK

FORD

PONTIAC

PONTIAC

NISSAN

BUICK

ACURA

FORD
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Model Year %CO
4 DOOR 80 5.9
4.7
5.2
4.9
COUPE 75 9.8
11.1
8.5
8.6
STA WAGON 79 6.0
10.9
10.9
11.6
12.6
4 DOOR 77 55
5.3
6.4
7.2
2 DOOR 76 9.3
6.5
10.7
55
2 DOOR 88 9.2
10.8
11.6
12.5
4 DOOR 77 95
6.7
7.3
9.3
7.9
HATCHBACK 89 4.8
4.7
5.8
4.8
4 DOOR 77 10.2
9.2
7.4
7.6
11.2



08/08/1989
08/11/1989
08/10/1989
08/07/1989
08/09/1989

08/07/1989
08/11/1989
08/09/1989
08/10/1989

08/11/1989
08/08/1989
08/09/1989
08/10/1989

08:00:43
07:51:07
07:55:32
08:04:21
08:04:26

08:04:32
07:53:05
07:52:27
08:00:24

07:14:15
11:15:43
11:12:15
11:08:46

QX8250
QX8250
QX8250
QX8250
QX8250

RU6163
RU6163
RU6163
RU6163

SNU312
SNU312
SNU312
SNU312

DODGE

CHEVROLET

AM MOTORS
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STA WAGON 73

ocoaud
Roood

4 DOOR 82

\l

PASSENGER 81

'_\
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APPENDIX D: All Repeat Vehicles

671 vehicles which were measured more than four times at the
Central Ave. to Eastbound 1-290 on ramp 8/7/89 to 8/11/89 in
license plate order. Most vehicles show very consistent readings
(mostly clean, and a few dirty given in Appendix C). The most
inconsistent is KS4624, a 1979 Pontiac 4-door measured at (14.2,
0.2, 0.3, 1.1, and 0.1). Apparently this vehicle was operating
with a very rich mixture on one pass. This is attributable to
either "off cycle" emissions (discussed earlier), or the vehicle
had its choke (or equivalent) stuck on the one day, or extra
gasoline had collected at some location in the intake system and
purged into the combustion chamber as we made the measurement.
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Date

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/07/1989
08/08/1989
08/09/1989

08/08/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

Time

07:45:08
07:45:52
07:36:51
07:37:34

09:51:41
08:22:54
12:02:03
07:32:12

09:18:31
09:14:51
09:31:15
09:09:36

06:44:50
13:35:06
08:57:05
13:27:42

10:15:22
11:39:40
08:48:48
11:16:05

08:31:30
08:36:53
08:28:46
08:36:10

06:10:57
06:04:33
06:09:31
06:08:40

08:19:54
08:21:02
08:17:19
08:28:39

08:24:59
08:09:58
08:05:08
08:09:11
08:00:33

08:24:54
08:38:23
08:34:55
08:36:30

License

1077AF-B
1077AF-B
1077AF-B
1077AF-B

118948RV
118948RV
118948RV
118948RV

133336RV
133336RV
133336RV
133336RV

13618SB
13618SB
13618SB
13618SB

1376DP-B
1376DP-B
1376DP-B
1376DP-B

17263SB
17263SB
17263SB
17263SB

195432
195432
195432
195432

199696
199696
199696
199696

2000AC-B
2000AC-B
2000AC-B
2000AC-B
2000AC-B

204980
204980
204980
204980

Make
MAZDA

CHEVROLET

CHEVROLET

FORD

CHEVROLET

OLDSMOBILE

TOYOTA

FORD

66

Model
PICKUP

CAMPER

PICKUP

BUS

PICKUP

BUS

4 DR HT

COUPE

PICKUP

CONVTBLE

Year %CO
86 0.0
0.0
5.8
0.1
78 2.0
0.2
0.5
0.2
88 0.0
0.0
0.1
0.0
85 0.2
0.1
0.4
0.1
86 2.3
0.8
2.4
2.1
86 1.8
0.2
2.0
0.0
73 0.2
6.3
1.3
0.2
87 0.0
-0.1
-0.1
0.5
87 0.0
3.7
2.9
2.1
49
89 0.0
0.4
0.1
0.0



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:58:19
07:11:25
08:49:45
06:58:21

06:35:00
06:36:49
06:41:14
06:38:35

06:37:05
11:08:47
06:31:04
06:32:33
06:29:00

08:25:41
08:41:44
08:25:04
08:28:08
07:45:42

08:48:25
08:35:24
09:23:20
08:34:57

06:54:20
06:56:01
06:51:26
06:46:11
06:48:26

07:33:02
07:33:37
07:39:35
07:35:57
07:39:43

07:58:18
11:22:53
07:49:56
11:20:10

06:33:23
06:32:38
06:34:19
06:32:56

258602B
258602B
258602B
258602B

266189
266189
266189
266189

268800
268800
268800
268800
268800

2821DF-B
2821DF-B
2821DF-B
2821DF-B
2821DF-B

29024D
29024D
29024D
29024D

2940548
294054B
294054B
2940548
2940548

2940DF-B
2940DF-B
2940DF-B
2940DF-B
2940DF-B

3583AN-B
3583AN-B
3583AN-B
3583AN-B

383566
383566
383566
383566

GENERAL MOTOR VAN

BUICK

OLDSMOBILE

FORD

GENERAL MOTOR PANEL

FORD

CHEVROLET

FORD

CHEVROLET

67

4 DOOR

4 DOOR

VAN

PICKUP

PICKUP

VAN

4 DOOR

78 1.0
0.5
1.4
2.0
87 0.1
0.4
0.2
5.3
86 0.3
0.0
-0.1
0.4
0.1
73 1.7
11.3
9.6
10.3
2.2
76 0.2
0.1
0.2
0.4
85 0.0
0.0
-0.1
0.0
0.0
76 0.6
0.5
0.6
2.1
4.3
87 3.2



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

10:30:46
10:20:04
10:16:06
10:19:49

08:32:01
06:54:14
07:40:49
07:53:48

06:28:13
06:29:51
06:21:58
06:31:17

07:40:19
07:36:06
07:38:29
12:01:43

08:25:13
08:17:53
08:44:08
09:54:39
13:14:13
08:57:06
08:15:50

07:45:14
07:46:52
07:32:16
08:11:02
07:53:45

07:59:21
07:50:45
07:59:14
07:49:49

09:30:13
09:03:35
10:16:26
11:10:26

06:27:42
06:28:57
06:28:51
06:18:31

3DAWN-B
3DAWN-B
3DAWN-B
3DAWN-B

40087RV
40087RV
40087RV
40087RV

401531
401531
401531
401531

406295
406295
406295
406295

412056
412056
412056
412056
412056
412056
412056

428027
428027
428027
428027
428027

433100
433100
433100
433100

433457
433457
433457
433457

435765
435765
435765
435765

CHEVROLET VAN

FORD PICKUP
MERCURY HATCHBACK
CHEVROLET STA WAGON
CHEVROLET 4 DOOR
AM MOTORS 4 DOOR

FORD MAVERICK 2DR SEDAN

BUICK

COUPE

DODGE 4 DOOR

68

69

84

84 0.0
0.0
0.0
0.0

1.6

0.9
1.8
3.4

88 1.0
0.1

-0.1
0.0

83 3.2
0.9
0.2
0.8

87 0.1
0.1
0.1
0.2
0.1
0.2
0.2

80 4.7
5.2
5.9
4.9
3.3

77 0.6
0.5
0.7
0.3

1.4

0.9
0.8
0.7

78 3.9
0.3
3.6
0.3



08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:16:37
08:24:16
08:08:38
08:18:09

07:38:28
07:34:56
06:48:45
06:54:34
06:53:37

06:38:59
06:50:33
06:51:54
06:48:15
06:45:44

06:49:33
07:33:25
07:26:02
07:32:46

07:03:16
06:51:15
06:28:09
07:10:24
07:12:47

06:45:48
06:48:39
06:47:01
06:42:22

06:43:03
06:14:57
06:27:11
06:40:07

08:36:11
08:36:24
08:22:39
08:22:39
08:43:35

07:17:57
07:24:58
07:25:43
07:17:06
07:25:01

475795
475795
475795
475795

516612B
516612B
5166128
516612B
516612B

540305
540305
540305
540305
540305

573791
573791
573791
573791

583154
583154
583154
583154
583154

5930BD-B
5930BD-B
5930BD-B
5930BD-B

5977AU-B
5977AU-B
5977AU-B
5977AU-B

602134
602134
602134
602134
602134

604839
604839
604839
604839
604839

OLDSMOBILE

CHEVROLET

BUICK

DODGE

HONDA

CHEVROLET

FORD

OLDSMOBILE

CHEVROLET

69

COUPE 81 0.0
0.1
0.0
0.0

PICKUP 77 1.0
11
1.3
11
1.2

COUPE 86 0.5

PFNoRO

HATCHBACK 89

(@]
ocooo"” oorik Pooo
orpR

4 DOOR 86 O.
0
0
1
1
VAN 86 0.0
0.0
0.2
0.2
PICKUP 87 0.0
0.0
0.1
2.1
4 DOOR 86 0.2
5.3
0.0
0.8
3.8
PASSENGER 79 0.1
0.1
0.1
0.1
0.1



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

07:09:13
06:55:31
06:57:31
06:54:52

08:46:54
08:45:22
08:45:38
08:49:23

08:35:17
08:37:42
08:41:22
08:25:47
08:35:55

07:44:25
07:38:06
07:39:01
07:35:36

07:04:02
06:59:20
06:59:42
07:01:00
07:02:09

08:58:35
08:44:02
13:00:19
08:46:58

07:12:36
06:27:13
06:31:44
06:28:41
07:09:24

08:31:57
08:23:10
08:27:11
08:17:57
09:09:14

11:30:17
11:14:05
11:17:24
11:14:33

609170
609170
609170
609170

612413
612413
612413
612413

617894
617894
617894
617894
617894

620190
620190
620190
620190

621311
621311
621311
621311
621311

624660
624660
624660
624660

649931B
649931B
649931B
649931B
649931B

675994
675994
675994
675994
675994

685042
685042
685042
685042

DODGE

PONTIAC

FORD

DODGE

VOLKSWAGEN

DATSUN

FORD

TOYOTA

OLDSMOBILE

70

HATCHBACK 86 0.1
0.3
-0.3
0.2
COUPE 85 0.0
0.2
0.3
0.1
4 DOOR 85 24
5.6
0.0
0.0
0.4
2 DOOR 82 0.1
-0.1
0.1
-0.1
HATCHBACK 85 0.1
0.1
0.1
0.1
0.0
COUPE 77 1.8
2.8
0.1
0.1
PICKUP 89 0.0
0.3
0.1
0.1
-0.1
HATCHBACK 85 05
0.3
0.1
0.2
0.0
2 DOOR 81 6.9
7.7
4.9
15



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08:32:02
08:36:43
08:30:24
08:44:39
08:33:25

10:36:26
10:57:09
11:45:12
10:45:25
07:15:09

10:25:54
12:36:38
12:41:35
09:09:38

07:58:42
07:59:09
07:59:59
08:02:52

08:01:44
08:00:34
08:06:04
07:58:30

11:09:14
09:46:00
11:22:32
09:48:48

06:40:19
06:48:44
06:46:53
06:41:58
06:47:59

06:43:54
06:26:03
06:25:10
06:25:51

07:48:52
08:01:05
08:02:18
07:12:58

06:46:00
06:42:22
06:38:49
06:41:07

726263
726263
726263
726263
726263

727107
727107
727107
727107
727107

7400DP-B
7400DP-B
7400DP-B
7400DP-B

749004
749004
749004
749004

754758
754758
754758
754758

76725
76725
76725
76725

7792DT-B
7792DT-B
7792DT-B
7792DT-B
7792DT-B

779587B
779587B
779587B
779587B

7810DH-B
7810DH-B
7810DH-B
7810DH-B

78817RV
78817RV
78817RV
78817RV

RENAULT

B.M.W.

CHEVROLET

SAAB

TOYOTA

FORD

GENERAL MOTOR PICKUP

FORD

FORD

DODGE

71

4 DOOR

4 DOOR

PICKUP

HATCHBACK

4 DOOR

STA WAGON

PICKUP

PICKUP

PICKUP

84

79

89

88
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08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:24:14
06:16:11
06:22:06
06:18:33

07:52:19
07:55:30
07:46:02
07:28:55

07:05:55
07:02:16
07:00:15
07:09:10

06:17:20
06:17:43
06:18:18
06:20:31

08:01:50
08:23:20
06:40:21
06:30:01

06:40:30
06:43:00
06:40:33
06:43:26
06:47:16

06:04:21
06:10:48
06:11:41
06:10:15

08:14:19
08:23:44
08:52:55
08:27:11

06:33:19
06:30:24
07:55:51
06:26:00

07:04:54
09:59:21
06:53:12
07:34:34
07:00:31

79013RV
79013RV
79013RV
79013RV

7917
7917
7917
7917

793477
793477
793477
793477

807493
807493
807493
807493

826741
826741
826741
826741

828657
828657
828657
828657
828657

831254
831254
831254
831254

844172
844172
844172
844172

8453DW-B
8453DW-B
8453DW-B
8453DW-B

857387
857387
857387
857387
857387

CHEVROLET

OLDSMOBILE

BUICK

PLYMOUTH

HONDA

OLDSMOBILE

BUICK

PLYMOUTH

CHEVROLET

PLYMOUTH

72

PICKUP

COUPE

PASSENGER

HATCHBACK

4 DOOR

COUPE

COUPE

VAN

PICKUP

VAN

85 0.2
0.1
4.2
0.1

86 0.1
0.1
0.1
0.1

(0]
[e)e) N
N
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88 0

1
2
3

86 0.0
-0.3
0.3
0.2
0.0

89 0.1
0.0
0.0
0.1

86 0.8
0.4
1.4
11

84 0.1
0.1
0.1
0.0

86 0.5
0.0
0.8
0.0
0.2



08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:13:12
08:20:54
08:09:10
08:13:34

06:30:46
06:31:31
06:26:19
06:30:52

06:42:39
06:53:29
09:44:49
06:51:18

11:07:11
10:44:08
10:53:08
10:30:35

10:08:42
07:06:29
07:08:07
06:44:30

06:35:03
13:00:23
06:34:06
06:37:36

06:49:52
09:14:07
06:45:55
06:12:46

07:50:02
07:47:41
11:15:30
07:37:49
12:24:03
08:00:33
07:50:48

07:52:09
06:38:13
07:50:29
08:09:45

06:48:35
06:55:09
06:36:15
06:31:32

858439
858439
858439
858439

871432
871432
871432
871432

874EC-B
874EC-B
874EC-B
874EC-B

897343
897343
897343
897343

90527RV
90527RV
90527RV
90527RV

9062DW-B
9062DW-B
9062DW-B
9062DW-B

9108DT-B
9108DT-B
9108DT-B
9108DT-B

93725RV
93725RV
93725RV
93725RV
93725RV
93725RV
93725RV

94607RV
94607RV
94607RV
94607RV

9507BA-B
9507BA-B
9507BA-B
9507BA-B

PONTIAC

FORD

CHEVROLET

CHEVROLET

CHEVROLET

FORD

CHEVROLET

TOYOTA

CHEVROLET

73

COUPE 86 0.2
0.3
0.3
0.2
HATCHBACK 89 0.1
0.1
0.0
0.1
VAN 89 0.0
0.0
0.1
0.2
4 DOOR 87 0.0
0.0
0.0
0.2
VAN 86 1.2
0.7
15
0.2
PICKUP 89 28
0.2
0.5
2.1
PICKUP 87 0.7
0.8
0.8
0.5
TRUCK 85 0.2
0.2
0.1
0.0
0.2
0.4
0.1
TRUCK 74 1.7
1.7
3.6
3.9
PICKUP 85 0.2

oklr
oo



08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08:18:17
08:26:58
08:11:09
08:07:21

07:30:15
07:36:09
07:33:56
07:26:57
07:22:14

06:42:52
06:52:14
06:20:54
06:04:20

06:54:02
06:40:41
07:08:11
06:53:38
06:50:08

07:16:36
08:06:13
07:10:05
07:25:51
07:18:32

08:26:49
08:27:23
08:24:26
07:57:03

06:12:24
06:18:19
06:20:41
06:18:43

07:31:28
07:27:07
07:25:03
07:28:28

07:06:23
06:57:57
07:04:39
07:09:31

970755B
970755B
970755B
970755B

9758DZ-B
9758DZ-B
9758DZ-B
9758DZ-B
9758DZ-B

987317B
987317B
987317B
987317B

999564
999564
999564
999564
999564

AEG82
AEG82
AEG82
AEG82
AEGS82

AFORD2
AFORD2
AFORD2
AFORD2

AIRWAZ3
AIRWAZ3
AIRWAZ3
AIRWAZ3

AK3456
AK3456
AK3456
AK3456

AL7973
AL7973
AL7973
AL7973

CHEVROLET

CHEVROLET

FORD

CHEVROLET

PONTIAC

LINCOLN

CHEVROLET

BUICK

TOYOTA

74

VAN 85 0.7
0.4
0.1
1.0
TRUCK 79 01
0.4
0.2
0.1
0.2
PICKUP 86 -0.1
0.2
0.1
0.2
4 DOOR 79 1.0
0.7
0.1
0.2
0.2
COUPE 88 0.1
0.0
-0.3
0.3
0.0
4 DOOR 88 0.0
0.1
0.1
0.0
VAN 87 0.1
0.4
0.3
0.2
COUPE 89 0.1
0.1
0.0
0.0
SEDAN 87 0.2
1.4
0.0
0.1



08/07/1989
08/07/1989
08/08/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/09/1989
08/09/1989
08/09/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

10:44:07
12:57:23
10:39:10
12:51:14
11:56:21
13:48:03
09:30:53
12:20:09

08:03:56
07:54:52
07:52:39
07:43:00

08:27:15
11:41:32
13:39:33
08:47:27
11:21:47

07:01:22
06:58:59
06:59:48
06:57:17
06:56:38

07:37:30
07:34:30
07:30:16
07:26:42
07:35:13

07:03:08
07:04:03
07:07:43
07:03:33
07:06:58

09:46:05
12:55:36
10:39:00
09:14:17

06:40:06
06:38:40
06:46:58
06:39:54

07:26:25
07:20:51
07:45:39
07:27:17

ALD600
ALD600
ALD600
ALD600
ALD600
ALD600
ALD600
ALDG600

ALV579
ALV579
ALV579
ALV579

AM1724
AM1724
AM1724
AM1724
AM1724

AN9805
AN9805
AN9805
AN9805
AN9805

ANG531
ANG531
ANG531
ANG531
ANG531

APS320
APS320
APS320
APS320
APS320

ARPRINT-B
ARPRINT-B
ARPRINT-B
ARPRINT-B

AU9711
AU9711
AU9711
AU9711

AVK134
AVK134
AVK134
AVK134

CHEVROLET

DODGE

PLYMOUTH

FORD

CHEVROLET

VOLKSWAGEN

DODGE

CHRYSLER

CHEVROLET

75

4 DOOR

2 DOOR

VAN

HATCHBACK

4 DOOR

4 DOOR

VAN

4 DOOR

4 DOOR

82

86

88

85

87
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08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:09:28
08:09:33
08:36:04
08:02:42

06:57:06
06:34:52
06:52:42
07:04:27

08:32:53
10:09:19
08:10:52
07:38:46

08:10:08
08:09:21
08:06:44
08:10:19

06:44:53
06:26:25
06:35:40
06:30:24

08:29:35
08:40:42
08:31:04
08:19:34

07:10:22
07:01:21
07:18:11
07:10:22
07:12:34

06:59:07
07:00:49
07:02:28
07:00:51

07:56:34
07:46:08
08:12:11
07:54:27

08:07:32
09:00:18
08:54:01
08:59:53

AW2221
AW2221
AW2221
AW2221

AZ2893
AZ2893
AZ2893
AZ2893

BA7675
BA7675
BA7675
BA7675

BAR151
BAR151
BAR151
BAR151

BD5326
BD5326
BD5326
BD5326

BE102
BE102
BE102
BE102

BE8726
BE8726
BE8726
BE8726
BE8726

BEW195
BEW195
BEW195
BEW195

BF1993
BF1993
BF1993
BF1993

BILLEE1
BILLEE1
BILLEE1
BILLEE1

CHEVROLET

PONTIAC

DODGE

OLDSMOBILE

BUICK

LINCOLN

FORD

OLDSMOBILE

FORD

PONTIAC

76

2 DOOR

4DR SEDAN

VAN

COUPE

4 DOOR

4 DOOR

4 DOOR

COUPE

HATCHBACK

4 DOOR

78 2.9
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08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

12:18:46
12:39:16
06:11:03
06:14:22

07:21:36
07:03:08
07:40:06
07:11:21

07:45:32
07:42:22
07:23:07
07:25:40

06:40:02
06:39:03
06:42:42
06:48:41

07:28:32
07:41:40
07:28:29
07:22:51

06:36:45
11:48:18
07:22:22
07:10:54
06:58:54
07:03:27

08:59:07
08:35:57
08:31:03
08:37:57
08:51:29

10:53:13
10:08:31
09:36:28
09:41:18

12:12:44
08:02:56
08:37:37
08:39:21

BKC27
BKC27
BKC27
BKC27

BM7077
BM7077
BM7077
BM7077

BN8574
BN8574
BN8574
BN8574

BN9945
BN9945
BN9945
BN9945

BNX676
BNX676
BNX676
BNX676

BONE13
BONE13
BONE13
BONE13
BONE13
BONE13

BP4249
BP4249
BP4249
BP4249
BP4249

BP901
BP901
BP901
BP901

BR6149
BR6149
BR6149
BR6149

DODGE

PONTIAC

CHEVROLET

DODGE

MERCURY

PONTIAC

CHEVROLET

OLDSMOBILE

HONDA

77

VAN

4 DOOR

COUPE

4 DOOR

4 DOOR

SEDAN

COUPE

PASSENGER

4 DOOR

86 11.3
1.4
2.7
1.8
86 0.3
-0.1
0.1
0.3
88 0.0
7.5
0.1
-0.1
81 1.0
6.2
9.4
10.5
82 0.0
0.9
0.8
0.8
86 0.1
0.9
0.1
0.3
0.1
0.2
78 0.7
0.1
0.1
15
0.2
78 10.9
7.3
4.7
1.9
83 0.1
0.1
0.0
0.1



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/09/1989
08/11/1989

07:16:05
07:21:22
07:15:34
07:13:27
07:19:35

06:45:27
06:42:23
07:05:07
06:50:58

07:08:08
09:12:15
06:24:06
06:27:06

06:26:07
12:49:50
06:27:13
06:32:32

07:43:00
07:52:25
07:49:54
07:52:04

06:51:29
06:54:35
06:51:02
06:50:02
06:50:01

07:48:11
07:37:44
07:28:19
07:28:10
07:24:01

06:28:36
07:01:21
06:42:12
06:52:20

08:06:01
08:07:48
08:09:40
08:04:18

08:52:51
08:50:36
10:52:34
09:11:45

BR6987
BR6987
BR6987
BR6987
BR6987

BT2667
BT2667
BT2667
BT2667

BV396
BV396
BV396
BV396

BW2980
BW2980
BW2980
BW2980

BW4112
BW4112
BW4112
BW4112

BX3087
BX3087
BX3087
BX3087
BX3087

BXT738
BXT738
BXT738
BXT738
BXT738

BZ331
BZ331
BZ331
BZ331

BZ6519
BZ6519
BZ6519
BZ6519

CA2864
CA2864
CA2864
CA2864

OLDSMOBILE

CHEVROLET

OLDSMOBILE

BUICK

BUICK

OLDSMOBILE

BUICK

CHRYSLER

CADILLAC

DODGE

78

4 DOOR

4 DOOR

COUPE

2 DR HT

COUPE

2 DOOR

4 DOOR

4 DOOR

4 DOOR

4 DOOR

76

86 0.1
0.2
-0.2
0.2
0.2

88 0.1
0.1
0.1
0.1

83 0.0
0.0
0.0
0.0

73 0.2
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08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

