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ABSTRACT

The overall objective of this experimental program was to cbtain
quantitative comparisons between leaded and nonleaded gasolines as used
in a variety of Iowa State Highway Commission vehicles. These quanti-
tative comparisons were to be made in terms of exhaust emissions, main-
tenance costs and fuel economy.

A 52-vehicle test fleet was selected for this study. This test
fleet included tractors, pickup trucks, light-duty trucks, heavy-duty
trucks and a few miscellaneous vehicles. Twenty-two vehicles were op-
erated on nonleaded regular-grade gasoline and 30 vehicles were operated
on leaded regular-grade gasoline.

Each month from August 1971 through May 1972, measurements of tem-
perature, humidity, mileage, air-fuel ratio and emissions of total hy-
drocarbons and carbon monoxide were recorded for each vehicle under no-
load conditions at idle and at 2500 rpm.

Ten pairs of vehicles were selected from the test fleet. Each pair
was matched according to type, make and mileage as closely as possible.
The major difference in each pair was fuel: one vehicle used leaded
fuel, the other used nonleaded fuel. The 10 matched pairs were 4 pairs
of pickups, 4 pairs of light-duty trucks and 2 pairs of heavy-duty
trucks.

These vehicles were tested under load conditions with a chassis
dynamometer located at the Des Moines Area Community College. The loads
for which emission data were obtained included full, 2/3 nominal, 1/3
nominal and minimum (except for pickups), all at 2500 rpm. Measurements

were recorded for load, air-fuel ratio, intake manifold vacuum, tempera-
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ture, humidity and both total hydrocarbon (HC) and carbon monoxide (CO) emissiors.

Exhaust emission samples were collected in Tedlar bags from the
matched pair vehicles during both dynamometer tests (January and April)
and also from the test fleet vehicles during March and May. These bag
samples allowed oxides of nitrogen to be determined as well as paraf-
finic, olefinic and aromatic portions of unburned hydrocarbons.

Emission measurements yielded statistically significant (95% con-
fidence level) differences between leaded and nonleaded gasoline. Lower
HC and CO emissions existed for leaded gasoline wher. fleet vehicles were
tested under no-load conditions. Air-fuel ratio caused larger differ-
ences in measured emissions than differences in type of gasoline.

When the matched pairs were tested under load, the leaded fuel yielded
significantly higher HC emissions for pickups and heavy-duty trucks as
well as higher CO emissions with light-duty trucks. However, this was mainly true
at full load at which the vehicles would rarely operate.

Engine adjustment was found to be considerably more important in
controlling exhaust emissions than was the type of fuel used.

No significant differences due to gasoline were observed in either
maintenance costs, fuel consumption, or residue in o0il during the course
of this study.

Recommendations from this study are: (1) continue use of leaded
fuel in all vehicles for which the test fleet is indicative; (2) esta-
blish regular tune-up schedules using exhaust emission equipment; (3)
initiate an easily accessible record keeping system for consumption and
maintenance items; (4) use certified reference gases to calibrate all

emission measuring equipment; (5) extend the study for the lifetime



of the veliicles under test so that effective comparisons can be made on
maintenan:e items and fuel and oil consumption; and (6) prevent over
specifica:ion of engine size actually needed when purchasing new

vehicles.
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I. INTRODUCTION

Duriag the fall of 1970, a proposal was made by the Director of
Highways, J. R. Coupal, Jr., to the Highway Commissioners, to test
leaded and nonleaded gasoline in actual use with the fleet of vehicles
operated by the Iowa State Highway Commission. This study was to com-
pare leaded and nonleaded regular-grade gasolines in terms of exhaust
emissions, operating characteristics (i.e., vehicle type, engine speed,
engine load and duty cycle), minor maintenance costs, and fuel economy.
Of special interest to the Highway Commission was the cost of switching
to nonleaded gasolines. Currently, the price of nonleaded gasoline is
two cents per gallon more than the leaded varities and to use it in
Highway Commission vehicles would cost the state of Iowa about $150,000

more per vear.

A. Emission Measurements

Emission measurements include unburned hydrocarbons or waste gaso-
line, carbon monoxide (caused by incomplete combustion), and oxides of
nitrogen (formed from the combustion of gasoline using air as an oxi-
dant). These emissions are important because they produce, in a variety
of ways, three noxious compounds. One of these is peroxyacetal nitrate
(smog) which is formed from oxides of nitrogen reacting due to energy
from sunlight with unburned hydrocarbons. This pollutant irritates
eyes and !issue in the nose, throat and lungs. Another toxic pollutant
is nitrog:n dioxide which destroys lung cells and is toxic to plants as

well as humans. It has been shown to cause transient pulmonary-function



changes i the lungs of animals. The third toxic pollutant is carbon
monoxide sith which we are most faﬁiliar in terms of its dangerous na-
ture, Th: fact that this gas is colorless and oderless increases its
potential danger. All of these compounds are potentially far more
harmful than lead because of the ease with which they can be ingested
~into the human body.

In the manufacture of some nonleaded gasolines, additives must be
put into the mixture to replace the lead which acted primarily as an
anti-knock agent and.secondarily as a lubricant. These additives.in-
clude small amounts of phosphorus for lubricating purposes which could
result in emissions of phosphorus compounds that are potentially harm-

ful to health.

B. Advantages vs Disadvantages of Fuels

To further complicate the situation there are some conflicting re-
ports concerning the advantages and disadvantages of using nonleaded
fuel. Th:re has been poor statistical analysis and presentation of re-
sults; thus, one cannot ascertain whether differences reported are sig-
nificant or nof. Much of the existing data is for passenger cars or
fleets of automobiles. Very little information is available for trucks
and none to ourvknowledge concerning a large fleet of vehicles such as
the Iowa State Highway Commission's which includes tractors, pickup

trucks, light- and heavy-duty trucks as well as passenger cars.



C. Research Contract

Test : were started by Commission personnel during May, 1971 and a
research :ontract was made with Iowa State University on July 7, 1971
for a one year research effort to perform the desired comparisons. A
prelimina 'v report was required by March 1, 1972 to assist in determin-
ing the t pe of gasoline the Highway Commission should use in its fleet
beginning May 1, 1972 when new fuel contracts became effective. The
prelimina 'y report was presented Tuesday, February 29, 1972.to the Com-
missioner: recommending that coﬁtracts for one additional year be signed
for use o leaded gasoline at all test sites except Grundy Center and
Sac City. These two test sites were to continue use of nonleaded fuel
for one additional year to allow additional data to be obtained.

The detailed results herein constitute the final report on project
HR-1002 for the period July 7, 1971 to July 6, 1972,

The opinions, findings, and conclusions expressed in this publica-

tion are those of the authors and not necessarily those of the Iowa

State Highway Commission.

IT. OBJECTIVES

The overall objective of this experimental program was to obtain a
quantitative comparison between leaded and nonleaded gasolines as used
in a variety of Iowa State Highway Commission vehicles. ‘This quantita-
tive compsrison was to be made in terms of exhaust emiésions of unburned
hydrocarb ms (HC), carbon monoxide (CO) and oxides of nitrogen (NOX),

maintenan e costs and fuel economy.



Other objectives of this experimental program were to: (1) esta-
blish a mathod of calibrating the instrumentation used in the exhaust
emission measurements; (2) determine the effects of the presence of
water vapor and of gas-sample temperature on the calibration technique;
and (3) establish appropriate statistical methods of recording and anal~

yzing the data pertaining to the overall objective.



ITI. DESIGN OF THE EXPERIMENT

A, Test Fleet Vehicles

A 52-vehicle test fleet was selected for this study. This test
fleet included tractors, pickup trucks, light-duty trucks, heavy-duty
trucks and a few miscellaneous vehicles. From the test fleet, 22 ve-
hicles operating on nonleaded gasoline and 25 vehicles operating on
leaded gasoline were available for testing on a regular monthly basis.
Five miscellaneous vehicles from the Ames motor pool operating on leaded
gasoline were available on an irregular basis.

Both the leaded and nonleaded fuels were regular grade gasoline
furnished by the American 0il Company under their regular contract with
the Iowa State Highway Commission. The typical research octane numbers
for the le:aded and nonleaded types were 94 and 90, respectively.

A few of the vehicles from the original test fleet were transferred
and/or sold during the test period for reasons beyond our control. Data
for these vehicles and their replacements are included in the data tabu-
lations in the appendices. However, data for these few vehicles were

not analyzed because of its incompleteness.

1. Testing Scheme

Each month from August 1971 through May 1972, measurements of tem-
perature, humidity, mileage, air-fuel ratio and emissions of total hy-
drocarbon; and carbon monoxide were recorded for each vehicle under no-
load conéition at idle and at 2500.rpm.

Temp :rature and humidity were measured using a sling psychrometer,



air-fuel ratio was measured using a Sun 1120 Electronic Engine Tester
and the total hydrocarbons (HC) and carbon monoxide (CO) were measured
using a Sun Exhaust Emission Tester 910 (EET 910). Measurements of CO
and HC with the EET 910 were obtained by nondispersive infrared detec-
tion. (NDIR).

On several occasions, exhaust gas samples were collected in Tedlar
bags for laboratory analysis to determine oxides of nitrogen, total un-
burned hydrocarbons, types (paraffins, olefins and aromatics) of hydro-
carbons, and to obtain checks on air-fuel ratio and carbon monoxide
emissions.

Bags constructed of Tedlar were selected based on the results of
work done by Papa et al. (1). They investigated the effect of bag ma-
terial to determine the best for exhaust-gas collection. They construc-
ted decay curves for several hydrocarbons in bags made from various ma-
terials and determined that bags of Teflon and Tedlar had essentially
no effect on the composition of the exhaust-gas sample over a period of
three hou's. Based on their experience, bags constructed of Tedlar were
deemed necessary for these experiments and were the type used.

The c¢xides of nitrogen were determined in accordance with ASTM
Designation D1608-67. This is the phenol-disulfonic acid procedure for
measuring the concentration of total oxides of nitrogen (except N20)
expressed as nitrogen dioxide (NOZ) in parts per million (ppm) by volume.

Total unburned hydrocarbons and types of hydrocarbons were deter-
mined by :he technique of Soulages and Brieva (2). This method uses a
gas chromitograph. The aromatic and olefinic hydrocarbons are selec-

tively re:ained by two chemical absorbents while the saturates (paraffins) pass un-



altered through the gas chromatograph. The measurements were determined
by flame jonization detection (FID).

The reason for determining the fraction of total unburned hydrocar-
bons that are of each type (paraffins, aromatics, and olefins) is because
other invcstigators such as Jackson (3) have found the smog-forming po-
tential o' an exhaust hydrocarbon mixture to depend upon the composition
of the mi::ture. Jackson points out that, with reactivity differences
among exhaust hydrocarbons greater than 6000 to 1, an increase, decrease
or no change in smog-forming potential is conceivable, even though the
total hydrocarbon concentration may be decreased.

Jackson lists relative reactivities for a large number of hydrocar-
bons., The paraffin group ranges from 0.0 to 1.86 with an average rela-
tive reactivity for this group of hydrocarbons around 1.5.

The aromatics range f:om 0.56 to 8.64 with an average value for the
aromatics listed by Jackson of 3.5.

The olefins have relative reactivities ranging from 2.50 to 52,9
with an average value for the olefins listed by Jackson of 9.7.

Amounts of the various types of hydrocarbons in the exhaust gases
as well as total amount of unburned hydrocarbons are important in deter-
mining the harmful aspects of this air pollutant.

The check on air-fuel ratio and carbon monoxide emissions was done
by using an Orsat analyzer and assuming a hydrocarbon fuel.

Before any emission measurements were made, the air-fuel ratio at
idle on e.:ch vehicle was adjusted to a reference value. This reference
value was the air-fuel ratio obtained when the vehicle had last been ad-

justed (t:ned-up) to the manufacturer's recommendations.



During the times when field testing was béing performed, not all
vehicles ere readily available because of the particular job assign-
ments where the vehicle was being used. Consequently, during some
months certain vehicles were missed during the testing periods. In
the éase of tractors, some measurements were omitted during the winter
months because a few of these vehicles were not used between emission
testing periods.

In order to accomplish the statistical analysis, it was necessary
to estimate the missing or incomplete information. The estimations
were performed in two ways. If the vehicle had been used and was mis-
sed duriny the regular emission testing period, the emission readings
for the two months adjacent to the missing month were averaged and used
for the missing month data. If the vehicle had not been used, the mis-
sing data was esﬁimated by using the previous months data. Since the
vehicle was not operated there should be no difference in emissions.
Estimated data obtained by either of these two methods is identified
by an asterisk in the tabulations of the Appendices.

Data obtained from the test fleet measurements are tabulated in
Appendicez A and B. Appendix A tabulates data for the Test Fleet at
idle and 2500 rpm, no load, for the ten months of testing. Appendix
B tabulates data for the test fleet for March and May when bag samples
were returned to the laboratory for oxides of nitrogen, total hydro-

carbons and types of hydrocarbons determination.



B. Matched Pair Vehicles

Ten pairs of vehicles were selected from the initial test fleet.
Each pair was matched according to type, make and mileage as closely
as possible. The major difference in each pair was fuel. One vehicle
of the pair used leaded fuel, while the other used nonleaded
fuel. The 10 matched pairs included 4 pairs of pickups, 4 pairs of

light-duty trucks and 2 pairs of heavy-duty trucks.

1. Testing Scheme

These vehicles were tested under load conditions on a chassis dy-
namometer at the Des Moines Area Community College. The loads for which
emission data were obtained included full, 2/3 nominal, 1/3 nominal, all
at 2500 rpm. Data for minimum load (typically 15 to 20% of full load)
at 2500 rpm were also obtained for all vehicles except the pickups.
Measurements recorded included load, air-fuel ratio, intake manifold
vacuum, temperature, humidity, and both total hydrocarbon (HC) and car-
bon monoxide (CO) emissions. 1In addition, exhaust-gas samples were col-
lected in Tedlar bags for laboratory analysis of total oxides of nitro-
gen, total hydrocarbons(FID), types of hydrocarbons and carbon monoxide.

Before any measurements were made, the air-fuel ratio at idle on
each vehicle was adjusted to a reference value. This reference value
was the air-fuel ratio obtained when the vehicle had last been adjusted
(tuned-up) to the manufacturer's recommendations.

The testiﬁg procedure was the same as that used and previously de-

scribed for the Test Fleet.

Data from these measurements is tabulated in Appendices C, D and E.
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Appendix C tabulates the data for tests performed on the Matched Pairs
during Jaruary 1972, Appendix D tabulates data for tests performed on
the Matched Pairs during April 1972 and Appendix E contains data on the
Matched Pairs for April 1972, when bag samples were returned to the la-
boratory snd analyzed for oxides of nitrogen, total hydrocarbons and

types of bydrocarbons both by the gas chromatograph.

C. TFuel Economy and Maintenance Costs

Operating data from selected vehicles in the Test Fleet were re-
corded and analyzed to determine any variation in fuel economy and main-
tenance costs which resulted from the type of gasoline used. These data
are tabulated in Appendices F and G. Appendix F tabulates maintenance

costs, Appendix G fuel and o0il consumption data.

D. Miscellaneous Tests

Several miscellaneous tests were included to supportland fulfill
the primary objective of this experiment. Included in these miscel-
laneous tests were gasoline samples taken at each location and oil sam-
ples taken when the vehicle oil was changed.

The gaoline samples were analyzed by running a gasoiine distilla-
tion test on each sample in accordance with ASTM Designation D86-61,
determining the Reid wvapor pressure in accordance with ASTM Designation
D323—58 s1d determining the API'gravity of the gasoline. In addition,
each gasoline sample was analyzed for the fraction of each type (sat-

urates, ¢lefins and aromatics) of hydrocarbon that was in the gasoline.
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This test was performed using the gas chromatograph method which was pre-
viously described under the Test Fleet testing scheme.

The 0il samples were filtered to determine the amount of particﬁlate
matter in the sample in accordance with ASTM Designation F313-70. This
standard was modified (size of sample used was reduced) to accomodate the
difference in the amount of particulate matter contained in used crank-

case oil :nd hydraulic oils for which this standard applies.

IV, RESULTS

A. Calibration Procedure for Sun Exhaust Emission Tester 910

All analytical methods must be calibrated‘at regular intervals.

This can be a dynamic or static calibration, and can involve use of cal-
ibrating gases or comparison against another instrument which has been
calibrated.

The Sun EET 910 which measures unburned hydrocarbons (HC) and car-
bon monoxide (CO) is equipped with an internal calibration system con-
sisting of a mechanically driven chopper which prevents a known fraction
of the infrared radiation from reaching the detector, thereby simulating
the known absorption of HC and CO gases. Calibration is achieved by ad-
justing the span set control until the indicating pointers are coincident
with the span set control lines on the HC and CO meters. This is done
after complete warm-up and after the meters have been set to zero with
no exhausi gas flowing through the tester. It was decided to check the ac-
curacy and repeatability of the self-contained calibration system by pro-

curing calibration HC and CO gases of certified composition. After con-
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siderable experimentation, the following observations were made.

a. 3ince there is considerable variation between the HC and CO
certified calibration gas concentrations and the results ob-
tained by the EET 910 using the internal span set method, it
.8 necessary to adjust the span set control by passing cali-
nration gas through the machine and by then adjusting the
ipan set control until the meters indicate the actual gas
v:omposition. The meter span reading is recorded for future
eference.

b. 'The span set remains fairly stable when adjusted as specified
above. Even if the meter reading should change when the span
gsetting check switch is engaged, readjusting the span set con-
trol to restore the original setting will result in restoring
the correct calibration. The span set should be checked each
30 minutes or after each two or three vehicles are checked,
and readjusted if necessary.

c. The zero drift of the machine is abpreciable and is, therefore,
& matter of concern. To prevent errors in measurement due to
zero shift, the set line controls must be adjusted to bring
the HC and CO meters to zero immediately preceding each mea-
surement.

d. The EET 910 should be recalibrated (at least at the beginning
of each half day of testing) by passing certified calibratién
gés through it and adjusting the span set coﬁtrols until the
meters indicate correctly. This should be done more frequently

if an unusually large number of vehicles are checked, if there
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are any marked changes in atmospheric conditions, if there are
any large changes in the meter readings when the span check
switch is actuated, or if the operator has reason to question
the readings obtained from the tester. Correct calibration
can be maintained between certified gas calibrations by actuat-
ing the span check switch and verifying that the meter span
readings are the same as when the calibrating gas was used, re-
adjusting the span set control to restore the readings if ne-
cessary. A detailed procedure is included in Appendix H.

e. ‘The uncertainly of this tester using calibrating gases is es-
timated to be + 20 ppm for HC measurements. Thus, the relative
error in HC measurements is much higher at the lower levels of

HC emissions. For example, the uncertainty is greater than + 10%

when emissions are below 200 ppm while the uncertainly is + 2%

at an emission level of 1000 ppm.

1. Pressure, Temperature and Humidity Effects

The calibration of the Sun EET 910 possibly could be affected by
atmospheric pressure, temperature, and humidity of the ambient atmos-
phere and by the same properties of the exhaust gas passing through the
test cells of the tester. The manufacturer gives pressure (altitude)
correction factors to apply to the span setting when the internal cali-
bration system is used. However, since it was decided to use calibrat-
ing gaseé which will compensate for all nonstandard conditions at the

time of calibration, these types of corrections are not necessary.
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It was decided to invesfigate the effect of temperature and humid-
ity variation of the exhaust gas. The EET 910 was calibrated with dry
calibrating gas and then water-saturated calibrating gas was immediately
run through the tester. The resulting readings for HC and CO agreed
with the calibrating gas composition adjusted for the calculated dilution
by water vapor within 10 ppm HC and 0,05% CO, which is less than the
expecfed rieasurement error of the machine. The conclusion was therefore
made that calibrating with a dry calibrating gas and measuring a par-
tially saturated exhaust gas would introduce no appreciable errors. A
similar test was run on the EET 910 except that the temperature of the
calibrating gas (also room temperature) was allowed to vary. Since no
artificia’ means of changing the laboratory temperature was available,
about 24 liours elapsed between the original calibration and the recheck.
The pressure and span settings as well as the ambient temperature had
changed. Thus, no definite conclusions could be drawn about the exact
effect of the exhaust gas temperature variation due to variations in
all factors and their possible interactions. Frequent‘recalibration
with certified calibration gas was relied upon to minimize effects due to

changes in atmospheric pressure and temperature.

2. Hydrocarbon Comparison

An alternate determination of the unburned HC in the exhaust gas
was used to provide a check on the EET 910 as well as to provide addi-
tional data about the types of hydrocarbons in the exhaust gas samples.
The techn:ique used was a subtractive absorption gas chromatograph column

using a fl.ame ionization detector (FID). This technique was used by

Soulages and Brieva (2).
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The column splits the flow into three branches. One branch con-
tains a mercuric perchlorate - percholoric acid (MP-PA) absorbent which
absorbs the olefinic and aromatic hydrocarbons and does not react with
the paraffinic (saturates) hydrocarbons. A second branch contains a
mercuric sulphate - sulfuric acid (MS-SA) absorbent which retains all
olefins with 3 or more carbon atoms and does not react with aromatics
and saturates. The third branch has no absorbent and therefore passes
all of the hydrocarbons. Another way of saying this is that the three
branches pass saturates, saturates plus aromatics, and total hydrocar-
bons, respectively. This permits the determination of total HC as well
as the relative breakdown into the saturated, aromatic and olefinic
species. The HC determination is germane to this experiment in that
it gives a method of checking the calibration of the EET 910.

The EET 910 is an infrared absorption instrument having an infra-
red source emitting in the wavelength band of 3.4 to 3.5 microns. This
is near the peak of the absorption band of hexane which was uéed as the
‘calibrating gas. The hexane in nitrogen calibrating gas concentration
was certiiied by Air Product, Inc., supplier of this mixture.

The indicated concentration from the EET 910 is in hexane equiva-
lent on an infrared absorption basis. Other hydrocarbons overlap this
absorption band but have varying absorptivities which means a varying
response by the instrument to them.

The flame ionization detector (FID) responds essentially to the
carbon content of the hydrocarbon gases and thus responds equally well
(on a mass basis) to all kinds of hydrocarbons.

Since the two measurement methods employ different detection tech-
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niques, a difference between the EET 910 and the gas chromatograph was
expected even when analyzing samples that were taken simultaneously in
sample bags and returned to the laboratory. A review of current litera-
ture indicated that total HC determined by FID will be greater than HC
determinec by NDIR,

Diffurent investigators report variable values for the ratio
FID/NDIR with typical values in the range of 1.8 - 2.8 depending on
the type of fuel and engine operating parameters. For example, Krause
(4) reporied an average value of FID/NDIR of 2.3. The ratio of 1.8 is
recognized by the Environmental Protection Agency in the Federal Regis-
ter (5) as the standard procedure for computing exhaust dilution factors.

All samples for analysis on the gas chromatograph were collected
in Tedlar bags which were filled directly from the discharge of the Sun
EET 910 analyzer.

The flow split of the three branches of the column and calibration
of the output of the gas chromatograph was accomplished by using hexane
(910 ppm) calibration gas which had been analyzed and certified by Air
| Products, Inc. This gas came from the same laboratory as that used to
calibrate the EET 910. Therefore, all readings from the gas chromato-
graph were hexane equivalent.

Periocdically, l-pentene and benzene were used as test gases to

verify that the absorbents were still functioning properly.
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Table 1. Total hydrocarbons (ppm hexane equivalent) for Matched Vehicles
(April Data).