09:06:26
09:03:23
09:21:44
09:33:50

07:31:48
07:25:19
07:24:09
07:21:41

08:53:30
09:34:46
10:05:11
08:53:50

06:26:50
06:29:58
06:29:00
06:27:09

07:12:18
07:14:47
06:46:34
07:16:50

07:52:21
07:28:11
07:31:22
07:38:27

06:53:22
07:01:38
06:58:59
06:59:31
07:03:06

07:01:18
12:04:13
07:09:46
07:13:21
07:16:40

07:47:01
07:43:06
07:31:16
07:33:19

08:23:57
08:37:04
08:31:07
08:30:00
08:31:54

CAP946
CAP946
CAP946
CAP946

CAX564
CAX564
CAX564
CAX564

CC8893
CC8893
CC8893
CC8893

CFV793
CFV793
CFV793
CFV793

CGH559
CGH559
CGH559
CGH559

CGX721
CGX721
CGX721
CGX721

CH9527
CH9527
CH9527
CH9527
CH9527

CJ7366
CJ7366
CJ7366
CJ7366
CJ7366

CL7858
CL7858
CL7858
CL7858

CM951
CM951
CM951
CM951
CM951

CADILLAC

OLDSMOBILE

CHEVROLET

CHEVROLET

BUICK

BUICK

CHEVROLET

MITSUBISHI

CHEVROLET

FORD

79

4 DOOR

COUPE

HATCHBACK

VAN

4 DOOR

HATCHBACK

STA WAGON

2 DOOR

COUPE

HATCHBACK

88

77 0.3
0.3
4.4
0.7

83 0.0
-0.1
0.0

-0.1

86 0.0
0.0
0.0
0.2

86 0.0
0.1
0.1
0.1

86 0.1
0.0
0.2

-0.1

86 0.1
0.1
0.2
1.2
86 0.3
0.1
0.3
0.2
0.2

0.1

0.1
0.6
0.4
0.4

86 0.1
-0.1
0.1
0.0

88 0.1
0.1
0.2
0.1
0.2



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:09:37
06:04:31
06:41:00
06:41:17

06:36:28
06:33:50
06:36:27
06:35:37

09:07:42
07:10:12
07:10:55
07:08:41

07:09:26
07:16:38
07:07:52
07:07:14

09:05:36
08:30:48
10:58:09
09:14:11
08:30:34

08:29:45
08:27:42
08:37:18
08:31:43
08:19:08

06:57:28
07:09:28
06:58:00
06:56:27
06:57:04

07:19:32
06:33:48
08:03:42
07:57:24
08:17:46

06:41:58
06:44:18
06:44:58
06:43:51

CN485
CN485
CN485
CN485

CNL847
CNL847
CNL847
CNL847

CR9364
CR9364
CR9364
CR9364

CT2784
CT2784
CT2784
CT2784

Cu5040
Cu5040
Cu5040
Cu5040
Cu5040

CuU8856
CuU8856
CuU8856
CuU8856
Cu8856

CVv6078
Cve6078
Cve6078
Cve6078
Cve6078

CWa3758
CWa3758
CWa3758
CWa3758
CWa3758

Cw8774
Cw8774
Cw8774
Cw8774

PLYMOUTH

CHEVROLET

OLDSMOBILE

FORD

AUDI

OLDSMOBILE

FORD

DODGE

BUICK

80

HATCHBACK 89 0.2

0.0
1.0
0.0
VAN 89 04
0.1
0.1
0.4
4 DOOR 84 4.1
2.3
0.9
3.8
HATCHBACK 88 0.1
0.6
0.2
0.3
4 DOOR 86 0.0
11
0.2
0.3
0.2
COUPE 83 0.1
0.0
0.1
0.1
0.1
COUPE 85 -0.2
-0.1
0.1
0.1
-0.1
HATCHBACK 87 0.0
0.0
0.1
0.2
0.0
COUPE 80 0.0
0.0
0.1
0.1



08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:59:03
06:57:13
07:00:05
06:58:06

07:44:18
07:44:21
07:31:39
07:22:00
07:36:11

10:47:04
10:49:12
10:54:44
11:19:08

06:47:52
06:53:04
06:53:06
06:51:21
06:57:20

07:10:06
07:05:30
07:19:52
07:21:21

09:26:05
09:43:48
09:37:55
09:41:20

07:15:50
07:21:13
07:14:11
07:16:13

08:07:53
08:08:02
08:13:14
08:02:19

07:36:46
07:35:40
07:41:57
07:31:03
07:19:57

06:24:17
06:26:18
06:25:32
06:28:55

CX5964
CX5964
CX5964
CX5964

CX8309
CX8309
CX8309
CX8309
CX8309

CX8465
CX8465
CX8465
CX8465

CX9723
CX9723
CX9723
CX9723
CX9723

CXB324
CXB324
CXB324
CXB324

CY664
CY664
CYo664
CY664

CY7246
CY7246
CY7246
CY7246

CYG993
CYG993
CYG993
CYG993

CZ8864
CZ8864
CZ8864
CZ8864
CZ8864

DA4710
DA4710
DA4710
DA4710

OLDS CUTLASS 2 DOOR

AM MOTORS 2 DOOR
PONTIAC 4 DOOR
GMC PASSENGER
OLDSMOBILE COUPE
TOYOTA 4 DOOR
OLDSMOBILE 4 DOOR
OLDSMOBILE COUPE

FORD MUSTANG 2 DOOR

DODGE 2 DOOR

81

86 0.1
0.2
4.8
3.4

81 -0.1
0.4
0.1
1.1
1.8

73 20
0.1
0.1
0.1

79 0.2
0.1
0.1
0.0
0.1

84 0.0
0.8
0.2
0.1

82 0.0
1.0
0.1
14

84 84
3.3
0.4
0.1

84 0.0
0.4
0.2
0.0

80 0.1
0.4

-0.1
0.1
0.4

88 0.2
0.2
0.2
0.3



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

10:23:28
09:11:45
09:26:52
10:45:09

08:09:12
07:23:11
08:39:53
07:19:44

06:07:15
06:07:47
06:05:43
05:56:15

06:22:23
06:24:20
06:24:58
06:23:04

08:15:57
08:10:27
08:18:13
08:22:22

09:54:21
09:57:06
10:17:35
09:24:22

06:02:41
06:31:47
06:37:40
06:40:03

06:18:30
06:29:42
06:25:23
10:04:50
06:24:42

07:45:52
07:22:03
07:27:44
08:20:47

07:55:58
06:43:38
06:40:36
07:40:44

DA781
DA781
DA781
DA781

DB9084
DB9084
DB9084
DB9084

DCZ500
DCZ500
DCZ500
DCZ500

DDL486
DDL486
DDL486
DDL486

DDX501
DDX501
DDX501
DDX501

DDY842
DDY842
DDY842
DDY842

DER127
DER127
DER127
DER127

DEY798
DEY798
DEY798
DEY798
DEY798

DF6119
DF6119
DF6119
DF6119

DF8619
DF8619
DF8619
DF8619

4 DOOR 87 0.2
0.8
0.1
0.0
BUICK 2 DOOR 84 0.1
0.8
0.1
0.1
BUICK COUPE 75 85
8.6
9.8
111
THUNDERBIRD 2 DOOR 77 0.0
0.2
0.1
0.1
BUICK 2 DR HT 75 1.2
2.0
1.9
1.3
OLDSMOBILE COUPE 79 0.3
0.3
0.1
-0.1
CHEVROLET STA WAGON 87 0.1
0.4
11
-0.1
BUICK COUPE 78 0.0
0.1
0.1
0.2
0.2
PLYMOUTH HATCHBACK 80 0.1
0.3
0.1
0.5
CHRYSLER 2 DOOR 78 1.0
0.2
11
0.6

82



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08:08:20
08:41:18
08:46:34
08:48:27
08:33:51

11:51:59
08:40:29
11:51:07
11:51:20

07:58:13
08:06:50
08:03:49
08:00:51

07:58:19
07:45:19
07:45:25
07:46:03

07:10:54
07:10:41
07:23:02
09:31:43
07:16:47

07:39:03
07:24:20
07:34:43
07:36:24

07:23:58
07:16:26
07:18:56
07:21:05

06:43:57
06:39:41
06:43:47
06:42:30

08:12:08
07:54:39
07:57:56
08:05:45

07:43:12
07:45:24
07:32:11
07:48:20

DFG650
DFG650
DFG650
DFG650
DFG650

DIMITRI
DIMITRI
DIMITRI
DIMITRI

DLN97
DLN97
DLN97
DLN97

DM2358
DM2358
DM2358
DM2358

DN3481
DN3481
DN3481
DN3481
DN3481

DT8908
DT8908
DT8908
DT8908

DW4065
DW4065
DW4065
DW4065

DW5089
DW5089
DW5089
DW5089

DY1267
DY1267
DY1267
DY1267

DZM461
DZM461
DZM461
DZM461

CHEV CAMARO

CADILLAC

VOLVO

HONDA

OLDSMOBILE

BUICK

OLDSMOBILE

OLDSMOBILE

MERCURY

DODGE

83

2 DOOR 85 0.0
0.4
0.1
0.0
0.2
COUPE 78 4.1

5.5
3.4
0.4

4 DOOR 86 0.1
0.1
0.0
0.0
HATCHBACK 80 1.7
11
5.1
4.0

COUPE 86 0.1
0.0
0.0
0.0
0.0

COUPE 85 0.0
-0.1
0.0
0.0

COUPE 79 14
0.3
0.2
0.5

4 DOOR 76 0.1
0.1
0.0
0.1

4 DOOR 86 0.1
0.5
0.2
0.1

VAN 87 0.1
0.2
0.0
0.0



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:11:40
08:07:27
08:09:33
08:02:56

09:25:48
09:36:18
10:21:31
09:29:34

08:59:33
08:58:48
12:41:34
09:05:50
09:27:17

07:56:24
08:01:09
07:50:39
08:03:05
07:47:06

07:38:06
07:54:18
07:54:36
07:59:40
07:50:10

08:21:45
08:32:51
08:18:33
08:25:06
08:22:11

10:38:22
08:15:56
10:24:02
08:50:02

06:37:29
06:36:18
06:38:36
12:09:10
06:40:52
06:34:02

09:22:27
09:26:12
09:08:41
10:12:48

DZ7132
DZ7132
DZz7132
DZz7132

EB2361
EB2361
EB2361
EB2361

EB340
EB340
EB340
EB340
EB340

EB7967
EB7967
EB7967
EB7967
EB7967

EB9015
EB9015
EB9015
EB9015
EB9015

EC1585
EC1585
EC1585
EC1585
EC1585

EC7739
EC7739
EC7739
EC7739

EC8108
EC8108
EC8108
EC8108
EC8108
EC8108

ECX539
ECX539
ECX539
ECX539

PONTIAC

FORD

VOLVO

BUICK

PONTIAC

FORD

FORD

OLDSMOBILE

CHEVROLET

84

HATCHBACK

4 DOOR

4 DOOR

COUPE

HATCHBACK

HATCHBACK

HATCHBACK

COUPE

4 DOOR
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08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

07:29:12
07:24:27
07:24:04
07:17:56

06:58:01
06:58:07
06:58:30
06:57:54
06:58:18

11:14:56
07:12:54
07:12:29
07:15:50

12:24:34
09:04:38
08:30:04
08:43:04
09:56:13

06:12:18
06:11:35
06:17:53
06:17:22

07:48:17
07:32:50
07:35:50
07:45:48

08:27:46
08:30:53
08:30:08
08:36:42
08:33:42

07:27:49
07:25:17
07:18:55
07:19:28
07:21:36

09:17:54
09:20:59
09:10:24
10:07:09

ED2132
ED2132
ED2132
ED2132

ED9639
ED9639
ED9639
ED9639
ED9639

EDK897
EDK897
EDK897
EDK897

EDWA470
EDWA470
EDWA470
EDWA470
EDWA470

EE2911
EE2911
EE2911
EE2911

EE4080
EE4080
EE4080
EE4080

EE4680
EE4680
EE4680
EE4680
EE4680

EE4907
EE4907
EE4907
EE4907
EE4907

EF1442
EF1442
EF1442
EF1442

CHEVROLET

FORD

CHEVROLET

PONTIAC

VOLKSWAGEN

MERCURY

TOYOTA

PLYMOUTH

CHEVROLET

85

4 DOOR 88 0.1
0.1
0.1
0.1

HATCHBACK 83 52
5.6
0.4
3.7
1.9

COUPE 86 05
0.7
0.5
0.6

COUPE 87 04
0.2
0.3

-0.2
0.5

2 DOOR 88 0.1
0.6
3.9
0.3

4 DOOR 78 4.7
6.5
1.0
4.1

4 DOOR 86 0.1
11
0.0
0.0
1.4

HATCHBACK 87 0.0
0.2
0.1
0.4
0.0

4 DOOR 74 0.8
4.0
0.6
0.8



08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

09:05:47
09:17:03
09:00:19
09:06:41

13:09:56
06:43:45
06:52:31
06:45:53

06:52:37
06:58:03
06:58:40
07:06:03
06:58:05

09:32:45
10:10:33
12:10:41
12:02:04

07:36:36
07:41:04
07:28:52
07:36:30
07:32:30

06:54:11
06:47:29
06:55:02
07:08:27

08:08:00
08:17:37
08:12:34
08:12:23
08:07:28

06:48:05
06:52:09
06:50:52
06:49:20

07:22:36
07:23:04
07:12:49
07:21:46
07:22:30

EF9056
EF9056
EF9056
EF9056

EG2683
EG2683
EG2683
EG2683

EGYWIZE-B
EGYWIZE-B
EGYWIZE-B
EGYWIZE-B
EGYWIZE-B

EH2232
EH2232
EH2232
EH2232

EH2741
EH2741
EH2741
EH2741
EH2741

EH4959
EH4959
EH4959
EH4959

EH5362
EH5362
EH5362
EH5362
EH5362

EH9194
EH9194
EH9194
EH9194

EH9826
EH9826
EH9826
EH9826
EH9826

OLDSMOBILE

PONTIAC

FORD

CHEVROLET

FORD

TOYOTA

DODGE

OLDSMOBILE

OLDSMOBILE

86

4 DOOR

HATCHBACK

PICKUP

HATCHBACK

VAN

2 DOOR

2 DR HT

PASSENGER

COUPE

86 0.0
0.0
6.5
0.3
85 0.0
0.0
0.2
0.0
86 0.0
-0.1
0.0
0.1
0.1
81 0.1
0.5
0.8
0.6
86 0.0
0.4
0.0
0.1
0.2
85 6.8
0.7
5.0
6.5
73 14
1.3
0.6
0.4
0.5
78 0.0
0.2
0.0
0.2
86 0.0
-0.2
-0.2
0.1
0.0



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

07:05:09
06:52:00
07:03:36
07:13:23

06:58:26
06:55:02
06:54:04
06:58:30

07:08:26
07:02:54
07:04:44
07:09:03

08:22:48
09:27:00
08:59:39
08:12:52

07:52:51
07:37:57
07:43:47
07:45:17

07:51:29
08:01:05
07:56:21
07:49:16
07:48:29

09:03:39
08:49:21
09:23:47
09:12:59

11:19:23
06:57:19
06:48:46
06:28:36

07:23:13
07:28:15
07:24:39
07:28:10

10:10:00
10:03:49
10:42:33
11:42:09

EHE129
EHE129
EHE129
EHE129

EJ4876
EJ4876
EJ4876
EJ4876

EJZ48
EJZ48
EJZ48
EJZ48

EKC834
EKC834
EKC834
EKC834

EKN849
EKN849
EKN849
EKN849

EKS150
EKS150
EKS150
EKS150
EKS150

EL9101
EL9101
EL9101
EL9101

ELF141
ELF141
ELF141
ELF141

ELH190
ELH190
ELH190
ELH190

ELR495
ELR495
ELR495
ELR495

MERCURY

PONTIAC

CHEVROLET

VOLVO

PLYMOUTH

BUICK

PLYMOUTH

MERCURY

MERCURY

OLDSMOBILE

87

4 DOOR

PASSENGER

4 DOOR

4 DOOR

HATCHBACK

STA WAGON

HATCHBACK

4 DOOR

2 DOOR

4 DOOR

88 0.0
0.1
-0.1
0.2

78 34
0.2
0.1
0.2

77 1.2
0.5
5.3
1.0

84 0.1
1.4
0.3
0.1

87 0.0
-0.3
0.4
0.1

77 0.1
0.2
0.1
0.1
0.1

89 05
0.4
0.1
0.1

87 0.1
0.0
0.1
7.3

87 0.1
0.0
0.0
0.1

84 21
0.7
2.7
15



08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

10:41:16
10:36:22
10:42:35
10:41:10

08:12:42
07:36:40
08:09:21
08:34:01

07:42:03
07:40:33
07:35:13
07:34:23
07:43:16

06:59:43
07:14:41
07:06:20
07:03:09

07:57:08
07:54:08
07:51:26
07:50:55

06:31:07
06:29:02
06:36:19
06:32:50

11:50:11
11:58:54
12:17:47
11:10:18

08:24:17
08:23:45
08:08:42
08:24:49
08:20:16

06:02:35
06:01:03
06:07:39
06:05:38

07:06:55
07:07:31
07:08:48
07:07:22

EM3679
EM3679
EM3679
EM3679

ENE331
ENE331
ENE331
ENE331

EP9145
EP9145
EP9145
EP9145
EP9145

EP9785
EP9785
EP9785
EP9785

EPL262
EPL262
EPL262
EPL262

ER2737
ER2737
ER2737
ER2737

ERH293
ERH293
ERH293
ERH293

EU3156
EU3156
EU3156
EU3156
EU3156

EUZ500
EUZ500
EUZ500
EUZ500

EV1657
EV1657
EV1657
EV1657

BUICK

FORD

MERCURY

CHEVROLET

TOYOTA

BUICK

CHEVROLET

OLDSMOBILE

CHEVROLET

DODGE

88

4 DOOR 87 0.1
1.0
0.1
0.0
HATCHBACK 84 6.2
1.4
3.7
2.5
2 DOOR 84 -0.6
-0.1
0.0
0.6
0.0
4 DOOR 77 14
0.7
0.4
0.5
2 DOOR 81 0.0
7.5
0.9
0.1
4 DOOR 82 0.0
0.0
4.5
0.1
HATCHBACK 79 3.8
5.3
4.2
4.5
COUPE 86 3.8
-0.1
0.0
0.0
0.1
2 DOOR 87 0.1
0.1
0.0
0.2
4 DOOR 89 0.0
0.6
0.3
0.1



08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

09:51:42
07:06:30
07:18:36
07:00:59

07:49:37
07:48:44
07:53:40
07:55:12
07:38:10

06:57:01
06:54:26
06:52:20
06:53:23
06:53:51

07:35:32
07:27:32
07:45:41
07:21:05
07:25:06

07:06:39
07:22:57
07:19:49
07:10:27
06:28:28

07:40:45
07:44:03
07:52:14
07:47:32

08:48:11
08:35:35
08:14:38
08:20:49
08:24:37

09:16:10
09:18:34
10:07:08
09:02:44
09:21:35

07:07:43
06:52:16
06:43:22
06:43:17
07:03:17

EVL195
EVL195
EVL195
EVL195

EVN270
EVN270
EVN270
EVN270
EVN270

EVR392
EVR392
EVR392
EVR392
EVR392

EVR947
EVR947
EVR947
EVR947
EVR947

EWC134
EWC134
EWC134
EWC134
EWC134

EXR493
EXR493
EXR493
EXR493

EXX416
EXX416
EXX416
EXX416
EXX416

EYA968
EYA968
EYA968
EYA968
EYA968

EZ4252
EZ4252
EZ4252
EZ4252
EZ4252

BUICK

CHRYSLER

BUICK

CHEVROLET

HONDA

DODGE

HONDA

CHEVROLET

BUICK

89

SEDAN

4 DR HT

COUPE

4 DOOR

4 DOOR

2 DOOR

4 DOOR

4 DOOR

COUPE

86 0.1
-0.2
0.4
0.4
79 05
0.1
0.3
0.1
0.6
86 0.5
0.0
0.1
0.0
0.1
72 75
5.1
1.9
1.2
2.7
87 04
0.0
0.0
-0.1
2.2
85 0.0
0.2
0.0
1.4
88 0.1
0.0
0.0
0.0
-0.1
88 0.1
1.0
0.1
0.1
0.0
84 5.0
0.5
0.3
0.4
0.7



08/08/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

06:41:09
11:18:51
06:40:31
11:08:15
06:44:25
06:40:27

07:52:49
08:00:36
08:09:44
08:12:13

07:27:53
07:28:41
07:23:56
07:15:49

10:23:56
11:43:47
10:31:49
10:21:39

07:03:47
07:03:00
07:08:10
07:01:54

08:00:38
08:00:41
08:02:52
08:09:42
08:04:03

07:06:52
07:02:41
07:12:21
07:04:10

08:09:35
08:04:50
07:41:38
07:58:31

10:12:51
10:08:33
09:57:43
09:59:46

08:02:38
07:49:18
07:33:47
07:49:23

EZ6527
EZ6527
EZ6527
EZ6527
EZ6527
EZ6527

FAP126
FAP126
FAP126
FAP126

FD9653
FD9653
FD9653
FD9653

FJ2004
FJ2004
FJ2004
FJ2004

FJ8064
FJ8064
FJ8064
FJ8064

FK570
FK570
FK570
FK570
FK570

FL8682
FL8682
FL8682
FL8682

FNB265
FNB265
FNB265
FNB265

FOX860
FOX860
FOX860
FOX860

FP5704
FP5704
FP5704
FP5704

BUICK

CHRYSLER

CHEVROLET

RENAULT

TOYOTA

TOYOTA

CADILLAC

OLDSMOBILE

CHEVROLET

90

COUPE 87 0.2
0.1
0.0
0.7
0.0
0.0
4 DOOR 84 0.0
0.5
0.1
0.3
4 DOOR 78 0.6
0.2
0.3
0.3
2 DOOR 85 0.2
0.1
0.1
0.2
4 DOOR 88 0.0
0.1
0.3
0.1
4 DOOR 88 0.0
0.2
0.3
0.0
0.0
COUPE 80 0.2
0.1
0.5
0.4
STA WAGON 85 0.1
0.1
0.0
0.5
4DR SEDAN 86 1.6
1.7
0.3
-0.1
4 DOOR 87 0.0
-0.1
0.0
0.1



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:51:20
06:49:52
06:50:20
06:45:20

06:14:27
06:15:08
06:14:16
06:13:37

06:43:48
06:41:20
06:43:41
06:49:49

06:46:25
06:50:03
06:46:00
06:54:03

07:27:30
07:20:44
07:22:56
07:18:28

06:56:33
07:02:29
13:26:19
07:15:58

08:13:15
07:35:45
08:20:05
09:40:54

06:08:18
06:11:54
06:07:15
06:09:38

13:31:25
06:23:46
11:09:44
06:13:37
10:49:16

06:54:24
06:54:52
06:56:55
06:54:36
06:51:28

FS124
FS124
FS124
FS124

FXZ221
FXz221
FXZz221
FXZz221

FY9049
FY9049
FY9049
FY9049

Fz2267
Fz2267
FZ2267
FZ2267

FZE180
FZE180
FZE180
FZE180

GA3726
GA3726
GA3726
GA3726

GB6569
GB6569
GB6569
GB6569

GB8231
GB8231
GB8231
GB8231

GC9328
GC9328
GC9328
GC9328
GC9328

GD1528
GD1528
GD1528
GD1528
GD1528

CHEVROLET

BUICK

BUICK

AM MOTORS

FORD

PLYMOUTH

FORD

BUICK

FORD

PONTIAC

91

4 DOOR

SHESENES
STENN

Sy=t=
OoOFr O

o
=

STA WAGON

RPORFR,W ON -

PASSENGER

w
OO0Ow ©O00O0 rOoOo

wWwoo

HATCHBACK

o
N

oPow o0o0o;
) Ll Y

[e)eNe]

4 DOOR

o

PASSENGER

ol

N AART
RO

HATCHBACK

|
OINDWN

4 DOOR

o
oPoo® prooo
Y =Y e)



08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08:27:36
08:21:03
08:13:53
08:26:59

07:21:28
07:16:47
07:16:09
07:18:08

07:13:26
07:11:49
07:06:55
07:14:25
07:09:18

06:50:35
06:48:29
06:46:39
06:48:02
06:54:44

08:37:37
08:31:22
08:30:29
08:24:01
08:26:22

07:02:12
06:57:09
06:57:42
06:59:25

10:32:09
09:50:21
09:57:34
10:25:59
09:30:25

06:41:17
06:38:10
06:36:33
06:38:19

07:04:08
06:46:18
07:04:47
06:39:08

GD5427
GD5427
GD5427
GD5427

GE3054
GE3054
GE3054
GE3054

GE3697
GE3697
GE3697
GE3697
GE3697

GF2659
GF2659
GF2659
GF2659
GF2659

GFT313
GFT313
GFT313
GFT313
GFT313

GG5698
GG5698
GG5698
GG5698

GGG278
GGG278
GGG278
GGG278
GGG278

GGYONG
GGYONG
GGYONG
GGYONG

GJ5211
GJ5211
GJ5211
GJ5211

TOYOTA

OLDSMOBILE

CHEVROLET

FIAT

FORD

FORD

BUICK

CADILLAC

BUICK

92

2 DOOR 83 0.0
0.0
-0.1
0.2
COUPE 85 0.1
0.0
-0.1
0.2
STA WAGON 79 0.1
-0.1
-0.1
0.2
0.2
4 DOOR 79 22
4.4
2.3
15
2.2
STA WAGON 79 116
12.6
10.9
6.0
10.9
HATCHBACK 85 0.1
0.7
1.0
1.0
4 DOOR 83 0.7
0.8
0.4
0.7
0.5
COUPE 77 0.1
0.1
0.0
5.9
4 DOOR 80 1.0
1.6
1.8
1.3



08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:26:52
07:25:39
07:30:07
07:01:37

06:51:45
06:57:01
07:00:16
06:52:19
06:51:31

07:16:19
07:18:26
07:14:24
07:15:04

06:40:12
06:37:54
06:33:16
12:15:52
06:36:06
06:35:20

07:16:54
07:20:15
07:15:19
07:18:15

07:42:02
06:46:37
06:43:04
06:45:33

08:22:43
08:45:02
08:06:59
08:22:07
08:21:41

06:48:36
06:44:15
06:44:01
06:41:30

07:55:23
07:57:58
07:50:29
08:03:51
07:53:58

GLX300
GLX300
GLX300
GLX300

GN5196
GN5196
GN5196
GN5196
GN5196

GN5951
GN5951
GN5951
GN5951

GNB462
GNB462
GNB462
GNB462
GNB462
GNB462

GOP28
GOP28
GOP28
GOP28

GP6149
GP6149
GP6149
GP6149

GR3885
GR3885
GR3885
GR3885
GR3885

GS1851
GS1851
GS1851
GS1851

GS2773
GS2773
GS2773
GS2773
GS2773

BUICK

COUPE

OLDS CUTLASS 2 DOOR

CHEVROLET

BUICK

CHRYSLER

BUICK

TOYOTA

FORD

BUICK

93

2 DOOR

COUPE

4 DOOR

4 DOOR

4 DOOR

STA WAGON

4 DOOR

84 0.0
0.2
0.3
0.1
77 0.8
1.8
0.9
0.3
0.3
79 0.1
3.3
3.6
0.4
80 0.6
0.3
0.9
0.3
0.3
1.7
86 0.0
0.1
0.0
0.1
82 24
0.6
0.1
0.3
89 0.0
-0.1
0.0
0.2
0.0
76 0.2
0.1
0.2
0.2
84 0.3
0.9
0.0
0.8
0.1



08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08:07:44
08:12:13
09:00:28
08:23:09

06:35:30
06:34:40
06:32:37
06:34:40

08:00:46
07:56:50
07:46:20
08:01:58

08:16:01
08:14:11
08:19:22
08:34:05

07:32:00
07:34:25
07:39:49
07:27:13
07:39:41
10:29:38

06:45:36
06:55:55
06:44:41
06:43:07
06:52:51

08:29:50
08:37:51
08:33:46
08:24:33

08:07:35
08:23:13
08:18:24
08:10:40

07:41:47
08:01:25
07:56:02
09:08:45

07:21:49
07:18:48
07:14:45
07:19:34

GU9003
GU9003
GU9003
GU9003

Gvu224
Gvu224
Gvu224
Gvu224

GWA256
GWA256
GWA256
GWA256

GWX491
GWX491
GWX491
GWX491

GWY238
GWY238
GWY238
GWY238
GWY238
GWY238

GX8476
GX8476
GX8476
GX8476
GX8476

GZM462
GZM462
GZM462
GZM462

HB9176
HB9176
HB9176
HB9176

HBG717
HBG717
HBG717
HBG717

HC3180
HC3180
HC3180
HC3180

OLDSMOBILE

BUICK

CHEVROLET

CHEVROLET

CADILLAC

BUICK

OLDSMOBILE

94

COUPE 81 0.0
0.1
0.0
0.2
COUPE 85 3.7
-0.1
0.1
0.3
COUPE 84 0.1
0.1
0.2
0.0
PASSENGER 88 0.0
-0.1
0.1
0.1
COUPE 76 0.0
0.1
3.1
0.5
0.3
0.8
4 DOOR 88 0.9
0.1
0.8
3.0
0.1
2 DOOR 87 0.8
0.1
0.0
0.0
COUPE 88 0.1
0.0
0.0
-0.1
4 DOOR 89 -0.1
0.1
0.0
0.0
COUPE 80 0.3
0.0
0.1
0.3



08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:30:08
07:22:07
07:23:47
07:26:43

08:30:10
08:46:49
08:40:20
07:50:41

07:17:25
07:12:04
07:13:24
07:16:32

07:50:54
07:27:36
07:54:06
08:01:10

07:50:52
07:54:08
07:47:36
07:56:13
07:53:47

11:41:37
11:55:25
11:53:11
12:06:04

09:34:50
09:05:42
09:08:34
09:18:58

12:03:34
07:59:42
07:59:20
08:07:12

06:08:25
06:03:33
06:05:32
06:13:10

09:03:20
10:19:48
08:34:33
10:00:06

HD4431
HD4431
HD4431
HD4431

HDB174
HDB174
HDB174
HDB174

HEATH99
HEATH99
HEATH99
HEATH99

HH6732
HH6732
HH6732
HH6732

HK5106
HK5106
HK5106
HK5106
HK5106

HOHO7
HOHO7
HOHO7
HOHO7

HR8482
HR8482
HR8482
HR8482

HRC622
HRC622
HRC622
HRC622

HU4008
HU4008
HU4008
HU4008

HU5246
HU5246
HU5246
HU5246

DODGE

OLDSMOBILE

FORD

FORD

DATSUN

CADILLAC

PONTIAC

BUICK

95

HATCHBACK 87 04
0.0
0.1
0.0
4 DOOR 79 0.0
1.0
1.8
0.2
4DR WAGON 82 0.2
0.0
0.2
0.2
HATCHBACK 88 0.5
0.3
2.7
3.0
HATCHBACK 85 0.0
0.1
0.0
0.0
0.4
COUPE 74 11
3.6
0.0
0.3
COUPE 89 0.0
0.0
0.0
0.0
4 DOOR 83 0.0
0.2
0.1
0.0
4 DOOR 84 05
0.3
0.4
0.5
COUPE 79 14

OO
~Nuoo



08/08/1989
08/09/1989
08/10/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:48:01
07:39:52
07:51:06
09:28:28
07:37:02

07:23:00
07:15:08
07:27:48
07:13:31
07:13:32

06:51:16
07:13:04
07:18:33
07:03:37

08:15:52
08:19:39
08:36:59
08:18:56
08:24:29

08:16:11
08:15:03
08:17:16
08:16:14
08:16:43

08:53:17
08:24:49
09:12:43
08:35:27

08:16:32
07:54:25
07:34:10
08:23:18

07:26:45
07:18:21
07:18:33
07:24:15

07:55:42
07:47:15
07:39:11
07:42:36

HU857
HU857
HU857
HU857
HU857

HV3894
HV3894
HV3894
HV3894
HV3894

HVV355
HVV355
HVV355
HVV355

HW6586
HW6586
HW6586
HW6586
HW6586

HXY658
HXY658
HXY658
HXY658
HXY658

HY7409
HY7409
HY7409
HY7409

HZ8091
HZ8091
HZ8091
HZ8091

IB3710
IB3710
IB3710
IB3710

ICES7
ICES57
ICES57
ICES7

OLDSMOBILE

OLDSMOBILE

CHEVROLET

DODGE

MERCURY

CADILLAC

HONDA

PLYMOUTH

PONTIAC

96

COUPE 81 05
0.3
0.2
0.3
0.7

4 DOOR 81 7.1
2.8
3.1
1.2
0.6
HATCHBACK 85 0.1
0.3
0.5
0.1
HATCHBACK 81 23
1.6
0.0
0.1
0.4

4 DOOR 88 0.1
0.1
0.0
0.1
0.1

4 DOOR 81 0.1
0
0
2

4 DOOR 88 3

cookr oooih o000
[(e N @ RN

HATCHBACK 88 0.
1
1
4

2 DOOR 82 0.1
0.0
0.1
0.7



08/07/1989 06:53:37 1D6184 OLDSMOBILE 4 DOOR 87 0.0

08/08/1989 06:55:14 1D6184 0.0

08/10/1989 06:58:16 1D6184 0.4

08/11/1989 07:05:54 1D6184 0.0
1

08/07/1989 07:58:52 IE7320 DODGE STA WAGON 85 0.

08/08/1989 07:50:04 IE7320 -0.3
08/09/1989 07:12:32 IE7320 0.3
08/10/1989 07:53:28 [E7320 -0.2
08/07/1989 07:26:04 1G3243 2 DOOR 87 0.2

08/08/1989 07:32:33 1G3243 0.0
08/09/1989 07:30:02 1G3243 0.1
08/10/1989 07:27:35 1G3243 0.1
08/11/1989 07:31:11 1G3243 0.5
08/07/1989 07:47:24 1K3544 TOYOTA HATCHBACK 84 0.2

08/08/1989 10:20:36 IK3544 0.1
08/09/1989 10:25:44 |IK3544 0.0
08/11/1989 08:17:12 [K3544 0.2
08/07/1989 06:48:23 1K688 RENAULT 4 DOOR 87 -0.1

08/08/1989 06:43:10 IK688 -0.2
08/09/1989 06:44:29 |IK688 0.0
08/10/1989 06:46:55 |IK688 0.1
08/11/1989 06:47:10 IK688 -0.1
08/07/1989 07:32:12 IM6636 OLDSMOBILE COUPE 87 0.1

08/09/1989 07:21:32 IM6636 0.1
08/10/1989 07:18:11 [IM6636 0.3
08/11/1989 09:42:51 [IM6636 0.1
08/07/1989 07:42:46 IMFREE CHRYSLER 2 DOOR 80 0.0
08/08/1989 07:58:50 IMFREE 0.1
08/10/1989 07:45:19 IMFREE 0.0
08/11/1989 07:46:43 IMFREE -0.1
08/07/1989 07:15:12 1R4548 CHEVROLET 4 DOOR 82 4.2

08/08/1989 06:35:59 [R4548 2.8
08/09/1989 07:43:32 [R4548 3.2
08/11/1989 08:05:35 [R4548 4.4
08/07/1989 07:31:05 IRMIE FORD 2 DOOR 88 6.3

08/08/1989 07:31:35 IRMIE 15
08/09/1989 07:28:06 IRMIE 0.1
08/10/1989 07:30:26 IRMIE 4.0
08/11/1989 07:32:10 IRMIE 14
08/07/1989 10:19:55 1S8824 OLDSMOBILE COUPE 85 -0.2

08/09/1989 12:34:31 1S8824 0.8
08/10/1989 10:26:10 1S8824 0.2
08/11/1989 10:29:46 1S8824 0.1

97



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/09/1989
08/10/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

06:39:04
06:38:20
06:39:18
06:41:28
11:44:53

06:12:59
06:11:02
06:11:26
06:13:34

08:51:55
10:05:45
13:09:13
09:40:05
12:25:57

08:02:07
07:53:38
07:23:53
07:43:05
07:47:55

08:16:08
08:31:11
08:13:23
08:03:35

07:38:37
07:42:57
07:42:22
07:47:59

06:22:50
06:26:29
06:30:04
06:26:17

07:34:43
08:02:34
10:16:10
10:32:26

10:32:52
09:59:18
12:37:15
10:23:53

08:10:34
08:35:25
08:15:07
08:28:19

IT5439
IT5439
IT5439
IT5439
IT5439

IW8865
IW8865
IW8865
IW8865

IX2239
IX2239
IX2239
IX2239
IX2239

Y9376
Y9376
Y9376
Y9376
Y9376

12957
12957
12957
12957

JBZ873
JBZ873
JBZ873
JBZ873

JD1516
JD1516
JD1516
JD1516

JD9580
JD9580
JD9580
JD9580

JDL4
JDL4
JDL4
JDL4

JDwW188
JDw188
JDw188
JDw188

HONDA

BUICK

BUICK

CADILLAC

CHEVROLET

TOYOTA

OLDSMOBILE

VOLVO

DODGE

TOYOTA

98

4 DOOR 87 03
0.1
0.5
0.2
0.4
COUPE 78 0.0
0.2
0.2
0.1
COUPE 87 0.1
0.1
0.9
0.5
0.2
4 DOOR 81 0.1
0.1
0.2
3.3
-0.1
COUPE 89 0.0
0.1
0.0
0.1
2 DOOR 82 0.0
-0.1
4.3
5.0
STA WAGON 78 0.2
0.0
0.1
0.2
4 DOOR 80 0.1
0.1
0.1
0.2
2 DOOR 85 0.2
-0.1
-0.1
0.5
2 DOOR 78 6.4
3.1
7.2
3.2



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

07:51:52
07:54:14
07:56:34
07:48:46
07:59:54

09:16:18
08:26:28
06:41:27
09:41:21
08:36:35

06:54:36
07:04:17
07:00:10
06:55:04

06:06:55
06:10:28
06:09:29
06:07:55

07:12:45
06:39:37
06:35:31
06:28:46

06:19:30
06:16:07
06:15:14
06:11:16

06:51:36
06:51:12
06:47:15
06:44:44

06:08:47
06:07:59
06:07:12
06:07:48

08:39:40
08:28:33
08:38:58
08:30:10

07:53:08
07:07:44
07:12:42
06:59:07

JDY570
JDY570
JDY570
JDY570
JDY570

JFB166
JFB166
JFB166
JFB166
JFB166

JG4374
JG4374
JG4374
JG4374

JGV947
JGV947
JGV947
JGV947

JH2761
JH2761
JH2761
JH2761

JJ4608
JJ4608
JJ4608
JJ4608

JJG122
JJG122
JJG122
JJG122

JIH114
JIH114
JIH114
JIH114

JK2628
JK2628
JK2628
JK2628

JK4663
JK4663
JK4663
JK4663

FORD

FORD

DODGE

FORD BRONCO

PONTIAC

FORD

BUICK

CHEVROLET

CHEVROLET

MERCURY

99

4 DOOR

4 DR HT

HATCHBACK

VAN

4 DOOR

HATCHBACK

4 DOOR

COUPE

2 DOOR

4 DOOR
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08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

10:40:43
12:50:55
10:48:13
12:04:02

08:51:31
08:51:24
10:03:25
08:56:26

06:57:35
07:00:55
07:08:04
06:55:41

09:47:21
06:20:25
06:19:46
06:20:27

11:50:52
11:44:04
08:32:52
12:07:04

07:06:19
12:39:55
07:19:04
07:01:57
07:07:33

07:57:47
08:01:49
08:09:20
08:00:28

07:07:56
07:20:48
07:27:31
07:22:06
07:29:14

08:36:14
09:40:14
08:36:10
08:36:20

07:46:02
07:54:23
07:54:46
08:00:43
07:42:42

JL3361
JL3361
JL3361
JL3361

JLJ141
JLJ141
JLJ141
JLJ141

JN1579
JN1579
JN1579
JN1579

JN7061
JN7061
JN7061
JN7061

JNK129
JNK129
JNK129
JNK129

JNL105
JNL105
JNL105
JNL105
JNL105

JONIH
JONIH
JONIH
JONIH

JSP190
JSP190
JSP190
JSP190
JSP190

JT1519
JT1519
JT1519
JT1519

JV6319
JV6319
JV6319
JV6319
JV6319

PLYMOUTH VAN
TOYOTA 4 DOOR
PONTIAC 4 DOOR
THUNDERBIRD 2 DOOR
OLDSMOBILE COUPE
FORD VAN
OLDSMOBILE 4 DOOR
BUICK 4 DOOR
MERCURY PASSENGER
MERCURY 2 DOOR

100

86 0.0
0.1
0.0
-0.1

87 0.3
0.2
0.1
-0.1

84 0.1

(0]
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ocooWw oook ooo
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89 O
0
0
1
88 2.2
0.2
0.8
0.0
0.0
89 0.1
0.1
0.1
0.0
77 0.1
0.0
0.0
0.2
0.1
79 3.2
2.3
3.0
2.6
84 24
0.0
0.1
0.0
8.6



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:46:19
06:41:11
06:51:44
06:48:25
06:47:12

07:58:10
06:29:12
06:55:22
07:21:55

08:05:31
08:09:38
08:04:34
08:08:39

09:32:43
08:44:19
08:46:12
09:02:44

07:48:00
07:47:16
07:43:17
07:48:54
07:46:05

06:30:31
06:37:25
06:28:57
06:32:54

08:08:59
08:14:44
08:09:44
08:08:07

07:11:34
07:13:53
07:13:48
07:13:28

07:20:19
07:26:43
07:23:30
07:30:14

07:24:53
07:39:59
07:33:05
07:40:14
07:33:41

JW4591
JW4591
JwW4591
JwW4591
JW4591

JW9o828
Jwo828
Jwo828
Jw9o828

JWH142
JWH142
JWH142
JWH142

JXC389
JXC389
JXC389
JXC389

JXY665
JIXY665
JIXY665
JIXY665
JIXY665

JY 7457
JY 7457
JY 7457
JY 7457

JYW811
JYws811
JYW811
JYWwS811

JZL708
JZL708
JZL708
JZL708

JZR713
JZR713
JZR713
JZR713

KAV371
KAV371
KAV371
KAV371
KAV371

CHEVROLET

VOLKSWAGEN

DODGE

CHEVROLET

PLYMOUTH

FORD

BUICK

THUNDERBIRD

FORD

101

4 DOOR 86 0.0
0.3
0.0
0.0
0.1
2 DOOR 87 0.0
-0.2
0.1
-0.2

VAN 87 0.0
0.1
-0.1
2.3

VAN 77 0.7
0.2
0.2
11

HATCHBACK 85 25
5.5
4.4
4.3
4.7

2 DOOR 87 0.0
0.0
0.0
0.1

4 DOOR 79 0.0
-0.1
3.5
0.0

COUPE 83 0.3

2.3
0.2
0.1

PASSENGER 78 0.6
4.5
0.8
3.2

4 DOOR 87 0.1
0.0
-0.1
0.0
0.0



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

06:59:00
06:56:54
07:03:10
07:08:00
07:04:19

08:27:55
07:52:48
09:10:03
08:25:29
07:54:48

08:10:05
08:00:52
08:04:53
08:04:05
08:05:13

07:59:13
08:06:40
08:00:58
08:01:47
07:48:45

06:50:25
06:50:44
06:51:41
06:51:05
06:51:34

07:32:52
07:32:49
07:32:55
07:30:30
07:35:06

07:19:42
07:24:53
07:21:32
07:24:30

07:29:21
07:33:47
07:27:21
07:30:12

06:48:04
06:58:49
06:45:20
11:33:25

KAY843
KAY843
KAY843
KAY843
KAY843

KB567
KB567
KB567
KB567
KB567

KBD442
KBD442
KBD442
KBD442
KBD442

KBJ932
KBJ932
KBJ932
KBJ932
KBJ932

KBN183
KBN183
KBN183
KBN183
KBN183

KBU519
KBU519
KBU519
KBU519
KBU519

KD7556
KD7556
KD7556
KD7556

KD7644
KD7644
KD7644
KD7644

KD960
KD960
KD960
KD960

PONTIAC

FORD

BUICK

TOYOTA

CHEVROLET

PONTIAC

OLDSMOBILE

MERCURY

TOYOTA

102

COUPE

2 DOOR

4 DOOR

4 DOOR

COUPE

COUPE

4 DOOR

HATCHBACK

4 DOOR
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08/07/1989
08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/09/1989
08/09/1989
08/11/1989
08/11/1989
08/11/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:58:00
09:52:52
07:19:24
07:32:29
07:02:50
07:12:44

12:21:36
07:37:11
09:14:37
11:54:20
07:37:18
09:22:51
10:26:26
12:08:12

06:27:50
06:27:50
06:28:28
06:30:09

13:44:06
12:37:04
09:14:23
09:22:52

07:43:34
07:40:10
07:45:38
07:46:36

06:40:33
06:16:28
06:42:39
06:44:47

08:11:58
08:22:47
08:19:31
08:00:16
08:16:16

07:25:01
07:19:56
07:23:43
07:22:02
07:24:18

07:16:42
07:04:42
06:54:52
06:50:16

KE7789
KE7789
KE7789
KE7789
KE7789
KE7789

KF4780
KF4780
KF4780
KF4780
KF4780
KF4780
KF4780
KF4780

KF6415
KF6415
KF6415
KF6415

KL790
KL790
KL790
KL790

KMH265
KMH265
KMH265
KMH265

KNR659
KNR659
KNR659
KNR659

KP9647
KP9647
KP9647
KP9647
KP9647

KPF243
KPF243
KPF243
KPF243
KPF243

KPL924
KPL924
KPL924
KPL924

FORD

DODGE

HONDA

TOYOTA

BUICK

PONTIAC

CHEVROLET

PLYMOUTH

103

STA WAGON 87 0.1
0.5
0.5
0.2
0.1
-0.2
VAN 87 0.0
2.4
1.3
1.6
2.0
3.8
0.2
0.4
4 DOOR 87 -0.1
0.0
0.0
0.0
HATCHBACK 88 24
0.9
-0.1
15
COUPE 83 5.7
2.8
6.3
2.4
4 DOOR 82 6.0
4.9
4.5
6.1
4 DOOR 89 -0.1
0.2
-0.1
-0.2
-0.1
4 DOOR 88 23
0.9
-0.1
0.5
0.0