Y
; Nonleaded fuel Leaded fuel
Vehicle type | FID (GC) NDIR (Sun) FID/NDIR| FID (GC) NDIR (Sun) FID/NDIR
Pickup 194.3 73.8 2.63 276.8 101.2 2.74
Light duty 164.9 64.1 2.57 176.8 69.7 2.54
Heavy duty 194.6 80.6 2.41 226.2 95.0 2.38

Table 1 lists total hydrocarbons measured by the EET 910 (NDIR),
the gas chromatograph (FID) and the ratio of gas chromatograph to EET
910 for the April tests of the Matched Pairs. The table shows that the
ratio of the total hydrocarbons measured by the two techniques is ap-
proximately 2.5. Examination of the data in Appendix E indicates that
there is considerable variation around this 2.5 value, especially when
the value read on the EET 910 is less than 100 ppm. This is a range on
the machine which is less than 5% of full scale and where a considerable
error in reading can be obtained if the zéro adjustment is off slightly.

Also, it took approximately 10 seconds to fill the bags - the gas chrom-

atograph will indicate an average for this period of time while the EET

910 is an instantaneous reading.




Table 2.
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Total hydrocarbons (ppm hexane equivalent) for Fleet Vehicles
(effect of fuel on emissions).

Nonleaded fuel

Leaded fuel

Vehicle type | FID (GC) NDIR (Sun) FID/NDIR| FID (GC) NDIR (Sun) FID/NDIR
Pickup 121.3 50.0 2.43 174.9 109.5 1.60
Light duty 260.0 156.7 1.66 166.7 82.9 2.01
Heavy duty 355.0 138.8 2.56 361.6 165.2 2.19
Tractor 346.8 202.5 1.71 322.1 142.5 2.26

Table 3. Total hydrocarbons (ppm hexane equivalent) for Fleet Vehicles

(effect of engine speed on emissions).

Nonleaded fuel Leaded fuel
Vehicle type | FID (GC) NDIR (Sun) FID/NDIR | FID (GC) NDIR (Sun) FID/NDIR
Pickup 211.1 114.4 1.85 98.6 60.0 1.64
Light duty 292.2 163.7 1.78 112.2 58.3 1.92
Heavy duty 475.2 223.2 2.13 243.6 89.5 2.72
Tractor 414.0 255.6 1.62 263.1 109.4 2.40

Tables 2 and 3 tabulate the same type of information for the Test

Fleet for the months of March and May.

For the Test Fleet data, the

ratio of total hydrocarbons by FID to NDIR varies considerably, ranging

from 1.6 %o 2.7.

this ratio.

No explanation can be given for the wide variation in
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3. _Carbon Monoxide Comparison

Calibration gas was used to check and adjust the span setting on
the Sun EET 910 instrument before taking field measurements of carbon
monoxide (CO). It was deemed necessary to check the Sun EET 910 car-
bon monoxide readings by a second technique. This was accomplished in
two ways,

a. Carbon monoxide values obtained by the Sun EET 910 instrument

were compared with carbon monoxide values obtained using an
(rsat analyzer. The samples were obtained from the exhaust
gases from a Kohler engine located in the Mechanical Engi-
neering Laboratory at Iowa State University. Care was taken
to be certain samples were taken simultaneously. Values for

five different runs are shown in Table 4.

Table 4. Comparison of carbon monoxide values obtained by
two different techniques.

Sun EET 910 Orsat analyzer
Run values (%) values (%)
1 1.5 1.4
2 1.9 1.8
3 6.1 6.4
4 - 4.6 3.6
5. 0.5 0.6

7t should be noted that the minimum readable division (sensitivity)
on the Orsat analyzer is + 0.1%. A very favorable comparison

was obtained in all cases except one.
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b. When bag samples were obtained in the field, they were brought
to the Mechanical Engineering Laboratory at Iowa State Univer-
sity and analyzed for carbon monoxide using an Orsat analyzer.
Carbon monoxide values obtained using the Orsat analyzer were
compared with carbon monoxide values obtained for the same run
using the Sun EET 910 tester. It was found that most values
were within 0.2%. This is considered excellent agreement when
it is noted that the minimum readable division on the Orsat
analyzer is 0.1% and that the bag samples were obtained over
a period of time (about 10 seconds) and will be an average for
that period while the Sun EET 910 is by comparison an instan-
taneous reading.

Based on the above two calibration checks, it was concluded that highly
accurate carbon monoxide values are obtained from the Sun EET 910 tester
if the calibrating gas is used to set the span setting before starting a
field test. 1In the field, the span setting is also checked periodically

during the test period to maintain the desired calibration.

B. Calibration Procedure for Sun 1120 Electronic Engine Tester

The Sun 1120 Electronic Engine Tester was used for measuring the
air-fuel ratio. An attempt was made to verify the accuracy of this mea-
surement by comparing the readings obtained from the Sun 1120 with values
obtained by measuring the products of combustion using an Orsat analyzer
and by mezsuring the air flow and fuel flow supplied to a small internal

combustior. negine.

Thes: tests were conducted in the Mechanical Engineering Laboratory
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using a Kohler engine. Care was taken to be certain that the gas sam-
ples used in obtaining values from the three different techniques were
taken simultaneously.

Table 5. Comparison of air-fuel ratio values obtained by three differ-
ent techniques.

R Sun 1120 Orsat Measured air-f;;ﬂ
un
values values values

1 14,0 15.4 12.7

2 13.8 14,6 12,6

3 12.8 12.8 10.7

4 13.3 14.4 11.4

5 14,1 15.3 12.8

"Air-fuel ratio values for five different runs using these three
techniques are shown in Table 5. For the five runs, the values obtained
by the three different techniques varied considerably. The same trends
did exist in the air-fuel ratio values obtained by the three different
techniques, indicating a possible fixed error existing in one or more

of the measuring techniques.

Examination of the NOx emission results indicated a maximum NOx
emission occurring at an air-fuel ratio of approximately 14 as measured
by the Sun 1120. The commonly accepted air-fuel ratio for maximum NOx
emission is approximately 15. Based on this acceptable agreement be-
tween measured and theoretical air-fuel ratio for maximum NOx emissions
and the need to concentrate on other parts of the study, it was decided

to use the air-fuel ratios as measured by the Sun 1120 as valid. For



this study, there was no other instrument available for conveniently
measuring air-fuel ratio in the field tests. Furthermore, since the
machine had already been purchased and placed in use for approximately
four months before the above described calibration was carried out, it
was felt that changing the instrument would introduce more discrepan-

cies than continuing with the Sun 1120.

C. Oxides of Nitrogen

The main deviation from the test procedure stated in ASTM Designa-
tion D-1608 was that samples were collected in Tedlar bags in the field.
These samples were then returned to the Mechanical Engineering Depart-
ment laboratory for analysis. The exhaust gas samples were then trans-
ferred frcm the Tedlar bags to an evacuated flask for the analysis de-
scribed ir ASTM D-1608.

On several occasions, duplicate runs were made to check on our pro-
cedure. On almost all of these duplicate runs, the second run was within
5% of the first, which was the expected repeatibility using this procedure

as applied to exhaust gases from automotive engines.

D. FEmission Results from the Test Fleet Vehicles

Statistical analysis of unburned hydrocarbons, carbon monoxide and
air-fuel ratio as obtained from the Sun emission testing apparatus was
performed by standard analysis of variance techniques (6 -8). This
analysis included all test fleet data obtained between August 1971 and
June 1972, hereafter referred to as Test Fleet data.

Data before August was not used because the calibration procedure
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for thevSun emission tester was such that large fixed errors could and
likely did occur in the HC and CO measurements. Modification of the
calibration procedure in August to use reference gases minimized the
possibility of fixed error in the measurements. In addition, during
the months of March and May 1972, emission samples from the Test Fleet
were collected in Tedlar bags for laboratory determination of hydro-
carbons and oxides of nitrogen by techniques previously described.
These data are hereafter referred to as Special Test Fleet data. Anal-
ysis of variance was also performed on these data.

Initially, the Test Fleet data were analyzed according to the fol-

lowing statistical model:

+ (FS)ij + (FT)ik + (ST)jk

yijkl =4y + Fi + Sj + Tk
+ (FST)ijk + €551 (1)
where
Vi k1 = measured variable (HC, CO or A/F),
g = true value of the variable being measured with no effect
due to any of the following treatments,
Fi = effect or treatment caused by the fuel,
Sj = effect or treatment caused by the speed,
Tk = effect or treatment caused by the type of vehicle,
(FS)ij = interaction effect of fuel and speed,
(F’I)ik = interaction effect of fuel and type,
(S'.:)jk = interaction effect of speed and type,
(FST)ijk = interaction effect of fuel, speed and type,
€ . = measurement error and effect for which one cannot account
~Jkl with the statistical model chosen.
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Results of this analysis are tabulated in the "analysis of variance"
table in the Appendix I.

Conc’usions from Appendix I data are made by comparing the calcu-
lated F values to the critical F values. If F calculated is larger than
F critical, the effect is significant. The critical F values are obtained
from an F table at the desired confidence level, A 95% confidence level
was selected for these experiments in view of the number of data and the
magnitude of the measurement error. A 957 confidence level means that
one would be stating conclusions with 95% probability or 20:1 odds of
having the correct conclusion., Pertinent conclusions at the 95% confi-
dence level are:

1. Speed, type and fuel (in order of importance) all have signifi-

cant effects on both HC and CO emissions.

2. Speed and type are the only significant variable affecting air-

fuel ratio (This agrees with what we know to be physically true).

3. There are significant speed-type and fuel-type interactions on

HC, CO and A/F.

~ Since type is the one variable common to all main and interaction
effects, it is evident the data should be divided by type of vehicle to
avoid most of the interactions noted. Consequently, the data for each

vehicle type was separately analyzed according to the following stati-

stical model:

= - . 2
F, + Sj 4 (Fs)ij + % ik (2)

Yijk
The terms in this equation have the same meaning as previously described

for Eq. (1).
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The analysis of variance tables for each vehicle type are included
in Appendix J, A summary of conclusions from these analysis of vari-
ances tables is included in Table 6 on the following page. Several "An-
alysis of covariance' results are also included in this table.

The analysis of covariance is an attempt to correct the measured
data or to ascertain the effects of uncontrolled variables on the mea-
sured data. Such uncontrolled variables affecting the fleet data include
temperature, humidity, mileage (or aging of the vehicle), and air-fuel
ratio. Hours of engine operation were used instead of mileage for the
aging effect on tractors. These variables used for the correction are
called covariant factors and the resulting analysis is called analysis

of covariance. 1In this case, the statistical model changes to

yijkl = (analysis of variance terms previously listed) + an o
vhere the y's are the covariant factors and the B's are correction coef-
ficients determined in the analysis of covariance procedure.

In Tzble 6 each factor significantly affecting a measured variable
is listed in order of importance. Factors not significant at the 957%
| confidence level are not listed. Included with each factor of importance
is a number signifying its relative importénce. This number is the ratio
of F calculated to F critical. If this number is unity, it means the
factor is significant with 95% confidence (95% probability), Numbers
above unity correspond to confidence or significance above the 95% pro-
bability. The relative effect of a covariant factor camn be ascertained

by comparing these numbers between the analysis of variance (ANOV) and

the analysis of covariance (ANCOV) tabulations.



Table 6. Summary of analysis of variance and analysis of covariance for the Test Fleet vehicles.
Vehicle kMeasured ANOV ANCOV ANCOV ANCOV
type ‘'variables (A/JF, T, H, M) (T, H, M) (T, H)
All
veliicles '
combined HC (NDIR) | S(36.3),T(14.4),F(2.1)
SXI(4.9),FxT(2,5)
co T(42.2)55(17,0):F(2.3)
5xT(10.0),FxT(8,0)
WXL 2)
A/F 5(35.7):T(30.2)
SXT(9.8)’§X8(6.o)
Pickup HC (NDIR) (S ) 51,FXS(g 4 S (1.2 P8 3.2 52.3°F (1.2 85,03 | 52.2)" ™5 (8.5
co Sws.2)°F(1.6)°F5(1.7) | Swstr.6) 8(55.4) 8.0y’ F(1.5)
A/F Fi5.3)5(4.6) Not applicable F14.5)°5¢6.1) Fi5.9)'5(4.9)
Light duty| HC (NDIR) |51, 2y:F (5.9 TS (1.3 | $3.7°F1.0)(1.8) | S(15.0)* ™5 (1.4) S(14.4)"F 6.8y T8 (1.3)
co S34.8)°F(5.9° ™ 1.1y | S2.2) 5(38.8)° 75 1.9) $34.6)"F(s.6)' 5 (1.0)
A/F S(61.8)’F(3.1) Not applicable S(74.4) S(68.1)’F(3,0)
Heavy duty| HC (NDIR) S(B.lo) S(7.9) S(9.0) S(9.0)
co $i.2)°F2.7) Fa.s) Fis.4)°5(3.6) S3.2)'F(2.6)
A/F S(6.2)’F(2.6) Not applicable S(6.2)’F(3.3) 8(6.1),F(2.5)
Tractor HC (NDIR) S(29.2)’F(6.0) S(29.8)’F(4.5) S(31.0)’F(6.6)
co F0.2)°5(1.1) F6.8°5(5.3)' T8 (2.0) F(9.2)’_9’(1.2)’Fxs(1.0)
A/F 1'-‘(2 3) Not applicable F(2.6),S(1'1)

9¢
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The corrections applied in the analysis of covariance technique
were generally not effective in reducing the error term an order of
magnitude relative to the data variation caused by other factors. Thus,
the analysis of covariance tables are not presented in this report.
However, the results from these analysis of covariance tables are sum-
marized in Table 6 along with the analysis of variance for the compari-
son desired. Most conclusions are based on the analysis of variance
results since that analysis dealt with the actual measurements as ob-
tained without corrections and is indicative of how the vehicles were
actually operating at ambient conditions. The analysis of covariance
is useful in ascertaining the effects of items such as air-fuel ratio.

Conclusions from analysis of variance tabulations in Table 6 are:

1. Engine speed is the most important factor affecting HC, CO

and A/F measurements on all vehicles.

2. Type of fuel is significant for HC, CO and A/F on light-

duty trucks and tractors.

3. ype of fuel is significant for CO and A/F on pickups

snd heavy-duty trucks.

4. Juel-speed interactions are significant in affecting HC

and CO on pickups and light-duty trucks.

The following general items are noted by a comparison of analysis
of variance with analysis of covariance in Table 6.
1. ftnalysis using all covariant factors of air-fuel ratio, temper-
sture, humidity and mileage yields essentially the same results
2s the analysis of variance.

2. (lovarient analysis using temperature and humidity for the trac-
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tors could not be performed as these covariants didn't seem to
be statistically independent.
3. "he covariant analysis using air-fuel ratio as a covariant fac-

tor decreases the effect of the differences in gasolines.

The specific differences in HC, CO, and A/F measurements and how
they are affected by speed and type of fuel are given by the average
values of data obtained during the course of this investigation. These
averages «dre listed in Tables 7, 8, and 9. The tabulation of Table 9
shows the emission of HC and CO to be generally lower at 2500 than at
idle regardless of the fuel type. From Tables 7 and 8 it is also appar-
enf that the effect of speed on emissions of HC and CO is more signifi-

cant than effects of fuel type.

Table 7. Fleet Vehicle averages of effect of fuel on emissions for both
idle and 2500 rpm. HC and CO by NDIR.

. No lead Lead
Vehicle type| HC (ppm) CO (%) A/F |[HC (ppm) CO (%) A/F

Pickup 54.3 0.9 14.1 60.1 0.7 13.9
Light Juty 147.8 2.1 13.8 78.1 1.4 14.0
Heavy Duty 161.8 1.6 13.9| 184.6 2.5 13.6

Tractor 220.4 3.6 13.4 | 152.6 2.5 13.6
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Table 8, Fleet Vehicle averages of effect of engine speed on emissions
for both leaded and nonleaded gasoline. HC and CO by NDIR.
Idle 2500 RPM

Vehicle type | HC (ppm) CO (%) A/F HC (ppm) CO (%) A/F
Pickup 61.1 1.3 13.9 54.2 0.3 14.1
Light duty 158.7 2.4 13.6 56.2 0.9 14.2
Heavy duty 273.2 2.8 13.5 - 80.8 1.8 13.9
Tractor 276.4 3.1 13.5 119.1 3.4 13.6

Table 9. Fleet Vehicle averages of effect of engine speed on emissions
for each fuel. HC and CO by NDIR.
Nonleaded fuel Leaded fuel
Idle 2500 rpm’ Idle 2500 rpm
Vehicle HC CO A/F HC CO A/F HC CO A/F HC CO A/F
type (ppm) (%) (ppm) (%) (ppm) (%) (ppm) (%)

Pickup 8.5 1.3 14.0 40.2 0.4 14.2 55.5 1.2 13.9 64.7 0.2 14,
Light duty 218.1 2.6 13.6 77.4 1.5 14.1 115.5 2.2 13.6 40.7 0.6 14,
Heavy duty 243.6 2.2 13.6 80.0 1.0 14.1 288.0 3.0 13.5 81.3 2.1 13.
Tractor 306.6 3.6 13.4 134.1 3.6 13.5 216.1 2.1 13.6 89.1 2.8 13,

Conclusions for the Test Fleet data where all vehicles are tested

at no load conditions are:

nificantly lower for leaded gasoline than for nonleaded gasoline; (2)

(1) HC and CO emissions are in general sig-

air-fuel ratio is highly important in affecting all emissions measured;

and (3) differences in air-fuel ratio among vehicles causes larger dif-
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ferences in measured emissions than differences in gasoline. Consequent-
ly, engin¢ tune-up is probably the most important factor affecting emis-
sions.

Data from Special Test Fleet are tabulated in Appendix K. The sum-
mary of Ale and ANCOV for this data which included 6xides of nitrogen
as NO2 and gas chromatograph analysis of the hydrocarbon types in the
unburned b ydrocarbons are included as Table 10. The tabulations of av-
erage valies from the measurements are in Tables 11 through 16. In these
tables HC!, HC2, HC3 and HCT represents, respectively, the fractions of
paraffins. aromatics and olefins and total unburned hydrocarbons obtained
from gas chromatograph analysis of exhaust samples. The wvariables HC,

CO, NO,, and A/F are the same as previously described.

2

Conclusions from the analysis of variance are:

1. HC3 portion of HCT depends on type of gasoline.

2. HC2 portion of HCT depends mainly on type of gasoline and
tecondarily on engine speed (RPM).

3. HCl portion of HCT depends mainly'on engine speed and se-
condarily on type of gasoline.

4, HCT depends primarily on engine speed for all vehicles ex-
cept pickups and secondarily on fuel only in light duty
trucks.

5. H“missions of HC, CO and NO2 depend mainly on engine speed
for all vehicles.

6. A/F is significantly affected by engine speed for all ve;

licles. This item should show up statistically since it

is physically true.



Table 10. Summary of analysis of variance and analysis of covariance for the Special Test Fleet.
Measured ARCOV ANCOV ANCOV
Vehicle type | Variable ANOV (A/F, T, H, M) (T, H, ¥ (T, H)
11 HC1 5(17.0),F(6.3),FxT(2.3) | - - -
rahdrloe HC2 F(31'5),S(8.1) - - =
combined HC3 F(11.9):FXT(2.0) - - -
HCT(FID) 3(12.1):']:(4.2) - - -
HC(NDIR) | S(10,8)»T(1.7)>FxT(1.2) | - i '
co $(10.7)>T(7.4) FxT(2.1) | - - -
N02 5(19.8):1(2,5) ‘ ) -
A/F 5(16.0)°T(4.8) FXT(1.8) | - - -
Pickup HC1 F(8.3) - - F6.5)
HC2 F(4.7) - - Fea.2):5(1.4)
HC3 - F(1.2):FX8(1.2) F1.7)'Fx8(1.4) -
HCT(FID) | - F(1.4),FxS(1,7 F(2-0)’1”‘3(1.9% -
HC(NDIR) | - 8(5.3):F(2.0)°Fx8(1.3) | 5(5.7)-F(2.2):FS(1.3) |-
co $(5.7) S§21.8) S(21.7) 5(5.3)
NO 5(25.1) S(1.5) 5(1.7) §(25.4)
- AJF 5(2.0) Not applicable - 5(2_0)
Light duty HC1 $(5.6):F(2.9) $(2.0) S(1.7) $(5.8):F(4.0)
HC2 F(9.3):5(4.6) 5(1.9) 5.7 $(7.4):F(4,8)
HC3 F(1,9; F(3.1):5¢3.1) 53.1):F(3.1) -
HCT(FID) | S(6.1),F(1.4) F(2.6):5(1.4 F(2.5):5(1.4) 56.6)'F(3.0)
HC(NDIR) | S(3.8),F(1.7) $(9.6) . 5(9.7) $(3.8):F(2.2)
co $(9.4).F(2.5) $(12.0) $(12.0) $(9.9):'F(3.7)
NO2 S(16.9) S(11.7) 5(11.8) 5(16.6)
A/F 5(13.0):F(2.1) Not applicable - S(12.9),F@1.7)
Heavy duty Hel S(14.5) F3.1) F(1.2) S$(14.5)
HC2 F(4.0) F(3.0) F(1.2) F(4.8)
HC3 F(4.6) - - F(6.6)
HCT(FID) | S(1.9) - - S(2.1)
HC(NDIR) | S(2.5) - - 5(2.3)
co - $(2.3):F(2.4):FXS(2,7) |F(4.2)55(2.6):Fx8(2.9) : s s
NOy $(9.0):F(3.4),FxS(2.6) |- - (9.1)72(2.5):F%5(2.7)
A/F $(1.8)>F(1.8),FxS(1.0) |Not applicable F(2.4) F(1.7)25(1.6)
Tractor HC1 5¢7.0) F(5.7) F(6..7) -
HC2 F(11.2):8(1.4) F(5.7) F(6.7) -
HC3 F(9.2) $(1.2) 5(1.0) -
_HCT(FID) | S(4.3) S(3.4)>F(1.6) 5(2.7):F(2.6) -
HC(NDIR) $(10.9),F(1.9) - - -
co Fa.2) $(2.5) $(2.6) -
NOZ 8(4_3) - - -
A/F $(1.5) Not applicable - -

1€
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From the average values of test results in Tables 11 through 16,

the following items are apparent:

1,

tiCl portion of HCT is lower at 2500 rpm than at idle regardless
of gasoline. HCl is higher for leaded gasoline than nonleaded
gasoline.

HC2 portion of HCT is higher at 2500 rpm than at idle regérd-
less of gasoline. HC2 is lower for leaded gasoline than non-
leaded gasoline. Thus, HC2 is opposite to the variation of
#C1.

1#C3 portion of HCT is virtually no different at 2500 rpm than
st idle. HC3 is higher for leaded gasoline than nonleaded
gasoline,

HCT is higher at idle than at 2500 rpm regardless of fuel type.
No consistent difference exists in favor of leaded or nonleaded
gasoline.