HATCHBACK 87 0.2



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:49:09
08:46:03
08:31:00
08:35:21

06:21:00
06:24:43
06:26:21
06:23:06

06:50:30
06:51:58
06:50:32
06:54:20
06:54:20

06:47:55
06:48:27
06:49:46
06:51:42

08:36:41
08:41:21
08:40:10
08:29:41

06:42:10
06:39:32
06:41:38
06:39:03
06:41:14

06:40:23
07:04:54
07:07:56
07:15:41
07:00:02

07:12:39
09:54:30
11:45:08
07:00:23
11:15:01

10:07:08
09:56:38
09:04:52
09:31:00
09:52:42

KPZ935
KPZ935
KPZ935
KPZ935

KPZ940
KPZ940
KPZ940
KPZ940

KS4624
KS4624
KS4624
KS4624
KS4624

KTG249
KTG249
KTG249
KTG249

KU7851
KU7851
KU7851
KU7851

KULMOM1
KULMOM1
KULMOM1
KULMOM1
KULMOM1

KVV216
KVV216
KVV216
KVV216
KVV216

KZ9146
KZ9146
KZ9146
KZ9146
KZ9146

LAW969
LAW969
LAW969
LAW969
LAW969

MERCURY

AUDI

PONTIAC

MAZDA

CHEVROLET

DODGE

FORD

TOYOTA

FORD

104

4 DOOR 89 0.1
0.1
0.2
0.4
4 DOOR 83 0.0
0.2
-0.2
0.1
4 DOOR 79 14.2
0.2
0.3
11
0.1
COUPE 86 0.1
0.0
0.1
4.4
4 DOOR 88 0.0
0.1
0.1
4.3
HATCHBACK 89 0.0
0.1
0.0
-0.1
0.1
4 DOOR 87 0.1
0.9
2.1
1.8
0.1
COUPE 88 04
0.1
0.0
0.4
0.0
STA WAGON 87 0.1
0.5
0.6
3.4
3.7



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/10/1989
08/11/1989

08:37:24
08:43:08
08:40:34
08:34:02
08:41:30

07:35:12
07:18:50
07:23:40
07:26:52

09:30:23
07:42:06
07:44:35
07:53:53

06:43:59
06:51:56
06:53:23
06:48:31
06:41:59

07:25:05
07:22:15
06:49:53
07:23:39

07:34:33
08:23:00
08:03:36
08:22:17
07:54:19

08:02:31
08:01:30
08:04:23
08:05:59

08:09:53
08:22:19
08:20:02
08:13:47
08:23:12

07:10:48
09:14:43
07:15:33
09:48:52
07:14:53
09:08:38
07:59:05

LBX293
LBX293
LBX293
LBX293
LBX293

LBZ958
LBZ958
LBZ958
LBZ958

LF9883
LF9883
LF9883
LF9883

LFH257
LFH257
LFH257
LFH257
LFH257

LIL530
LIL530
LIL530
LIL530

LK4225
LK4225
LK4225
LK4225
LK4225

LLS169
LLS169
LLS169
LLS169

LMB308
LMB308
LMB308
LMB308
LMB308

LMM273
LMM273
LMM273
LMM273
LMM273
LMM273
LMM273

CHEVROLET

BUICK

HONDA

BUICK

TOYOTA

BUICK

TOYOTA

PONTIAC

MITSUBISHI

105

COUPE

4 DOOR

4 DOOR

4 DOOR

4 DOOR

4 DOOR

4 DOOR

COUPE

HATCHBACK

86 0.2
0.1
0.0
0.5
0.2
85 1.9
0.1
0.5
0.1
88 0.1
0.0
0.0
0.0
89 0.0
0.0
0.0
0.0
0.1
84 0.1
0.0
0.5
0.0
83 0.2
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08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:54:23
08:36:38
08:37:34
09:21:57
09:51:02

07:08:30
07:05:40
07:25:53
07:38:39
07:18:14

06:53:09
06:39:08
06:29:50
06:37:25

07:16:08
07:19:54
07:10:14
07:11:03
07:12:13

09:40:20
08:45:08
09:41:33
09:36:35
10:05:25

12:09:05
12:40:58
12:04:46
11:47:29

08:34:12
08:45:53
09:10:31
09:38:51

06:27:07
06:25:43
06:28:48
06:28:25

06:22:46
06:18:05
06:17:26
06:16:09

LNN536
LNN536
LNNS536
LNN536
LNN536

LPT656
LPT656
LPT656
LPT656
LPT656

LR9713
LR9713
LR9713
LR9713

LRW154
LRW154
LRW154
LRW154
LRW154

LTNG642
LTNG42
LTNG42
LTNG42
LTNG42

LTZ970
LTZ970
LTZ970
LTZ970

LUCI2
LUCI2
LUCI2
LUCI2

LVE413
LVE413
LVE413
LVE413

LVF468
LVF468
LVF468
LVF468

OLDSMOBILE

CHEVROLET

BUICK

TOYOTA

BUICK

BUICK

CADILLAC

BUICK

CHEVROLET

106

COUPE

4 DOOR

COUPE

4 DOOR

STA WAGON

STA WAGON

4 DOOR

4 DR HT

HATCHBACK

78 0.1
0.0
-0.1
0.0
0.0
86 0.6
0.1
0.2
0.1
0.1
78 0.1
2.1
0.0
0.0
88 0.1
0.0
0.1
0.2
0.1
69 1.2
0.2
0.1
15
1.2
78 11
2.3
2.3
7.9
84 0.6
3.2
0.1
0.3
73 0.2
0.3
0.3
0.3
85 0.9
0.3
0.7
0.0



08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

10:32:50
09:46:36
12:13:14
08:14:36

06:41:25
06:40:59
06:41:52
06:38:01
06:42:23

07:40:32
07:12:53
07:38:27
07:46:18

07:20:27
07:06:03
07:08:38
07:18:38

07:43:05
07:58:58
08:02:24
08:03:02

06:21:24
12:01:10
06:23:25
12:00:25
06:17:07
06:16:06
12:09:02

06:46:22
06:49:50
06:50:06
06:52:16

06:21:44
06:20:28
06:24:08
06:27:24

09:04:29
08:04:29
08:01:12
08:05:40

LVR949
LVR949
LVR949
LVR949

LW5280
LW5280
LW5280
LW5280
LW5280

LW6211
LW6211
LW6211
LW6211

LWG949
LWG949
LWG949
LWG949

LWX665
LWX665
LWX665
LWX665

LWY281
LWY281
LWY281
LWY281
LWY281
LWY281
LWY281

LXT456
LXT456
LXT456
LXT456

LY322
LY322
LY322
LY322

LYH397
LYH397
LYH397
LYH397

OLDSMOBILE

FORD

FORD

MERCURY

PONTIAC

CADILLAC

OLDSMOBILE

CHRYSLER

107

4 DOOR

2 DOOR

2 DOOR

4 DOOR

2 DOOR

4 DOOR

COUPE

CONVTBLE

COUPE

84

88

1

85

88

85

84

87

86
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08/07/1989
08/07/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:02:57
13:30:52
10:00:47
10:31:17

06:45:23
07:10:22
06:52:03
07:09:40

07:11:12
07:19:16
07:13:01
07:16:19
07:14:02

06:55:56
06:56:40
06:55:18
06:52:02
06:52:29

07:06:44
07:07:16
07:06:48
07:04:30

13:18:50
09:05:53
09:25:16
09:03:15

07:34:13
07:40:11
07:43:15
07:29:58

06:52:40
06:40:42
06:45:30
06:50:37

10:14:55
06:49:13
06:46:41
06:53:11

06:25:44
06:42:27
06:32:28
06:24:34

LZC714
LZC714
LZC714
LZC714

M31673
M31673
M31673
M31673

MA3447
MA3447
MA3447
MA3447
MA3447

MACRIS1
MACRIS1
MACRIS1
MACRIS1
MACRIS1

MAL2640
MAL2640
MAL2640
MAL2640

MB1219
MB1219
MB1219
MB1219

MB1668
MB1668
MB1668
MB1668

MB5467
MB5467
MB5467
MB5467

MB7381
MB7381
MB7381
MB7381

MBT120
MBT120
MBT120
MBT120

CHEVROLET

FORD

FORD

PONTIAC

CHEVROLET

BUICK

DODGE

LINCOLN

CHEVROLET

PONTIAC

108

COUPE 85 04
0.2
0.0
0.1

4 DOOR 82 8.2
11.8
3.5
8.8

4 DOOR 88 0.3
0.1
0.1
0.1
0.1

COUPE 86 0.1
0.4
0.2
0.1
0.1

4 DOOR 86 0.7
0.3
-0.1
0.1

4 DOOR 76 1.0
0.9
0.3
0.5

4 DOOR 88 4.9
0.5
0.1
0.2

4 DOOR 86 05
0.0
0.2
0.2

COUPE 87 05
0.1
0.4

-0.1

4 DOOR 77 53
5.5
7.2
6.4



08/08/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

09:35:17
08:55:31
06:13:18
06:53:04

06:49:03
07:02:17
06:41:13
06:49:51
06:51:03

06:43:25
06:30:01
06:16:26
06:26:54

08:29:10
08:30:15
08:18:02
08:29:57

07:07:12
07:06:57
07:08:57
07:09:27

07:12:14
07:25:37
07:15:08
07:11:41
07:13:41

08:20:51
09:05:18
08:50:20
10:51:24
08:52:34

07:37:57
07:49:58
07:59:45
07:50:29

09:44:20
08:10:13
08:10:30
08:05:19

MBX893
MBX893
MBX893
MBX893

MC2557
MC2557
MC2557
MC2557
MC2557

MC3826
MC3826
MC3826
MC3826

MD6197
MD6197
MD6197
MD6197

ME9685
ME9685
ME9685
ME9685

MF1782
MF1782
MF1782
MF1782
MF1782

MF4194
MF4194
MF4194
MF4194
MF4194

MG1356
MG1356
MG1356
MG1356

MJIR75
MJIR75
MJIR75
MJIR75

PONTIAC

FORD

OLDSMOBILE

FORD

MERCURY

BUICK

BUICK

CADILLAC

PONTIAC

109

2 DOOR 76 6.5
5.5
9.3
10.7
2 DOOR 88 0.3
0.1
0.7
0.3
0.3
4 DOOR 88 0.0
0.0
0.1
0.1
4 DOOR 85 0.8
6.3
0.1
7.6
4 DOOR 88 0.0
0.0
0.0
0.0
COUPE 82 0.2
0.0
0.2
0.0
0.1
4 DOOR 80 0.5
-0.1
6.2
6.4
0.1
4 DOOR 85 0.0
0.0
0.1
0.1
4 DOOR 86 15
0.0
0.1
1.8



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:35:26
08:37:27
09:48:50
08:34:22
08:50:02

08:59:31
08:30:29
08:38:54
08:39:56
08:39:50

07:12:25
06:49:02
07:02:02
06:19:24

07:06:04
07:14:50
07:05:17
06:59:35

09:41:38
08:26:03
08:20:48
07:36:39
07:31:58

11:09:36
11:16:36
08:24:44
09:11:48

08:20:35
08:02:51
08:09:27
08:08:02
07:55:50

07:52:11
07:50:19
07:53:06
07:50:43
07:47:25

06:03:02
05:59:23
08:09:18
05:57:55

MK1773
MK1773
MK1773
MK1773
MK1773

MK4484
MK4484
MK4484
MK4484
MK4484

MK5164
MK5164
MK5164
MK5164

MK6205
MK6205
MK6205
MK6205

ML2872
ML2872
ML2872
ML2872
ML2872

MLG204
MLG204
MLG204
MLG204

MLK205
MLK205
MLK205
MLK205
MLK205

MM8159
MM8159
MM8159
MM8159
MM8159

MMR187
MMR187
MMR187
MMR187

AUDI

DODGE

MERCURY

DODGE

MERCURY

OLDSMOBILE

CHEVROLET

CHEVROLET

FORD

110

4 DOOR

4 DOOR

HATCHBACK

VAN

2 DOOR

COUPE

4 DOOR

COUPE

4 DOOR

\l

(0]

o

~

n oooo
WoTwhMH

~
(6]
o

(o]

(e)]
o002 oron
oOwWRe® owuiNiN

86 -0.1
0.1
0.0
0.1
84 0.1
0.0
0.0
11
0.1
84 0.3
2.6
0.2
0.1
86 1.0
2.0
0.1
0.1
0.1
83 0.2
0.3
0.3
0.0
0.1
87 0.1
1.8
0.2
0.2



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

11:13:45
08:45:23
09:46:40
08:47:11
07:18:18

07:19:34
07:14:22
07:16:42
07:13:03

08:02:16
07:40:02
08:11:47
08:17:51
08:24:58

07:00:16
07:02:11
07:06:07
07:05:22
07:02:02

07:31:54
07:23:54
07:30:32
07:32:35

06:05:42
06:07:25
06:04:47
06:11:13

07:10:36
07:03:40
07:16:04
07:10:53
07:09:00

06:45:00
07:29:16
11:54:08
06:49:28
06:45:44

06:51:11
07:16:54
07:00:27
07:06:05

MN1352
MN1352
MN1352
MN1352
MN1352

MP1050
MP1050
MP1050
MP1050

MRJ127
MRJ127
MRJ127
MRJ127
MRJ127

MSU272
MSU272
MSU272
MSU272
MSU272

MTD291
MTD291
MTD291
MTD291

MU9140
MU9140
MU9140
MU9140

MVNG63
MVNG63
MVNG63
MVNG63
MVNG663

MW4890
MW4890
MW4890
MW4890
MW4890

MW7575
MW7575
MW7575
MW7575

CHRYSLER

PONTIAC

VOLVO

BUICK

FORD

FORD

LINCOLN

CHEVROLET

111

4 DR HT

STA WAGON

2 DOOR

PASSENGER

4 DOOR

2 DOOR

4 DOOR

HATCHBACK

4 DOOR

80 14
0.9
1.0
1.2
11
87 0.0
-0.1
-0.1
0.4
81 16
1.9
-0.1
-0.2
2.6
78 0.1
0.2
0.1
0.2
0.1
85 0.1
0.1
0.1
0.1
88 0.3
-0.1
0.0
0.1
78 1.6
3.1
2.0
2.2
3.4
89 1.2
0.0
0.0
0.0
0.3
86 0.7
0.8
0.3
0.1



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:51:34
07:51:01
07:45:47
07:54:25
07:51:53

08:20:44
08:23:18
07:28:57
08:28:18
07:20:43

11:30:02
07:29:57
07:29:07
07:44:44

09:17:56
09:12:31
09:18:48
09:00:01

07:43:58
07:44:43
07:43:57
07:12:18

08:01:54
08:16:30
08:04:41
07:55:34

06:58:23
06:54:18
06:54:27
06:24:12

10:14:13
07:32:32
09:18:16
07:29:19

08:11:19
08:16:08
08:08:12
08:07:52
08:00:56

MWY 745
MWY'745
MWY'745
MWY'745
MWY'745

MX7132
MX7132
MX7132
MX7132
MX7132

MXD415
MXD415
MXD415
MXD415

MXD433
MXD433
MXD433
MXD433

MY2834
MY2834
MY2834
MY2834

MY3094
MY3094
MY3094
MY3094

MY5995
MY5995
MY5995
MY5995

MZ8858
MZ8858
MZ8858
MZ8858

MZ9472
MZ9472
MZ9472
MZ9472
MZ9472

FORD

TOYOTA

FORD

CHEVROLET

FORD

CHEVROLET

MERCURY

112

4 DOOR

2 DOOR

HATCHBACK

HATCHBACK

2 DOOR

2 DOOR

VAN

4 DOOR

HATCHBACK
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08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08:31:53
08:35:46
08:39:52
08:39:27
08:38:56

07:21:57
07:16:59
07:16:27
07:23:50

09:45:52
07:53:17
09:50:41
09:51:12

08:54:32
08:57:19
09:35:55
08:48:20
09:32:55

13:13:27
11:46:15
09:59:14
10:16:52

07:47:22
07:40:53
07:42:59
07:46:00
07:39:46

07:17:29
07:23:13
07:57:46
08:13:59

12:20:02
12:20:44
11:35:52
09:00:09

06:45:10
06:35:41
06:32:20
06:30:12
06:40:31

MZ9767
MZ9767
MZ9767
MZ9767
MZ9767

NB4152
NB4152
NB4152
NB4152

NCR4353
NCR4353
NCR4353
NCR4353

NEL270
NEL270
NEL270
NEL270
NEL270

NHT661
NHT661
NHT661
NHT661

NJH134
NJH134
NJH134
NJH134
NJH134

NKS771
NKS771
NKS771
NKS771

NLC716
NLC716
NLC716
NLC716

NLV805
NLV805
NLV805
NLV805
NLV805

CHEVROLET

MERCURY

OLDSMOBILE

CADILLAC

CHEVROLET

CHEVROLET

CHEVROLET

BUICK

113

4 DOOR 80 0.1
0.8
0.2
0.2
0.6
4 DOOR 88 0.0
-0.1
0.0
0.0
4 DOOR 88 0.2
0.1
0.1
0.2
4 DOOR 79 0.6
7.3
0.8
5.7
9.1
2 DOOR 86 0.7
0.7
0.0
0.4
2 DOOR 88 0.0
0.3
0.1
0.0
0.2
COUPE 89 0.1

corS ofo
worUu oFo

STA WAGON 85

4 DOOR 77

o

\l
OCONN
Twow



08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

07:07:48
07:18:44
07:05:03
06:53:15

13:03:44
10:51:00
08:34:28
12:15:59

06:49:06
06:16:56
07:36:40
06:34:07
06:23:25

07:43:23
07:49:20
08:09:22
07:37:05

11:18:17
10:02:10
10:19:56
10:02:03

08:32:12
08:33:36
08:28:05
08:30:05

08:15:56
07:21:41
08:18:31
07:53:27

07:31:10
06:49:07
06:41:47
06:34:27

07:55:37
07:36:32
07:50:50
07:54:40

09:52:34
09:21:16
09:21:23
09:47:15

NP1192
NP1192
NP1192
NP1192

NP6944
NP6944
NP6944
NP6944

NPL554
NPL554
NPL554
NPL554
NPL554

NR4835
NR4835
NR4835
NR4835

NS2207
NS2207
NS2207
NS2207

NS3844
NS3844
NS3844
NS3844

NT474
NT474
NT474
NT474

NU1056
NU1056
NU1056
NU1056

NU4401
NU4401
NU4401
NU4401

NU5763
NU5763
NU5763
NU5763

CHEVROLET

OLDSMOBILE

CHEVROLET

CHEVROLET

CHEVROLET

BUICK

BUICK

OLDSMOBILE

CHEVROLET

MAZDA

114

HATCHBACK

4 DOOR

COUPE

COUPE

STA WAGON

4 DOOR

4 DOOR

4 DOOR

VAN

HATCHBACK

78

79 0.2
0.1
0.2
0.3
82 0.2
4.0
0.1
0.1
79 26
-0.1
3.2
5.5
2.0
88 -0.1
0.1
0.7
0.2
89 0.1
0.0
2.2
0.1
78 0.2
8.7
10.4
0.6
0.9
6.1
0.2
3.0
81 0.7
0.8
1.0
0.7
88 0.1
0.0
0.0
0.2
78 0.2
0.5
0.3
0.4



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/07/1989
08/08/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:28:10
06:27:43
06:28:03
06:28:40

07:22:54
10:09:27
07:35:24
07:34:11

06:59:10
07:02:34
06:52:47
09:08:54

06:40:38
07:47:45
06:37:12
06:52:09

08:06:25
07:50:28
08:03:32
08:07:43

07:06:11
08:43:25
07:35:05
08:14:16
07:43:38

09:50:20
09:04:34
09:00:34
09:35:31

08:19:49
08:33:14
07:58:14
08:44:36

08:50:51
08:44:59
08:45:12
08:51:17

07:10:09
07:05:02
07:04:59
07:03:14

NV3235
NV3235
NV3235
NV3235

NV8206
NV8206
NV8206
NV8206

NV8266
NV8266
NV8266
NV8266

NVN189
NVN189
NVN189
NVN189

NVR997
NVR997
NVR997
NVR997

NW5374
NW5374
NW5374
NW5374
NW5374

NX2077
NX2077
NX2077
NX2077

NYU955
NYU955
NYU955
NYU955

NZ919
NZ919
NZ919
NZ919

NZY?278
NZY278
NZY278
NZY278

CHEVROLET

BUICK

LINCOLN

DODGE

CADILLAC

PLYMOUTH

HONDA

OLDSMOBILE

OLDSMOBILE

FORD

115

VAN 88 0.2
0.0
0.5
0.6

4 DOOR 81 0.1
0.1
0.2
0.2

4 DOOR 77 13
2.8
5.7
3.3

4 DOOR 89 2.9
0.1
0.1
0.0

COUPE 82 03
0.2
0.1
0.2
HATCHBACK 89 0.0
-0.1
0.2
0.2
0.1

4 DOOR 80 0.1
3.4
0.3
0.4

4 DOOR 85 -0.1
0.3
0.1
-0.1

4 DOOR 79 0.1
0.1
0.1
0.0

HATCHBACK 83 0.1
0.0
0.2
0.0



08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:20:05
07:18:46
13:32:40
08:51:44
07:23:56

07:41:50
07:41:58
07:36:15
07:40:34
07:43:48

08:01:29
08:23:24
08:12:00
07:59:18
08:02:02

09:19:21
09:25:25
08:57:38
09:29:20
08:58:00

07:39:45
07:35:21
07:38:46
07:32:39

06:20:00
06:32:00
06:25:30
06:32:07

06:14:15
06:07:51
13:14:08
06:14:20
06:06:45
10:15:22

13:51:54
06:18:32
06:21:03
06:17:27

06:52:19
06:51:06
06:54:54
06:50:18

OE6936
OE6936
OE6936
OE6936
OE6936

OES8754
OE8754
OE8754
OE8754
OE8754

0OG3710
0G3710
0G3710
0G3710
0G3710

OH3699
OH3699
OH3699
OH3699
OH3699

OH7732
OH7732
OH7732
OH7732

OH991
OH991
OH991
OH991

0J3078
0J3078
0J3078
0J3078
0J3078
0J3078

OK4838
OK4838
OK4838
OK4838

OK8183
OK8183
OK8183
OK8183

OLDSMOBILE

BUICK

CHEVROLET

LINCOLN

SUBARU

LINCOLN

MERCURY

OLDSMOBILE

116

COUPE 85 0.2
0.2
0.7
0.4
0.5
2 DR HT 74 04
0.2
0.3
0.3
4.9
4 DOOR 86 0.1
0.3
0.2
0.5
0.2
4 DOOR 77 5.2
4.3
8.9
4.1
2.1
HATCHBACK 82 28
0.1
2.1
2.0
COUPE 88 0.1
0.1
0.1
0.1
4 DOOR 89 0.1
0.4
0.0
0.1
0.1
0.1
4 DOOR 89 0.0
0.0
0.2
0.1
4 DOOR 85 0.0
0.1
-0.1
1.4