Fmissions of HC and CO are higher at idle than at 2500 rpm
while NO2 emission is lower at idle than at 2500 rpm, No con-

sistent differences exist in favor of leaded or nonleaded gas-

oline.
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Table 11. Special Fleet Vehicles averages of effect of engine speed on emissions for each fuel.
l , Nonleaded fuel Leaded fuel '
idle 2500 rpm Idle 2500 rpm
Vehicle type |HC1% HC2% HC3% HCT(ppm) HC1% HC2% HC3% HCT(ppm) | HC1% HC2% HC3% HCT(ppm) HCl% HC2% HC3% HCT(ppm)
Pickup 33.3 34.9 31.7 157.8 25.2 44.3. 30.5 84.8 42.9 22.3 34.8 243.1 43.5 24.3 32,1 106.8
Light duty 34,6 36.2 29.1 381.3 26.7 43.2 30.1 138.6 40.1 23.4 36.5 237.4 32.4 32.9 3%4.7 96.0
Heavy duty 40.6 33.1 26.4 533.5 28.0 43.1 28.8 176.5 41.5 17.9 40.5 446.0 29.9 21.9 48,1 277.1
Tractor 35.9 36.9 27.2 413.4 27.8 44.0 28.2 280.2 39.2 21.8 39.0 415.2 27.2 26.5 46.3 229.0
§ _ .
March and May data.
ok
HC1l, HC2, HC3 and HCT by FID.
V]
w
* . A
Table 12, Special Fleet Vehicle averages of effect of engine speed on emissions for each fuel.
Nonleaded fuel Leaded fuel
Idle 2500 rpm Idle 2500 rpm
HC®™ CO(%) NOp A/F HC*¥™ cO(%) NOz A/F | HC®™ <CO(%) Noz A/F HC* <CO(%) NO2 A/F
Vehicle type | (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Pickup 63.3 1.7 28.5 13.9 3.7 0.5 117.7 14.1}] 145.0 1.8 22.5 13.8 74.0 0.2 144.2 14.Y
Light duty 224,44 3,2 24,4 13,6 89.1 1.8 123.9 1.4.0}] 126.3 2.6 18.0 13.7 39.4 0.7 104.1 144
Heavy duty 191.2 2.8 16.5 13.5 86.2 1.3 163.5 14,1} 239.2 3,7 10.0 13.4 91.1 3.3 53.5 13.5
Tractor 276.6 3.8 36.9 13,5 128.4 3.4 232,5 13.6{ 213.7 2.9 38.5 13,5 71.2 2.6 255.6 13.8

*
March and May data.
**HC by NDIR.



Table 13.

and 2500 rpm.
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Fle .t* Vehicle averages** effect of fuel on emissions for both idle

Vehicle type

iC1(%) HC2(%)

Nonleaded fuel

Leaded fuel

HC3(%) HCT(ppm)

HC1(%) HC2(%) HC3(%) HCT(ppm)

Pickup 29.2 39.6 31.1 121.3 43.2 23.3 33.4 174.9

Light duty 30.7 39.7 29.6 260.0 36.3 28.1 35.6 166.7

Heavy duty 34.3 38.1 27.6 355.0 35.7 19.9 44,3 361.6

Tractor 31.8 40.4 27.7 346.8 33.2 24.2 42.6 322.1
*March and Mayv Data.

*%
HC1l, HC2, HC% and HCT by FID.

* Fk
Table 14. Fle:t Vehicle averages

lealed and nonleaded gasoline.

effect of engine speed on emissions for both

Vehicle type

Idle

2500 rpm-

{C1(%) HC2(%) HC3(%) HCT(ppm)

HC1(%) HC2(%) HC3(%) HCT(ppm)

Pickup
Light duty
Heavy duty

Tractor

39.3 27.0 33.6
38.0 28.3 33.7
41.2 22.9 35.8
37.0 31.9 31.1

211.1
292.2
475.2

414.0

36.7
30.2
29.3

27.6

31.8 31.5 98.6
36.8 33.0 112.2
29.0 41.7 243.6
38.1 34.3 263.1

*
March and May data.

*%
HC1l, HC2, HC3 and HCT by FID.
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*
Table 15. Fle 't Vehicle averages of effect of fuel on emissions for both

idl. and 2500 rpm.
} Nonleéded fuel Leaded fuel
Vehicle type| 4C™ (ppm) CO(%) N02(ppm) A/F HC™” (ppm) CO(%) N02(ppm) A/F
Pickup 50.0 1.1 73.1 14.0 109.5 1.0 83.3 13.9
Light duty 156.7 2.5 74,2 13.8 82.9 1.6 61.0 14.0
Heavy duty 138.8 2.1 90.0 13.8 165.2 3.5 31.7 13.5
Tractor 202.5 3.6 134,7 13.6 142.5 2.7 147.1 13.7

*
March and May data.

*%
HC by NDIR.

Table 16.

o

both leaded and nonleaded gasoline.

iy
Fleet Vehicle averages of effect of engine speed on emissions for

255.6

Idle 2500 rpm
Vehicle type| 1C*" (ppm) CO(%) NOZ(PPm) A/F HC** (ppm) CO(%) N02(ppm) A/F
Pickup 114.4 1.7 24,7 13.9 60.0 0.4 134.2 14.1
Light duty 163.7 2.8 20.4 13.7 58.3 1.1 111.7 14.2
Heavy duty 223.2 3.4 12.2 13.4 89.5 2.6 90.2 13.7
Tractor 3.5 37.5 13.5 109.4 3.1 240.2 13.7

*
March and May data.

*%k
HC by NDIR.
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.'.__Emission Results from the Matched Pair Vehicles

For he matched pairs, each vehicle type was analyzed both by anal-
ysis of variance (ANOV) and analysis of covariance (ANCOV). 1In this
case the measured variables were unburned hydrocarbons (HC), carbon mon-
oxide (CO) and oxides of nitrogen measured as N02. The covariant factors
used were temperature, humidity, barometric pressure and air-fuel ratio.
Mileage wzs not used as a covariant factor since the vehicles were mat-
ched both on the basis of make (Dodge, Chevrolet, etc.) and mileage (age).

The ANOV .ind ANCOV models are respectively given as:

Vigrr S W B Fy Lo+ (FL g + €40 (*)
Yigrr ~ Bt B FFp Lt FL g + I8+ €50 G)
where
yijkl = measured variable (HC, CO or NOZ’ for example)
p = true value of the variable being measured with no effect
due to any of the following factors
ﬁi = effect caused by differences in vehicle pairs
Pj = effect caused by differences in fuels
Lk = effect caused by differences in loads
(FL)jk = interaction effect of fuel and load
Xp = covarienat factors (Temperature, humidity, barometer and
air-fuel ratio)
Sm = correction coefficient determined by analysis of co-
variant procedure.
61{:1 = measurement error and effect for which one cannot account

with the statistical model
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Anal rsis of variance tables for the matched pair vehicles are in-
cluded in Appendix L. From this appendix tabulations of factors causing
significant variation in the measured data are presented in Table 17.
Both the ANOV and ANCOV results are summarized for comparison purposes
in the tatle. This table is arranged in the same manner as previously
described in thevsection involving Test Fleet Vehicles. Conclusions
from the enalysis of variance are:

1. Load is the most important factor affecting HC, CO and NO2

.missions measured on the matched pair vehicles.

2. ‘'or a given type of vehicle (pickup, light duty, or heavy
iuty), the differences among pairs (Dodge, Chevrolet, etc.)
ire important but less significant than load in affecting
{C and CO emissions. |

3. Differences in pairs was only significant in affecting NO2
emissions on the light-duty vehicles.

4, Tifferences between leaded and nonleaded gasoline were sig-
Wificant in affecting HC emissions from pickups and heavy-

luty trucks and CO emission from light-duty trucks.



Table 17. Summary of analysis of variance and analysis of covariance for the matched pair vehicles.
Measured ANOV ANCOV ANCOV ANCOV ANCOV ANCOV
[Vehicle type | variable (A/F, T, H, M) | (A/F, T, H) (T, H) (A/F, T) (A/F)
Pickup HC(NDIR) | L 5 oysF (1 5) Pousytany |Fa.n L6.6)F1.0) P2.4) P2.6)
o L20.2)°F(1.3) Li1.8) L1.9) L(20.5)°F(1.4) L(1.9) L2.6)
N0y L0y 2.1 P(1.2) L3.9) - -
Light duty | HCONDIR) | P ¢ oy5Leq 4y Panayle.n |Fe.2ta.3) | Y. a9 P(s.6) Pis.m
co L10.7y°23.6)'F1.6) | F2.4) P1.9) Lao.6)'F2.1)'Fa1.s) | Fe2.0) L1.2)
No, L2.7y°%(1.8) L2.9)°P2.4) [L3.2)°F(2.8) |Ls.1)°F1.8) Po.1)°3.3) | B5.9)°L3.7)
Heavy duty | HCONDIR) | L (1o 5):F (1 ):P (1 6) | L(3.6) L@y F @ |Fao.fa.efan [Fw.ofa.a) | B2t aue)
co Li.sy'Pa.n Ll Lia.ayPe.n | Ye.e P a9 L(3.4) Ls.6)'F(1.6)
xo, - P1.3) La.oy’Fa.n |- - -

8¢
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The specific differences in HC, CO and NO2 measurements and how
they are zffected by load, vehicle type, and fuel are given by average
values li:ted in Tables 18 through 23. The tabulations of Tables 18
and 19 show that HC and CO emissions are affected by load for all ve-
hicle typrs for both fuels. HC and CO first decrease‘consiétently from
full load to about 1/3 load, then increase from 1/3 load to minimum
load. Th. NO2 emissions are reversed from this; that is, the NO2 emis-

sions inc -ease from full load to about 1/3 load, then decrease from 1/3

to minimu: load.



Table 18. Matched Vehicle averages of effect of load on emissions for nonleaded fuel at 2500 rpm,

Vehicle type

Nonleaded fuel

Full load

2/3 Load

1/3 Load

Minimum load

HC™ (ppm) CO(%) NO,, (ppm)

HC* (ppm) CO(%) NO,, (ppm)

HC™ (ppm) CO(%) NO,, (ppm)

HC™ (ppm) CO(%) NO, (ppm)

Pickup 102.5 5.4 806.5 56.9 1.7 1499.6 31.9 0.9 1369.1 - - -

Light duty 91.2 5.0 726.8 51.9 1.5 1336.5 43.8 1.7 930.1 53.1 2.4 415.9
Heavy duty 125.0 5.8 680.8 57.5 1.1 1704.5 51.3 1.1 1663.3 62.5 1.3 1169.5
*uc by NDIR.

Table 19. Matched Vehicle averages of effort of load on emissions for leaded fuel at 2500 rpm. p

Leaded fuel

Full load 2/3 Load 1/3 Load Minimum load
Vehicle type [HC*(ppm) CO(%) NOz(ppm) HC* (ppm) CO(%) N02(ppm) HC* (ppm) CO(%) NOz(ppm) HC* (ppm) CO(%) NOz(ppm)
Pickup 133.8 6.3 392.6 76.2 1.7 1155.6 52.5 0.9 1716.0 - - -
Light duty 103.8 4.7 731.4 46,9 0.7 1412.1 45.0 0.8 916.0 50.6 1.0 648.9
Heavy duty 160.0 4.4 816.3 60.0 2.0 1460.0 71.3 1.3 2006.0 85.0 2.0 1529.5

*
HC by NDIR.
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%*
Table 20, Matched Vehicle averages of effect of fuel on emissions for
all loads (January and April data combined).
Nonleaded fuel Leaded fuel
Vehicle type HC (ppm) co(%) NOz(ppm) HC (ppm) Co(%) NOz(ppm)
Pickup 63.8 2.66 1225.1 87.5 2.94 1088.1
Light duty 60.0 2.63 852.3 61.6 1.80 927.1
Heavy duty 74.1 2.30 1304.5 94.1 2.42 1452.9
%
Table 21. Matched Vehicle averages of effect of fuel on emissions for
all loads (January data).
Nonleaded fuel Leaded fuel
Vehicle type HC (ppm) Co(%) NOz(ppm) HC (ppm) co(%) N02(ppm)
Pickup 53.8 2.42 1043.0 73.8 2.73 876.1
Light duty 55.9 2.39 1142.7 53.4 1.76 1198.1
Heavy duty 67.5 2.38 1261.8 93.1 2.65 1487.8
*
Table 22, Matched Vehicle averages of effect of fuel on emissions for
all loads (April data).
Nonleaded fuel Leaded fuel
Vehicle type HC (ppm) Cco(%) N02(ppm) HC(ppm) Cco(%) N02(ppm)
Pickup - 73.8 2,91 1407.2 101.2 3.14 1216.8
Light duty 64.1 2.88 561.9 69.7 1.84 656.1
Heavy duty 80.6 2,22 1347.2 95.0 2.19 1418.1

*
Matched vehic e averages in the above tables are for loads of full, 2/3, 1/3 and
minimum (exce 't for pickups) at 2500 rpm HCT by FID, HC by NDIR.
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*
Matched Vehicle averages

of effect of fuel on types of hy-

drocarbons in unburned hydrocarbon at all loads (gas chroma-
tograph analysis of unburned hydrocarbons for April data).

Vehicle type

Nonleaded fuel

Leaded fuel

HC1(%) HC2(%) HC3(%) HCT(ppm)

HCL1(%) HC2(%) HC3(%) HCT(ppm)

Pickup
Light duty

Heavy duty

26.1 29.3 44.6 194.3
29.7 43.8 26.9 164.9
26.0 19.3 54.7 194.6

30.0 25.7 44.3 276.8
28.1 42.1 29.8 176.8
29.9 15.0 55.1 226.2

*
Matched vehic.e averages in the above tables are

for loads of full, 2/3, 1/3 and

minimum (except for pickups) at 2500 rpm, HCT by FID, HC by NDIR.
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The ffect of fuel yields significantly higher HC emissions with
leaded fucl for pickups and heavy-duty trucks as well as higher CO em-
issions for light-duty trucks. There is no significant effect of fuel
on HC emissions from light-duty trucks, and no significant effect of
fuel on CC emissions from pickups and heavy-duty trucks. The oxides
of nitrogen expressed as NO2 are not affected by fuel.

Note from Table 17 that analysis of covariance yields no signifi-
cant effects due to differences in fuel when air-fuel ratio is included
as one of the covariant factors. Thisbresult seems to indicate that if
all vehicle engines could be operated at an identical air-fuel ratio,
the gasoline type would have no effect on any of the measured emissions.
However, differences in load, (Full, 2/3, 1/3) and matched pairs (Dodge,
Chevrolet, etc.) would still significantly affect the HC, CO and NO2
emissions.

During the month of April additional testing and analysis was per-
formed on the matched pair vehicles such that hydrocarbon type in the
unburned hydrocarbons could be ascertained. The analysis of variance
table for this data is included as Appendix M and the ANOV and ANCOV
results are given in Table 24. Conclusions from this table are:

1. HCl portions of HCT is significantly affected primarily

by changes in load and secondarily by differences among
matched pairs of vehicles.

2. 1C2 portion of HCT is mainly affected by differences among

matched pairs of vehicles and secondarily by load. Fuel
.s of importance only for pickups. Recall that fuel sig-

nificantly affected this portion of HCT in the Test Fleet

vehicles.
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i:C3 portion of HCT is mainly affected by differences among

matched pairs of vehicles and secondarily by load.

[FCT is mainly affected by load and secondarily by differ-
ences in matched pairs of vehicles.

BC and CO are mainly affected by load. Differences in
matched pairs are important only for light-duty trucks.
ifferences caused by fuel are not significant.

102 is mainly affected by differences in matched pairs

.nd secondarily by load.



Ta>le 24,

Summary of analysis of variances and analysis of covariance from the matched pair data

for April.
[ l Measured ANOV I ANCOV ANCOV ANCOV ANCOV
venicie tvype | variable | (a/F, I, K) (A/F, T) I, & \AIE)
Pickap HC1 Lio.2) Pa.s) - - L2.3) Pa.3)
| 2 Pas.sy FaLeyta.s| Fas.n P (20.5) F(16.5)"(1.3) F(23.3)°T(1.3)
R [P lale P 23.1) P(23.6) ?(24.8)°"(1.5) F(29.0)
HCT(FID) L5 oy Py Fan Pr.5°F6.1) | Lea.2)° T (2.4) Pa.e)
HC(NDIR) [L ) g9 P3.3y°F(2.1) Pa.syFen | teay e fae | Fes
co Les. sy - - 4.6) -
NO, Pa.oytae N i e .
Ligat duty |HC1 L1y P - - L(2.8) -
He2 L2.3yPa.e) Fr.9'fa.n FaPa.o |Le.w Fa.n
HE3 - - Fr.9Pa.1) | B Fa.s)
HCT(FID) |P ¢ 9y:17.7) P19.5) Fas.s) L. 7y PRna) | Bes.9°F1.3) [L2.8)'F(2.6) Ps.0)°F(1.2)
HC(NDIRY P (12.7)°%(7.0) F2.9)°F(10.1)°P¥(1.5) .6t [Me.8 o Ta | Fe.oten
| co L(2.8yP(2.0) - - LaayFe.nPa.e | -
No, P4.9 .4 L(1.1) P2kl (Ta.s) . b
pesvy duty HCL L3 9y P24 F1.6) | P%(13) ) @ fe)
HC2 - - - N -
HC3 6.9y’ L(2.1) - P(1.6) L.2) P6.5)
HCT(FID) L 5 3 L1.8) La.nFa.e) |- L.
HOODIR) |L 5 5) Pa.n Fantay™an |- ” )
co L2.2) } ) ] )
NoO, - - - N -

oy
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From Table 23, no consistent numerical differences in HCl, HC2,

HC3, HCT »r NO, are observed to be caused by differences in gasoline.

2
However, {C is higher under load for the leaded gasoline as compared
to nonlealed gasoline. Tables 18 and 19 reveal this effect to occur
mainly uncer full load condition. At lower loads HC emissions are
lower and the differences between leaded and nonleaded gasoline are
much smaller. No consistent trend was noted for CO emission in terms
of gasolire differences. However, it must be noted that even with
these differences in averages of the measured emissions, they

are not statistically significant at the 95% confidence level,

Thus, difference in gasoline is not generally important in causing the
differences in measured emissions. Items such as differences in air-

fuel ratio and, therefore, engine tune-up are far more effective than

gasoline in causing significantly different emissions among vehicles.

F. Miscellaneous Results

1. Gasoline Analysis

Results of gasoline distillation tests on both leaded and nonleaded
gasoline samples are shown in Table 25. The values tabulated for a giv-
en month are averages from several samples taken during the month and
include several locations. Also shown in this table are API gravity

values.

Tabl: 26 tabulates typical APT gravity values and gasoline distil-

\

lation ds:a for gasoline shipped to Des Moines, Iowa, the source of the

gasoline “or the test locationms.
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at 60 OF (Values in °F)

Table 25. Average distillation data from fuel samples provided by the
Iowa State Highway Commission.
D-86’- Distillation - % Evaporated
Leaded fuel™ Nonleaded fuel™>
Date APT Grav IBP 10 50 90 EP APT Grav IBP 10 50 90 EP

at 60 OF (Values in OF)

Nov.

Jan.

Mar.

1971
1972

1972

6./5(1
61,8

6.3

94

103

98

122

123

122

196 309 359 57.9 102 128 215 316 365
205 327 373 60.0 97 120 213 321 364
199 314 362 60.6 96 124 211 316 359

*
Des Moines, Boone, and Marshalltown locations.

%%
Grundy Center and Sac City locations.

Table 26.

Typical inspection of gasoline shipped to Des Moines; data

furnished by American 0il Co.

D-86 - Distillation - 7 Evaporated

Leaied gasoline gsamples (Am, Reg.) Nonleaded Gas samples (AMOCO-R)

50 90 EP API Grav IBP 10 50 90 EP

Date API Grav IBP 10
at 0 OF (Values in OF) at 60 O9F (Values in °F)
July 1971 | 59.8 97 124 207 316 378 57.5 92 126 219 315 385
Aug. 1971 | 54.9 96 125 209 327 393 57.1 98 124 218 321 396
Sep. 1971 | 5%.2 93 120 218 334 391 - - - - - -
Oct. 1971 | 64.8 94 113 198 305 368 - - - - - -
Nov. 1971 | 62.8 - - - - - 60.9 83 102 212 318 380
Dec. 1971 | 62.0  83% 114* 206* 309™ 380" 60.3  90* 119% 209 307* 387"
Jan. 1972 6.8 - - - | - - 60.6 - - - - -
Feb. 1972 | 6.0  93% 122% 197% 291* 373" 60.6  86* 119% 207" 301* 378
Mar. 1972 | 6.9 - - - - - 63.1 - - - - -

* , .
Averages for .hree months.
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Exam 'nation of Tabies 25 and 26 shows only minor differences be-
tween dat:. from field samples and data furnished by American 0il Com-
pany. Thu main difference is that the field samples had a higher ini-
tial boiling point (IBP) temperature.

Results from gasoline samples analyzed on the gas chromatograph
for fraction of saturates, aromatics and olefins are shown in Table
27. These tabulated results are from samples taken at the various test
locations, and are selected to cover as long a period of time as pos-
sible. Reid vapor pressure and API gravity-values are also shown.

A typical analysis of gasoline shipped to Des Moines, Iowa, is
shown in Table 28.

The following conclusions are based on the data tabulated in Tables
27 and 28:

1. The percentage of aromatics in the nonleaded gasoline sam-
ples is considerably above that for leaded samples. The
ratio of aromatics in nonleaded to leaded is 1.45 for the
ield samples and 1.2 for values supplied by an American
Uil Company representative.

2. TField sample results for both leaded and nonleaded gaso-
line samples appear to be reversed from that supplied by
American Oil Company. No apparent reason exists for thié

result.

3. NReid vapor pressures for the leaded field samples were
;lightly below those supplied by the American 0il Company
‘epresentative (possibly some of the light constitutents

7lere lost prior to our tests). The Reid vapor pressures
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for the nonleaded field samples lagged the monthly values
supplied by American 0il Company by several months. Field
ralues remained below 10 through November while the sup-
plied values were on the order of 12.5 after October, This
indicates a lag between winter gasoline being delivered to
Jes Moines and when it actually reaches the field points,

‘hereby leading to hard starting during the winter,
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Table 27. Average hydrocarbon type, Reid vapor pressure and API values
fFom fuel samples provided by the Iowa State Highway Commis-
sion.

Hydrocarbon Type Reid vapor
Location Date of Percent Percent Percent pressure API
sample paraffins olefins aromaties (psi) at 60 °FH
Leaded gasoline samples
Des Moines 11-4-71 66.0 26.5 .5 10.00 64.0
Ames (Williams) 11-17-71 65.8 24,6 9.6 10,55 63.6
Des Moines 11-30-71 62.7 20.0 17.3 11.25 62,2
Ames (Williams) 12-30-71 63.9 21.3 14.9 11.90 62.5
Des Moines 1-11-72 64.9 20.3 14.8 11.95 62.9
Boone 1-20-72 63.1 22.4 14.5 9.70 60.8
Des Moines 2-14-72 66.1 19.2 14.6 11.60 62.4
Des Moines 3-6-72 67.1 20.2 12.7 11.35 63.2
Boone 3-16-72 66.6 20.3 13.1 10,70 61.6
Des Moines 4-5-72 68.0 19.8 12,2 11.10 64,2
Boone 4-25-72 66.5 20.3 13.2 10.20 61.6
Des Moines 5-8-72 69.4 19.1 11.5 11.55 64.3
Average of all samples 65.85 21.17 12.99
Nonleaded gasoline samples
Sac City 10-22-71 51,0 30.9 18.1 7.35 58.3
Grundy Center 11-9-71 53.9 23.3 22.8 8.90 58.1
Grundy Center 11-30-71 56.5 23.9 19.6 8.80 57.7
Grundy Center 12-27-71 59.1 21.9 19.0 10.70 59.5
Grundy Center 1-2-72 60.0 22,0 17.9 11.45 60.2
Sac City 1-31-72 58.2 22.9 18.9 11.15 60.0
Grundy Center 2-23-72 59.3 22.4 18.3 11.30 60.4
Grundy Center 3-1-72 59.6 22.5 17.9 12.60 60.4
Grundy Center 3-22-72 63.1 20.8 16.1 11.90 60.8
Grundy Center 4-24-72 58.0 22.1 19.9 11,35 60.7
Average o' 57.87 23.27 18.35

all samples
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Table 28. Typical hydrocarbon type, Reid vapor pressure and API gravity
values of gasoline shipped to Des Moines; data furnished by
American Oil Company.

Hydrocarbon type Reid vapor
Date Percent Percent Percent pressure API
saturates olefins aromatics (psi) at 60 OF
Leaded Gasoline Samples (American Regular)
July 1971 56 16 28 9.2 59.8
Aug. 1971 56 18 26 9.3 59.9
Sep. 1971 54 16 26 9.8 59.2
Oct. 1971 64 22 14 10.6 64.8
Nov. 1971 64 17 19 11.9 62.8
Dec. 1971 64 15 21 12.7 62.0
Jan. 1972 65 15 20 12.9 62.8
Feb. 1972 64 14 22 11.8 62.0
Mar. 1972 67 12 21 11.1 62.9
Nonleaded gasoline samples (AMOCO-R)
July 1971 42 24 34 9.1 57.5
Aug. 1971 46 20 34 9.4 57.1
Sep. 1971 - - - - -
Oct. 1971 - - - - -
Nov. 1971 53 21 26 12.5 60.9
Dec. 1971 53 21 26 12.4 60.3
Jan. 1972 53% 21% 26: 12.2 60.6
Feb. 1972 53 21 26 10.5 60.6
Mar. 1972 53% 21% 26™ 10.5 63.1
*
Estimated

IOWA STATE H:3%AY COMMISSIN
LigRARY
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2, Vehicle Maintenance

Main :enance data supplied by Iowa State Highway Commission for the
vehicles 'nvolved in this experiment are shown in Appendix F.

At the outset of this study, it was recognized that a period of one
year would be insufficient time for any statistically significant differ-
ences in maintenance costs to be detected. Thus, the mechanical condi-
tion of the engines was not established by an engine disassembly either
at the beginning or end of the test period due to the prohibitive time
and labor requirement for the large number of vehicles involved. Fur-
thermore, the completeness of the data is questionable since the main-
tenance records for some vehicles indicate no routine maintenance items
such as changes of spark plugs, etc. After considering the foregoing
facts it was decided that any attempt to quantify any differences be-
tween lead and nonlead fueled vehicles on a cost basis would be incon-
clusive and possibly misleading.

Tabl:. 29 summarizes the comparative incidence of some maintenance
items which are possibly fuel related. No significant differences ap-
pear excent in the number of carburetor replacements and engine replace-
ments of ‘he nonleaded light-duty vehicles. Caution should be exercised
in readins too much into this information dut to the previously discussed

factors.
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Table 29. Summary of maintenance performed on test fleet vehicles.

Mainenance items
that are possibly

fuel related Pickup Light duty Heavy duty]
NLT L NL L L L

Tuneups (replace N

sparl. plugs, etc.) 5 8 10 26 2 5

Valves ground 1 0 0 0 0 0

Carb, replaced or

cleaned 1 0 5 1 2 2

Engile replaced 0 o0 5 0 0 1

*
NL :: nonleaded and L = leaded.

The replacement of engines in the nonleaded, light-duty vehicles
is not deemed to be attributable to the fuel. Other factors such as
engine mileage are thought to be the major factors. Examination of the
engines which were replaced did not reveal any evidence of the primary

cause of failure to be fuel related,.

3. Fuel Economy

Fuel and o0il consumption data furnished by Iowa State Highway Com-
mission i3 tabulated in Appendix G. This data has been separated by
fuel type (leaded and nonleaded) and by vehicle type (pickup, light-duty,
etc.). Kiown data on individual vehicles are tabulated along with an
average vilue for all vehicles of a certain type and fuel. As can be
seen by e :amination of the data in Appendix G, considerable data was
not avail ible, especially on leaded vehicles.

Tabl : 30 summarizes the fuel consumption for the Test Fleet vehi-

cles. Nc significant difference is apparant.
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Table 30. Comparison of fuel consumption for Test Fleet vehicles.

Vehicle type Nonleaded Leaded|
Pickup (miles/gallon) 11.43 11.11
Light duty (miles/gallon) 5.85 5.93
Heavy duty (miles/gallon) 2.69 2.98
Tractor (hours/gallon) 0.64 0.69

An ircegularity was noticed on the records in that unusually large
quantities of gasoline where added to some of the vehicles on December
31, 1971, when said vehicles were not being used and personnel were on

vacation.

4, Filtration of Crankcase 0il

Testing for contamination of used crankcase o0il was performed in
accordance with '"The Standard Method of Test for Insoluble Contamination
of Hydraul ic Fluids by Gravimetric Analysis,'' ASTM Designation F313-70.

Becat se of the similarities between crankcase o0il and hydraulic
fluids, this test specification was applicable‘for dtermining contami-
nants in v sed crankcase oil.

Accorling to ASTM Designation F313-70, the insoluble contamination
is determied by passing a given quantity of a fluid sample through a
membrane filter disk of 0.4 to 0.8 micron pore size and measuring the
resuitant increase in the weight of the filter. The fluid sample is

drawn thrcigh the filter by a vacuum and the insoluble contamination
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is collect:d on the surface of the filter. 1In addition, the filter is
microscopi ally scanned for excessively large particles, fibers or other
unusual co ditions.

It wa discovered that there were distinct differences between the
physical p -operties of used crankcase oil and hydraulic fluids. First,
there is a fraction of used crankcase oil that consists of water. The
actual volumetric per cent composed of water depends upon operating con-
ditions to which the crankcase oil has been subjected as well as the
type of crankcase oil. For example, detergent oil has a much higher af-
finity for water than nondetergent oil. Thus, used crankcase detergent
0il would be expected to have a higher volumetric per cent water than
the used crankcase nondetergent oil.

Filtration of used crankcase o0il containing water is very difficult
because the electrokinetic flow-restriction phenomenon occurs with any
polar molecule such as the water molecule. Thus, water must be removed
if filtering is to be accomplished. It was removed from each sample
tested by heating used crankcase oil above the boiling temperature of
water for a period of time sufficient to allow vaporization of nearly
all the water.

The second problem is the difference between volumetric per cent
of the particulate matter in used crankcase o0il compared to hydraulic
fluids. The ASTM Test F313-70 suggests a test sample size of 100 ml
of hydraulic fluid to insure measureable results. In test samples it
was discot :red that one-to-ten milliliters of used crankcase o0il con-
tained suf ficient contaminant to clog the pores of the membrane filter.

Dilutions »f used crankcase o0il with commercial hexane, commercial ben-
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zane, acetone, isopropvl alcohol and gasoline in ratios up to 15 parts
solvent tc 1 part crankcase oil were attempted. The optimal mixture
was deternined to be about 10 parts commercial hexane to 1 part crank-
case oil. Agitating the mixture of hexane and oil during filtration
yielded a slow but workable process.

Data from the oil residue tests are shown in Appendix M. Table 31
summarizes a comparison between average crankcase oil residue for vehi-
cles operating on leaded and nonleaded gasoline. Table 32 tabulates
the analysis of variance values for this data. Based on the results
tabulated in Tables 31 and 32, the type of gasoline had no statistically
significant effect on the amount of residue in the crankcase oil. Al-
though considerable differences in the mean values did exist, large var-
iations ir the data for each vehicle type. regardless of gasoline, ren-
dered these differences in mean values to be unimportant. Also, in some
cases, as 1oted by an asterisk on items in Appendix M, it was necessary
to estimate mileage between oil changes before the amount of particulate

in the oil could be compared on a consistent (milligrams per mile) basis.
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Table 31. Average crankcase oil residue per vehicle type (values in mil-
ligrams per mile).

Vehicle type Nonleaded fuel leaded fuel

Pickup 8.10 5.46
Light duty 12.83 16.00
Heavy duty 7.25 10.67

Table 32. Analysis of variance table® for crénkcase 0il residues.

Vehicle type Source of| Sum of |Degrees of F F

variation] squares freedom calculated critical
(95% confidence level)

Pickup Pairs 2.451E 1 3 1.95 9.28
Fuel 1.397E 1 1 3.32 10.13

Error 1.261E 1 3 - -
Light duty Pairs 1.374E 3 7 0.75 3.79
Fuel 4.017E 1 1 0.15 5.59

Error 1.888E 3 7 - -
Heavy duty Pairs 3.838E 1 1 19.44 161.45
Fuel 1.166E 1 1 5.91 161.45

Error 1.974E O 1 - -

*Statistical model: Y = P(I) + F(J) + E(IJ).
Y = Residue in mg per mile.
P(I) = effect due to differences in pairs of vehicles.
F(J) = effect due to differences in fuel.

E(IJ) = measurement error and additional effect for
which the statistical model does not account.

Note: the nuners above, e.g., 2,.451E 1, represent 2.451 X 101.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

The following conclusions are based on the objectives of this study
and in direct relation to the detailed results presented in the previous
section.

1. Some statistically significant differences between leaded

and nonleaded gasoline were apparent:
a. Conclusions for the Test Fleet data where all vehicles
are tested at no-load conditions are:
i. HC and CO emissions are in general significantly
lower for leaded gasoline than nonleaded gasoline.
ii. Air-fuel ratio is highly important in affecting
all emissions measured.

iii. Differences in air-fuel ratio among vehicles
causes larger differences in measured emissions
than differences.in gasoline. Consequently, en-
gine adjustment (tune-up) is probably the most
importanﬁ factor affecting emissions.

b. Conclusions for the Matched Pair data where the ve-
hicles were tested on a chassis dynameter are:
i. The effect of fuel yields significantly higher
HC emissions with leaded fuel for pickups and
heavy-duty trucks as well as higher CO emissions
with light-duty trucks.

ii. There is no significant effect of fuel on HC em-
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issions from light-duty trucks and no significant
effect of fuel on CO emissions from pickups and
heavy-duty trucks.

Oxides of nitrogen expressed as NO2 are not af-

e
e
[N

fected by fuel.

iv. The fuel effect on Matched Pair emissions was
greatest at full load with the emissions than de-
creasing both in magnitude and difference due to
fuel as load is reduced.

No significant differences were observed in either main-
tenance costs or fuel consumption during the course of
tais study. Furthermore, there were no differences that
w2re statistically significant on the oil residue compari-
som.

(1libration of the Sun EET 910 with certified gases was
i>und to be essential before valid measurements could be
accomplished. It was determined that the uncertainty of
the HC emission measurements was at least + 107 when emis-
szons were below 200 ppm.

The effects of humidity or temperature on the measurements
vere less than the uncertainty of the Sun EET 910.

Eecord keeping was incomplete on maintenance items, and
f1el and oil consumption data. Even though additional
(ata was requested several times. it was never supplied.
T1is made it necessary to draw conclusions relative to

thie above topics with a smaller amount of data than de-
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s red. However, the authors believe the conclusions drawn

f:om the abbreviated data are valid.

B. Recommendations

Based on the objectives of this study and the conclusions of the
previous s:ction the following recommendations are made:
1. C ntinue use of leaded fuel in vehicles for which our test

v. hicles are representative because:

a No significant reduction in emissions would occur with
use of nonleaded gasoline in view of the duty cycle
of the vehicles.

b. No emission control equipment exists on the test ve-
hicles which the lead in the gasoline would render
inoperative.

c. No differences in short term maintenance costs or fuel
consumption were apparent. No long range maintenance
costs or fuel consumption trends could be established.

d The cost of nonleaded gasoline is about 2¢/gallon
higher than leaded gasoline. The cost benefit to the
Iowa State Highway Commission would be approximately
$150,000 per year.

2. A reassessment of type of gasoline to be used is recommend-

e when it is known what emission control devices will be

u ed to meet the more stringent 1975 federal standards.

F r example, if the catalytic converter is used, nonleaded

g soline must be used.
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1~ is recommended that a systematic program for performing
€ 1gine tune-ups with exhaust emission testing equipment

t: undertaken in order to minimize emissions and operating
costs. This is deemed essential because engine operating
conditions had a greater influence on emissions than did
fuel type.

Initiate a record keeping svstem that will allow easy ac-
cess and reliable data on vehicle maintenance and fuel
consumption. This data can then be used to conduct a long
term study on maintenance costs and fuel consumption.

Use the procedure described in Appendix H for calibrating
the Sun EET 910 with certified reference gases.

Because of the large relative error in this tester at low
levels of HC, it is recommended that the manufacturer of
this instrument be consulted concerning its modification
for measurements in the fange 200 ppm or less.

Extend the study for the lifetime of the vehicles under
test so that effective comparisons can be made on mainte-
pance items. and fuel and oil consumption.

In purchasing new vehicles do not overspecify the size of
engine required as the total amount of pollutants depends

on amount of gasoline consumed as discussed by Conta (9).
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APPENDIX A

TEST FLEET DATA

Nomenclature

SPEED
1 - Idle
2 - 2500 rpm
MILES - Miles (or hours for tractors) on odometer at time of test
HC - Unburned hydrocarbons in parts per million by nondispersive in-
frared (NDIR) measurement
CO - Carbon monoxide in 7% by NDIR
A/F - Air-fuel ratio
TEMP — Ambient temperature in degrees Rankine
HUMID — Sp2cific humidity in grains water per pounds dry air

* . . : .
- Dala was not available; this point was estimated
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FLEET DATA
SPEED VILES HC Co A/F T EMP
A-146%2 UNLEACED FORD H-DUTY GRUNDY CENTER
1 J5488 0510 1.5 15.5 530
1 25876 0200 3.5 13.2 536
1 0605¢ 0400 3.7 13.4 536
1 06l11s 0280 4.0 13.5 517
1 06355 0050 0.7 13.5 475
1 066177 3050 0.7 13.5 462
1 07549 o138 2e4 13.5 486
1 09212 0200 2e4 13.5 466
1 0s717 0200 245 13.4 529
1 10170 0200 4.0 13.5 510
2 D548€ 0430 0.8 15.8 530
2 05876 0c7¢ le4 13.6 536
2 0€056 0095 246 13.7 536
2 0€119 0100 1.8 13.6 517
2 0€355 0040 0.4 13.6 475
2 06677 0040 Oe4 13.6 462
2 07549 0040 1.3 14.1 486
2 09212 0040 1.3 13.9 466
2 Cs717 0040 1.3 14.0 529
2 10170 0175 2ok 14.0 510
A-13857 UNLEACED INT*L H-DUTY SAC CITY
1 10159 0200 0.6 14.1 530
1 10232 go70 O.4 13.8 S44
1 10451 0130 0.8 13.8 522
1 10507 0380 1.9 13.5 522
1 1C940 0300 2.0 13.5 491
1 11831 0325 2.0 13.5 496
1 12784 0375 240 13.5 451
1 13298 0325 2.5 13,5 504
1 13465 0500 3.8 13.5 535
1 13585 0040 2.5 13.5 510
2 10159 0050 1.2 l4.1 530
2 10232 0050 1.7 14.0 544
2 10451 0030 0.6 13.5 522
2 LC507 0050 O.4 13.5 522
2 10940 0040 0.2 14.6 491
2 11831 ' 0050 Ou4 l4.4 496
2 12784 0040 0.3 14.6 451
2 13298 0040 0.5 l14.1 504
2 13465 0090 1.0 14.5 535
2 13585 0090 1.0 14.5 510

HUMID

62
87
85
42
10
05
00
00
31
40
62
87
85
42
10
05
00
00
31
40

15
93
42
38
26
20
00
21
76
36
75
93
42
38
26
20
00
21
76
36



SPEED

1ILES

A-3

FLEET DATA

HC co A/F TEMP

HUMID

A-14670 LEALEC

NN NN NN NN o et e bt ot s ot ot s st

A-14648 LEADEC

N NN NN N NN e s ot pod ot ot ool pd ol

04500
045172
05000=*
25467
J€e150
76976
27708
36340
JS$500
16800
34500
04572
$5000%*
05467
G6150
06976
C7708
09340
C6500
£6800

15552
J6z11
16992
37474
38457
36351
1¢580
11950
1217C
12208
05552
06211
06992
07474
CE45T
29351
10580
11950
12170
12208

FORD H-DUTY DES MOINES

1575 3.8 13.4 532
0775 2.8 13.0 539
0500%* 249 % 13.2 523
0220 3.0 13.4 508
cc8e le4 13.0 496
0263 6.8 13.0 492
0238 5.5 13.0 455
0150 3.3 13.0 496
0200 2.1 13.0 529
0400 55 13.0 S14
0215 2.2 13.6 532
0125 2.2 13.5 539
0090C* 1o 7% 13, 7% 523
0060 1.2 13.8 508
005¢C 0.8 13.6 496
0065 3.7 13.6 492
0090 25 13.6 455
005¢ 2.0 13.6 496
0090 1.7 13.8 529
0100 2.6 13.6 514
FORD H-DUTY DES MOINES

0575 3.1 13.6 527
0350 1.6 13.6 540
0345 3.6 13.5 523
0187 2.0 13.5 510
0060 0.5 13.7 490
0225 3.7 13.6 492
0238 3.7 13.6 455
0250 2.5 13.6 496
0363 4.5 13.6 504
0275 5.0 13.5 514
0050 le1 14.5 527
0050 l.4 13.6 540
0050 1.5 13.9 523
0040 0.6 13.9 510
0020 0.3 l4.4 490
0030 l.2 14,1 492
0080 2.4 13.9 455
0120 4.0 13.0 496
0188 7.0 13.0 504
0130 4.0 13.3 514

72
01
48
44
28
24
00
15
30
47
72
01l
48
44
28
24
00
15
30
47

76
00
48
21
20
22
00
16
30
47
7o
00
48
21
20
22
00
16
30
47
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FLEET DATA
SPEED MILES HC Cco A/F TEMP HUMID
A-14647 LEADEL FORC H-DUTY DES MOINES
1 04597 0388 4.0 13.6 529 72
1 05157 0350 242 13.9 542 02
1 gs5117 031715 3.9 13.5 525 48
1 05336 0175 2e4 13.5 510 21
1 05783 0150 1.0 13.8 490 20
1 0€396 0413 4¢3 13.6 469 25
1 06844 0213 4.0 13.6 449 00
1 £L7000%* 0244* 4e5% 13.6 % 496 16
1 C7522 0275 5.0 13.6 501 30
1 €7590 0375 5.0 13.5 518 48
2 04597 0078 1.2 13.9 529 72
2 05157 0050 le4 13.5 542 02
2 05177 0155 l.4 14.0 525 48
2 0t336 0045 0.6 14.0 510 21
2 05783 0225 O.4 14.5 490 20
2 0€356 0123 565 13.4 469 25
2 06844 0115 5.0 13.5 449 00
2 C7000%* 0124% 5.3% 13.5% 496 16
2 Q7522 o128 5.6 13.4 501 30
2 07590 0140 6.8 13.0 518 48
A—14634 LEADED FORC H-DUTY AMES
1 22624 0300 Oe4 14.1 541 72
1 3541 0150 2.0 13.5 536 90
1 gc36CC* o100% l.6% 13.5% 529 38
1 33706 0050 l.1 13.5 514 - 33
1 24041 0045 1.0 13.5 496 21
1 04€56 0138 3.4 13.5 482 16
1 25925 0158 3.1 13.6 463 00
1 J668C* 0140% 2.3% 13.6 % 503 30
1 J€126 0125 lo4 13.6 508 43
1 Q7051 0080 1.4 13.5 520 49
2 02624 0035 0.6 14.0 541 72
2 03541 0050 0.6 14.0 536 90
2 0360C* 0045%* 0.6% 14.0%* 529 38
2 03706 0040 0.5 14.0 514 33
2 04041 0020 Oe4 14.0 ’ 496 21
2 D4€56 005¢ 1.2 14.1 482 16
2 05925 0045 0.9 14.0 463 00
2 06680%* 0035%* 0.8% 14.0%* 503 30
2 DET26 0025 0.6 14.0 508 43
2 J1051 0030 0.7 14.0 520 49
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HUMID

FLEET DATA
SPEED MILES HC Co A/F TEMP
A—13093 UNLEACED CHEVY L-DUTY GRUNDY CENTER
1 5€7173 0095 3.4 13.5 530
1 6CC9C 0090 2.1 13.5 533
1 60743 0340 6.5 13.1 536
1 61032 0120 3.5 13.4 517
1 62990 0050 2.0 13.4 475
1 £4012 013¢ 3.2 13.5 466
1 €€3C7 0125 3.3 13.5 476
1 66397 0175 4.2 13.3 466
1 7C833 0125 3.8 13.3 494
1 12242 0125 405 13.3 512
2 5€E773 0190 3.3 13.6 530
2 50090 0220 3.7 13.4 533
2 50743 0230 2.0 14,1 536
2 £1032 0050 1.2 14,4 517
2 £2990 0040 0.5 l4.4 475
2 £4012 0040 Qo4 la.4 466
2 6€307 0100 0.7 l4.4 476
2 £5397 0140 5.5 13.0 466
2 70832 G050 55 13.1 494
2 12242 0200 5.8 13.0 512
A-13870 UNLEACED FORD L-DUTY GRUNDY CENTER
1 50502 0450 0.9 13.0 529
1 5C676 1300 4ot 12.8 541
1 51597 1500 3.6 14.3 536
1 52688 1500 3.6 13.0 511
1 54321 040C 2e4 13.6 475
1 55971 0400 1.7 13.4 463
1 57789 0400 4.0 13.4 474
1 €0350 0350 4e2 13.4 464
1 61701 0300 3.8 13.4 495
1 £3605 1200 5.0 13.4 510
2 50502 0030 0.4 14.0 529
2 506176 0250 4ot 13.1 541
2 15917 020C 1.9 l4.1 536
2 £268¢ 0200 2.9 14.0 511
2 £4321 0150 0.5 14.0 475
Z 55671 015¢C O.4 13.5 463
2 57789 0175 0.9 l4.4 474
2 6C35C 0150 0.9 14.3 464
2 61701 0050 1.1 14.5 495
2 53605 0300 1.5 14.5 510

62
90
65
42
10
05
00
00
00
43
62
90
65
42
10
05
00
00
00
43

58
92
85
35
10
05
00
00
00
43
58
92
85
35
10
05
00
00
00
43



SPEED YILES

HC

Cco

FLEET DATA

A/F

TEMP

HUMID

—— e ———— - ————

A-1457¢& UNLEADED CHEVY L-DUTY

22548
23C89
2376C
24401
25610
27419
29318
32021
34814
35734
22548
2308s
23760
24401
25€1C
27419
2931¢
32027
34814
35734

NN NN NN NN RN N bt et pod ot pod s ot ot ot s

A-15369 UNLEACED
152117
15711
16324
17CS5
18424
20166
21498
24301
26581
27486
1€217
15711
16324
17C85
18424
20169
2149¢
24301
265817
27486

NN N NN AN NN N et et ot et ol ot ot s ot ot

005¢C
0045
0060
006C
0040
00scC
0055
0050
0080
0050
0020
002¢C
0040
0040
0020
00390
0035
0040
0020
003¢C