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

06:18:18
06:18:43
06:20:36
06:19:49

07:17:39
07:23:18
07:20:46
07:31:15

11:24:12
09:40:08
09:56:19
07:26:07

11:51:17
09:00:39
10:18:59
10:40:55

06:30:13
06:31:01
06:34:04
06:34:28

07:50:32
07:58:32
08:04:09
08:01:37
08:03:58

06:39:46
06:33:37
06:36:54
06:37:36

10:59:12
10:57:49
11:04:18
11:06:12

07:25:08
07:29:07
07:29:23
07:13:37

11:44:31
09:17:45
10:52:47
09:24:58

OL4263
OL4263
OL4263
OL4263

OM4672
OM4672
OM4672
OM4672

OM6815
OM6815
OM6815
OM6815

ON5072
ON5072
ON5072
ON5072

OP2840
OP2840
OP2840
OP2840

OP436
OP436
OP436
OP436
OP436

OP4968
OP4968
OP4968
OP4968

OP7477
OP7477
OP7477
OP7477

OP8243
OP8243
OP8243
OP8243

OP8303
OP8303
OP8303
OP8303

FORD

MERCURY

TOYOTA

MERCURY

LINCOLN

BUICK

HONDA

CHEVROLET

OLDSMOBILE

117

4 DOOR 85 0.2
0.7
0.3
0.1
HATCHBACK 89 4.7
4.8
4.8
5.8
4 DOOR 83 0.0
0.1
0.3
0.1
2 DOOR 81 16
0.5
0.4
1.2
4 DOOR 88 0.1
0.1
0.0
-0.1
COUPE 86 0.1
0.0
0.1
0.8
0.1
COUPE 83 21
15
0.5
1.3
HATCHBACK 89 0.2
0.0
1.6
0.4
4 DOOR 82 0.1
11
0.1
0.0
COUPE 85 0.3
0.0
0.1
0.0



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/10/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:02:49
06:19:12
06:19:48
06:21:33

08:48:56
08:40:20
08:31:21
08:36:49
08:49:16

07:47:10
07:46:40
07:44:10
08:06:29

09:19:41
09:17:52
08:36:06
08:32:43
09:47:51

09:38:27
09:45:51
09:25:48
09:55:47

11:36:26
08:43:21
11:57:07
08:41:07
11:40:42
08:45:09
10:01:09

06:32:45
06:45:12
07:26:29
06:49:33

07:20:36
07:08:53
07:08:30
07:06:54

08:30:45
08:24:37
08:34:46
09:27:14

OR7144
OR7144
OR7144
OR7144

OR9864
OR9864
OR9864
OR9864
OR9864

054811
0S4811
0S4811
0S4811

OT5268
015268
015268
015268
0T5268

0T5949
0T5949
0T5949
0T5949

OT7252
OT7252
OT7252
OT7252
OT7252
OT7252
OT7252

Oow2394
Oow2394
Oow2394
Oow2394

OowW2786
Oow2786
Oow2786
Oow2786

Ow4556
Ow4556
Ow4556
Ow4556

CHRYSLER

OLDSMOBILE

FORD

FORD

TOYOTA

OLDSMOBILE

CADILLAC

CHEVROLET

118

4 DOOR

COUPE

HATCHBACK

4 DOOR

STA WAGON

COUPE

4 DOOR

HATCHBACK

COUPE

86

81

86

88
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76
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08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

06:16:52
06:20:04
06:16:44
06:14:05

07:18:10
07:22:41
07:11:14
07:05:30

06:19:54
06:26:20
06:23:54
06:27:26

08:10:50
08:04:16
08:18:29
08:16:08

06:17:04
06:22:10
06:22:28
06:12:23

07:24:14
07:42:30
07:37:19
07:34:30

07:42:32
10:07:54
10:05:39
09:52:30
09:23:00

06:50:39
06:50:42
06:49:42
06:52:53
06:49:40

08:11:46
08:18:40
08:17:33
08:24:23

06:35:34
06:47:42
06:40:06
06:52:55

OWL139
OWL139
OWL139
OWL139

0X1188
0X1188
0X1188
0X1188

OX4721
OX4721
OX4721
OX4721

PAM804
PAM804
PAM804
PAM804

PATSYP
PATSYP
PATSYP
PATSYP

PC4244
PC4244
PC4244
PC4244

PD2192
PD2192
PD2192
PD2192
PD2192

PER173
PER173
PER173
PER173
PER173

PG3464
PG3464
PG3464
PG3464

PG6653
PG6653
PG6653
PG6653

OLDSMOBILE

HONDA

FORD

CHEVROLET

CHEVROLET

BUICK

CADILLAC

FORD

PLYMOUTH

OLDSMOBILE

119

4 DOOR

4 DOOR

4 DOOR

COUPE

4 DOOR

COUPE

2 DOOR

4 DOOR

VAN

4 DOOR
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08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:14:48
07:12:29
07:09:04
07:10:44
07:05:44

07:19:12
07:11:03
07:11:38
07:15:06

06:40:50
06:40:13
06:36:34
06:41:54

08:13:54
08:48:46
07:39:24
08:36:11
08:36:47

08:51:06
08:51:26
08:47:06
08:47:08

06:08:35
06:11:14
06:05:47
06:01:58

06:43:33
07:02:38
07:30:43
07:46:02

07:01:40
07:07:35
07:07:05
07:05:20

10:12:21
10:16:35
10:08:24
10:15:03

06:40:53
06:33:17
06:37:44
06:35:45
06:38:04

PH1467
PH1467
PH1467
PH1467
PH1467

PJ2507
PJ2507
PJ2507
PJ2507

PK8468
PK8468
PK8468
PK8468

PL167
PL167
PL167
PL167
PL167

PL3344
PL3344
PL3344
PL3344

PLC737
PLC737
PLC737
PLC737

PM4391
PM4391
PM4391
PM4391

PM608
PM608
PM608
PM608

PM8973
PM8973
PM8973
PM8973

PM9571
PM9571
PM9571
PM9571
PM9571

BUICK

BUICK

OLDSMOBILE

PONTIAC

OLDSMOBILE

RENAULT

FORD

120

4 DOOR 89 3.8
0.1
0.2
0.0
0.1
4 DOOR 85 0.8
0.1
0.0
0.0
4 DOOR 80 0.1
0.1
0.1
-0.1
4 DOOR 89 0.3
2.5
0.0
0.1
0.1
4 DOOR 89 0.1
0.1
0.1
-0.1
COUPE 79 0.2
0.0
0.3
2.1
4 DOOR 89 0.0
-0.1
0.0
6.2
PASSENGER 80 04
0.5
0.6
0.4
2 DOOR 84 23
1.3
0.0
0.5
2 DOOR 79 -0.1
0.
0.
1.
4.

RNDO



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/11/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

06:41:26
06:29:32
06:28:36
06:30:14

07:53:35
07:56:41
08:02:38
08:07:06

11:46:23
08:16:27
07:59:57
07:39:50

08:21:43
08:23:56
08:20:00
08:18:22

06:53:06
07:17:37
06:47:49
06:44:09

07:05:16
07:05:21
07:12:36
07:03:14
07:31:44

08:00:29
07:32:45
07:44:54
07:41:33

12:11:46
11:35:44
09:44:21
11:16:25

10:47:02
10:36:54
10:43:14
10:36:49

11:13:19
08:46:12
08:28:24
07:24:25

PN3169
PN3169
PN3169
PN3169

PN4923
PN4923
PN4923
PN4923

PN9144
PN9144
PN9144
PN9144

PP2607
PP2607
PP2607
PP2607

PP3293
PP3293
PP3293
PP3293

PP373
PP373
PP373
PP373
PP373

PP3828
PP3828
PP3828
PP3828

PP3879
PP3879
PP3879
PP3879

PPP109
PPP109
PPP109
PPP109

PR7304
PR7304
PR7304
PR7304

OLDSMOBILE

FORD

FORD

FORD

PLYMOUTH

OLDSMOBILE

TOYOTA

BUICK

OLDSMOBILE

RENAULT

121

4 DOOR 89 0.1
0.0
0.0
0.0
2 DR HT 76 15
10.1
8.1
2.9
HATCHBACK 88 0.0
0.3
0.0
0.1
VAN 84 44
6.2
15
2.8
HATCHBACK 88 0.0
0.0
0.1
0.2
4 DR HT 72 4.8
0.2
1.9
4.9
6.2
4 DOOR 89 -0.1
-0.1
0.0
0.0
4 DR HT 73 05
0.6
4.0
1.3
2 DOOR 89 0.0
0.0
0.2
0.1
COUPE 82 0.1
0.0
0.0
0.1



08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

10:41:22
10:46:02
10:44:43
10:57:54

08:38:20
08:34:51
08:26:55
08:45:14

07:47:27
08:00:40
08:57:47
07:27:42

09:30:49
08:52:28
08:47:30
09:05:16
09:25:52

06:22:56
06:22:17
06:26:02
06:23:46

09:14:20
07:54:31
10:10:50
08:57:53
09:50:44

08:36:18
08:53:53
07:48:16
08:35:09

07:39:55
07:36:35
07:35:42
07:33:31

06:21:19
06:23:15
06:21:00
06:26:45

06:21:58
06:03:37
06:19:53
06:07:42

PS194
PS194
PS194
PS194

PS2679
PS2679
PS2679
PS2679

PS3692
PS3692
PS3692
PS3692

PS4968
PS4968
PS4968
PS4968
PS4968

PS7540
PS7540
PS7540
PS7540

PS8406
PS8406
PS8406
PS8406
PS8406

PS9157
PS9157
PS9157
PS9157

PV61
PV61
PV61
PV61

PV7583
PV7583
PV7583
PV7583

PVM260
PVM260
PVM260
PVM260

PLYMOUTH HATCHBACK
BUICK 4 DOOR
CHEVROLET 4 DOOR
BUICK 4 DOOR
CHEVROLET HATCHBACK

MERCEDES-BENZ 4 DOOR

MERCURY 4 DOOR
CHRYSLER COUPE
FORD 4 DOOR

4 DOOR

122
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08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

10:09:39
10:05:35
09:34:03
09:55:59
09:48:09

06:03:13
06:36:07
06:15:54
06:30:30

07:41:22
07:41:01
07:27:28
07:39:33
07:41:54

06:08:09
06:10:10
06:08:11
06:07:11

08:07:08
07:53:26
07:34:55
08:14:04
08:12:16

08:45:34
08:43:06
08:41:29
08:48:39

07:12:55
07:18:15
07:15:01
07:13:24
07:15:15

07:35:14
06:20:00
06:34:29
06:54:12

06:43:26
06:41:06
06:43:30
06:44:13

PVN360
PVN360
PVN360
PVN360
PVN360

PW5668
PW5668
PW5668
PW5668

PX1234
PX1234
PX1234
PX1234
PX1234

PX2787
PX2787
PX2787
PX2787

PXS449
PXS449
PXS449
PXS449
PXS449

QA1329
QA1329
QA1329
QA1329

QA1335
QA1335
QA1335
QA1335
QA1335

QA7015
QA7015
QA7015
QA7015

QB1773
QB1773
QB1773
QB1773

FORD

CADILLAC

CHEVROLET

CHEVROLET

CHEVROLET

TOYOTA

PONTIAC

FORD

TOYOTA

123

HATCHBACK

4 DOOR

HATCHBACK

COUPE

4 DOOR

HATCHBACK

COUPE

4 DOOR

4 DOOR

89 0.0
0.0
0.4
0.2

-0.1

82 4.2
0.2
0.3
0.4

81 34
2.5
0.3
1.7
3.2

74 0.2
0.3
0.2
0.1

89 0.0
0.0
0.0
0.1

-0.1

84 0.1
0.0
0.0
0.0

89 0.0
0.0
0.0
0.0
0.1

83 0.2
0.5
0.1
0.1

81 33
7.4
3.9

-0.1



08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/11/1989

07:41:45
07:40:23
07:34:39
07:34:36

07:44:21
07:10:00
07:24:16
07:20:56

07:59:47
08:21:33
12:18:14
06:40:24
07:26:36
08:40:29

09:05:14
07:16:12
09:16:46
09:20:07
10:56:45

06:21:06
06:23:09
06:11:06
06:23:09

08:29:40
08:44:33
07:51:30
10:04:48
08:36:00

06:01:22
06:01:39
06:04:49
06:03:01

12:48:46
12:43:49
05:53:37
06:24:26

07:55:46
07:47:53
07:46:57
13:01:34
08:01:10
08:09:07

QB4521
QB4521
QB4521
QB4521

QB9170
QB9170
QB9170
QB9170

QE6496
QE6496
QE6496
QE6496
QE6496
QE6496

QE869
QE869
QE869
QE869
QE869

QF1737
QF1737
QF1737
QF1737

QF3149
QF3149
QF3149
QF3149
QF3149

QF727
QF727
QF727
QF727

QF7696
QF 7696
QF7696
QF7696

QL2424
QL2424
QL2424
QL2424
QL2424
QL2424

CHEVROLET

PONTIAC

CHEVROLET

CHEVROLET

DODGE

CHEVROLET

PLYMOUTH

CHEVROLET

CHEVROLET

124

4 DOOR

2 DR HT

4 DOOR

COUPE

4 DOOR

2 DOOR

4 DOOR

2 DR HT

4 DOOR

82

75

84

79
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85
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08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

06:52:48
06:36:38
06:49:57
06:31:20

06:46:13
06:52:03
06:50:16
06:46:51

06:52:51
06:58:12
06:58:17
06:56:03
06:59:30

07:29:36
07:38:32
07:46:13
08:33:57
06:43:37

06:09:29
06:24:24
06:24:48
06:25:00

08:44:37
08:42:10
08:27:26
08:48:48

07:27:30
07:42:15
07:48:13
07:55:57

07:11:36
07:19:39
07:18:41
07:05:12
07:08:19

07:09:21
07:08:42
06:59:37
07:00:06

QN7502
QN7502
QN7502
QN7502

QS5090
QS5090
QS5090
QS5090

QT4097
QT4097
QT4097
QT4097
QT4097

QT7287
QT7287
QT7287
QT7287
QT7287

QT8430
QT8430
QT8430
QT8430

QV1130
QV1130
QV1130
QV1130

QV1977
QV1977
QV1977
QV1977

QV4164
QV4164
QV4164
QV4164
QV4164

QV6563
QV6563
QV6563
QV6563

DODGE

CHEVROLET

HONDA

FORD

FORD

CHEVROLET

HONDA

CHRYSLER

MERCURY

125

HATCHBACK

4 DOOR

COUPE

2 DOOR

2 DR HT

VAN

4 DOOR

PASSENGER

4 DOOR

89 0.2
0.5

-0.1
2.5

89 0.1
0.1
0.1

-0.1

84 03
0.4
0.5
0.3
1.0

87 0.0
1.7
0.1
0.1
0.5

77 0.7

1.2
10.0
8.3

88 0.0
0.1
0.7
0.1

89 0.1
-0.1
0.1
0.1

82 04
0.6
2.2
0.1
0.3

79 5.7
4.3
6.3
4.4



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/08/1989
08/09/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08:04:21
08:00:43
08:04:26
07:55:32
07:51:07

06:56:10
07:20:58
06:50:00
06:31:12

06:31:32
06:15:00
06:26:53
06:34:44

08:35:50
08:13:39
08:08:34
08:04:30

13:26:58
06:55:29
08:45:59
07:31:48

06:56:59
07:20:55
06:55:29
06:53:57

08:09:42
07:42:09
07:08:57
06:53:03
06:53:21

08:58:05
08:45:11
08:46:26
08:35:54

06:57:11
07:25:48
07:42:42
06:16:15

08:18:01
08:24:32
08:15:37
08:14:48

QX8250
QX8250
QX8250
QX8250
QX8250

QX9074
QX9074
QX9074
QX9074

QY1134
QY1134
QY1134
QY1134

QY5891
QY5891
QY5891
QY5891

QZ2797
QZ2797
QZ2797
QZ2797

QZ2925
QZ2925
QZ2925
QZ2925

QZ4607
QZz4607
QZz4607
QZz4607
QZz4607

RAF168
RAF168
RAF168
RAF168

RAG60
RAG60
RAG60
RAG60

RD4285
RD4285
RD4285
RD4285

DODGE

CHEVROLET

CADILLAC

PONTIAC

CHEVROLET

FORD

BUICK

OLDSMOBILE

CHEVROLET

BUICK

126

STA WAGON

4 DOOR

4 DOOR

4 DOOR

VAN

4 DOOR

4 DOOR

COUPE

4 DOOR

4 DOOR

73 6.5
5.5
9.1
5.0
5.6
90 0.1
0.0
0.0
-0.2
81 05
1.9
0.9
0.6
84 0.1
11
0.5
0.5
89 0.0
0.5
0.1
0.1
88 0.0
0.1
0.1
0.0
84 0.2
0.5
0.3
0.3
0.4
84 0.1
0.1
0.1
0.1
86 0.2
0.1
0.4
0.1
80 12.2
7.0
1.7
2.4



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

06:37:22
06:29:22
07:42:32
06:30:49
06:11:23

12:03:28
11:45:37
09:04:50
12:15:54

06:30:33
06:31:16
09:27:31
06:31:04

07:45:12
07:40:40
07:38:16
07:35:44

07:09:52
07:04:44
07:08:15
07:07:56

06:11:40
06:10:50
06:09:45
06:11:47

12:36:55
12:39:18
10:22:23
09:00:34

06:54:26
06:29:19
06:24:28
06:19:03

08:43:57
08:44:41
08:41:17
08:43:25

10:23:58
10:31:56
10:55:22
10:52:59

RD8077
RD8077
RD8077
RD8077
RD8077

REGBRN
REGBRN
REGBRN
REGBRN

RETSEL
RETSEL
RETSEL
RETSEL

RF3172
RF3172
RF3172
RF3172

RF7443
RF7443
RF7443
RF7443

RF8118
RF8118
RF8118
RF8118

RF9785
RF9785
RF9785
RF9785

RFN229
RFN229
RFN229
RFN229

RHGA4
RHG4
RHG4
RHG4

RJYAO1
RJYAO1
RJYAO1
RJYAO1

FORD

BUICK

PLYMOUTH

PLYMOUTH

PLYMOUTH

BUICK

FORD

PLYMOUTH

HONDA

OLDSMOBILE

127

2 DR HT

PASSENGER

2 DOOR

HATCHBACK

STA WAGON

COUPE

VAN

4 DOOR

2 DOOR

COUPE

76 0.2

0.0
1.3
0.3
4.2

86 2.0
4.6
3.1
0.0

82 94
2.6
6.7
3.0

86 0.5

(0]

D
coof ofo
PNRS® oFpk

79 14
0.3
2.7
3.0
89 0.0

-0.1
0.0
0.1

88 0.0
0.0
7.8
0.0

86 0.0
0.1
0.0
0.1

87 54
9.5
3.8
0.5



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/08/1989
08/09/1989
08/09/1989
08/10/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

07:27:00
07:20:25
07:20:17
07:39:50
07:22:33

07:44:30
07:25:12
08:02:41
07:42:00

06:44:31
07:41:35
07:53:25
07:39:21

08:06:30
08:01:58
08:13:35
08:13:08
08:19:45

08:04:32
07:52:27
08:00:24
07:53:05

08:19:45
08:19:13
08:07:47
08:09:20

07:31:22
07:25:59
10:41:50
07:22:20
10:55:13
08:46:19
10:23:10

08:05:47
08:08:41
08:08:32
08:12:47
08:08:38

06:45:03
06:49:04
06:42:30
06:46:13

RN7798
RN7798
RN7798
RN7798
RN7798

RP2919
RP2919
RP2919
RP2919

RP7013
RP7013
RP7013
RP7013

RP9173
RP9173
RP9173
RP9173
RP9173

RU6163
RU6163
RU6163
RU6163

RUBYQ
RUBYQ
RUBYQ
RUBYQ

Rw2017
RwW2017
RwW2017
RwW2017
RwW2017
RwW2017
RwW2017

RwW5128
RwW5128
RwW5128
RwW5128
RwW5128

RYL452
RYL452
RYL452
RYL452

GMC

PONTIAC

HONDA

DODGE

CHEVROLET

CHEVROLET

FORD

DODGE

PONTIAC

128

VAN

2 DR HT

HATCHBACK

HATCHBACK

4 DOOR

CONVTBLE

2 DOOR

VAN

COUPE

89 0.0
0.0
0.0
0.0
0.0
77 2.9
3.3
0.5
0.1
89 0.2
0.0
0.7
4.0
83 0.1
0.2
0.1
1.0
0.7
82 75
5.1
5.8
7.0
84 0.7
0.0
0.5
0.2
88 0.0
0.6
2.6
2.5
6.9
0.4
0.1
87 0.0
0.8
1.8
0.0
2.6
84 04
0.8
0.6
0.2



08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

07:44:38
07:41:27
07:40:25
07:41:57
07:38:25

07:05:52
07:21:07
08:35:14
06:35:57

09:28:09
10:18:19
09:45:54
10:15:11

07:26:39
07:24:27
07:25:48
07:29:40

08:53:55
07:35:53
07:31:32
07:42:58
07:38:52

06:41:55
06:39:17
06:41:23
06:40:57

06:53:00
07:03:11
06:31:21
07:09:08
07:19:54

10:21:19
10:37:48
10:38:20
10:44:51

09:44:16
09:24:51
09:29:04
09:18:02

08:07:12
08:10:23
08:08:37
08:07:58

RYP293
RYP293
RYP293
RYP293
RYP293

RYT299
RYT299
RYT299
RYT299

RZK120
RZK120
RZK120
RZK120

RZK183
RZK183
RZK183
RZK183

RZT517
RZT517
RZT517
RZT517
RZT517

RzZV191
RZV191
RZV191
RZV191

SAVIO1
SAVIO1
SAVIO1
SAVIO1
SAVIO1

SB10
SB10
SB10
SB10

SFYG676
SFYG676
SFYG676
SFYG676

SG2060
SG2060
SG2060
SG2060

SUBARU

CHEVROLET

CHEVROLET

CHEVROLET

CHEVROLET

DODGE

4 DOOR

4 DOOR

STA WAGON

COUPE

COUPE

STA WAGON

MERCEDES-BENZ 4 DOOR

CHEVROLET

CHEVROLET

129

PASSENGER

COUPE

STA WAGON

87
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79
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85
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08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08:34:03
08:51:34
07:42:08
08:01:13

06:41:31
06:44:05
06:47:12
06:41:07

11:15:43
11:12:15
11:08:46
07:14:15

07:01:54
07:20:19
07:13:03
07:05:48

06:52:54
06:49:01
06:35:53
11:46:06

06:47:05
06:51:48
06:46:35
06:53:18

12:18:38
12:14:42
12:21:04
12:14:02

07:25:42
07:35:25
07:07:11
07:05:24

08:12:30
08:12:03
08:12:09
08:19:56

08:03:15
07:59:07
07:59:34
07:57:12

SJA1l
SJAl1l
SJAll
SJAl1l

SMN813
SMN813
SMN813
SMN813

SNU312
SNU312
SNU312
SNU312

SPK906
SPK906
SPK906
SPK906

SPUNKY3
SPUNKY3
SPUNKY3
SPUNKY3

SPX234
SPX234
SPX234
SPX234

SPX379
SPX379
SPX379
SPX379

SPX966
SPX966
SPX966
SPX966

ST4461
ST4461
ST4461
ST4461

STR115
STR115
STR115
STR115

B.M.W.