O.4

® o © O ¢ & o 6 © » & & » & 0 ¢ o o
L P WLWWNWWRLWWOELAEWEWVMWNN

OCOO0COODOOCOOOENMF MO =

INT'L L-DUTY

00G5
009¢C
C130
025¢C
0040
0400
0100
0150
0275
0275
0030
004C
0070
0070
0050
0030
0040
0035
0060
0080

0.7

® 0 06 6 0 0 0 ¢ 0 o 6 0 o 0 0 0 o @
VMUV OHPUVNNNOOOONODOHLHPOOWO

WWOOOOOHOOWULWMR W MN F K

GRUNDY CENTER
13.9
13.9
14.1
13.9
13.6
13.7
13.7
13.7
13.7
13.7
14.4
14.2
14.3
l4.1
13.9
l4.1
14.1
14.0
14.2
14.5

GRUNDY CENTER
14.6
14.1
14.0
13.8
13.38
13.8
13.8
13.8
13.8
13.8
14.6
14.3
14.6
14.6
14.6
l4.6
14.4
14.2
13.6
13.8

529
536
536
511
475
466
479
464
488
510
529
536
536
511
475
466
479
464
480
510

530
541
536
511
475
468
471
467
535
510
530
541
536
511
475
468
471
467
535
510

63
90
85
35
10
05
00
00
00
40
63
S0
85
35
10
05
00
00
00
40

62
92
90
35
10
05
00
00
58
40
62
92
90
35
10
05
00
00
58
40



SPEED

A-7

NANRNNNNNNNRNN P e pd el o ol ot ot ot b

FLEET DATA
VILES HC Co A/F TEMP HUMID
A-13585 UNLEACED CKEVY L-DUTY SAC CITYy
57585 0200 2.3 13.6 528 14
5E76¢ 017cC 4.0 13.2 539 85
60435 0180 4.9 13.0 522 42
60665 0150 4.2 13.0 513 35
62131 0050 0.9 13.6 591 15
£4293 0160 3.8 13.6 589 18
56889 0190 3.3 13.6 453 00
59132 0125 4.0 13.6 504 27
1064C 020C 3.1 13.6 502 27
71715 0150 3.4 13.6 504 30
515E5 0250 7.5 11.8 528 14
5€76¢6 0160 2.8 13.7 539 85
5C435 0080 2.8 13.7 522 42
£CE65 oo08¢C 2.7 13.8 513 35
52131 005¢C 1.0 14.3 591 15
£4293 0050 1.8 14.3 589 18
£€88S 0150 243 14.0 453 00
§G9132 0100 0.6 l4.4 504 27
7C640 0150 246 13.8 502 27
71719 008C 2.0 13.9 504 30
A-142¢4 UNLEACED CHEVY L-DUTY SAC CITy
28130 0140 2.1 13.9 536 56
29242 0150 le.l 13.8 536 85
3Cse1l ol60 3.6 13.1 522 46
31869 0150 3.4 13.1 518 34
3371¢C 0100 3.4 13.1 492 14
35817¢ 0120 3.0 13.8 489 24
37842 0110 2.6 13.8 457 00
36495 o120 3.5 13.8 504 21
3400C* 0135% 2.4 13.8+%* 535 76
40475 0150 1.3 13.8 510 36
28130 0C60 1.8 14.0 536 56
29242 0060 2.6 13.8 536 85
3Cc61l 0040 3.1 13.7 522 46
11869 0050 2.0 13.7 518 34
33710 0040 l.4 13.7 492 14
358176 0040 1.9 14.0 489 24
37842 0050 1.8 14.1 457 00
35495 0040 3.0 13.7 504 21
J4000%* 004 5% 2.0 14.0%* 535 76
104175 0050 0.9 14.2 510 36

NN NN NN N R N N et et ot ot ot b b ok oot ot
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FLEET DATA

SPEED MILES HC Ccc A/F T EMP

——— v —— ——— - — — ———— — — —_— - —t— " ———— — ——— ———— —— —_— — — Y — — ———. ———— ——— — —

A-1€317 UNLEACED INT'L L-DUTY SAC CITY

1 08989 0300 l.6 13.8 536
1 05492 0160 l.6 13.6 538
1 10594 025¢C 2.6 13.6 522
1 11101 0150 23 13.6 522
1 122217 0130 2¢4 13.6 491
1 13445 0150 246 13.6 492
1 01550 0200 3.8 13.6 504
1 17536 0225 3.4 13.6 504
1 18282 0225 3.1 13.6 515
1 18675 0225 3.1 13.6 505
2 €8989 006C 0.7 14.4 536
2 05492 0050 0.6 l14.4 538
2 1C594 0040 2.0 13.7 522
2 11101 0040 O.4 l4.4 522
2 122217 0040 0.3 l4.4 491
2 13445 0035 Os4 14.5 492
2 01550 0040 0.4 l4.6 504
2 17536 0050 0.7 l4.4 504
2 18282 0050 0.7 14.6 515
2 186175 0040 0.8 l4.4 505
A-14680 UNLEACED GMC L-DUTY SAC CITY
1 2159C 0190 1.5 13.9 533
1 23238 o110 1.3 13.5 539
1 25530 0110 3.2 13.6 522
1 26965 0060 1.8 13.6 515
1 26110 006C 1.6 13.6 491
1 31326 0080 2.9 13.6 489
1 3345¢C 0080 3.0 13.6 453
1 35325 0100 3.2 13.6 498
1 37222 0095 3.0 13.6 530
1 38ceée7 0120 3.0 13.6 510.
2 21590 0060 0.9 l4.4 533
2 23238 0100 1.2 14.1 539
2 25530 0020 l.1 14.5 522
2 26965 0020 0.6 14.5 515
2 29110 0020 0.6 14.5 491
2 31326 0020 0.7 14.5 489
2 33450 0030 0.5 14.5 453
2 3532¢ 0040 0.8 14.5 498
2 37222 0040 0.9 14.5 530
é 3€C67 0050 1.0 14.0 510

58
82
46
38
23
16
24
24
45
28
58
82
46
38
23
le
24
24
49
28

70
75
42
32
15
18
00
20
50
36
70
75
42
32
15
18
00
20
50
36
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FLEET DATA
SPEED 4ILES HC co A/F TEMP HUMID
A-146G2 LEADEC GMC L-DUTY DES MOINES
1 13032 0180 l.8 13.8 536 62
1 1354¢ 010C 1.5 13,7 540 00
1 15025 0260 5.4 13.4 526 51
1 151174 0060 l.4 13.4 511 22
1 1€€2¢€ 0040 0.7 13.7 488 20
1 17944 0050 1.5 13.7 490 20
1 18606 010G 3.4 13.7 451 00
1 21461 0050 243 13.7 496 16
1 2201C 0125 3.5 13.7 506 30
1 22842 007C 1.8 13.7 514 47
2 13033 0060 0.6 14.3 536 62
2 13542 008¢ 0.8 14.2 540 00
Z 15025 0040 0.8 l4.4 526 51
2 15174 0040 0.5 14.2 511 22
Z 1€€2¢ 0010 0.3 l4.4 488 20
2 - 17944 0040 0.3 14,2 490 20
2 18606 0035 0.3 14.1 451 00
P 21461 003¢C 0.3 14.0 496 16
2 22010 0030 0.3 14,2 506 30
2 22842 0030 0.3 l14.1 514 47
A-1468¢3 LEADECL GMC L-DUTY DES MOINES
1 11541 0100 l.7 13.8 531 73
1 12265 0060 1.2 13.6 539 01
1 13095 0080 1.0 13.6 525 56
1 13817 €040 0.6 13.8 511 22
1 14563 0040 0.8 13.8 488 20
1 16179 0050 0.6 13.8 490 20
1 1715317 008C 3.0 13.8 451 00
1 18700 0040 l.6 13.8 495 15
1 1€679 0060 1.9 13.8 506 30
1 1969C 0080 2.5 13.8 514 47
2 11541 0040 0.4 l4.1 531 73
2 12265 0040 Oe4 14.0 539 0l
2 13095 0040 0.3 14.0 525 56
2 13817 0030 0.3 14.0 511 22
2 14963 0030C 0.3 14,0 488 20
2 16175 0040 0.4 14.1 490 20
2 17537 0030 D4 14,2 451 00
2 1870C 0030 0.3 14.0 495 15
2 18S7S 0030 0.4 14.1 506 30
2 16690 0040 Oe4. 14.3 514 47
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FLEET DATA
SPEED ‘ILES HC cc A/F TEMP HUMID
A-14698 LEADEC GMC L-DUTY MARSHALLTOWN
1 21843 0080 1.7 13.7 538 03
1 23148 004cC 0.6 13.9 543 95
1 24721 005¢ 1.2 13.6 524 40
1 26(C88 0040 0.7 13.8 508 44
1 28264 0050 0.5 13.6 496 28
1 26923 0125 3.0 13.6 448 00
1 32220 0040 le4 13.6 482 16
1 35022 0040 0.8 13.6 506 30
1 3€2417 0040 1.3 13.6 489 21
1 37334 0100 3.0 13.6 511 47
2 21843 0030 Qo4 142 538 03
2 23148 0025 0.3 14.2 543 95
2 24721 0040 0.3 14,2 524 40
2 26C88 0030 0.3 14.2 508 44
2 28264 0040 0.3 14.2 496 28
2 299232 004C 0.3 14,2 448 00
2 32220 2050 O.4 l4.4 482 16
2 35022 0050 O.4 13.9 506 30
2 3€247 0030 Oe4 la.4 489 21
2 37334 0030 0.3 14.3 511 47
A-14691 LEADEC GMC L-DUTY MARSHALLTOWN
1 14124 0110 2.1 l4.1 538 03
1 14740 C040 0.3 13.8 543 95
1 1€254 0050 2.0 13.6 525 40
1 1706¢ 0050 0.8 13.8 508 44
1 18954 0040 0.7 13.9 496 28
1 20836 0110 242 13.9 448 00
1 2290C gl00 1.2 13.9 483 16
1 25353 0100 1.5 13.9 496 23
1 26611 0040 l.1 13.9 488 21
1 27339 C060 2e4 13.9 511 47
2 14124 0o8¢C 0.5 l4.1 538 03
2 14740 0025 1.3 14.2 543 95
2 16254 003¢C 0.3 14,2 525 40
2 17066 0035 Oe4 l4.4 508 44
2 1E954 0040 0.3 14.2 496 28
2 2C839 0040 0.3 14.2 448 00
2 22900 0050 0.3 14.2 483 16
é 25353 0040 0.5 14.2 496 23
2 26€11 0025 0.2 14,2 488 21
2 ’71339 0030 0.3 14.3 511 47



SPEED

——— ————— > ———— — —— " —

A-15278 LEADEC

N AN NN NN NN P s pad ot pod o pt o ot s

A-15279 LEADED

NN NN NDNN RN e b Bt pt s b ot pd

MILES

12452
13343
14965
1€392
17642
19021
2C781
22001
22766
23685
12452
13343
14565
16392
17642
16021
2C781
22001
22166
23685

09466
10000*
11769
12€96
13837
15447
15800
16481
20€22
21409
CS46¢
1CCO0*
11769
12656
13837
15447
15800
16481
2C¢€22
21409

A-11

FLEET DATA

HC co A/F T EMP

INT*L L-DUTY AMES

0300 2.2 13.9 536
0100 0.9 13.7 552
0125 2.7 13.8 517
005¢ 1.0 13.4 498
0100 1.8 13.4 498
0225 4¢5 13.4 482
0280 4.5 13.4 463
0225 3.8 13.4 506
0175 4,0 13.4 508
0140 4¢5 13.4 511
0045 0.8 14.8 536
0045 0.5 14,2 552
004C 0.7 14.0 517
0040 0.3 14.6 498
0040 0.3 14.6 498
004C 0.4 l4.7 482
0100 Oe4 15.0 463
0045 0.8 14.6 506
005¢C 0.6 14.7 508
0050 lo4 14.7 511
INT'L L-DUTY AMES

0280 34 13.3 538
0228%* 3.2% 13.4% 536
0175 3.0 13.5 529
008G l.1 13.5 498
0060 1.9 13.5 494
0225 4.3 13.5 481
018¢C 55 13.5 469
0225 4.0 13.5 504
0180 3.0 13.5 514
0185 4.3 13.6 519
006¢C 0.9 l4.4 538
0050% 0.8% l4.4 % 536
0040 0.6 l4.4 529
0040 0.3 14.4 498
003¢C 0.2 l4.6 494
0045 1.0 14.9 481
0o1cC 0.6 14.8 469
0040 0.8 14.7 504
0050 0.9 l4.4 514
0020 0.9 14.5 519

98
90
34
14
28
13
05
30
47
58
98
90
34
14
28
13
05
30
47
58



SPEED

1ILES

A-12

——— ————— - - ——————————— -— - -—

A-14575 LEADEC

NN N RO NN N AN N i o o ot ot ot ot ot o st

A-1541+ LEADEC

NN N NN N NN N RN P e e o gt ot post ot ot s

21350
2289C
24618
26472
285172
31010
33344
3€235
3820C
38954
21350
22890
24¢€18
26472
2€572
31010
33344
36235
3820C
38954

1320C
05101
(16681
07246
(:8990
1189¢
15126
18184
19018
1996¢
03200
05101
(6981
G724€
(8990
11896
1126
18184
1sc18
'6666

FLEET DATA

HC co A/F
CHEVY L-DUTY AMES

0050 1.5 13.8
0050 0.9 13.5
0040 1.8 13.9
0040 0.7 13.9
0040 0.7 13.9
0050 2.0 13.9
0020 l.1 13.9
0050 2.0 13.9
0040 0.9 13.9
0100 2.2 13.9
0035 0.3 14.0
0040 0.3 13.9
002¢C 0.3 14.4
0020 0.2 14.2
0020 0.2 14.3
0020 0.2 14.6
0020 0.2 l4.4
0035 0.2 14.3
0025 0.3 14.2
0025 0.3 l4.1
INT'L L-DUTY AMES

0210 0.8 14.1
0100 l.1 13.8
0180 265 13.5
008¢ 1.3 13.5
0080 1.5 13.5
0200 3.3 13.5
0260 4.8 13.5
0200 2.0 13.5
0200 3.5 13.5
0200 3.0 13.5
0040 0.8 14.2
0030 0.7 l4.4
0040 0.6 14.3
0040 0.3 14.3
0020 0.2 l14.3
0040 0.3 l4.4
0060 0.6 14.9
0050 0.5 l4.7
0040 0.7 14.8
0050 0.8 l4.7

T EMP

HUMID

e ——— et ——— — —— — o - o~

542
541
529
513
496
448
463
503
515
520
542
541
529
513
496
448
463
503
515
520

547
533
529
4S8
500
480
470
504
513
518
547
533
529
498
500
480
470
504
513
518

80
98
38
22
21
0C
00
30
47
58
80
€
38
22
21
00
00
30
47
58

00
90
38
25
33
10
05
29
47
52
00
90
38
25
33
10
05
29
47
52



A-13

FLEET DATA

SPEED MILES HC Co A/F TEMP HUMID

——— ————— o ——— — —— - -

A-15454 LEACEC INT'L L-DUTY AMES

1 02454 0220 2.6 13.6 547 94
1 04932 020C le4 13.8 553 90
1 Ce725 0200 3.0 13.5 528 40
1 C1440 g080 1.0 13.2 495 27
1 CES61 0100 25 13.2 498 34
1 10871 0275 2.8 13.2 480 10
1 13137 030C 6.0 13.2 471 05
1 1488¢€ 0200 3.0 13.2 501 29
1 15068 0260 5.0 13.2 513 47
1 1557S 024C 5.4 13.2 514 51
2 02454 0080 1.0 14.0 547 94
2 04932 0080 1.0 14.0 553 90
2 ce725 0060 0.8 13.6 528 40
2 07440 0040 0.3 14.4 495 27
l CEsS61l 003¢C 0.2 14.8 498 34
2 1€871 005¢C 0.6 l4.5 480 10
2 13137 0080 0.5 14.9 471 05
2 1488¢€ 0050 0.6 14.5 501 29
2 150698 0cs8o 0.8 14.6 513 47
2 15679 0050 0.7 14.8 514 51
A-14269 LEADEC CHEVY L-DUTY AMES
1 14260 0140 0.7 l14.4 540 00
1 148417 0050 1.6 13.6 540 94
1 15639 0190 3.0 13.6 529 38
1 1€261 0050 2e4 13.6 508 33
1 17500 0050 0.8 13.6 498 30
i 18869 0150 3.8 13.6 482 16
1 1543C 0100 3.4 13.7 463 00
1 21434 0190 3.4 13.6 503 32
1 21723 0110 25 13.6 507 43
1 22480 0140 3.0 13.6 511 56
2 14260 0040 1.0 14.3 540 00
2 14847 004¢C 1.8 14.1 540 94
2 15639 0075 0.9 14.2 529 38
2 16261 004C 0.7 14.2 508 33
2 17500 0020 0.7 l4.4 498 30
2 18866 0040 1.8 14.2 482 le6
2 19430 00175 0.8 12.0 463 00
2 21434 004C 2.0 14.0 503 32
2 <1723 0045 246 13.9 507 43
2 22480 0045 2.2 14.0 511 56



SPEED

VILES

— -

A-14602 LEADEC

NN NRNNNNN P e o el ot st fad ot et pd

A-14342 UNLEADED

NN NN NNNN NN e e ot b s ot o s

0500C
c7201
Ci122¢
07235%
07282
01361
07372
07422
07433
01446
£5000
$7201
7226
07235%
07282
013¢1
£731713
07422
07433
07446

28245
25088
30106
30€45
21939
32177¢
34235
34837
35786
36705

28245

2SC8E
30109
30845
31939
32717¢
34235
34831
35786
36705

A-14

FLEET DATA

HC co A/F TEMP HUMID
CHEVY L-DUTY AMES

0100 0.5 13.8 549 96
005C 0.6 13.8 544 10
0050 1.5 13.8 528 32
004 5% 1.0% 13.8% 486 25
0040 0.6 13.8 494 26
0045 3.0 13.8 482 10
0110 2.5 13.8 478 13
g1l0C 1.5 13.8 505 28
0100 l.7 13.8 515 53
0080 2.1 13.8 511 52
0040 0.2 l4.1 549 96
0040 0.3 14.0 544 10
004C 0.5 14.2 528 32
003 5% Oo.4* 14,2% 486 25
0030 0.3 l4.4 494 26
0030 0.3 14.3 482 10
003¢C 0.4 14.3 478 13
0035 Oe4 14.3 505 28
0040 O.4 14.0 515 53
0040 O.4 l4.4 511 52
CHEVY PICKUP GRUNDY CENTER
0060 0.7 15.2 531 60
co7ce 1.3 13.9 535 86
0100 1.3 13.8 536 85
0100 1.3 13.8 517 42
0050 0.8 13.8 475 10
0050 0.5 13.8 462 05
0060 l.1 13.8 484 00
0050 l.8 13.8 464 00
0080 2.0 13.8 485 00
0050 2.0 13.8 510 40
0060 0.3 15.1 531 60
0045 0.5 l4.1 535 86
0040 0.3 14.0 536 85
0040 0.2 14.0 517 42
0040 0.2 14.0 475 10
0040 1.5 14.0 462 05
0040 0.2 l4a.1 484 00
0030 0.2 14.0 464 00
0030 0.3 13.8 485 00
0020 0.4 14.1 510 40



SPEED

A-15

N NN N NN NN N b et ot ot ot b s P pas ot

FLEET DATA
MILES HC Cco A/F TEMP HUMID
A-14343 UNLEACED CHEVY PICKUP GRUNDY CENTER
46138 0080 1.4 l4.6 530 62
5060¢ 0080 1.7 13.8 532 86
52182 0110 2e4 13.6 536 90
3167 ocs8o 2.2 13.6 517 42
54400 004C le5 13.6 475 10
€05 E 0050 1.6 13.7 463 05
57434 0080 246 13.7 486 00
5€6717 0050 2.0 13,7 464 00
€0508 0075 1.6 13.7 485 00
61300 0080 2.0 13.7 512 43
49138 0050 0.3 15.2 530 62
506C6 0os¢C 0.6 14.2 532 86
52182 0060 Oe4 14.0 536 90
£3167 0060 O.4 14.0 517 42
$440C 0060 04 14.0 475 10
56058 0060 0.3 14.0 463 05
57434 0040 Oe4 l14.1 486 00
566117 0060 0.3 14.0 464 00
6C508 0060 Oe4 13.8 485 00
€130C 005¢C 0.4 14,1 512 43
A-158%€& UNLEACED DODGE PICKuUP SAC CITY
C2748 008¢C 0.2 14.5 537 59
0391¢ 005¢C Ol l4.4 547 94
05022 0040 0.6 13.6 522 46
0€157 0060 0.8 14.3 522 58
07176 0040 0.8 14.3 492 14
£s829 0060 Oe4 14.3 496 20
11450 0080 le5 14.3 451 00
12996 0090 l.4 14.3 504 26
15187 010C l.2 l14.3 530 36
16113 0060 0.9 14.3 504 27
02748 0070 0.2 14.6 537 59
03518 005C 0.2 14.5 547 94
95023 0010 0.2 14.8 522 46
€157 0010 0.1 l14.6 522 58
271776 0010 0.2 14.8 492 14
$6829 0010 1.5 14.3 496 20
11450 co02¢ 0.5 l14.3 451 00
12999 0020 0.2 14.6 504 26
15187 0030 0.2 14.5 530 36
16113 0040 1.8 14.0 504 27

NN N NN RN NN NN e e o b s i ot ot



A-16

FLEET DATA

SPEED MILES HC Cco A/F TEMP HUMID

A-14370 LEADEC  CHEVY PICKUP AMES |

1 11441 0090 l.4 13.7 548 98
1 12138 0Cé60 l.1 13.8 552 86
1 15040 0080 1.0 13.9 518 41
1 15887 0050 0.6 13.9 511 32
1 16298 0030 0.7 i3.9 497 ! 30
1 16400 0040 lel 13.9 480 10
1 16880 0020 1.3 14.0 470 00
1 16924 0020 1.0 14,0 504 29
1 16925 0045 l.1 13.9 513 47
1 17103 0045 1.2 13.9 518 52
2 11441 016¢C 0.2 13.8 548 S8
2 13138 0100 0.3 13.9 552 86
2 15040 0090 0.2 14.0 518 41
2 15887 0080 0.2 14.0 511 32
2 16258 0050 0.3 14.0 497 30
2 1€400 0050 0.3 13.9 480 10
2 16880 0040 0.3 14.0 470 00
2 1€524 0040 0.3 14.0 504 26
2 1€925 0050 0.3 13.9 513 47
2 17103 004C 0.3 14.0 518 52
A-143€8 LEADEC CHEVY PICKUP AMES
1 12945 009cC 1.2 13.9 536 00
1 15061 009C l.4 13.8 537 83
1 1738C 0070 1.8 13.8 513 40
1 1S3C¢E 0040 0.4 13.9 508 33
1 205821 0040 0.9 13.9 498 34
1 206C6 0080 0.9 13.9 482 13
1 206G1 004C l.1 13.9 463 00
1 20733 0050 0.9 13.9 504 40
1 21758 0075 1.0 13,9 513 50
1 22472 005C l.2 13.9 518 52
2 12945 0080 0.2 13.9 536 00
é 15C61 0080 0.3 14.0 537 83
2 17380 0050 0.2 14,2 513 40
2 15308 0060 0.2 14.0 508 33
2 20%21 005C 0.2 14.3 498 34
2 20606 0050 0.2 13.9 482 13
2 206017 0060 0.2 14.2 463 00
2 20732 006C 0.2 l14.1 504 40
2 21758 0050 0.2 13.9 513 50
2 22472 0100 0.2 14.0 518 52



A-17

FLEET DATA

SPEED MILES HC co A/F TEMP HUMID

——— s —— W M ——————— A" o —— —— — "~ o U~ —

A-143€17 LEACEL CHEVY PICKUP AMES

1 16368 0090 1.6 13.8 549 38
1 17386 0080 lel 13.7 537 83
1 19244 0050 1.2 13.9 528 32
1 2C8ll 0040 0.9 13.9 514 33
1 21949 0040 0.9 13.9 495 27
1 22305 0045 l.4 13.9 482 08
1 22306 0050 1.5 13.9 482 13
1 22318 0045 l.2 13.7 503 32
1 224171 0085 1.4 13.9 535 50
1 22601 0050 1.6 13.9 520 60
2 16368 0090 0.2 13.8 549 38
2 1738¢ 0060 0.2 14.0 537 83
é 16244 0040 0.2 14.0 528 32
2 20811 006C 0.2 14.0 514 33
2 21949 0045 0.2 14.0 495 27
2 22305 0045 0.2 14.0 482 08
2 22306 0045 0.2 14.0 482 13
2 2231E€ 005¢C 0.2 14.0 503 32
2 22471 0045 0.2 13.9 535 50
2 22601 0050 0.2 13.9 520 60
A-143¢3 LEADEC CHEVY PICKUP AMES
1 16819 0080 1.6 13.8 540 00
1 17954 0080 1.5 13.7 540 94
1 1826 0060 1.8 13.5 528 40
1 1€671 0050 0.9 13.9 508 33
1 203174 002C 0.8 13.9 494 28
1 207117 0040 1.3 13.9 483 12
1 21108 0040 1.3 14.0 463 00
1 21692 0040 1.3 13.9 503 29
1 21693 0080 1.8 13.9 513 47
1 22953 0050 1.5 13.9 518 52
2 16819 0120 0.2 13.9 540 00
2 17954 010¢C 0.3 13.8 540 94
2 1€826 0040 0.2 14.0 528 40
2 16€71 005C 0.2 14.0 508 33
2 20374 0040 0.2 14.0 494 28
2 2C711 0070 0.2 13.9 483 12
2 21108 0080 0.1 14.0 463 0C
2 21692 0090 0.2 13.9 503 29
2 21€93 c090 0.3 14.0 513 47
2 22953 0046 0.2 l4.1 518 52



NN N AN NN NN N b od ol st o ot s (ot pod s

SPEED VILES HC
A~11504 UNLEACED CASE
0C054 0210
0G059 0140
€0C96 0240
0012¢ 0240
00160 0200
0C169 0200
£0220 0300
50245 0225
00266 0300
00312 0175
20054 0105
20059 0030
0CC96 0180
0Ccl26 0140
0C16C 0075
00169 0090
00220 0150
00245 0160
0C266 0175
00312 0050
A-13634 UNLEADED J.D.
1 204317 0190
1 CC450% 0195%
1 €415 0200
1 0C480% 0180*
1 CC48C* 0180*
1 20487 0160
1 00491 019¢C
1 20492 0160
1 00495 0175
1 2050C 0140
2 00437 0175
2 0C450% 0100%*
2 NC475 0120
2 CC480% 0115*
2 2048C* 0115*
2 2C4817 0110
2 2C491 0175%
2 JC492 0140
2 3C495 0130
2 2€500 0140

A-18

FLEET DATA
co A/F TEMP HUMID

TRACTOR GRUNDY CENTER
3.2 13.7 532 62
1.1 13.9 537 88
4,0 13.5 536 65
2.7 13.5 517 42
2.3 13.5 475 10
3.4 13.5 467 05
5.0 13.5 480 00
5.9 13.5 466 00
3.8 13.5 494 00
3.5 13.8 510 40
3.0 13.7 532 62
0.2 13.6 537 88
4.8 13.3 536 65
3.0 13.3 517 42
2.8 13,3 475 10
2.9 13.3 467 05
4.5 13.5 488 00
445 13.1 466 00
5.0 13.1 494 00
2.4 14.0 510 40

TRACTOR GRUNDY CENTER
2.5 13.8 532 58
2.8% 13, 7% 536 87
3.0 13.6 537 88
2.7% 13.6% 517 42
2.7% 13.6% 475 10
2.3 13.6 466 05
3.0 13.6 488 00
3.3 13.6 466 00
3.4 13.6 490 00
3.2 13.6 512 43
5¢6 12.9 532 58
4,8% 13.2% 536 87
4.0 13.5 537 88
4,4% 13.5% 517 42
4.4% 13.5% 475 10
4.8 13.5 466 05
4.3 13.4 488 00
4.0 13.3 466 00
4.4 13.4 490 00
4.0 13.7 512 43



A-19

NN NN NNN N NN p - s ot ot ot o s pod et

FLEET DATA

SPEED MILES HC Cco A/F TEMP HUMID

A—13662 UNLEADED INT'L TRACTOR GRUNDY CENTER
0C579 0380 3.2 13.3 532 58
cCcs580% 044 0% 3.6% 13.3%* 536 87
00592 050C 460 13.3 537 88
£0595* 0365* 3.8% 13.5% 517 42
£C595% 0365* 3.8% 13.5%* 475 10
0660C 0225 3.5 13.8 467 05
£0603 025¢C 1.6 13.8 488 00
00603 0250 l.2 13.8 467 00
00605 0225 lo4 13.8 493 00
coé611 0250 1.5 13.8 512 43
QC579 0l1cC 4.6 13.3 532 58
0C580%* 0135% 4.,6% 13.3% 536 87
00592 0160 446 13.3 537 88
0C595%* 0125* 3.4% 13.4% 517 42
0C595* 0l125* 3.4% 13.4% 475 10
00600 009¢C 242 13.4 467 05
00603 0125 3e4 13.7 488 00
£C603 010¢ 2.7 13.6 467 00
0€605 010cC 3.5 13.7 493 00
0Céll 0125 3.8 13.7 512 43

A-155%55 UNLEACED J.D. TRACTOR GRUNCY CENTER
J0282 0180 45 13.3 532 63
J0320% 019 0% 445% 13.4% 536 87
JC361 0200 4.5 13.5 536 85
JC370* 0175*% 4,3% 13.5% 517 42
J03175% 0175% 4.3% 13.5% 475 10
JC380* 0175% 4e3% 13.5% 462 05
0C385 0150 4.0 13.5 486 00
3C386 0175 4.8 13.5 466 00
0C387 017¢% 3.5 13.5 490 00
30404 0140 3.8 13.6 512 43
0C282 0140 5.8 12.9 532 63
00320%* 0140%* 55% 13.2%* 536 817
00367 0140 561 13.3 536 85
CC37C* 0158%* 400% 13.4% 517 42
30375% 0158%* 4e0% 13.4% 475 10
2C38C* 0158%* 4.0% 13.4%* 462 05
€385 0175 3.0 13.5 486 00
Q0386 0100 3.4 - 13.6 466 00
3C387 0075 1.8 l4.1 490 00
J0404 0080 249 l4.1 512 43

NN NN N NN N N et st s oot ot fad ot o ot pod



SPEEC MILES

- ————— . —— ——  ——— — —————— ———— O ———— ———— —

A-12732 UNLEACED FORC

0C74C
CC165%
€C793
€Cegs
0C815%*
0c825
€Cc830
00831
CC834
0C853
CC740
CC7165%
0C793
20806
0CE15%
2C825
ccse3c
ac83l
cC834
CCES3

NN NNDNN N NN P e s et st s pd s ot

A—126%8 UNLEADED
00315
00215
00315
c0218
00318%
00316
00320
00321
0323
00325%
4C315
00315*
N0315
0031€
$0318*
JC319
20320
20321
00323
10325%*

NNRNNNNNNNNNE e pe e o et ot ot et

0500
0560*
0620
026C
0317*
0375
0325
0320
033¢C
040C
0175
0162*
0150
0160
0140*
0120
0140
0145
0200
0150

€800
077 5%
0750
038C
042 5%
0475
0350
0450
0350
0350*
018G
0145*
olic
0060
Co7C*
0080
0050
0090
009¢C

A-20

FLEET OATA

co A/F TEMP HUMID
TRACTOR GRUNDY CENTER

4.0 13.4 532 63
4o4% 13,3% 536 87
4,8 13.2 537 88
3.2 13.2 517 42
3.5% 13.,2% 475 10
3.8 13.1 467 05
3.5 13.1 488 00
3.7 13.1 466 00
4.0 13.1 490 00
55 13.1 512 43
3.6 13.5 532 63
3,9% 13.4% 536 87
4.2 13,2 537 88
27 13.5 517 42
24.2% 13,7% 475 10
l.7 13.9 467 05
3.3 13.8 488 00
2.7 13.7 466 00
3.2 13.6 490 00
3.8 13.6 512 43

MAS FERG TRACTOR SAC CITY

4.0 13.0 537 59
4.4% 13,1% S44 93
4.8 13.2 525 44
4.5 13.2 510 33
4obk 13.2% 4G1 26
4,2 13.2 490 17
27 13.2 455 00
4.5 13.2 505 23
4,5 13.2 502 27
445% 13.2%* 510 36
442 13.0 537 59
3,.8% 13.3% 544 93
3.3 13.6 525 44
1.8 13.8 510 33
2e5% 13.8% 491 26
3.2 13.7 490 17
1.5 13.9 455 00
3.0 13.7 505 23
23 13.8 502 27
2.3% 13.8% 510 36

009C*



A-21

FLEET DATA
SPEED vYILES HC Cca A/F TEMP HUMID
A—11023 UNLEACED INT'L TRACTQR SAC CITY
1 01056 0320 1.9 13.3 533 70
1 01061 0160 1.0 13.4 545 86
1 01056 0500 6.5 13.3 522 46
1 01101 0300 3.0 13.4 517 32
1 C1101%* 0285% 3.5% 13.4% 491 26
1 31102 0270 4.0 13.4 490 17
1 J1102 0125 1.4 13.4 454 00
1 J1105 0300 245 13.4 504 24
1 J1107 030C 3.1 13.4 502 27
1 J1108 0300 5.5 13.3 505 28
2 J1C56 0130 5.4 13.0 533 70
2 J1061 0140 445 12.9 545 86
2 21096 o180 Te5 12.9 522 46
2 01101 0180 6.0 13.0 517 32
2 31101%* 0170* 5.8% 13.2% 491 26
2 01102 0160 565 13.3 490 17
2 21102 0100 2¢4 13.3 454 00
2 01105 0180 565 13.3 504 24
2 011C7 017Q 5.3 13.2 502 27
2 01108 0180 5.0 13.1 505 28
A-155€% UNLEADED INT'L TRACTOR SAC CITY
1 30380 025¢C 0.5 14.0 534 73
1 €388 0220 l.6 13.5 540 89
1 J04SS 035¢C 7.5 1245 525 45
1 30509 0440 6.6 13,2 515 32
1 €527 0200 4.0 12.6 491 26
1 36570 0450 3.8 13.4 489 24
1 30601 0425 4,3 13.4 455 00
1 )JG606 045C 3.5 13.4 506 27
1 J0613 0450 4.8 13.4 502 217
1 sCe3C 0340 3.3 13.4 510 36
2 $2038C o17¢ 25 13.6 534 73
2 V€389 0150 2.8 13.6 540 89
2 5C4ssS 016C 7.6 13.7 525 45
2 JC509 016C 2.1 13.6 515 32
2 nocs27 0080 0.7 13.8 491 26
2 20570 0180 246 14.0 489 24
2 30601 0195 2.0 l4.1 455 00
2 1C606 0200 2.0 14.1 506 27
2 Jo613 0150 1.6 14.3 502 27
2 30630 0125 1.8 14.0 510 36
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PEED MILES HC

A-13653 LEADEC J DEERE
3C588 0220
30614 0200
00626 020C
00€34 0060
30€36 Cco075
20637 0225
20652 0220
00661 020C
0C667 0175
0C66S 0160
00588 0080
NC&l4 0100
00626 0125
£C634 0060
CCeE36 0050
00€37 0075
00652 0060
NCE61 005¢C
0C6617 007¢C
0C669 0090

A-136&8 LEADEC INT 'L
30135 c700
20136%* 0412%
00137% 0412%
n0138* 0412*%
00138 0125
0141 025¢C
00141 0250

- 00143 0325

00145 0306
00146 0300
0C135 0150
00136* 012s*
00137% 0125*%*
nC138%* 0125*%*
00138 0100
20141 0150
00141 0150
90143 0105
20145 0110
J014¢ 0080

NN N NN N NN NN P et o ot gt oo ot et Pt ot

A-22

FLEET DATA

co A/F TEMP HUMID

TRACTOR MARSHALLTOWN

le4 13,6 539 01
1.5 13.8 538 92
1.6 13.8 525 41
0.5 13,8 508 44
0.6 13.8 496 28
1.0 13.8 448 00
1.5 13.8 482 15
2.4 13.8 496 24
3.1 13.8 488 21
1.8 13.8 511 47
1.7 13.8 539 01
1.7 l4.1 538 92
3.0 13.9 525 41
le4 13.9 508 44
1.0 13.9 496 28
1.1 1445 448 00
1.2 14.6 482 15
l.4 14.5 496 24
1.8 14.4 488 21
1.9 14.2 511 47

TRACTOR AMES

2.5 13.1 542 02
2.0% 13.1% 536 90
2.0% 13.1 % 529 38
2.0% 13,1 % 514 33
le4 13.1 497 30
3.4 13.1 480 13
4.5 13.1 482 16
4.5 13.1 502 31
5.0 13.1 513 49
5.0 13.1 518 52
4.9 12.7 542 02
AR 12,7 % 536 90
44 % 12.7* 529 38
4e4 % 12.7* 514 33
3.8 12.7 497 30
5e5 13.1 480 13
660 13.0 482 16
445 13.0 502 31
545 13.0 513 49
4.3 13.3 518 52



A-23

FLEET DATA

SPEED MILES HC CcG A/F TEMP HUMID
A-13669 LEADEC INT*L TRACTOR ANMES

1 00317 0340 0.9 14.0 541 04
1 00320% 0320* 1l.6% 13.9% 536 90
1 00323 0300 203 13.7 529 36
1 G0330* 0175*% 2.0% 13, 7% 514 33
1 C0337 0050 0.6 13.7 497 30
1 00338 Cl75 3.0 13,7 480 13
1 00339 0225 3.5 13.7 482 15
1 0C348 0175 25 13.4 502 36
1 00350 0225 3.7 13.4 513 49
1 00351 0225 2.2 13.4 536 15
2 06317 009¢C 2.6 13.5 541 04
2 00320* 009 5% 3.3% 13.5% 536 90
2 0C323 0100 4.0 13.5 529 36
2 CC330* 0075* 2.5% 13.8% 514 33
2 0C337 0040 1.0 14.0 497 30
2 0C338 0080 3.0 13.9 480 13
2 C0339 0100 2.0 14.3 482 15
2 0G348 0080 2.3 13.6 502 36
2 C035¢0 0150 3.8 13.5 513 49
2 00351 0050 2.0 13.9 536 15
A-136G6 LEADEC MAS FERG TRACTOR AMES

1 01112 0125 0.5 14.0 547 06
1 0117C 0125 0.5 13.4 533 90
1 01255 020¢C Oe4 13.5 521 40
1 01258 0050 0.8 13.5 504 30
1 01259 005¢C 1.3 13,5 496 28
1 01260 * 0050 * 1.3% 13.5% 482 16
1 01265 * o112 * 1.8% 13,9% 463 00
1 01270 * 0175 * 2.02% 13, 8% 503 30
1 01276 0175 2.2 13.8 508 43
1 01277 0150 2.6 13.8 520 49
2 01112 0106 3.5 13.0 547 06
Z c117cC 0100 3.5 13.6 533 90
2 01255 0125 4.0 13.7 521 40
2 01258 0060 1.9 13.7 504 30
2 01259 0060 lo4 13.7 496 28
2 01260 * 0055 * 1a4% 13.7% 482 16
2 01265 * 0055 * 1.6% 14.,0% 463 00
2 01270 * 0055 * 1.8% 1l4.4% 503 30
2 0127¢ 0050 1.8 l4.4 508 43
2 01277 0060 2.3 13.9 520 49
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A-24

FLEET DATA

SPEED MILES HC co A/F TEMP HUMID

A-15068 LEACECL CHEVY WAGON AMES
16925 0100 Oe4 l14.6 538 98
17724 0080 0.2 14.5 543 06
16418 020C 2.0 14,2 518 34
20141 0C8C 0.9 14.0 515 22
22384 0050 1.0 14.0 496 21
24000% 0070* le5% 14.0% 482 16
2€512 0090 2.0 14.0 480 16
28438 0080 l.5 14.0 503 32
2873¢ 009C 1.8 14.0 520 56
29737 gl10 2.8 14.0 511 56
16925 €08¢ 2.8 13.6 538 98
17724 go8cC 3.0 13.5 543 06
19418 0175 3.0 13.7 518 34
20141 0040 1.0 13.8 515 22
22384 004C 1.2 14,6 496 21
2400C* 0040%* l.8% 14.3% 482 16
2€512 004C 265 13.9 480 16
28438 0050 2.8 14.2 503 32
2813¢ 0050 2.8 13.8 520 56
26731 0050 2.8 13.8 511 56

A—14910 LEADED PLYMOUTH PASS CAR AMES
33000%* 005G* Oe3% l4.,4% 538 98
35C00% 0100%* 2e2% la.4* S44 06
37618 0080 le4 l4.4 518 40
4038¢ 0080 0.2 14.4 498 20
4200C* 0680%* le3% 14.4 % 482 16
45000% 0080%* le3% l4.4% 480 16
46171 0080 1.3 l4.4 471 00
48376 0100 1.3 l4.4 503 32
51550 0110 1.2 l4.4 507 44
53724 0200 1.3 14.4 511 52
3300Cx* 0050x% Qe * 14,7 % 538 98
35000+ 004Cx 0.3% l4. 7% 544 06
37618 0020 0.3 14.9 518 40
4C38¢ 0060 0.1 l4.4 498 20
4200C* 0050% Q.2% 14,6 % 482 16
45000 % 0050=%* 0e2 % 14,6 % 480 16
4¢171 004C 0.2 14.7 471 00
48376 0040 0.2 1l4.6 503 32
51550 0020 0.2 14.7 507 44
53724 0040C 0.3 14.8 511 52
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SPEED MILES

-

A—14543 LEAQOEC

NN NN RSN NN RN b P et ot el et i o s s

A—15880 LEADEC

RO R AN N N b et s s et ot b

1¢c777
12223
13503
1364¢

18800
10777
12223
13502
13646

18800

CE&043
1C565
12480
15068
17601
18912
20381
08043
1€965
12480
1506¢€
17601
18912
20381

A-25

FLEET DATA

HC co A/F TEMP HUMID
CHEVY L-DUTY AMES

0100 1.5 13.8 544 50
¢C50 0.7 13.9 532 91
0050 1.2 13.5 528 30
0050 1.2 13.7 498 28
0040 l.4 13.7 517 53
0025 0.3 14.2 S44 50
0025 0.3 14.2 532 91
004G 0.5 13.6 528 30
0020 0.3 14.2 498 28
0020 0.3 14.3 517 53
DODGE PICKUP DES MOINES

0040 0.2 14.8 510 21
0030 O.4 14.8 488 20
0040 0.7 14.8 491 18
0040 0.7 14.8 450 00
0060 0.8 14.8 493 15
0C70 0.2 14.8 530 36
0060 0.2 14.8 508 40
0030 0.2 l4.6 510 21
0020 0.2 14.6 488 20
0030 Qo4 14.6 491 18
0030 0.3 14.9 450 00
003¢C 0.3 l4.6 493 15
0030 0.3 14.5 530 36
003¢C 0.3 14.8 508 40



A-26

FLEET DATA
SPEED MILES HC co A/F TEMP HUMID
A-12232 UNLEADED FORD PICKUP SAC CITY
1 55397 0140 2.2 00.2 527 62
1 5€15C 0130 2.6 13.2 545 92
1 58205 0150 3.7 13.7 522 42
1 59394 015¢C 2.2 13.7 517 32
1 60155 0075 3.7 13.7 491 13
2 553917 0120 3.6 13.6 527 62
2 5675C 0130 3.0 13.4 545 92
2 58205 0150 4.1 13.6 522 42
2 563594 0110 2.5 13.6 517 32
2 €0155 012¢C 1.8 13.4 491 13
A-15943 UNLEADED DODGE PICKUP SAC CITY
1 00305 0050 0.7 14.1 493 17
1 01464 0090 1.5 14.1 455 00
1 €z214 oL0C l.6 l4.1 504 21
1 03402 0200 2.0 l4.1 541 62
1 0426¢ 0180 2.0 14.0 512 44
2 00305 0020 0.2 14.5 493 17
2 01464 0030 0.2 14.6 455 00
2 C22l4 002C le5 14.6 504 21
2 03402 0020 0.2 14.6 541 62
2 C4266 0040 0.2 14.8 512 44
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FLEET DATA
SPEED MILES HC co A/F T EMP HUMID
A-1494]1 LEADEC PLYMCUTH PASS CAR ANMES
1 26588 0040 0.2 l4.4 507 19
1 32021 0050 0.9 l4.4 496 31
1 35967 0040 0.3 14.4 469 00
1 38712 0060C 0.8 14.7 480 15
1 40910 0050 1.0 l14.5 503 32
1 431701 o11cC 0.7 14.5 525 78
1 45196 0080 0.6 14.5 539 36
2 25588 0050 0.2 14.8 507 19
2 32021 0050 0.2 14.8 496 31
2 35567 001C 0.2 14.8 469 00
2 cerie 0010 0.3 14.7 480 15
2 40910 0020 0.3 14.7 503 32
2 43701 004C 0.3 14.6 525 78
2 45196 006¢C 0.3 14.6 539 36
A-15192 LEADED FORD PICKUP AMES
1 34715 0100 l.1 13.5 495 27
1 3€00C* 0350% 248% 13.5% 482 16
1 28543 060C 4.5 13.5 478 13
1 41278 0400 4.2 13.5 506 30
1 4306¢ 0800 4.0 13.5 517 57
1 43900 0700 3.8 13.5 511 56
2 34715 0040 0.3 14.8 495 217
2 3€00C* ol10C* 0.4% 14.7% 482 16
2 38543 - 1300 O.4 1446 478 13
2 41278 0180 O.4 14.2 506 30
l 43066 goé60 0.4 l4.4 517 57
2 43900 0090 0.3 l4.6 511 56



A-28

FLEET DATA
SPEED MILES -HC Cco A/F TEMP HUMID
A—15415 UNLEADED INT'L L-DUTY GRUNDY CENTER
1 12056 0060 0.4 13.6 500 30
1 1357¢ 0200 3.0 13.6 480 13
1 15001 0200 3.5 13.6 471 05
1 16407 0200 2.4 13.6 505 28
1 17012 0120 2.8 13.6 540 64
1 17€57 0150 3.2 13.6 515 56
2 12059 0020 0.2 lé.4 500 30
2 13576 0040 1.3 14.3 480 13
l 15001 004C 1.3 14.3 471 05
2 16407 0060 1.8 14.3 505 28
2 17012 0045 0.9 14.2 540 64
2 17857 005¢C 1.7 14.5 515 56
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APPENDIX B

SPECIAL FLEET DATA

Nomenclature

SPEED

1 - Idle

2 - 2500 rpm
HC1 - Paraffin fraction of HCT
HC2 - Aromatic fraction of HCT
HC3 - Olefin fraction of HCT

HCT — Tot:al unburned hydrocarbon in parts per million by flame ioniza-
zat ion detector (FID)

HC - Unbirned hydrocarbon in parts per million by nondispersive in-
fraced (NDIR) measurement

CO — Caron monoxide in % by NDIR
NO - Total oxides of nitrogen in parts per million
A/F - Air fuel ratio
TEMP — Amhient temperature in degrees Rankine
HUMID - Specific humidity in grains water per pounds dry air