HONDA

AM MOTORS

PLYMOUTH

OLDSMOBILE

TOYOTA

FORD

CHEVROLET

FORD

FORD

130

4 DOOR

4 DOOR

PASSENGER

HATCHBACK

4 DOOR

4 DOOR

HATCHBACK

4 DOOR

2 DOOR

HATCHBACK

88 0.0

81

78 0.2

85 0.0
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08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:34:03
07:41:33
07:29:41
07:41:55

07:09:38
07:00:19
07:05:28
07:08:45
07:10:08

08:27:33
07:02:54
09:31:45
06:56:34
08:31:04

07:46:12
07:40:20
07:47:30
07:55:31
11:16:28

07:42:39
07:53:15
07:49:13
07:50:19
07:46:56

06:40:02
06:37:43
06:39:46
06:40:56

06:39:54
06:42:25
06:40:39
06:41:23

06:27:57
06:31:39
06:33:38
06:25:05

06:05:32
06:10:16
06:07:32
06:22:51

STS333
STS333
STS333
STS333

STT458
STT458
STT458
STT458
STT458

SUA868
SUA868
SUA868
SUA868
SUA868

SUR776
SUR776
SUR776
SUR776
SUR776

SUS121
SUS121
SUS121
SUS121
SUS121

SVF
SVF
SVF
SVF

SYE492
SYE492
SYE492
SYE492

SZT698
SZT698
SZT698
SZT698

TA7324
TA7324
TA7324
TA7324

TOYOTA

PONTIAC

MERCURY

VOLVO

MAZDA

BUICK

PONTIAC

DODGE

FORD BRONCO

131

COUPE 86 0.1
0.0
0.1
0.1

COUPE 88 0.1
0.1
0.1
0.0
0.0
4 DOOR 84 0.0
1
0
1
0

2 DOOR 81 0
7
4
3
3
COUPE 86 0

1
coPF 000® ooPoo oorowu pooO
rrPFPo

4DR SEDAN 79 2.
1
1
7
4 DOOR 85 0.
-0.1
0
0
4 DOOR 88 0.2
0.4
0.2
0.2
STA WAGON 79 29
3.5
1.7
2.8



08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:04:27
07:24:15
07:19:08
07:24:22

06:20:19
06:23:12
06:19:18
06:01:21

08:12:19
08:15:46
08:13:16
08:16:03
08:17:36

07:18:45
07:32:21
07:59:01
07:55:32

08:06:21
08:18:41
08:20:29
07:44:32

06:54:42
06:51:45
06:53:53
06:49:25

08:12:40
08:14:57
08:06:40
08:09:58

07:29:31
07:38:43
07:30:25
07:40:24

13:11:25
12:42:15
11:02:55
10:00:09

06:44:37
06:48:34
06:43:58
06:43:32

TA8889
TA8889
TA8889
TA8889

TCN797
TCN797
TCN797
TCN797

TDP919
TDP919
TDP919
TDP919
TDP919

TDP957
TDP957
TDP957
TDP957

TLC112
TLC112
TLC112
TLC112

TLM1020
TLM1020
TLM1020
TLM1020

TMY409
TMY409
TMY409
TMY409

TN1257
TN1257
TN1257
TN1257

TOP13
TOP13
TOP13
TOP13

TOSCANO
TOSCANO
TOSCANO
TOSCANO

CHEVROLET

BUICK

FORD

CHEVROLET

MERCURY

CHEVROLET

PLYMOUTH

BUICK

PONTIAC
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HATCHBACK 84 6.

cowl
N O

4 DOOR 81 3.7

ooo
A WO

4DR WAGON 85 0.2

NOT— O

2 DOOR 79
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COUPE 89 -0.2
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08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

09:19:49
09:43:38
10:44:08
06:37:10

08:02:29
07:57:32
07:44:55
07:56:53

07:17:22
07:24:05
07:19:04
07:20:39
07:11:48

07:15:54
07:09:18
07:36:31
07:32:56

07:42:27
07:42:02
07:38:36
07:45:28

08:56:00
09:01:53
08:29:35
08:58:56

06:48:55
06:43:44
06:46:03
06:46:05

09:09:12
08:54:56
09:02:41
09:08:52

10:16:51
10:14:03
09:49:08
09:38:56
09:57:28

10:26:37
12:45:27
13:39:13
11:11:56

TRN123
TRN123
TRN123
TRN123

TSJ424
TSJ424
TSJ424
TSJ424

UA4453
UA4453
UA4453
UA4453
UA4453

UAR700
UAR700
UAR700
UAR700

UAZ414
UAZ414
UAZ414
UAZ414

UK7670
UK7670
UK7670
UK7670

UZ3099
UZ3099
UZ3099
UZ3099

VC2050
VC2050
VC2050
VC2050

W-25852
W-25852
W-25852
W-25852
W-25852

W-34856
W-34856
W-34856
W-34856

PLYMOUTH

CHRYSLER

CHEVROLET

BUICK

OLDSMOBILE

SAAB

FORD

CHEVROLET

133

HATCHBACK

HATCHBACK

PASSENGER

HATCHBACK

4 DOOR

HATCHBACK

SEDAN

4 DOOR

4 DOOR

VAN

89

85

79

80

87

84
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85

83

87
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08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

09:06:03
09:06:00
09:04:23
09:05:11
08:53:32

07:57:47
07:43:54
07:50:54
07:58:35

06:54:51
06:33:31
06:48:28
06:43:48

08:28:05
08:12:42
08:17:19
07:34:11
08:08:17

11:59:02
09:57:35
10:42:23
11:45:33

08:13:04
08:03:05
08:31:54
08:03:01

07:41:39
07:40:40
07:34:34
07:34:27

06:37:13
06:14:53
06:27:17
06:24:55
06:26:42

09:33:40
09:41:56
09:41:47
09:31:09
09:37:31

W-7281
W-7281
W-7281
W-7281
W-7281

W-9959
W-9959
W-9959
W-9959

WENCH
WENCH
WENCH
WENCH

XDP39
XDP39
XDP39
XDP39
XDP39

XE4607
XE4607
XE4607
XE4607

XIN797
XIN797
XIN797
XIN797

XIvV184
X184
X184
X184

XZP646
XZP646
XZP646
XZP646
XZP646

YBK567
YBK567
YBK567
YBK567
YBK567

TOYOTA

CADILLAC

DODGE

HONDA

CHEVROLET

DATSUN

TOYOTA

VOLVO

PONTIAC

134

VAN 85 0.0
0.1
0.0
0.0
0.0
2 DOOR 79 0.7
0.1
0.5
0.1
2 DOOR 87 0.7
0.3
0.4
0.5
STA WAGON 85 0.0
0.1
0.1
0.0
0.0
STA WAGON 84 0.1
0.9
0.2
0.0
4 DOOR 84 0.1
3.2
4.6
2.0
4 DOOR 88 0.1
2.8
0.0
0.0
STA WAGON 83 0.0
0.1
0.1
0.1
0.3
COUPE 87 0.6
0.3
0.3
0.2
0.0



08/07/1989
08/08/1989
08/09/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

07:02:14
06:32:23
07:05:43
07:24:40

06:49:21
06:46:59
06:46:18
06:41:37
06:45:51

07:46:05
07:45:06
07:41:31
07:45:53

07:06:49
07:07:25
07:05:26
07:03:07

07:24:58
07:41:16
07:39:04
08:17:05
08:21:21

07:37:41
10:10:31
08:56:08
07:39:21
07:44:15

08:06:46
08:03:54
08:12:17
08:05:08

06:53:42
07:00:42
06:55:55
07:19:08
07:07:08

08:20:55
08:26:51
08:12:17
08:15:56
08:12:04

YDL103
YDL103
YDL103
YDL103

YH3558
YH3558
YH3558
YH3558
YH3558

YJP39
YJP39
YJP39
YJP39

YKC366
YKC366
YKC366
YKC366

YQV840
YQV840
YQV840
YQV840
YQV840

YXJ532
YXJ532
YXJ532
YXJ532
YXJ532

YZE202
YZE202
YZE202
YZE202

ZD4105
ZD4105
ZD4105
ZD4105
ZD4105

ZE308
ZE308
ZE308
ZE308
ZE308

CHRYSLER

PLYMOUTH

PLYMOUTH

CHEVROLET

OLDSMOBILE

DODGE

TOYOTA

HATCHBACK

VAN

2 DOOR

HATCHBACK

4 DOOR

HATCHBACK

STA WAGON

MERCEDES-BENZ 4 DOOR

BUICK
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08/07/1989
08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/10/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/08/1989
08/09/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/10/1989
08/11/1989

08/07/1989
08/08/1989
08/09/1989
08/11/1989

08:32:19
08:40:33
08:56:15
08:53:11
08:52:27

06:40:45
06:28:24
06:34:54
06:35:23

08:35:41
08:42:26
08:16:59
08:32:44

06:29:57
06:29:27
06:26:42
06:27:30

08:05:26
08:06:16
08:03:41
08:11:07

07:35:28
07:40:05
07:39:15
07:38:17

ZH7502
ZH7502
ZH7502
ZH7502
ZH7502

232870
232870
232870
232870

ZK1205
ZK1205
ZK1205
ZK1205

ZK6640
ZK6640
ZK6640
ZK6640

ZKT965
ZKT965
ZKT965
ZKT965

ZMW121
ZMW121
ZMW121
ZMW121

OLDSMOBILE

CHEVROLET

PONTIAC

CADILLAC

MITSUBISHI

CHEVROLET
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APPENDIX E: Daily Summary of Gross Polluter Statistics

"Gross polluters" are here defined as the few vehicles which
emit half the CO. Average age should be read as Arithmetic average
model year. Emissions are in %CO. Closed Loop, Catalyst,
Oxidation Cat and Non-Cat should not be taken as guarantees of a
particular technology. They designate only model years 83 and
newer, 81 and 82, 75-80, and 74 and older respectively. Original
Vehicle Emissions Technology depends on vehicle type (truck/car).
Actual technology also depends on maintenance history. The first
% of total column shows that half the CO came from 8.23% of the
measurements (973 of 11,818). The rest of the column shows
percentages of the 973 by age category. The t are derived from the
daily means as described earlier.
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Total Summary

The average GROSS POLLUTING vehicle age was: 80.71

The average CO emissions were: 7.09
The total vehicle count was: 11,818 Percent
Number of GROSS POLLUTING vehicles: 973 8.23% + 0.4

Technology Distribution
The number of Closed looped vehicles were: 336 34.53% + 2.4
The number of Catalyst equipped vehicles were: 146 8.72% + 1.7
The number of Oxidation Cat vehicles were : 419 43.06% * 3.0

The number of Non-Cat vehicles were : 72 7.40% + 1.7
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Daily Summary

(08/07/1989)
The average GROSS POLLUTING vehicle age was: 80.46
The average CO emissions were: 7.45
The total vehicle count was: 2294 Percent
Number of GROSS POLLUTING vehicles: 179 7.80%

Technology Distribution

The number of Closed looped vehicles were: 64 35.75%
The number of Catalyst equipped vehicles were: 21 11.73%
The number of Oxidation Cat vehicles were : 76 42.46%
The number of Non-Cat vehicles were : 18 10.06%

139



Daily Summary

(08/08/1989)
The average GROSS POLLUTING vehicle age was: 80.92
The average CO emissions were: 6.95
The total vehicle count was: 2385 Percent
Number of GROSS POLLUTING vehicles: 210 8.81%

Technology Distribution

The number of Closed looped vehicles were: 80 38.10%
The number of Catalyst equipped vehicles were: 29 13.81%
The number of Oxidation Cat vehicles were : 88 41.90%
The number of Non-Cat vehicles were : 13 6.19%
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Daily Summary

(08/09/1989)
The average GROSS POLLUTING vehicle age was: 80.86
The average CO emissions were: 6.90
The total vehicle count was: 2676 Percent
Number of GROSS POLLUTING vehicles: 220 8.22%

Technology Distribution

The number of Closed looped vehicles were: 78 35.45%
The number of Catalyst equipped vehicles were: 36 16.36%
The number of Oxidation Cat vehicles were : 90 40.91%
The number of Non-Cat vehicles were : 16 7.27%
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Daily Summary

(08/10/1989)
The average GROSS POLLUTING vehicle age was: 80.60
The average CO emissions were: 7.09
The total vehicle count was: 2071 Percent
Number of GROSS POLLUTING vehicles: 162 7.82%

Technology Distribution

The number of Closed looped vehicles were: 53 32.72%
The number of Catalyst equipped vehicles were: 28 17.28%
The number of Oxidation Cat vehicles were : 66 40.74%
The number of Non-Cat vehicles were : 15 9.26%
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Daily Summary

(08/11/1989)
The average GROSS POLLUTING vehicle age was: 80.60
The average CO emissions were: 7.09
The total vehicle count was: 2392 Percent
Number of GROSS POLLUTING vehicles: 205 8.57%

Technology Distribution

The number of Closed looped vehicles were: 64 31.22%
The number of Catalyst equipped vehicles were: 29 14.15%
The number of Oxidation Cat vehicles were : 101 49.27%
The number of Non-Cat vehicles were : 11 5.37%
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APPENDIX F: Average Emissions by Age Group

Note that all + _ values printed are the standard deviation of
the data ( o). If the distributions were a perfect exponential,
would equal the mean (X ). This is not the case for either the
overall average or for the numerous newer vehicles. The new
vehicle emissions distribution is even more skewed than exponential
because of a preponderance of clean vehicles. As the age
increases, the distributions approach closer to exponential within
each model year, as seen by the means coming closer to the printed
o values. As before, the standard error of the mean is much less
than the standard deviation of the data because of the large number
of samples.



Total Summary

The average vehicle age was: 83.47 + 457
The average CO emissions were: 1.17 + 212

The total vehicle count was: 11818 Percent
The number of Closed looped vehicles were: 7481 63.30%
The number of Catalyst equipped vehicles were: 1030 8.72%
The number of Oxidation Cat vehicles were : 2939 24.87%
The number of Non-Cat vehicles were : 368 3.11%

Yearly CO Averages

1989 1043 ; 047 =+ 1.217 1978 644 ; 2.09 + 2.600
1988 1576 ; 0.56 + 1.416 1977 509 ; 196 + 2.629
1987 1236 ; 0.65 + 1.449 1976 288 ; 1.72 + 2.388
1986 1200 ; 0.64 =+ 1.554 1975 160 ; 2.53 + 3.302
1985 1003 ; 0.80 =+ 1.665 1974 124 ; 236 + 2.822
1984 813 ; 111 + 1.931 1973 93 ; 214 =+ 2736
1983 596 ; 131 =+ 2.130 1972 54 ; 258 =+ 3.074
1982 517 ; 1.68 =+ 2413 1971 26 ; 241 + 2615
1981 513 ; 191 + 2.568 1970 13 ; 169 =+ 1.973
1980 548 ; 1.71 =+ 2.547 pre70 58 ; 2.55 + 3.405
1979 790 ; 186 =+ 2.642
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Daily Summary
(08/07/1989)

The average vehicle age was: 83.56 + 4.47
The average CO emissions were: 1.16 + 2.18

The total vehicle count was: 2294 Percent
The number of Closed looped vehicles were: 1472 64.17%
The number of Catalyst equipped vehicles were: 196 8.54%
The number of Oxidation Cat vehicles were : 557 24.28%
The number of Non-Cat vehicles were : 69 3.01%

Yearly CO Averages

1989 211 ; 046 =+ 1.148 1978 115 ; 2.09 =+ 2.405
1988 323 ; 0.63 =+ 1.578 1977 97 ; 223 * 2.846
1987 243 ; 057 =+ 1.191 1976 65 ; 140 =+ 2151
1986 230 ; 0.64 =+ 1.762 1975 38 ; 235 =+ 3.091
1985 193 ; 090 =+ 1.878 1974 24 ; 265 =+ 3.310
1984 156 ; 099 =+ 1.851 1973 17 ; 211 + 2512
1983 114 ; 142 =+ 2391 1972 16 ; 3.23 * 4.022
1982 104 ; 148 =+ 2341 1971 1; 158 + 0.000
1981 92 ; 185 + 2380 1970 3, 287 + 3.430
1980 95 ; 165 + 2701 pre70 8 ; 4.08 =+ 5.335
1979 147 ; 186 =+ 2.957
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Daily Summary
(08/08/1989)

The average vehicle age was: 83.41 + 4.48
The average CO emissions were: 1.22 + 2.14

The total vehicle count was: 2385 Percent
The number of Closed looped vehicles were: 1493 62.60%
The number of Catalyst equipped vehicles were: 206 8.64%
The number of Oxidation Cat vehicles were : 616 25.83%
The number of Non-Cat vehicles were : 70 2.94%

Yearly CO Averages

1989 199 ; 059 + 1.408 1978 140 ; 222 + 2.552
1988 317 ; 0.61 =+ 1.519 1977 106 ; 1.65 =+ 2.369
1987 250 ; 0.71 + 1.514 1976 61 ; 157 =+ 1.892
1986 245 ; 0.60 =+ 1.496 1975 35 ; 277 %= 3.207
1985 200 ; 092 =+ 1.787 1974 19 ; 2.04 =+ 2.032
1984 157 ; 141 + 2.050 1973 22 ; 181 =+ 2.639
1983 122 ; 137 + 2.110 1972 8, 248 + 2610
1982 103 ; 152 =+ 2.600 1971 6 ; 169 =+ 2549
1981 103 ; 205 =+ 2.736 1970 3; 075 =+ 0.565
1980 117 ; 1.81 + 2.560 pre70 12 ; 3.87 =+ 4.244
1979 157 ; 187 =+ 2.729
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Daily Summary
(08/09/1989)

The average vehicle age was: 83.43 + 4.52
The average CO emissions were: 1.13 + 2.05

The total vehicle count was: 2676 Percent
The number of Closed looped vehicles were: 1680 62.78%
The number of Catalyst equipped vehicles were: 241 9.01%
The number of Oxidation Cat vehicles were : 681 25.45%
The number of Non-Cat vehicles were : 74 2.77%

Yearly CO Averages

1989 232 ; 042 =+ 1.204 1978 158 ; 195 =+ 2570
1988 340 ; 056 =+ 1.476 1977 121 ; 1.89 + 2414
1987 267 ; 058 =+ 1.493 1976 54 ; 179 =+ 2510
1986 275 ; 0.69 =+ 1.697 1975 36 ; 2.06 *= 2957
1985 235 ; 0.71 + 1.648 1974 32 ; 224 =+ 2723
1984 184 ; 1.15 + 1.938 1973 14 ; 287 * 3.396
1983 145 ; 1.18 + 1.944 1972 12 ; 128 + 1.699
1982 131 ; 2.09 =+ 2418 1971 2; 261 =+ 3.613
1981 110 ; 1.63 + 2.003 1970 2; 017 =+ 0.085
1980 125 ; 1.61 + 2435 pre70 12 ; 2.76 =+ 3.798
1979 187 ; 172 + 2424
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Daily Summary
(08/10/1989)

The average vehicle age was: 83.48 + 4.88
The average CO emissions were: 1.11 + 2.07

The total vehicle count was: 2071 Percent
The number of Closed looped vehicles were: 1320 63.74%
The number of Catalyst equipped vehicles were: 179 8.64%
The number of Oxidation Cat vehicles were : 496 23.95%
The number of Non-Cat vehicles were : 76 3.67%

Yearly CO Averages

1989 178 ; 043 + 1.081 1978 105 ; 1.71 + 2534
1988 293 ; 052 =+ 1.173 1977 83 ; 2.07 =+ 3.106
1987 217 ; 0.68 =+ 1.461 1976 46 ; 165 =+ 2471
1986 217 ; 0.65 =+ 1.436 1975 22 ; 291 + 3.872
1985 175 ; 0.73 + 1.485 1974 25 ; 260 =+ 3.218
1984 136 ; 0.99 =+ 1.906 1973 18 ; 2.60 =+ 3.184
1983 101 ; 1.19 =+ 1.857 1972 8 ;, 367 =+ 3785
1982 89 ; 130 =+ 2.090 1971 8, 222 =+ 3.209
1981 90 ; 2.14 =+ 2773 1970 2; 193 + 2517
1980 95 ; 175 + 2716 pre70 15 ; 1.00 + 1.033
1979 145 ; 170 *= 2415

150



Daily Summary
(08/11/1989)

The average vehicle age was: 83.47 + 453
The average CO emissions were: 1.21 + 2.15

The total vehicle count was: 2392 Percent
The number of Closed looped vehicles were: 1516 63.38%
The number of Catalyst equipped vehicles were: 208 8.70%
The number of Oxidation Cat vehicles were : 589 24.62%
The number of Non-Cat vehicles were : 79 3.30%

Yearly CO Averages

1989 223 ; 046 =+ 1.215 1978 126 ; 242 <+ 2.888
1988 303 ; 047 =+ 1.261 1977 102 ; 2.02 =+ 2.505
1987 259 ; 0.72 + 1.549 1976 62 ; 221 + 2.846
1986 233 ; 0.63 =+ 1.320 1975 29 ; 279 =+ 3.747
1985 200 ; 0.73 =+ 1.480 1974 24 ; 223 + 2708
1984 180 ; 1.02 + 1.893 1973 22 ; 164 =+ 2184
1983 114 ; 141 + 2341 1972 10 ; 232 =+ 2137
1982 90 ; 187 + 2513 1971 9,; 310 =+ 2370
1981 118 ; 192 + 2.866 1970 3, 230 + 1324
1980 116 ; 1.74 + 2.418 pre70 11 ; 187 =+ 1.778
1979 154 ; 220 + 2.692
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APPENDIX G: Emissions by Fleet Ownership

Most of the vehicles at the ramp chosen were individually
owned. The total, and the three subcategory fleets are shown,
corporate (taxi and livery as well as company cars), government
vehicles. The corporate and government fleets are much newer than
the individually-owned vehicles.  When corrected for age, the
corporate and individual fleets are indistinguishable. The
government fleet (of only 70 vehicles) is clearly dirtier than
either fleet. However, it should be emphasized that the poor-
looking government fleet emissions look as bad as they do because
of only a few vehicles, namely, a 1982 Ford at 8.2% on 8/7, 11.8%
on 8/8 and at 8.8% on 8/10, a 1979 Cadillac at 11.3% and a 1988
Chevrolet at 8.1%. The whole government fleet emissions are
included in this appendix.
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Private Fleet

The average vehicle age was: 83.18 + 4.58
The average PERCENT_CO emissions were: 1.20 £ 2.15

The total vehicle count was: 10604 Percent
The number of Closed looped vehicles were: 6414 60.49%
The number of Catalyst equipped vehicles were: 996 9.39%
The number of Oxidation Cat vehicles were : 2837 26.75%
The number of Non-Cat vehicles were : 357 3.37%

Yearly CO Averages

1989 827 ; 048 + 1.236 1978 623 ; 2.08 + 2.600
1988 1292 ; 0.60 + 1.491 1977 497 ; 197 =+ 2.620
1987 1040 ; 0.59 =+ 1.320 1976 278 ; 1.75 + 2.405
1986 1029 ; 0.61 =+ 1.547 1975 155 ; 251 + 3.299
1985 909 ; 0.79 =+ 1.675 1974 123 ; 237 + 2.829
1984 756 ; 1.09 =+ 1.924 1973 93 ; 214 =+ 2736
1983 548 ; 1.17 =+ 2.020 1972 54 ; 258 =+ 3.074
1982 499 ; 165 + 2.363 1971 22 ; 214 + 2.538
1981 497 ; 191 + 2.552 1970 13 ; 169 =+ 1.973
1980 526 ; 1.73 + 2572 pre70 53 ; 2.76 * 3.489
1979 758 ; 190 + 2.656
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Corporate Fleet

The average vehicle age was: 85.95 + 3.68
The average CO emissions were: 0.86 £+ 1.73

The total vehicle count was: 1144 Percent
The number of Closed looped vehicles were: 1008 88.11%
The number of Catalyst equipped vehicles were: 25 2.19%
The number of Oxidation Cat vehicles were : 100 8.74%
The number of Non-Cat vehicles were : 11 0.96%

Yearly CO Averages

1989 209 ; 046 =+ 1.158 1978 20 ; 238 £ 2707
1988 269 ; 0.36 =+ 0.880 1977 12 ; 154 £ 3.071
1987 183 ; 1.02 £ 2011 1976 10 ; 1.05 £ 1.820
1986 164 ; 085 =+ 1.620 1975 5 ; 336 = 3.659
1985 88 ; 085 + 1.603 1974 1; 059 =+ 0.000
1984 50 ; 119 + 1.936 1973 0 ; *** + 0.000
1983 43 ; 290 =+ 2.579 1972 0 ; »** + 0.000
1982 11 ; 1.09 + 1.360 1971 4 ; 389 + 2899
1981 14 ; 2.08 + 3.304 1970 0 ; ®** + 0.000
1980 22 ; 135 = 1851 pre7l0 6 ; 0.29 =+ 0.408
1979 31 ; 074 + 1.133
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The
The
The
The
The

Government Fleet

The average vehicle age was: 85.64 *- 2.64

The average CO emissions were: 1.58 + 2.82
total vehicle count was: 70 Percent
number of Closed looped vehicles were: 59 84.29%
number of Catalyst equipped vehicles were: 9 12.86%
number of Oxidation Cat vehicles were : 2 2.86%
number of Non-Cat vehicles were : 0 0.00%

Yearly CO Averages

1989 7 ; 007 =+ 0.063 1978 1 ; 0.61 =+ 0.000
1988 15 ; 090 + 2181 1977 0 ; ** + 0.000
1987 12 ; 080 + 1.246 1976 0 ; ** + (.000
1986 7; 020 =+ 0.326 1975 0 ; *** + (0.000
1985 6 ; 068 + 1.023 1974 Q0 ; ¥ + (0.000
1984 7; 265 + 2268 1973 0 ; *** + (0.000
1983 5; 286 + 3771 1972 Q0 ; ¥ + (0.000
1982 7 ; 501 + 4565 1971 0 ; *** + (0.000
1981 2 ; 083 + 1.379 1970 0 ; *** + (0.000
1980 0 ; ¥ + 0.000 pre70 0 ; **** + (0.000
1979 1; 11.27 = 0.000
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Government Vehicle Listing

License Make

** 08/07/1989

M67109 CHEVROLET
M31673 FORD
M9743 CHEVROLET
M55323 FORD
U8345 DODGE
M62230 CHEVROLET
M62631 FORD
M43629 CHEVROLET
BYY760 FORD
BYZ392 CADILLAC
M66210 CHEVROLET
M66210 CHEVROLET
M170 CHEVROLET
M60744 CHEVROLET
M55548 FORD

** (08/08/1989

M170 CHEVROLET
M43629 CHEVROLET
M59162 CHEVROLET
M68049 CHEVROLET
M59162 CHEVROLET
U6283 DODGE
M59186 CHEVROLET
M12834 DODGE
M30541 CHRYSLER
M65865 GMC
M31673 FORD
GPF658 FORD
M65106 CHEVROLET
** (08/09/1989

U7558 CHEVROLET
M50173 FORD
M57004 DODGE
M50079 CHEVROLET
M68045 CHEVROLET
U7558 CHEVROLET
M54510 FORD
U16054 DODGE
M60147 CHEVROLET
M55548 FORD
uo887 PONTIAC
u16270 CHEVROLET
U9896 DODGE
U9910 DODGE
M31673 FORD

Body style

STA WAGON
4 DOOR

4 DOOR

4 DOOR
UTILITY

4 DOOR

4 DOOR
VAN

4 DOOR

4 DOOR

PICKUP
PICKUP
4 DOOR
4 DOOR
PICKUP

4 DOOR
VAN

4 DOOR

4 DOOR

4 DOOR
HATCHBACK
4 DOOR
VAN

VAN

4 DOOR
4 DOOR
4 DOOR

VAN
PICKUP

VAN
HATCHBACK
4 DOOR
VAN

4 DOOR
STA WAGON
4 DOOR
PICKUP
HATCHBACK
4DR SEDAN
VAN

VAN

4 DOOR
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Year

% CO
88 0.1
82 8.2
87 3.8
84 23
88 04
87 0.1
87 0.0
87 2.6
83 54
79 113
88 04
88 -0.1
87 1.1
87 0.0
85 0.0
87 0.0
87 1.6
86 0.0
88 -0.1
86 0.0
88 0.1
86 0.3
81 1.8
81 -0.1
88 0.0
82 11.8
84 6.1
88 35
89 0.1
82 0.7
86 0.0
82 0.2
88 0.0
89 0.1
84 0.3
86 0.0
86 0.1
85 0.0
85 04
87 04
88 0.1
87 -0.1
82 35



U14292 DODGE
XEW868 FORD
BXF915 FORD
NN1887 CHEVROLET

** 08/10/1989

M31673 FORD
M70428 CHEVROLET
M54510 FORD
M67131 CHEVROLET
M65105 CHEVROLET
HTL258 OLDSMOBILE
BYY760 FORD

u4203 DODGE
PZH276 FORD

** 08/11/1989

M54510 FORD
M37957 CHEVROLET
M31281 FORD
M10437 CHEVROLET

M170 CHEVROLET
M55548 FORD
M5363 CHEVROLET

U15338 CHEVROLET
U14955 CHEVROLET
HTL258 OLDSMOBILE
FN8122 CHEVROLET
FTN294 FORD
HNX598 FORD
MG1660 CHEVROLET
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4 DOOR
4 DOOR
4 DOOR
4 DOOR

4 DOOR
VAN

4 DOOR
TRUCK

4 DOOR
4 DOOR
4 DOOR
VAN

4 DOOR

4 DOOR
PICKUP

4 DOOR
STA WAGON
4 DOOR
PICKUP

4 DOOR
STA WAGON
VAN

4 DOOR

4 DOOR

4 DOOR

4 DOOR
STA WAGON

86 0.9
83 0.3
83 0.1
88 0.0
82 8.8
89 0.0
84 0.2
88 0.9
88 0.0
85 2.7
83 83
89 0.0
83 0.3
84 1.2
89 0.1
82 1.9
87 0.0
87 0.2
85 0.7
88 8.1
89 0.0
89 0.2
85 0.3
88 0.1
84 46
84 3.9
78 0.



APPENDIX H: Cleanest, Oldest, and Dirtiest By Day

For each day of measurement, the fifty cleanest, fifty oldest,
and fifty dirtiest vehicles are listed. It is important to note
that the cleanest vehicles (typically listed as -0.6 to -0.1% CO)
are all zero %CO emitters, and are not claimed to be either a)
cleaning the air or b) any different from the large number of
vehicles measured at 0 £ 0.5% CO. They serve to illustrate the
make, model year, and age distribution of the rest of the many
clean vehicles. The fifty oldest vehicles are listed to emphasize
that old vehicles are not necessarily dirty vehicles. This list
can be compared to the fifty dirtiest, which are by no means all
old. It is interesting to note that on the two days (08/10 and
08/11) when the 1975 Toyota two-door hard-top SSN913 turned up, it
was high on the list both days (12.7 and 14.8%CO). A tuneup of
this vehicle would probably save its owner 20 to 25% on his
gasoline bills.
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License

EP9145
BAK190
JU7195
HF1703
ET2805
GVG401
185405
1S6122
1458BB-B
MEM253
CVve6078
1S8824
GD398
83251RV
BRX514
MPEARL
727107
JJT148
7136BY-B
RLC3169
PM9571
0T6988
NT8257
M66210
IW5140
DW5869
LRS125
PV3458
JZT265
LY4261
PX1768
ETT496
0J9120
Cwu741
DYD353
JY5374
IK688
DB7814
SRR691
NYU955
Cw2378
140495B
Dw2845
FA2603
DX1270
SCHINC
OD2977
OuUB8696
RC8881
RUPAL

(08/07/1989)

Make Body style  Year
MERCURY 2 DOOR
SUBARU COUPE
FORD VAN
CHEVROLET VAN
OLDSMOBILE 4 DOOR
MAZDA VAN
OLDSMOBILE 4 DOOR
VOLKSWAGEN 4 DOOR
FORD PICKUP
PONTIAC COUPE
FORD COUPE
OLDSMOBILE COUPE
CHEVROLET 4 DOOR
FORD VAN
LINCOLN COUPE
MERCURY 4 DOOR
B.M.W. 4 DOOR
CHEVROLET VAN
DODGE PICKUP
CHEVROLET 4 DOOR
FORD 2 DOOR
FORD 2 DOOR
PONTIAC HATCHBACK
CHEVROLET PICKUP
PLYMOUTH 4 DOOR
BUICK 4 DOOR
PONTIAC COUPE

4 DOOR

BUICK STA WAGON
CHEVROLET 4 DOOR
B.M.W. 2 DOOR
FORD 4 DOOR
CHEVROLET 4 DOOR
CADILLAC 4 DOOR
BUICK COUPE
VOLVO 4 DOOR
RENAULT 4 DOOR
TOYOTA HATCHBACK
PLYMOUTH PASSENGER
OLDSMOBILE 4 DOOR
FORD HATCHBACK
CHEVROLET VAN

BUICK COUPE
CHEVROLET HATCHBACK
BUICK 4 DOOR
OLDSMOBILE 4 DOOR
CHEVROLET STA WAGON
CHEVROLET STA WAGON
BUICK COUPE
CHEVROLET 4 DOOR

Cleanest

160

% CO



License

PLX634
RA9127
PY1586
97028RV
HSP865
NU1652
LTNG42
EA7526
PZ427
PXP902
MVE474
CA6855
GPF771
LVR899
FW953
GPF771
NW102
KC2883
OL3651
BWH130
RD8536
PP373
JHY182
PP5677
EVR947
QY4550
KX5626
UND210
2821DF-B
QA6422
PW7079
FUN530
CD6381
JHU612
FR8085
KA4862
OM4040
STT478
CX8465
EH5362
QX8250
PZ4654
RT6150
PP3879
XNJ314
0J2523
BK2964
OH2497
218DH-B
PDS163

Oldest

(08/07/1989)

Make Body style  Year
CHEVROLET 4 DOOR
BUICK CONVTBLE
CADILLAC SEDAN
FORD PICKUP
PONTIAC 2 DOOR
CHEVROLET 4 DOOR
BUICK STA WAGON
CHEVROLET 4 DOOR
CADILLAC 4 DR HT
OLDSMOBILE 2 DR HT
BUICK COUPE
CHEVROLET COUPE
OLDSMOBILE 2 DR HT
OLDSMOBILE 2 DR HT
OLDSMOBILE 4 DOOR
OLDSMOBILE 2 DR HT
MERCURY 2 DR HT
BUICK 4 DOOR
CHEVROLET 4 DOOR
BUICK 4 DR HT
OLDSMOBILE 4 DR HT
OLDSMOBILE 4 DR HT
FORD 2 DOOR
PLYMOUTH 4 DOOR
CHEVROLET 4 DOOR
CHRYSLER 4 DR HT
OLDSMOBILE 2 DR HT
CADILLAC COUPE
FORD VAN
CADILLAC 4 DOOR
FORD 2 DR HT
CHEVROLET PASSENGER
VOLKSWAGEN 2 DOOR
FORD STA WAGON
BUICK 4 DR HT
FORD 4 DR HT
MERCURY 2 DOOR
FORD 2 DOOR
PONTIAC 4 DOOR
DODGE 2 DR HT
DODGE STA WAGON
CHEVROLET 4 DOOR
AM MOTORS 4 DOOR
BUICK 4 DR HT
BUICK 2 DR HT
CHEVROLET COUPE
DODGE VAN
FORD 2 DR HT
FORD PICKUP
DATSUN STA WAGON
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% CO
64 10.8
65 8.2
66 1.2
68 0.5
68 0.1
68 10.6
69 1.2
69 0.0
70 6.8
70 1.6
70 0.3
71 1.6
72 0.1
72 0.6
72 6.6
72 0.7
72 2.0
72 0.2
72 2.3
72 0.2
72 14.6
72 48
72 0.2
72 7.1
72 7.5
72 3.4
72 0.0
72 1.2
73 1.7
73 4.4
73 04
73 0.1
73 0.8
73 0.9
73 1.0
73 1.5
73 0.2
73 1.2
73 2.0
73 1.4
73 6.5
73 1.3
73 9.6
73 0.5
73 2.5
74 0.7
74 13
74 6.5
74 0.3
74 04



License

A2824
RD8536
KS4624
0G2795
FZN607
PXP871
AMA401
LZ7685
OM6221
LRX882
RD4285
OV8760
CX7408
JZR909
PX4729
GFT313
IP152
0oV8622
BKC27
BYZ392
CC1532
KANDAY?2
DH9450
2359848
PLX634
DW8301
HH1780
NU1652
KPZ625
PER173
83065RV
86066RV
OR3217
QY8028
BAG101
LXT451
NES136
RT6150
EH8870
LY7298
HZz7488
LL4733
MY2834
HMJ559
JEDS66
CDK717
MX8673
PNA309
864315
RZR367

Dirtiest

(08/07/1989)

Make Body style
JEEP VAN
OLDSMOBILE 4 DR HT
PONTIAC 4 DOOR
DODGE HATCHBACK
OLDSMOBILE 4 DOOR
OLDSMOBILE 2 DOOR
PONTIAC 4 DOOR
CHEVROLET COUPE
CADILLAC 4 DOOR
RENAULT HATCHBACK
BUICK 4 DOOR
PLYMOUTH STA WAGON
OLDSMOBILE 4 DOOR
CHEVROLET 4 DOOR
CHEVROLET 4 DOOR
FORD STA WAGON
CHEVROLET 4 DOOR
OLDSMOBILE COUPE
DODGE VAN
CADILLAC 4 DOOR
FORD 4 DOOR
BUICK 4 DOOR
CADILLAC PASSENGER
CHEVROLET VAN
CHEVROLET 4 DOOR
FORD STA WAGON
MERCURY 2 DR HT
CHEVROLET 4 DOOR
CHEVROLET 4 DOOR
FORD 4 DOOR
CHEVROLET PICKUP
CHEVROLET VAN
OLDSMOBILE 4 DOOR
MERCURY 2 DR HT
CHEVROLET HATCHBACK
OLDSMOBILE 4 DOOR
FORD 4 DOOR
AM MOTORS 4 DOOR
BUICK 2 DR HT
CHEVROLET PASSENGER
CHEVROLET COUPE
OLDSMOBILE 4 DOOR

2 DOOR
FORD HATCHBACK
MERCURY STA WAGON
FORD 4 DOOR
OLDSMOBILE 4 DOOR
PLYMOUTH 4 DOOR
MERCURY COUPE
OLDSMOBILE 4 DOOR
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Year



Cleanest

(08/08/1989)
License Make Body style  Year
QUESHA1 FORD 2 DOOR
MIGG SAAB SEDAN
JJUDE DODGE SEDAN
BVHG631 DATSUN 4 DOOR
FW9038 PONTIAC COUPE
IE7320 DODGE STA WAGON
NV4308 BUICK COUPE
JML127 MERCURY 2 DOOR
MARVAJO PONTIAC COUPE
135176RV FORD PICKUP
FX1748 FORD STA WAGON
2173DX-B TRUCK
RZV191 DODGE STA WAGON
KBS472 CHEVROLET VAN
828657 OLDSMOBILE COUPE
FLY982 FORD 2 DOOR
JRP257 CHEVROLET 4 DOOR
DK3091 CHEVROLET COUPE
RNX856 PLYMOUTH VAN
JTL2325 BUICK 4 DOOR
EC7049 OLDSMOBILE 4 DOOR
YXJ532 DODGE HATCHBACK
STR115 FORD HATCHBACK
JK3270 BUICK 4 DOOR
TLC112 COUPE
NW7047 CHEVROLET 4 DOOR
GS6532 PONTIAC 4 DOOR
EH9826 OLDSMOBILE COUPE
FTP246 PONTIAC 4 DOOR
4778BD-B  FORD VAN
MW7390 PONTIAC STA WAGON
IK688 RENAULT 4 DOOR
QY8964 BUICK COUPE
EVL195 BUICK SEDAN
MKB280 PLYMOUTH HATCHBACK
M30541 CHRYSLER
QR6256 4 DOOR
218DM-B CHEVROLET PICKUP
EGYWIZE-B FORD PICKUP
PY7056 CHEVROLET STA WAGON
KK1653 SAAB HATCHBACK
NW5374 PLYMOUTH HATCHBACK
NVM337 4 DOOR
FE5657 DODGE HATCHBACK
LW3532 BUICK 4 DOOR
ZFJ553 TOYOTA SEDAN
DUAS816 FORD HATCHBACK
97041RV DODGE VAN
PW9140 CHRYSLER 4 DOOR
RC5689 FORD HATCHBACK
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% CO

81
84
86
84
88
85
83
88
86
89
88
89

-0.5
-0.4
-0.4
-0.4
-0.4
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
85 -0.3
85 -0.3
86 -0.3
87 -0.2
87 -0.2
88 -0.2
85 -0.2
88 -0.2
85 -0.2
86 -0.2
85 -0.2
83 -0.2
89 -0.2
88 -0.2
88 -0.2
86 -0.2
89 -0.2
86 -0.2
87 -0.2
87 -0.2
80 -0.2
86 -0.2
79 -0.2
81 -0.1
85 -0.1
76 -0.1
86 -0.1
80 -0.1
-0.1
-0.1
-0.1

-0.1
-0.1

-0.1
-0.1
-0.1



License

482AB-B
PX4825
LE3448
EKN501
OV6932
40087RV
191766
19098H
19102H
2567498
LTNG42
918163B
1805CE-B
KG5989
3275CW-B
SJT446
EP9305
CA6855
WLMJIR1
GVK687
7865AK-B
324586
0J1203
NN9404
PP373
JBX701
6156AR-B
EVR947
BN6109
195432
EE8695
FR8085
2821DF-B
EEE486
HCG179
EC5854
BW2980
843663
JOR96
EZ2567
GPF770
CX8465
PP3879
QX8250
XNJ314
FM8580
EC5854
EH5362
LW6589
EJ4211

Oldest

(08/08/1989)

Make Body style
CHEVROLET VAN
CHEVROLET 2 DOOR
CHEVROLET PASSENGER
CHECKER 4DR SEDAN
VOLKSWAGEN 2DR SEDAN
FORD PICKUP
BUICK 2 DOOR
INTERNATIONAL STAKE
CHEVROLET VAN
GENERAL MOTOR PICKUP
BUICK STA WAGON
CHEVROLET TRUCK
CHEVROLET PICKUP
PLYMOUTH FURY 4DR SEDAN
CHEVROLET PICKUP
FORD 2 DR HT
OLDSMOBILE 2 DR HT
CHEVROLET COUPE
OLDS CUTLASS COUPE
PONTIAC PASSENGER
GENERAL MOTOR VAN
BUICK 2 DOOR
OLDSMOBILE 2 DR HT
CHEVROLET COUPE
OLDSMOBILE 4 DR HT
OLDSMOBILE 2 DR HT
CHEVROLET PICKUP
CHEVROLET 4 DOOR
CHEVROLET COUPE
OLDSMOBILE 4 DR HT
CHEVROLET PASSENGER
BUICK 4 DR HT
FORD VAN
BUICK 2 DOOR
CADILLAC COUPE
FORD 4 DR HT
BUICK 2 DR HT
CHEVROLET HATCHBACK
PONTIAC 4 DOOR
VOLKSWAGEN CONVTBLE
PLYMOUTH COUPE
PONTIAC 4 DOOR
BUICK 4 DR HT
DODGE STA WAGON
BUICK 2 DR HT
OLDSMOBILE 4 DR HT
FORD 4 DR HT
DODGE 2 DR HT
DODGE 2 DR HT
PONTIAC 4 DOOR
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Year

% CO
59 43
65 8.1
65 1.7
65 6.1
67 0.0
69 1.6
69 7.4
69 0.1
69 0.0
69 10.8
69 0.2
69 6.0
70 09
70 1.2
70 0.1
71 1.4
71 0.2
71 1.1
71 -0.1
71 0.8
71 6.8
72 53
72 1.3
72 0.3
72 0.2
72 09
72 6.3
72 5.1
72 0.4
73 0.2
73 0.2
73 0.8
73 113
73 3.7
73 1.7
73 1.2
73 0.2
73 1.9
73 0.2
73 0.7
73 0.1
73 0.1
73 0.6
73 55
73 0.7
73 0.1
73 0.7
73 13
73 3.9
73 45



License

0G3911
JF9547
NH6895
GFT313
987370B
ID6693
MY2834
PTT812
PCA120
PN5381
NC502
M31673
2821DF-B
BYX822
BP901
XCC634
2567498
SMJ116
QD313
PXT102
PS5645
MRLEEG0
ED4096
23527D
PNA168
CH2810
4519CV
EG3776
OF3343
431594
PS2679
RJYAO1
RETSEL
PX8791
PER173
FX2044
MX2073
EM2923
DT2931
EC9888
PVX619
NS3844
2844278
FYR388
PS8881
BX9182
PV1635
DCZ500
PP4146
ZAM27

(08/08/1989)

Make Body style  Year
OLDSMOBILE 4 DOOR
OLDSMOBILE 4 DOOR
BUICK COUPE
FORD STA WAGON
FORD VAN
LINCOLN 2 DR HT

2 DOOR
MERCURY 4 DOOR
PONTIAC COUPE
CADILLAC 4 DOOR
OLDSMOBILE 4 DOOR
FORD 4 DOOR
FORD VAN
DATSUN HATCHBACK
OLDSMOBILE PASSENGER
OLDSMOBILE 4 DOOR
GENERAL MOTOR PICKUP
FORD 2 DOOR
FORD STA WAGON
FORD STA WAGON
CHEVROLET COUPE
CHEVROLET COUPE
TOYOTA STA WAGON
GENERAL MOTOR VAN
BUICK 4 DOOR
AM MOTORS HATCHBACK
DODGE VAN
BUICK 2 DOOR
PONTIAC 2 DR HT
LINCOLN 2 DR HT
BUICK 4 DOOR
OLDSMOBILE COUPE
PLYMOUTH 2 DOOR

4 DOOR
FORD 4 DOOR
CHRYSLER STA WAGON
CADILLAC COUPE
PONTIAC 4 DOOR
PONTIAC COUPE
FORD 4 DOOR
CADILLAC COUPE
BUICK 4 DOOR
CHEVROLET TRUCK
MERCURY HATCHBACK
CHEVROLET 2 DR HT
FORD 2 DR HT
CHEVROLET HATCHBACK
BUICK COUPE
PONTIAC HATCHBACK
PONTIAC COUPE

Dirtiest
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% CO

80
81

16.0
13.4

88 13.1

79

12.6

86 12.6
79 125
88 125

82
79

12.4
12.1

77 12.0

83
82

11.9
11.8

73 11.3

84
78
82
69
85
79
79
79
78
81
84

11.2
10.9
10.9
10.8
10.7
10.6
10.5
10.4
10.4
10.3
10.2

81 10.1



License

TLM102
GPT393
NM8085
KA2862
TRV911
DB1136
CC1319
PS3692
RYP293
769EA-B
AEGS82
ADF417
JJ3248
NC3274
SYV511
OW5869
EKN849
RG9197
PS4924
FW9038
6010DA-B
EH9826
BJR53
BR6987
CX623
GF9775
JER844
PJS102
DNS215
Jwos2s
JV7391
Ju2853
SPK906
GV7200
GWX491
LNN536
HM6773
MAL2640
QES8968
QR7497
CFX613
NT6605
MU9140
6317BP-B
AKZ952
DA5653
420742
GE3697
GLA90
EB340

Cleanest

(08/09/1989)