- Dat: 1 was not available; this point was estimated



SPECIAL FLEET DATA

SPEED HC1 HC2 HC3 HCT HC Cco NO X A/F TEMP HUMID

A-14652 UNLEACED FORC H-DUTY GRUNLCY C=NTER

1 0.375% Ue333% 0.295 % 500%* 200 2.4 020 * 13,5 466 00
2 O.2¢€1 Ce%3E 0.300 073 040 1.3 223 13.9 466 Jo
1 0.375 0.330 0.295 502 290 4.0 916 13,5 510 40
2 0.317 C.384 0.300 325 175 et 205 14.0 510 40
A-13857 UNLEALCED INT'L H-DUTY SAC CITY
1 0.382 G.382 V.236 408 325 245 olLe 13.5 504 21
2 0.268 C.523 0.2C9 035 040 0.5 188 14.1 504 21
1 0.493 C.278 Je229 124 040 265 0l1 13.5 510 36
2 0.215 C.379 0345 273 090 1.0 038 14.5 510 36
A-1467C LEACEL FORC H-DUTY DES MOINES
1 0.391 0e343 0.2606 141 150 3.3 910 13.0 496 15
2 0.2%1 Ce 466 0.283 118 050 2.0 040 13.6 496 15
1 0.423 O.l27 0+449 129 400 5¢5 Q07 13.0 514 47
b4 0. 261 C.129 0.580 3390 100 2.6 082 13.6 514 47
A-14€48 LEACEL FORC H-DUTY DES MCINES
1 0.3¢€¢9 Ue 290 0.340 252 250 245 006 13.6 496 16
2 0,269 Ge397 U304 248 120 400 019 13.0 496 16
1 0.372  0.156 0.471 553 275 5.0 0l4 13.5 514 47
2 C.281 C.129 0.590 477 130 4.0 977 13.3 514 47
A-14647 LEACECL FORD H-DUTY DES MOINES
1 0e4S3% 0.087x 0.460 * 550% 244 * 4,5%x 006 % 13.6% 496 16
2 0e.231% Celéa5%* 0.523 % 410% 124 * 5.3 % 040 % 13.5% 496 l6
1 C.453 0.087 0.460 920 375 5.0 011 13.5 518 48
2 Sk 0.145 0.523 457 140 6.8 059 13.0 518 48

c-4d



SFEEC rC1 HC 2 HC3 HCT HC Co NCX A/F TEMP HUMID

e e e e e e —————— o —— = — — ————— i~ — s o T o O T 1 i o o e = —— —

8-14€34 LEACEL FORC H=-DUTY AMES

1 Ued4slh LelTU¥ Ued9y = Ziun L4u * Ze3% o071 ¥ 15.6% 503 30
2 Ce3Ce* JelT2% Je522% JG5* 035*% 0.6% 060 % 14.0* 503 30
1 0.431 CelTV Je399 153 J80 le4 019 13.5 520 49
2 0.326 Jell2 Jeve s 032 030 0.7 051 14.0 520 49
A-13063 UNLESACEL CHEVY L-DUTY SRUNDY CENTER
i Ces23 Je 3117 06299 215 175 4,2 024 13.3 466 00
2z Je3CE Cet30 De 24 212 140 5.5 059 13,0 466 00
1 Ce296 2e348 Ue 350 337 125 4,5 039 13.3 512 43
2 Ce 3C0O% C.430% Jolua® 500% 200 5.8 o88%* 13.0 512 43
A-12870 UNLEALTS FORC  L-DuTy GRUNDY CENTER
1 De390 Jesb3 Je2 71 4806 350 442 005 13.4 464 00
2 Cocl9 Ceblo 275 283 150 0.9 223  14.3 464 00
1 JetG2 Calb 3 Geld5 1565 1200 5.0 011 13.4 510 43
Z Cott 19 Ce3i3 N.218 401 300 1.5 l61 14.5 510 43
A-145T6 UNLEALEZ CHEVY ¢-2UTY GPUNCY CENTER
1 0. 34l Cet19 Je240 012 050 l.4 043 13.7 464 00
2 Je359 Coilo Del25 Jieé 040 0.3 140 14.0 464 00
1 Ve 301 Ce365 0e334 118 050 1.6 020 13,7 510 40
Z Ce214 Ce389 Ca337 035 030 Os4 069 145 510 40
A-1536S UNLEALEL INT'L L-DUTY SRUNCY UENTER
1 0eb12 Ce 3C4 J.183 331 150 1.8 017 13.8 467 00
Z Ce249 0.462 e 290 Cc70 035 0.8 164 14.2 467 00
1 C.3¢€2 L.326 Je311 424 215 3,2 028 13.8 510 40
z Celts Co&t 79 0.337 231 080 3,5 058 13.8 510 40

£-4



SFEEC ®RC1 HC 2 HC3 HCT HC CJ NOX A/F TEMP HUMID

A-132585 UNLEACEC CHEVY L-DUTY SAC CITyY

1 LectU Ce43¢ Je 3UD o 123 Geu UJY 13e6 504 i
Z Ue 304 Ce433 Jel63 10% 100 Je D 392 la.a 204 217
1 Ce219 Ce 350 Ce331 456 150 3.4 J21 13.6 504 30
Z 0.233 Ce3G4 Je3T73 317 IR0 26 J49 13.9 504 30
A-l42€4 UNLEACEDC CHEVY L-DJTY SAC CITy
1 Ue3EDL Casdh3 Je bl 246 129 3e9 Jal 1548 504 21
2 0.264 Le393 Je223 120 J4ad 341 115 13.7 54 21
1 Ce2ET Qe 595 Je3lB 364 159 1.3 J3% 1%.8 510 36
2 C.CG5 L4456 Je a9 100 )50 Ned 217 1442 510 36
A-15317 UNLEACED INT't L-0UTY SAaC CITY
1 « 220 Casll Je2068 3.1 275 3et Jlo l12a0 504 24
z Je215 Ce480 JelhD J43 50U Je T v 14e9 504 24
1 Ce 3G9 Ce302 Je237 353 2¢0 3el J3C 3.0 535 238
l Cel4asB Caaly Ue@ 23 J53 Jau Je Jth lead 5J5 28
A-1468C ULNLEACED GMC L-0OUuly »>aC CITy
1 Ce23208 Cedl9 Jecls iod L0 3,2 J31 15.6 Ty YR 2V
l Ce.320 CebU9 Jelil Jd23 J4Q Jed 1u2 1445 458 20
1 Coc2tll 312 Ce 349 35¢ 123 349 L7 13.6 51y 36
2 Dedtl Ce3G0 Je35d J98 Jd5U le0 urll 14.V 510 36
A-146S2 LEACLC (1 L-DJTY DES MOINFES
1 Dae429 D.271 Ue 320 136 Jvo0 Ze 3 J33 1367 496 16
Z Cet26G Ce 261 Uel21C 267 330 Oe3 Q28 14,0 4G6 16
1 Ce436 CeCT75 Je3S 2380 710 1.3 Jie 13.7 >l4 47
Z O34y C.321 Ve335 o8l J3u Ue 3 cy8s 14.1 514 47
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TEMP

HUMID

A-146€3 LEACECL

Ue«ll
C.A7b
0.3106

N N

A-14658 LEADEL

Ueall
Ceczl8
C.400
Ce 3066

N = Ny -

A-14€631 LEAZEC

1 Uetala
¢ 0376
1 C.433
2 Ce324

A—15278 LEALCEL

C.401
0.2174

R B

Ce216

£-15276 LEACEL

Ce3617
Ce.257
JUe309
C.238

(ATl A S

Ue365

GML

Ue dUU

Je231

0.061

0.335

GMC

CedS3

Ce5¢t2
Cevb9
Ca290

GMC
002(79
Ced89
CelJo
Ce315

INT YL

Ce333
Ce431
Cel82
DelUl

INT 'L

J.345
C.439
Celda
Cei99

L-CUTY
Uecd DD
D162
Vet 4l
Je 2ah

L-DUTY
Jel 36
JelH3
Den?25
Ue338

L-2LTY
Je ZX 8B
Jel 30
JebaDb
Je361

L-JL 1Y
Oe2006
Jeao¢

JeH22

L-DUTY
Je.283
Ue 304
\J.Z"SY
O.5J3

DES MGINES

D34 J%0
del J3u
237 C80
Jab 043

MAK SHALLTOWN

1ud NEV
€65 053
Jle 100
J3u 030

MAKSHALLTOAN

151 100
V32 490
22Y Jed
Jse 3390
AME S

285 225
o4 J45
280 140
122 050
AMES

317 225
Cc19 040
249 185
068 d29

VB
524
19
Jbu

Jid
35
J17
271

gold
A7
Ji7
ca7

J13
241
Jls
134

Ii4
120
Ji3
099

134
14a0
13.5
1443

13.06
13.9
13.6
1443

13.9
1".2
1349
1443

l13e.a
lal.b
13.4
la.7

13.5
1447
13.6
1405

435
495
514
2l4a

Yot
506
511

511

496
490
211
511

206
50t
511
511

504
534
516
516

io
15
6H71
47

29
30
47
47

23
23
47
417

30
30
54
54

320
30
58
58

¢-4d



SPEEC C1 HC2 HC3 HCT HC Cco NOX A/F TEMP HUMID

— — ——— —————— ——— ——————

A-14575 LEACEL CHEVY L-DUTY AMES

1 Uedtl Gel B4 Uel50 U53 G50 2.0 oor1 13.9 503 30
2 Ce3¢€4 0.430 0.206 C9s 035 0.2 102 14.3 503 30
1 0484 0.090 D.426 192 100 2.2 J165 13.9 520 58
2 C.400%* 0e322% 0.278 % 320% 025 0.3 J65*% l4.1 520 58
A-15414 LEADECL INT'L L-DUTY AMES
1 Ce.3€3 0.355 0.231 452 200 2.0 912 13.5 504 29
2 0.257 C.e452 0.251 c88 950 0.5 087 l4.7 504 29
1 0.373 C.163 0.464 308 200 3.0 027 13.5 518 52
2 C.258 C.182 0.560 099 050 0.8 051 14,7 518 52
A-15454 LEACELC INT'L L-DUTY AMES
1 C.370 0.330 C.300 500 200 3.0 019 13.2 501 29
2 G.330 C.372 0.268 157 V50 0.6 219 14.5 501 29
1 C.3€4 C.l60 0.476 405 240 5.4 036 13.2 514 51
Vi 0.24¢ 0.2C73 Je545 116 050 0.7 168 l14.8 514 51
A-14269 LEACEL CHEVY L-DUTY AMES
1 C.316 Ce375 0.308 235 190 3.4 006 13.6 503 32
2 0.318 C.356 0.325 121 040 2.0 c86 14,0 503 32
1 0.356 C.211 0.433 257 140 3.0 012 13.6 511 56
2 C.330 0.196 0.475 179 045 242 081 14.0 511 56
A-14602 LEACEC CHEVY L-DUTY AMES
1 C.425 0.311 0.264 119 100 1.5 016 13.8 505 28
2 O.441 C.335 0.223 043 035 O.4 073 14.3 505 28
1 0.4€5 0.179 0.356 156 080 Z2el 026 13.8 511 52
2 0.233 0.384 0.384 031 040 Oea 089 L4.4 511 52
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SPEEC FC1 HC2 HC3 HCT HC Co NCX A/F TEMP HUMID

——— ———————— ———— ——— ——— o e i o 7 o D o . e e S S O ot S ot e S o o — ——_ S — ——— — ———{—i— — - o~ {— {— 1 ————— —— -

A-14342 UNLEACED CREVY PICKUP GRUNDY CENTER
i Ced70 Ued58 Jeczil u96 050

i 1.8 Uiy L3e8 404 U
2 C.278 C.454 0.268 038 030 G.2 134 14,0 464 00
1 0.374 0.292 0.335 168 050 2.0 C74 13.8 510 40
2 0.282 J.389 0.330 048 020 Co4 123 14.1 510 40
A-14343 UNLEACEC CrEVY PICKUP GRUNDY CENTER
1 0.323 Ue 399 V6277 119 050 2.0 025 13.7 464 00
2 0.328 Ce428 0.244 074 060 0.3 146 14.0 464 00
1 0.336 0.333 0.331 192 080 2.0 016 13.7 512 43
2 Ce.l91 C.468 Qe 340 062 050 O¢4 Q17 l14.1 512 43
A-128G¢ UNLEALEC CODCGE PICKUP SAC CITY ,
1 0.3223 €.385 Ce292 146 090 l.4 023 14.3 504 26
Z 0.234 G.531 0.234 023 020 0e2 141 14.6 504 26
1 0.2174 " Ce329 06397 226 000 0.9 0la 14.3 504 27
2 0.198 0.389 O.4153 264 040 l.8 €85 14.0 504 27
A-1437C LEACEC CHEVY PICKUP AMES
1 0.407 C.289 0.304 075 020 1.0 025 14.0 504 29
2 0.413 O0«.314 0.273 081 040 0.3 124 14.0 504 29.
1 0.412 0.170 0.418 c76 045 1.2 029 13.9 518 52
2 0.368 0.204 0.428 Cc15 040 GCe3 142 14,0 . 518 52
A—-143€8 LEADEL CHEVY PICKUP AMES .
1 0.3€5 0.325 0.310 092 - 050 0.9 026 13.9 504 40
2 0.387 0.359 De254 117 060 0.2 132 14.1 504 40
1 0.401 C.167 D.402 134 050 1.2 03¢ 13.9 518 52
Z C.512% G.150% 00337 % 127* 100 C.2 150 * 14.0 518 52
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SFEED HC1 HC?2 HC3 HCY HC Co NCX A/F TEMP HUMID

A-143&7 LEACEC CHEVY PICKUP AMES

1 UeslCH Ge335% Gedze % 1ous uad 1e2 J3C * 13.7 503 3¢
2 Ce448 Ce306 0.245 074 050 0.2 162 1440 503 32
1 Ce405 N.175 0.420 102 C50 l.6 022 13.9 520 60
z 0.355 C. 206 0.440 051 050 Ce2 156 13.9 520 60
A-143¢6 LEACEC CHEVY PICKUP AMES
1 Ue3E2 Ce293 0,325 094 J40 le3 Jly 13.5 503 29
2 0.454 0.315 0.231 123 090 0.2 118 13.9 503 29
1 Ce366% Co274% 0. 361 % 118* 050 1.5 020 * 13.9 518 52
z 0424 Ce221 0e354 015 040 0.2 063 l4.1 518 52
A-115C4 UNLEACED CASE TRACTOR GRUNDY CENTER
1 0.343 Cedlé 0.242 393 225 5.9 929 13.5 466 00
2 Ce335 C.413 D.251 297 160 4.5 225 13.1 466 00
1 Ce266 Ce358 0.2175 350 175 3,5 064 1348 510 40
2 0.234 C.430 0.336 268 050 2.4 192 14.0 510 40
A—13634 UNLEACED J.D. TRACTOR GRUNDY CENTER
1 Ce2G4 Oe4l4 0.292 278 160 3.3 028 13.6 466 00
2 0.2%4 Ce4b69 0.277 225 140 4,0 340 13.3 466 00
1 0.272 Ca410 2.318 380 140 3.2 950 13.6 512 43
2 0.249 Co438 D31z 276 140 4.0 S73 13.7 512 43
A-12662 UNLEACED INT'L TRACTOR GRUNCY CENTER
1 0.489 C.312 0.199 306 250 1.2 2606 13.8 467 00
2 0.2173 Ce42l J.3C6 244 100 2.7 202 13.6 467 00
1 Ce234 De426 Je340 351 250 1.5 42 13.8 512 43
2 C.213 Ce421 0.306 305 125 3.8 d74 12.7 512 43

8-4



SPEEC +Cl1 HC2 HC3 HCT HC co NOX A/F TEMP  HUMID

- ————————— — ——_——— —— —————— - ———— — _— — ——— — —— — —— . " — —— . o o 7 S T o e S o . i - —— —— — — — ——— — ——_— — —— —— -t e e

A-15555 UNLEACEC J.D. TRACTOR GRUNCY CENTER
] Uectd Vet [ VelbY 350 1715

1 448 J4o i3s3 466 00
2 0.2¢4 C.438 0.298 215 100 3.4 255 13.6 466 00
1 C.288 0.420 Ue.292 254 140 3.8 J438 13.6 512 43
2 C.224 0.b217 Ue349 263 080 2.9 134 l4.1 512 43
A-12732 UNLEACED FGCRO TRACTOR GRUNDY CENTER
1 0.4GC0 0.353 De247 406 320 3.7 053 13.1 466 00
2 0.25¢ Ca519 0.185 202 145 2.7 773 13.7 466 00
1 «218 C.386 0.296 410 400 5.5 Q4T 13.1 512 43
2 J.3C3 0e452 0.246 180 150 3.8 10¢ 13.6 512 43
A-126S8 UNLEACED MAS FcRG TRACTOR SaC CITY
1 C.4(C9 J.293 0.298 671 450 4.5 010 13.2 505 23
2 C.257 C.421 0.282 182 290 3.0 105 1347 505 23
1 C.4009% C.293 % 0.298 * 510% 350% 4,5 % J09* 13.2% 510 36
2 Ce2ST* Ce421* V.282 * 182%* 090* 2.3 % J9I 0% 13.8% 510 36
A-11023 UNLEALCED INT*'L TRACTOR SAC CITYy
1 0.359 C.378 0.263 3¢l 300 2.5 037 13.4 504 24
2 « 211 C.436 0.282 307 180 5¢5 081 13.3 504 24
1 C.411 C.307 Je282 566 300 545 915 13.3 505 28
2 0.276 Ce424  0.301 592 180 5.0 055 13.1 505 28
A-155€64 UNLEACED INT'L TRACTOR SAC CITY
1 C.38C C.363 0.2217 601 450 3.5 011 13.4 506 27 .
2 0.285 Ce494 0.217 327 20C 2.0 825 14.1 506 27
1 0.488 0.301 0.212 448 340 3.3 036 13.4 510 36
Z Ce 269 C.44l 0.25S0 358 125 1.8 187 14.0 519 36
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SPEEC HC1  HC2 HC 3 HCT HC co NCX A/E TEMP  HUMID

- —— — ——————— —— ———— ——————— o — ———— e G ——— ——— —————— ——— — {—— —— ——— — — T ——— — {—— —— . 1o ot ot oo . . e S o . S, S i

A-136S3 LEACEL J DEERE TRACTQR MARSHALLTOWN

i Ue 339 Ue3i0 UecsOD> ial 230 Ceott 034 i3.8 496 i4
Z O.264 C.464 0.272 112 050 1.4 415 14.5 496 24
1 0.360 C.200 0.440 316 160 1.8 cTi 13.8 511 47
l C.268 C.166 De.5€3 218 990 1.9 225 14,2 511 417
p-13668 LEACEC INT 'L TRACTOR AMES ,
1 C.490 0.264 0.2406 852 325 4.5 U4l 13.1 502 31
2 - Ce.2E3 Cot24 0.292 352 105 4.5 070 13.0 502 31
1 0.518% Oel131% 0.351 % 254% 300 5.0 vule * 13.1 518 52
-2 C.263 Cel26 0.582 163 080 443 340 13.3 518 52
A-1366S LEADEL INT 'L TRACTOR AMES
1 C.340 Ce353 Je30C7 376 175 245 J24 13.4 502 36
Z C.250 0412 Ue 338 318 Ja30 243 108 13.6 502 36
1 0.46G8 0.097 0.405 533 225 242 Qlz 13.4 536 15
2 0.322 C.136 0e542 214 050 2.0 J34 13.9 536 75
A-136G¢ LEACEC MAS FERG TRACTOR AMES
1 0.285% Cel62% 0.553% 350% 175 % 2e2% J34 % 13.8 % 503 30
2 Cel49*%  C.l94% 0.557% 220% 055 % 1.8% 415 % l4osb * 503 30
1 C.2E5 Celbe 0e553 400 150 2.6 270 13.8 520 49
2 0e249 C.194 0.5517 235 060 243 438 13.9 520 49
A-15CG8 LEACEL CHEVY wAGCN AMES
1 Cel88 C.379 Je334 233 080 1.5 -~ 027 14.0 503 32
2 Ce297 0.373 0.330 165 050 2.8 163 14.2 503 32
1 Ce3c2 Celb4 0495 262 il0 2.3 026 14.0 511 56
2 C.283 Cel53 Je 564 181 050 2.8 c87 13.8 511 56
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HC2 HC3 HCT HC A/F TEMP HUMID
A-1588C LEADECL DCDCE PICKUP DES MCINES
2 C.479 C.307 D.214 0469 V30 0.2 la.6 493 15
1 O. 368 0.173 0.430 146 060 0.2 14.8 508 40
2 04230 Ce234 Ue536 033 030 Ce3 14.8 508 40
A-14910 LEADEC PLYMUCLTH PASS CAR AMES
0.386 0317 06255 2495 1ece 1.3 Les4 503 32
C.228 C.458 0.287 042 040 Ue2 14.6 503 32
C.389 Oell2 0.499 413 200 1.3 l4.4 511 52
0.224 0e372 - 0.404 Q71 040 0.3 14.8 511 52
A-14G4]1 LEACEC PLYMCLTH PASS CAR AMES
1 0.283 0.355 0.362 JG6 050 1.0 G25 14.5 503 32
Z 0e242 Coet24 Ce 334 039 020 0.3 201 14.7 503 32
1 0349 Ce202 Q449 115 030 Ue b J33 14.5 539 36
é C.2C8 €C.280 0.512 363 060 - 0.3 177 l14.6 539 36
A-15192 LEACEL FGRC PICKUP AMES
1 Ce5G2 % 0.100 % O.308% 500% 409 442 009% 13.5 506 30
é 0e4ST% 0.180 * Oe324*% 230*% 180 Ot 15Q0% 14.2 506 30
1 €592 Ge10D 0.3C8 1042 700 3.8 013 13.5 511 56
2 Ce4S7 Ce 180 0.324 115 330 0.3 295 14.6 511 56
A-15415 UNLEALED INT?'L L-DUTY GRUNDY CENTER
1 0.377 Ce351 0.272 c4al 200 264 013 13.6 505 28
2 Ce.2€65 C.422 0.,313 175 Q60 1.8 133 14.3 505 28
1 0.341 Ce204 Ce44S 318 150 3.2 320 13.6 515 56
2 Jec26 C.256 J.518 141 J50 1.7 155 14.5 515 56

11-€¢
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APPENDIX C

MATCHED PAIR DATA FOR JANUARY 1972

Nomenclature

SPEED
1 -+ Idle
2 =+ 2500 rpm
LOAD - Engine load in horsepower

HC ~vUnburned hydrocarbon in parts per million by nondispersive
infrared (NDIR) measurement

CO -+ Carbon monoxide in % by NDIR

i

NOx Total oxides of nitrogen in parts per million
A/F -+ Air fuel ratio
VACUUM -+ Intake manifoid vacuum in inches of mercury
TEMP -» Ambient temperature in degrees Rankine
HUMIDITY .» Specific humidity in grains water per pounds dry air

BAROMETER -+ Barometric pressure in inches of mercury

* L Data not available; this point was estimated



MATCHED PAIR DATA FCR JANUARY 1972

SPEED LOAC HC co NOX A/F VACUUM TEMP HUMIDITY BAROMETER

A-14342 UNLEACED CHEVY PICKUP GRUNDY CENTER

2 077.9 100 7.5 0200 % 12.6 2.4 498 22 28.51
2 057.17 040 1.8 1401 14.3 07.5 498 22 28.51
< Udlel 020 le4 1986 141 12.8 458 22 23651
1 C00.0 050 0.5 0000 13.8 19.3 462 22 28451
A—-14367 LEACEC CFEVY PICKUP AMES :
2 C85.4 150 Te.5 0266 12.2 02.3 436 20 » 28.51
2 (59.2 030 1.2 2033 l4.2 08.0 496 20 28.51
2 C3C.7 010 Q.6 2112 14,0 14.4 496 20 28.51
1 .C00.C 045 l. 4 0000 13.9 19.0 482 20 - 23.51

A-158G€ UNLEACEC DODCE PICKuUP SAC CITY

2 €83.3 045 242 l444 14.3 0l.6 504 21 28.84
2 C48.1 030 O.1 1082 14,7 07.6 504 21 28.84% Q
2 C28.9 025 0e2 1150 l4.5 12.8 504 21 28.84 e
1 060.C 100 1.5 0000 14.3 18.4 504 21 28.84
£-15883 LEADEC DODCE PICKUP DES MOINES
2 C75.0 160 5.2 0224 13.0 Ol.1 504 21 28.84
2 €55.2 080 1.3 0328 l14.5 06.3 504 21 28.84
2 C28.¢ 050 Je5 3882 14.9 12.3 504 21 28.84
1 0060.6 040 0.2 0600 14.8 15.4 504 21 28.84

T ———————— —————— ——— . ot " . o T . i o s i, S e S T o o i 7. S . S, S S S e S . o