Make Body style  Year
CHEVROLET COUPE
CADILLAC 4 DOOR
PONTIAC HATCHBACK
CHEVROLET STA WAGON

4 DOOR
BUICK 4 DOOR
PLYMOUTH HATCHBACK
CHEVROLET 4 DOOR
SUBARU 4 DOOR
CHEVROLET PICKUP
PONTIAC COUPE
FORD 4 DOOR

2 DOOR
PLYMOUTH 4 DOOR

SEDAN
MERCURY 2 DOOR
PLYMOUTH HATCHBACK
PONTIAC 2 DR HT
SUBARU 2 DOOR
PONTIAC COUPE
CHEVROLET PICKUP
OLDSMOBILE COUPE
OLDSMOBILE 4 DOOR
OLDSMOBILE 4 DOOR
PONTIAC 4 DOOR
FORD VAN
CHEVROLET COUPE
FORD 4 DOOR
CADILLAC 4 DOOR
VOLKSWAGEN 2 DOOR
CHEVROLET TRUCK
PLYMOUTH HATCHBACK
PLYMOUTH HATCHBACK
CHEVROLET COUPE
CHEVROLET PASSENGER
OLDSMOBILE COUPE
CHEVROLET COUPE
CHEVROLET 4 DOOR
TOYOTA 4 DOOR
PONTIAC HATCHBACK
CHEVROLET STA WAGON
PONTIAC 4 DOOR
FORD 2 DOOR
GENERAL MOTOR TRUCK
BUICK 4 DOOR
MERCURY 2 DOOR
MERCURY COUPE
CHEVROLET STA WAGON
FORD 4DR SEDAN
VOLVO 4 DOOR
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% CO
78 -0.8
84 -0.7
88 -0.6
85 -0.6
87 -0.5
79 -0.5
88 -0.4
88 -0.4
87 -04
84 -0.3
88 -0.3
87 -0.3
83 -0.3
81 -0.3
89 -0.3
88 -0.3
87 -0.3
75 -0.2
87 -0.2
88 -0.2
88 -0.2
86 -0.2
87 -0.2
86 -0.2
78 -0.2
85 -0.2
88 -0.2
88 -0.2
87 -0.2
87 -0.2
87 -0.2
87 -0.2
78 -0.2
89 -0.2
88 -0.1
78 -0.1
88 -0.1
86 -0.1
85 -0.1
89 -0.1
84 -0.1
82 -0.1
88 -0.1
86 -0.1
78 -0.1
83 -0.1
85 -0.1
79 -0.1
89 -0.1
86 -0.1



License

BT6331
33851D
PLX634
218DN-B
LE3448
996DW-B
Y2908
BG7247
HV4084
FZ4008
40087RV
LTNG42
OP9354
RA4557
SPX495
7865AK-B
EX9659
GVY443
324586
OH9222
8574DB-B
1378EC-B
SMKE99
PP373
EVR947
PP5677
KC2883
637990
2821DF-B
QX8250
195432
BW2980
HCG179
QE5489
UP7761
9859F
FR8085
JHUG12
EH5362
LZ6952
EC5854
LVE413
IW6408
IN5045
OW6145
BS1266
NELL53
BZ331
MXA113
OP9014

Oldest

(08/09/1989)

Make Body style
CHEVROLET PASSENGER
CHEVROLET STAKE
CHEVROLET 4 DOOR
CHEVROLET PICKUP
CHEVROLET PASSENGER
CHEVROLET PICKUP
AM MOTORS 4 DOOR
FORD 2 DR HT
CHEVROLET 2 DOOR
CADILLAC 2 DR HT
FORD PICKUP
BUICK STA WAGON
CHEVROLET COUPE
OLDSMOBILE 2 DOOR
DODGE 2 DR HT
GENERAL MOTOR VAN
OLDSMOBILE 4 DOOR
CHEVROLET 2 DR HT
BUICK 2 DOOR
CHEVROLET COUPE
FORD PICKUP
CHEVROLET PICKUP
BUICK 4 DOOR
OLDSMOBILE 4 DR HT
CHEVROLET 4 DOOR
PLYMOUTH 4 DOOR
BUICK 4 DOOR
CHEVROLET SEDAN
FORD VAN
DODGE STA WAGON
OLDSMOBILE 4 DR HT
BUICK 2 DR HT
CADILLAC COUPE
BUICK 4 DR HT
BUICK 4 DOOR
FORD DUMP
BUICK 4 DR HT
FORD STA WAGON
DODGE 2 DR HT
DODGE 2 DR HT
FORD 4 DR HT
BUICK 4 DR HT
B.M.W. 2 DOOR
CHEVROLET 2 DR HT
FORD 2 DOOR
TOYOTA STA WAGON
MERCEDES-BENZ 4 DOOR
CHRYSLER 4 DOOR
CHEVROLET 2 DOOR
CHEVROLET 2 DR HT
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Year

% CO
34 0.8
49 1.0
64 9.6
65 0.2
65 1.1
66 3.5
67 6.1
67 9.5
68 0.1
69 0.3
69 0.9
69 0.1
70 0.2
70 0.1
71 0.1
71 5.2
72 05
72 5.9
72 04
72 0.1
72 0.2
72 038
72 0.3
72 1.9
72 1.9
72 2.7
72 0.3
72 0.2
73 9.6
73 9.1
73 6.3
73 0.1
73 2.1
73 0.3
73 0.5
73 3.8
73 54
73 0.8
73 0.6
73 0.8
73 0.5
73 0.3
74 0.6
74 43
74 1.0
74 04
74 20
74 1.3
74 04
74 48



License

FXC641
TU9364
RDZ764
5053AC-B
ADM136
JK6957
KB567
231714B
JLV144
GFT313
MF3944
QL2424
4681DH-B
LX5618
NS3844
GWY973
LHOOQ2
PN4923
MY6077
0G7337
TBF389
SSN913
NV5084
ACM60
2821DF-B
MX4211
753960
SMJ116
PLX634
BG7247
AMA401
FX2038
QE2032
QX8250
BYZ822
123832
6178DP-B
DCC508
OH3699
NN8280
DR1781
0T9147
4681DH-B
DCZ500
W-I]
OD8456
RP4236
PN2628
NS1826
431594

Dirtiest

(08/09/1989)

Make Body style  Year
MERCURY 4 DOOR
BUICK 4 DOOR
FORD 2 DOOR
TOYOTA PICKUP
OLDSMOBILE COUPE
AUDI 4 DOOR
FORD 2 DOOR
CHEVROLET VAN

2 DOOR
FORD STA WAGON
BUICK STA WAGON
CHEVROLET 4 DOOR
CHEVROLET PICKUP
PONTIAC COUPE
BUICK 4 DOOR
CADILLAC COUPE
MITSUBISHI HATCHBACK
FORD 2 DR HT
BUICK 2 DOOR
LINCOLN COUPE
DODGE 4 DR HT
TOYOTA 2 DR HT
CHEVROLET VAN
OLDSMOBILE 4 DOOR
FORD VAN
OLDSMOBILE STA WAGON
CADILLAC 2 DOOR
FORD 2 DOOR
CHEVROLET 4 DOOR
FORD 2 DR HT
PONTIAC 4 DOOR
CHEVROLET COUPE
BUICK COUPE
DODGE STA WAGON
FORD 4 DOOR
PONTIAC 4 DOOR
MAZDA PICKUP
DODGE HATCHBACK
LINCOLN 4 DOOR
CHEVROLET 4 DR HT
MERCURY COUPE
FORD HATCHBACK
CHEVROLET PICKUP
BUICK COUPE
FORD 4 DOOR
CHEVROLET HATCHBACK
FORD HATCHBACK
VAN
DATSUN HATCHBACK
LINCOLN 2 DR HT

168



License

JG4374
MWX178
2218DF-B
11825
609170
NM430
MRJ127
KPZ940
GF9267
PP312
CN9837
GWT869
SUEG1
OT8030
AESMX6
RF1270
IE7320
GFE736
CR6610
KP9647
EDWA470
MSY600
195471
KULMOM?1
JRB651
OK8183
NZG279
720666
NZ5097
9949628
ET399
RN9571
SRR674
NKS771
MRCOZZI
EWC134
403566
FZ8477
4720CE-B
QX486
PW9554
EL7264
SC8621
CW4524
CB5589
JY5108
QS5090
OX4721
199696
GE3054

(08/10/1989)
Make Body style  Year
DODGE HATCHBACK
CHEVROLET SEDAN
CHEVROLET VAN
BUICK 2 DOOR
DODGE HATCHBACK
SUZUKI VAN
VOLVO 2 DOOR
AUDI 4 DOOR
FORD VAN
CHEVROLET 4 DOOR
TOYOTA 4 DOOR
FORD MUSTANG 2 DOOR
HONDA 4 DOOR
FORD STA WAGON
MAZDA COUPE
FORD CONVTBLE
DODGE STA WAGON
HONDA HATCHBACK
BUICK 4 DOOR
PONTIAC 4 DOOR
PONTIAC COUPE
FORD HATCHBACK
CHEVROLET 4 DOOR
DODGE HATCHBACK
OLDSMOBILE 4 DOOR
4 DOOR
FORD 4 DOOR
TOYOTA COUPE
4 DOOR
TOYOTA TRUCK
OLDSMOBILE 4 DOOR
FORD HATCHBACK
CHEVROLET COUPE
CHEVROLET COUPE
CHEVROLET 4 DOOR
HONDA 4 DOOR
DODGE HATCHBACK
FORD HATCHBACK
CHEVROLET VAN
MERCURY 2 DR HT
DODGE 4 DOOR
DODGE 4 DOOR
CHEVROLET COUPE
CHEVROLET 4 DOOR
CADILLAC 4 DOOR
PLYMOUTH 4 DOOR
CHEVROLET 4 DOOR
FORD 4 DOOR
TOYOTA COUPE
OLDSMOBILE COUPE

Cleanest

169



License

3037598
LV2639
MM144
OV6932
868639
3774CA-B
FVV935
SPH453
19098H
40087RV
SZY692
448425
PS4927
LTNG42
CY2919
PXP902
0J3003
EP9305
624524
19456H
OM1456
GD1089
PT2975
8268DF-B
GF7816
JX9292
JPG101
QA6471
PP373
RD8536
EVR947
JBX701
PP3854
W-37702
PY5923
2821DF-B
HCG179
DDN248
KP7785
195432
BW2980
QX8250
CX8465
EH5362
QX6788
LW6589
LVE413
LZ6952
GE26
EK3950

Oldest

(08/10/1989)

Make Body style
INTERNATIONAL TRUCK
DODGE 4 DOOR
CHEVROLET SEDAN
VOLKSWAGEN 2DR SEDAN
CHEVROLET PASSENGER
CHEVROLET PICKUP
CADILLAC CONVTBLE
BUICK 4 DOOR
INTERNATIONAL STAKE
FORD PICKUP
BUICK SEDAN
CHRYSLER 2DR SEDAN
CADILLAC 4 DOOR
BUICK STA WAGON
CHEVROLET 2 DOOR
OLDSMOBILE 2 DR HT
DODGE 2 DR HT
OLDSMOBILE 2 DR HT
OLDSMOBILE 2 DOOR
FORD DUMP
CHEVROLET COUPE
OLDSMOBILE CONVTBLE
CHEVROLET 4 DR HT
GENERAL MOTOR PICKUP
CHEVROLET STA WAGON
BUICK 4 DR HT
CHEVROLET 2 DR HT
CHEVROLET 4 DOOR
OLDSMOBILE 4 DR HT
OLDSMOBILE 4 DR HT
CHEVROLET 4 DOOR
OLDSMOBILE 2 DR HT
DODGE 2 DR HT
CHEVROLET 4 DOOR
FORD 2 DR HT
FORD VAN
CADILLAC COUPE
BUICK 4 DR HT
CHEVROLET PASSENGER
OLDSMOBILE 4 DR HT
BUICK 2 DR HT
DODGE STA WAGON
PONTIAC 4 DOOR
DODGE 2 DR HT
LINCOLN 2 DR HT
DODGE 2 DR HT
BUICK 4 DR HT
DODGE 2 DR HT
CHEVROLET 2 DOOR
CHEVROLET VAN
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Year

% CO
63 0.3
64 0.1
66 2.5
67 3.2
67 0.5
67 0.9
67 0.3
69 04
69 0.1
69 1.8
69 05
69 0.3
69 20
69 15
70 3.7
70 0.1
71 8.4
71 0.2
71 0.6
71 0.0
71 0.7
71 6.2
71 15
71 0.2
72 0.1
72 0.1
72 8.1
72 1.4
72 49
72 10.2
72 1.2
72 3.5
73 15
73 2.0
73 05
73 10.3
73 1.0
73 05
73 1.7
73 1.3
73 0.1
73 5.0
73 0.1
73 04
73 05
73 3.8
73 0.3
73 1.7
73 9.1
73 6.9



License

AMA401
SSN913
DA4662
RR219
GVN784
QC4680
FT2082
MY 1804
257038B
PV1635
MY2834
PG5134
PJ2181
NENAM
BZ2941
DU4936
2821DF-B
EFA212
ML3777
TSF491
PNA212
RD8536
QT8430
QB4521
PCA120
269162B
DCZ500
DW8301
BN9945
0J7677
NLV805
FD1320
KIMMIS1
GE26
IJMX957
23527D
NJD126
M31673
MXA913
0J3003
PNA168
BYY760
CG9202
OP7355
1X6331
JPG101
PS4968
PN4923
EC7341

Dirtiest

(08/10/1989)
Make Body style
PONTIAC 4 DOOR
TOYOTA 2 DR HT
OLDSMOBILE 4 DOOR
OLDSMOBILE 4 DOOR
LINCOLN 4DR SEDAN
BUICK COUPE
OLDSMOBILE COUPE
BUICK 4 DOOR
CHEVROLET PICKUP
CHEVROLET HATCHBACK
2 DOOR
OLDSMOBILE 2 DR HT
DODGE HATCHBACK
PONTIAC COUPE
CHEVROLET 4 DOOR
FORD 2 DR HT
FORD VAN
MERCURY 4 DOOR
DODGE VAN
LINCOLN 2 DR HT
BUICK 2 DR HT
OLDSMOBILE 4 DR HT
FORD 2 DR HT
CHEVROLET 4 DOOR
PONTIAC COUPE
CHEVROLET TRUCK
BUICK COUPE
FORD STA WAGON
DODGE 4 DOOR
CHEVROLET VAN
BUICK 4 DOOR
FORD 4 DR HT
HATCHBACK
CHEVROLET 2 DOOR
CHRYSLER 4 DOOR
GENERAL MOTOR VAN
BUICK 4 DOOR
FORD 4 DOOR
FORD VAN
DODGE 2 DR HT
BUICK 4 DOOR
FORD 4 DOOR
CADILLAC COUPE
DODGE 4 DOOR
OLDSMOBILE COUPE
CHEVROLET 2 DR HT
BUICK 4 DOOR
FORD 2 DR HT
MAZDA 2 DOOR
PICKUP

6178DP-B  MAZDA
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Year

% CO
80 13.7
75 127
80 12.6
77 125
77 124
79 122
81 114
78 11.3
75 113
79 11.0
88 10.8
76 105
78 10.4
83 10.4
81 104
80 10.4
73 10.3
84 10.3
77 10.3
79 10.3
74 10.2
72 10.2
77 10.0
82 10.0
79 9.8
77 9.8
75 9.8
84 9.8
81 9.4
78 9.3
77 9.3
79 9.3
87 9.2
73 9.1
85 9.1
84 9.0
81 8.9
82 8.8
85 85
71 8.4
81 8.3
83 8.3
81 8.2
74 8.2
78 8.1
72 8.1
76 8.1
76 8.1
86 8.0
86 7.9



License

MY3806
588041
698118
DESIRES
UK7670
13607SB
EUW649
MN1629
OL3945
QD2947
KE7789
NXC564
136326
Q%3902
QX9074
KXC926
FT7337
CHAPAUL
288339
PZ9945
DK3723
Jwog28
4886AE-B
QE509
MVE357
DY3816
TLC112
961952
DER127
JL3361
NT7035
ADAMS11
JLJ141
CV6078
OU7909
AW6402
KNU561
GNU543
MWY 692
RYR642
FOX860
620018
PLF22
PK8468
AKA288
FTZ31
OwW8513
QD8777
SNZ526
QB1773

Cleanest

(08/11/1989)

Make Body style
FORD HATCHBACK
CHEVROLET 2 DOOR
FORD 2 DOOR
CADILLAC 4 DOOR

HATCHBACK
FORD BUS
LINCOLN COUPE
CHEVROLET HATCHBACK
FORD VAN
MAZDA COUPE
FORD STA WAGON
TOYOTA SEDAN
MITSUBISHI 2 DOOR
CHEVROLET VAN
CHEVROLET 4 DOOR
BUICK STA WAGON
SUZUKI 2 DOOR
CHEVROLET COUPE
PLYMOUTH 4 DOOR
MERCURY HATCHBACK
FORD STA WAGON
VOLKSWAGEN 2 DOOR
CHEVROLET PICKUP
RENAULT 2 DOOR
PONTIAC HATCHBACK
BUICK COUPE
COUPE
CHEVROLET 4 DOOR
CHEVROLET STA WAGON
PLYMOUTH VAN
BUICK 4 DR HT
CHRYSLER 4 DOOR
TOYOTA 4 DOOR
FORD COUPE
OLDSMOBILE COUPE
CHEVROLET HATCHBACK
FORD HATCHBACK
BUICK 4 DOOR
BUICK COUPE
RENAULT 4 DOOR
4DR SEDAN
DODGE HATCHBACK
MAZDA SEDAN
BUICK 4 DOOR
CHEVROLET 4 DOOR
CHEVROLET 4 DOOR
BUICK COUPE
PONTIAC COUPE
TOYOTA COUPE
TOYOTA 4 DOOR
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Year

% CO

88
79
89
85
84
85
89
80
87
85
87
87
87
89
90
82
88

87
85
88

87

84
85
80

88

89

81

87

86
76
86
87
85
88
85
89

-0.6
-0.4
-0.3
-0.3
-0.3
-0.2
-0.2
-0.2
-0.2
-0.2
-0.2
-0.2

-0.2

-0.2
-0.2
-0.2

-0.2
81

-0.2
-0.2
-0.2
-0.2
-0.2
-0.2
-0.2
-0.2
-0.2

-0.2

-0.2
-0.1
-0.1

-0.1

-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1
-0.1



License

33851D
MN4728
LE3448
0OV6932
FVV935
CAM361
SZY692
19098H
40087RV
8469EB-B
LTNG42
CY2919
9405CX-B
KG5989
HV3033
EGT149
MX868
EJA198
128707RV
DP4091
128707RV
PS3059
7865AK-B
GRT264
PP373
BTU459
EX7968
GZB430
EH9484
637990
SMKE99
EVR947
LP9235
QC8854
SL2507
2821DF-B
BW2980
195432
PP3879
CX8465
OM4040
KP7785
PP3879
STT478
86248RV
LVE413
EH5362
KF8886
QX8250
JHU612

Oldest

(08/11/1989)

Make Body style
CHEVROLET STAKE
CHEVROLET 4 DOOR
CHEVROLET PASSENGER
VOLKSWAGEN 2DR SEDAN
CADILLAC CONVTBLE
CADILLAC COUPE
BUICK SEDAN
INTERNATIONAL STAKE
FORD PICKUP
CHEVROLET PICKUP
BUICK STA WAGON
CHEVROLET 2 DOOR
INTERNATIONAL PICKUP
PLYMOUTH FURY 4DR SEDAN
CHEVROLET 4 DOOR
MERCURY 2 DR HT
VOLVO 2 DOOR
DODGE TRUCK
CHEVROLET PANEL
OLDSMOBILE PASSENGER
CHEVROLET PANEL
BUICK SEDAN
GENERAL MOTOR VAN
VOLKSWAGEN SEDAN
OLDSMOBILE 4 DR HT
PONTIAC 2 DR HT
CHEVROLET 2 DR HT
BUICK 4 DR HT
CHEVROLET 2 DOOR
CHEVROLET SEDAN
BUICK 4 DOOR
CHEVROLET 4 DOOR
OLDSMOBILE 2 DR HT
FORD 4 DR HT
CADILLAC COUPE
FORD VAN
BUICK 2 DR HT
OLDSMOBILE 4 DR HT
BUICK 4 DR HT
PONTIAC 4 DOOR
MERCURY 2 DOOR
CHEVROLET PASSENGER
BUICK 4 DR HT
FORD 2 DOOR
FORD PICKUP
BUICK 4 DR HT
DODGE 2 DR HT
CADILLAC COUPE
DODGE STA WAGON
FORD STA WAGON
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Year

% CO
49 04
63 1.5
65 1.7
67 4.2
67 1.7
69 2.8
69 05
69 0.1
69 34
69 3.2
69 1.2
70 3.8
70 1.9
70 1.3
71 3.2
71 2.0
71 09
71 0.3
71 8.2
71 47
71 15
71 3.4
71 3.6
72 2.9
72 6.2
72 45
72 0.3
72 1.6
72 0.5
72 0.1
72 4.2
72 2.7
72 0.1
73 55
73 0.3
73 2.2
73 0.2
73 0.2
73 1.3
73 0.1
73 0.0
73 11
73 4.0
73 0.2
73 0.2
73 0.3
73 05
73 0.1
73 5.6
73 0.9



License

SSN913
828553
MD6293
MY4529
DW8301
SNU312
MY2834
FXP558
PER173
OM3833
DCZ500
MW7509
PV3249
GFT313
PV1635
JSR64
MBX893
MTJ697
KANDAY?2
EC8108
BN9945
PWN314
NS2524
6225CZ-B
FR1289
BT5552
81575RV
JJ639
MZ9853
NLV805
QL2424
ROY553
BU2199
86066RV
KPK325
JPP114
MBX893
PS7366
CX7408
PES318
NEL270
JSS123
463236
YDL103
OH8541
OP7355
JV6319
IRONMEN
KA8740
DZ7414

(08/11/1989)

Make Body style  Year
TOYOTA 2 DR HT
OLDSMOBILE COUPE
CHEVROLET HATCHBACK
FORD STA WAGON
FORD STA WAGON
AM MOTORS PASSENGER

2 DOOR

CADILLAC COUPE
FORD 4 DOOR

AM MOTORS 4 DOOR
BUICK COUPE
CHEVROLET 4 DOOR
OLDSMOBILE STA WAGON
FORD STA WAGON
CHEVROLET HATCHBACK
OLDSMOBILE COUPE
PONTIAC 2 DOOR
MERCURY PASSENGER
BUICK 4 DOOR
OLDSMOBILE COUPE
DODGE 4 DOOR
FORD HATCHBACK
JEEP VAN

FORD PICKUP
DODGE 4 DOOR
BUICK 4 DOOR
TOYOTA CAMPER
PONTIAC COUPE
PONTIAC COUPE
BUICK 4 DOOR
CHEVROLET 4 DOOR
FORD STA WAGON
FORD 2 DR HT
CHEVROLET VAN

FORD STA WAGON
CHEVROLET VAN
PONTIAC 2 DOOR
PONTIAC 2 DR HT
OLDSMOBILE 4 DOOR
FORD 4 DR HT
CADILLAC 4 DOOR
MITSUBISHI HATCHBACK
OLDSMOBILE COUPE
CHRYSLER HATCHBACK
VOLKSWAGEN SEDAN
DODGE 4 DOOR
MERCURY 2 DOOR
BUICK 4 DOOR
FORD 4 DOOR
OLDSMOBILE 4 DOOR

Dirtiest

174
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