MATCHED PAIR DATA FGCR JANUARY 1972

SPEED LOAC HC co NOX A/F VACUUM TEMP HUMIDITY BARCMETER

-~ —— ——

A-14343 UNLEACED CHEVY PICKUP GRUNDY CENTER

2 C84.9 180 7«5 0242 12.5 02.4 504 21 28.84
2 051.€ C75 1.0 1650 14.3 09.0 504 21 238.R4
2 030.6 050 1.0 1202 14.1 13.5 504 21 28.84
1 €00.0 080 1.7 0600 13.7 18.5 504 21 28.84
A-14368 LEACEC CHEVY PICKUP AMES
l (85,3 090 Te.5 0223 12.3 02.4 504 21 28.84
2 055.8 080 1.7 1584 l14.1 08.7 504 21 . 28.84
Z 031.7 0590 lel 1284 l4.1 13.7 504 21 28.84
1 C00.0 015 0.7 00060 13.7 18.9 504 21 - 28.84

A-15943 UNLEACEC DODCE PICKUP SAC CITY

2 C80.C 050 52 0475 13.4 U1.3 481 13 29.40
2 C51.1 020 0.8 1039 l4.8 06.4 481 13 2G9.40
2 C26.1 010 0.3 1045 14.5 11.7 431 13 2G.40
1 C00.0 050 1.3 0000 14.6 16.6 481 13 25440
A-15G28 LEACEC DODGE PICKUP DES MCINES
2 C79.5 S5 4e5 0259 13.1 Ole4 484 12 29.40
2 C54.5 050 1.2 0635 14.8 06.2 484 12 2G.40
2 C27.1 040 0.5 0683 14.9 11.9 484 12 £9.40
1 €00.0 110 2.0 0000 14.3 17.5 484 12 2G.40

——————— — —————— A~ ———— —— ————— —— . — — T — . —— s —— _— ———— " W —— Tt —— ——— o T —— ——— —— — {———— —— — o — .t U e, . S s
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MATCHED PAIR DATA FOR JANUARY 1972

SPEED LGAC HC Co NOX A/F VACUUM TEMP  HUMIDITY BARQJOMETER

A-1536G UNLEACED INT*L L-DUTY GRUNDY CENTER

2 C9l1l.5 080 4.8 0692 13.2 Ol.1 502 28 28.51
2 (59.5 960 243 1430% 13.9 C6.4 5C2 28 28451
2 C37.2 050 2.0 1492 14.0 10.2 502 28 28651
2 Cl7.4 100 64 0213 12.4 l4.0 540 63 28483
2 CCC.0 400 l.4 0000 13.8 16.0 467 28 28.51
A—15415 UNLEACED INT'L L-DUTY GRUNDY CENTER
2 C88.4 085 4.0 1741 13.6 01l.1 4594 23 286451
2 C58.5 030 1.2 2542 14,7 05.8 494 23 28.51
2 C39.4 040 1.3 2168 i4.6 09.6 494 23 28451
2 Cle.5 125 23 0716 13.6 14.0 540 64 28.83
1 CCC.0 200 3.0 0000 13.6 17.6 480 23 28451

———— e —— — ————————— ——— — T ——— —— . — _——— — —— ] i —_—— Y — — ——_— — ——— - ——— —— ———— T————————_. " —————" " ——— . o o 1 et o

A-1457€¢ UNLEACED CFEVY L-DUTY GRUNDY CENTER

2 €98.0 050 4.5 1086 " 13.5 Ol.5 452 Co 29.82
2 C63.1 030 O.4 1656 15.5 05.6 452 00 2G.82
2 032.6 020 0.2 1112 15.1 09.6 452 01V] 2G.82
2 C19.6 050 0.3 0961 14.8 11.9 452 090 2G.82
1 0C0.0 125 3.2 0000 13.9 18.0 452 00 00.00
A-14575 LEACEC CHEVY L—DUTY AMES '
2 €s3.¢ 125 5.8 0558 12.7 J1.3 452 00 29.82
2 C61.7 040 0.4 0880 15.1 06.0 452 00 29.82
P 031.5 620 0.2 0703 15.1 11.6 452 00 25.82
2 020.6 010 0.2 0556 15.0 13.1 452 00 25.82
1 C00.C 050 2.0

2000 13.8 18.8 452 00 29.82

90



MATCHED PAIR DATA FCR JANUARY 1972

SPEED LoaC HC Cco NCX A/F VAC UUM TEMP HUMIDITY BARCMETER
A-14680 UNLEACED GMC L-DUTY SAC CITY
2 104.5 100 6.2 1004 12.5 Ol.2 504 21 28.84
2 (69,6 050 0.5 2662 14.6 06.3 504 21 28.84
< 034.8 040 0.8 1662 l4.4 tl.6 504 21 28.84
2 C20.0 030 1.2 0104 14.3 145 504 21 28.84
1 C00.0 110 3.4 0300 13.8 18.8 504 21 . Z8.84
A-14683 LEACEC GMC L-DUTY DES MGCINES :
é 110.2 030 5.5 0845 12.7 01l.2 504 21 28.84
2 : C713.6 025 O.4 2404 l4.6 05.9 504 21 28.84
2 031.8 010 0.3 o808 14.7 11.4 504 21 28.84
2 C20.C CG5 0.3 0862 14.6 l4.4 504 21 28.84
1 000.0 a75 O.1 0000 13.7 18.5 504 21 28.84
A-15317 UNLEACED INT*L L-DUTY SAC CITY
2 CS7.8 080 4.8 0719 13.7 01.2 481 13 25.40
2 057.5 060 1.1 1453 15.0 07.6 481 13 29.40
2 C32.6 050 1.3 0872 ©14.9 12.1 481 13 29.40
2 Cl8.5 C45 l.4 0825 14.9 l4o.4 481 13 2G9.40
1 060.0 225 3.8 0060 13.6 18.3 481 13 29.40
A—-15279 LEADEC INT'L L-DUTY AMES
2 102.2 100 3.4 C8l4a 13.9 00.9 481 13 29.40
2 Ce3d.l 060 0.8 1337 15.0 07.5 481 13 2G.40
2 032.6 C55 1.0 1343 14.9 12.6 481 13 29440
2 Cl8.3 045 1.0 €892 14.9 14.8 481 13 29.40
1 C00.0 225 442 0060 13.5 18.0 481 13 29.40

-0



MATCHED PAIR DATA FOR JANUARY 1972

SPEED LOAD HC Co NOX A/F VACUUM TEMP HUMIDITY BARCMETER

- —— . . e e o o e e .

A—14652 UNLEACED FORC H-DUTY GRUNDY CENTER

2 c92.1 150 7.5 0343 13.6 Ol.1 45¢ 00 29.82
2 0€5.9 c80 204 1951 16.0 04.0 452 00 2G.82
2 028.4 040 0.9 2532 17.0 08.9 452 00 25.82
2 02C.4 040 1.1 2192 17.0 10.6 452 00 2G.82
1 000.0 225 6.2 €000 13.8 19.0 452 00 29.82
A-1467C LEACEC FORC H-DUTY DES MOINES
2 090.56 150 7.5 0353 12.4 0l.2 452 00 259.82
2 Co6T .4 100 3.5 1301 13.8 O4.4 452 00 29.82
l C34.8 85 l.5 3155 14.3 08.2 452 00 2G.82
2 020.3 100 2.3 2583 14,0 10.2 452 00 2G+82
1 CCO0.0 300 6.0 0G0O 13.4 18.7 452 o0 29.82

—— —— - -——— —

A-13857 UNLEACED INT'{ H-DUTY SAC CITY

2 0S1.9 110 4.8 1111 13.5 0l.4 487 18 29.33
2 €59.5 020 0.3 0817 14,9 05.4 487 18 29433
2 C29.6 0490 0.8 0804 l4o7 11.5 487 18 29.33
2 015.5 060 1.2 0344 14.0 13.8 437 18 29,33
1 000.0 140 2.1 0000 13.3 17.5 487 18 29.33
A-13848 LCADECLC INT*L H-DUTY DES MCINES
Z (G6.3 160 3.8 1627 13.7 Ol.1 487 18 29.33
2 0€3.3 C40 0.9 1547 14.8 04.5 487 18 ' 29.33
2 C21.C G50 0.6 1268 14.8 10.0 487 18 29,33
2 Clé6.7 060 1.1 0068 14.6 13.0 487 18 29.33
1 C00.0 300 1.2 0000 14.0 19.0 487 18 29.33

9-0



APPENDIX D

MATCHED PAIR DATA FOR APRIL 1972

Nomenclature

SPEED
1 .+ Idle
2 .» 2500 rpm
bLOAD - Engine load in horsepower

HC -» Unburned hydrocarbon in parts per million by nondispersive
infrared (NDIR) measurement

C0~Q Carbon monoxide in 7% by NDIR
NOx-» Total oxides of nitrogen in parts per million
A/F » Air fuel ratio
VACUUM - Intake manifold vacuum in inches of mercury
TEMP - Ambient temperature in degrees Rankine
HUMIDITY » Specific humidity in grains wéter per pounds dry air

BAROMETER .+ Barometric pressure in inches of mercury



MATCHED PAIR CATA FOR APRIL 1972

SPEED LOAC +C cc NGX A/F VACUUM TEMP  HUMIDITY BARCMETER

- ———————— A ——————— —— o ————————————— T ———— ——— ————— —— T ——— —_———————— 7 . T ——————— —— —— o

A-14342 UNLEACEC CHEVY PICKUP GRUNDY CENTER

- NN

C15.5 100 7.5 C190 12.4 0240 541 71 28452

(49.C 040 le4 1791 13.9 0845 541 71 2€.52

G24.5 030 1.2 0238 13.8 14.3 541 71 28452

(CC.C - C30 0.3 13.8 18.C 541 71 28452

. 80 2.0 13.7 20.6 541 71 2E8.52
A-143€7-LEACECL CHEVY PICKUP AMES

2 (75,6 060 1.5 0177 12.2 01.8 542 70 28452

l C48.1 040 le4 1317 13.3 09.3 542 70 28.52

2 024 .¢ 025 0.3 1656 13.6 l4e4 542 70 28.52

Z CCL.C 045 0.2 0000 13.9 20.6 542 70 28.52

1 CCG.C ces le4 cace 13.8 18.6 542 70 28452

e - ——— ——— ———— ——— ———— ——— e it (o s SO o S .

A-158S€ UNLEACEC CODCE PICKUP SAC CITY

2 C7S.2 050 1.8 2556 14.0 0l.2 530 38 2G.13
é €57.2 C40 O.4 2594 14.2 06.0 530 38 2G.13
2 C24.8 C30 0.2 2981 13.9 13.4 530 38 29,13
Y3 (CC.C 030 0.2 0000 14.5 19.5 530 38 25.13
1 CCC.C 100 1.2 3000 14.3 18.G 530 38 29.13
A-1588C LEALCEC DOCCE PICKUP DES MCINES
Vi (15.8 160 5.3 1091 13.4 0l.0 529 34 26.13
l C59.5 150 4.1 1117 13.6 05.4 529 34 2G.13
Z C28.2 c80 0.9 2946 13.9 12.9 529 34 2G.13
Z (CC.C 030 0.3 Coue 14.5 19.5 529 34 29.13
1 000.C 070 0.2 0600 14.5 15.7 529 34 25.13

- — . ——— ——————— o —— L~ —— _———————r——— ——




SPEED LOAC HC Co NOX A/F VACLUM TEMP  HUMIDITY BARCMETER

o —— ———— —_—————— i ————— - ————— ————— . 77— — T — — — — ——— o . S e e —— . St o W2 . el i . o . i . Ty o P 27—, S

A-14343 ULNLEACED CHEVY PICKUFP GRUNCY CENTER

P4 LiBeu 195 fod uiril 12.0 Udel 527 39 28.12
é (5C.C 1060 2.3 18117 13.7 07.3 527 39 2€.72
Z C23.1 C40 1.7 1364 13.8 l4.1 527 39 28472
l (GO.C ce6G O.4 G000 13.8 2042 5217 39 28,72
1 ccC.C- €715 1.6 0000 13.7 19.0 5217 39 2E.T2
A-143€68 LEACEL CHEVY PICKUP AMES
é (7S.:2 180 7.5 0343 12.2 02.0 529 42 28,72
z (tC.C €70 1.5 1279 13.9 07.5 529 42 28.72
l c27.C 040 l.2 2118 13.8 12.8 529 42 2E.T2
< (CC.C C70 0.2 Jo00 13.8 20.8 529 42 28,72
1 C0G.0 a75 l.1 0GaGo 13.8 19.2 529 42 i 28.17¢

—— . ————————— - ———————— o —— ———————— ———— T ——— . —————————— ]~ ———— T — —— ——— — 7t T e e S it S o T o o it i

£-15543 UNLEACEC CCCCE PICKuUP SAC CITy

Z CE2.5 100 4.2 1174 13.6 Ol.l 541 62 28.83
Y3 C63.1 110 5.8 05¢3 13.8 G7.2 541 62 28.83
2 C22.6 050 0.9 1357 l14.3 13.5 541 62 28,83
< (00.C 020 0.2 CGCC 14.6 2042 541 62 28483
1 Cul.C 200 240 0000 13.9 17.8 541 62 28483
A-1£928 LEADEL DODGE PICKUP DES MCINES
2 (71.4 175 5.1 0558 13.2 Ol.C 541 62 28.83
< Cat. € 110 i.1 0952 l4.0 07.0 541 62 28.83
2 02le.z 125 1.3 2CC7 14.0 13.2 541 6c 28.83
< (CC.C 050 0.3 Uueo 14.5 19.6 541 62 28.83
1 CCC.C 100 0.8 CoGo 14.3 16.0 541 62 28483

——— —— ————— —————— — ————— ———————— —-——— T — {———————— ]~ —— —— — — — — — ——— ——— o —————— . . o . G . T o —— — —— o—
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TEMP HUMIDITY BARCMETER
540 63 28.83
540 63 28.83
540 63 28.83
540 63 28.83
540 63 28483
540 €3 28.83
540 64 28.83
540 64 28.83
549 o4 28,83
540 64 28.83
549 64 28.83
549 b4 28.53
515 49 28.78
515 49 28,78
515 49 28.78
515 49 28,78
515 49 28.78
515 45 2€.78
514 47 2E.738
514 47 2€.78
514 47 284,78
514 47 28478
514 47 28.78

SPEEC LOAG HC Cco NCX A/F VACULM
A-1536S UNLEACED INT'L L-DUTY GRUNDY CENTER
< C94.5 135 1.5 0236 12.0 Ol.C
< (€2e0 c80 5.5 N 12.9 07.2
2 C21.¢ 080 6.0 0213 12.6 13.0
2 Cl7.4 100 6.4 0213 12.4 14.6
Z CC0.C G60 3.2 coocC 13.5 19.9
1 CC0.C 200 3.5 0000 13.06 17.6
A—1£415 UNLEACED INT'L L-DUTY GRUNCY CENTEK
Z €S5.3 140 3.8 C7le 13.4 V0.8
< €55.5 €90 C.9 1061 l14.3 065
2 C27.5 125 2.0 €834 13.8 12.C
¢ Cléa.5 125 263 0716 13.6 14.C
2 (CC.0 Ca5 Je9 G000 l14.2 18.8
1 CCo.C 12¢C 2.8 00cC 1347 16.5
£-14576 UNLEALCEC CHEvVY L—-DUTY GRUNCY CENTER
Z (56.5 060 0.6 0279 12.9 00.9
< C5€.S €20 Ce4 0432 l14.5 07.1
2 €27.0 010 O.4 0250 l4.5 12.0
<l C17.2 Gle 0.3 G176 l4.4 13.5
2 CCC.C 020 0.4 0000 1442 19.6
1 CCC.C C80 261 0000 13.7 18.4
A~14575 LEACEC CHEVY L—CUTY AMES
2 (57.6 G849 548 0203 12.7 00.7
2 (tg.C 020 0.2 0298 l14.7 06.C
2 C25.8 Clo 0.2 0122 l4.6 11.8
2 (17.C Cl0 0.2 0154 i4.4 13.2
2 CCO.C 020 0.3 g0cCcC 14.2 18.2
1 C00.C 040 0.9 0000 13.9 17.3

———— ———— — —— ——— A — A ————— ————— ———— ————————{— —

514 47 28.78
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SFEEC LCALC +C co NOX A/F VACULLM TEMP HUMIDITY BARCMETER

—————— ————— — — ———————— o~ — - ———— T ————————— O ———— —————————————{———— — ———— _———— ————— . — —. T —— —————— o —

A-14680 UNLEALED GMC L-0UTY SAC CITY

é 1C4.5 125 T4 1197 12.5 J0.8 527 42 28,72
< Ltbed tau Oe 1 1926 l4.5 UoaeY 527 42 23e12
2 (36.C G30 l.4 1331 14.1 11.7 527 42 28.72
Y3 (18.2 030 1.7 €556 14.0 l4.4 527 42 28,72
2 CG0.C C40 CeS C0Co 13.3 19.4 527 42 28.72
1 €GC.C 095 3.0 0000 13.4 18.7 57 42 2€.72
£~14683 LEACEL GMC L-CuTY DES MCINES
< (S8.6 CS5 5.6 0646 13.1 01l.0 528 40 28.172
¢ C6S5.¢E €30 0.4 2282 l4.1 05.17 528 40 28.172
2 C30.8 020 0.3 1130 l4.2 12.0 528 49 2€.72
< (l8.3 Cl0 Vel 0739 l4.1 14,2 528 40 2E8.172
Z CCCL0U 030 Oe4 0000 13.9 19.0 528 49 28472
1 C00.C C60 1.9 0000 13.1 18.6 528 40 2€.72

————————————————————— — ——_— —— . — . S —— — —— —————————————— ——— ——————————— — T ———— ——— - 1t —— T~ —— i ———— o —

A-15317 UNLEACED INT*L L-DuTy SAC CITY

2 CS2.2 100 4.2 03C1 13.4 Uc. 8 514 47 28.78
Z Ct7.8 C75 0.9 G596 l4.4 07.1 514 47 2€.78
2 C32.2 c76 . 1.2 05CS 14,3 10.7 514 47 28.78
2 Clé.5 060 le4 0276 14.2 13.2 514 41 28.78
Z (Ccc.C €50 0.7 0000 l4.5 19.7 514 47 28.78
1 €00.0 225 3.1 0000 13.5 17.¢€ 514 47 28.178
A-1€27S LEACELC INT'L L-DUTY AMES :
l (89.6 125 3.8 0328 13.3 0l.C 514 47 28.78
é €55.6 Cc80 1.0 0463 14.4 07.4 514 47 28,78
é C2€.1 ceo 1.3 022¢ 4.2 12.6 514 47 28478
2 (18.0 g5 loe4 0556 14.2 14.2 514 47 28,78
2 (CC.C G50 Ce9 0000 14.3 2042 514 47 2€.78
1 €CCC.C 180 3.0 cCCC 13.6 18.C 514 47 28.78

- — — —— — ————— ——————————————————— —— ———————————— —————————————— ] — ——— T {— T — —— ———————
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SFEEC

A/F VACUULM TEMP  HUMIDITY BARCMETER

- —————— - - - - — - - — —— ———— " ———— —————— ————— —— v ————— ———— . — o — — ——_——— —— — . o T — S — ———— —— " ——

GRUNDY CENTER

NN N

NN NN

£-1467C LEACEL

LOAC HC Cco
A-14652 UNLEALED FGRC H-CUTY
102.¢€ 110 6.0
CESe4 ¢80 Oe7
C3l.0 050 1.3
(1S8.0 C75 le4
CUl.0 U40 l1e3
C00.C 200 245
FORC H-DUTY
CET.S 200 2.1
Co67.1 060 .3.0
Ca2.€ C715 1.5
Celed 100 2.8
(C0.0 090 l.7
CCC.C 200 2.1

CES MCINES
0139
1018
1€7S
1136
0000
GOGC

(VN VI SO G S I N |

e N AN RN

——————— o f—— _— — . 11 7, e e e e e ot e, S S s S

A-128S7 ULNLEACED

CS6ac
Ce2.5
C23.3
(17.7

(C0.C

C0C.C

A-12848 LEACEL

CS€.2
Cela
C30.1
C17.1
(C0.0
CCC.C

INT*L H-DUTY

130 4.8
C50 0.8
c15 l.2
C75 l.6
090 1.0
500 3.8

INT*L H-DUTY

130 4.2
040 Je?
615 1.4
ceo l.8
100 1.8
200 55

SAC CITy
C6SS
l1€84
1656
c8Ceé
0000
c0CC

DES MCINES
1146
1674
1722
2321
0600
c000

12.8 0l.GC 530 29 25413
las2 Uoe( 530 9 29413
14.1 10.6 530 29 2G6.13
13.9 12.3 530 29 25.13
14.0 20017 530 29 25.13
13.4 18.8 530 29 25.13
12.0 0l.0 230 33 2G.13
13.6 04.2 530 33 29.13
13.9 Gr.7 530 33 29.13
13.6 10.G 530 33 25413
13.8 19.4 530 33 29.13
13.4 17.5 5390 33 2G.13
13.5 Ol.1 538 65 28.52
lao.4 C4.9 533 65 25452
l4.2 11.C 538 65 28452
14.0 13.5 538 65 28452
l4.5 18.4 538 65 28452
13.3 184 5338 65 2952
13.6 Ol.l 540 68 28452
l14.5 05.1 540 68 2E8e52
14.2 11.1 540 68 25452
14.0 l13.4 540 68 28.52
13.8 18.4 £40 68 28452
13.1 18.5 540 68 284,52

9-a



APPENDIX E

MATCHED PAIR DATA FOR APRIL 1972 AT 2500 rpm

Nomenclature

LOAD - Engine load in horsepower
HCl1 - Paraffin fraction of HCT
HC2 - Aromatic fraction of HCT
HC3 - Olefin fraction of HCT

HCT - Total unburned hydrocarbon in parts per million by flame ioni-
zation detector (FID)

HC - Unburned hydrocarbon in parts per million by nondispersive in-
frared (NDIR) measurement

CO - Carbon monoxide in 7 by NDIR
NOx - Total oxides of nitrogen in parts per million
A/F - Air fuel ratio

VACUUM - Intake manifold vacuum in inches of mercury



MATCHED PAIR CATA AT 2500 RPM

— e o e e s O —— - —————_———— — —————————— — ——— o — — o T———— ——— — — —— — . S T~ . 7 P 2 e e S

2—14342 UNLEACEC CHEVY PICKUP GRUNCY CENTER

TEMF=541 HUMILITY=71 BARCMETER=28.5¢

075%.5 C.432 O0.141 0.428 286
C4S.C Oe28E Oecla 0.4G8 163
024.5 C.251 O« <55 0.494 €S0

é—143¢7 LEALCEL CREVY PICKUP AMES
TEMF=542 HUMICITY=7C BARCMETER=28.52

C71S. € Ce451 0.112 0.431 430
C48.1 C.28¢ 0.182 0.531 116
Cc4be€ C.25¢ Je cz? 0.522 106

100
040
030

——— — —  —— ——————— e - - - —— . —————— - ———— —— ————— ————— ——————————— —— — - — —— — i o i o o o S —— > ——— v

A-158G66 UNLEACED CCDCE PICKUP SAC CITY
TEMP=53C HUMILCITY=38 BARCMETER=29.13

16,2 Oec34 C.l154 C.571 113
Ce7.2 0.14¢% 0.239 Veb1T7 042
C24.8 Ce.lCS Q.37 Ce€54 061

A-158€C LEACEL CODCE PICKUP DES MCINES
TEMF=526 FUMILITY=34 BARCMETER=29.13

Cis.8 C.288 0.162 C.551 399
Ccc.t Ce.25C Ce.15¢ Ce569 370
Cz8.2 Q.162 O.141 Ceb67 28l

—— - —————— L — - ———— ——— —— i ————— - o —— o~

050
040
030

160
150
¢80

cc NOX A/E  VACUUM
7.5 €190 12.4 02.0
1.4 1791 13.9 0845
1.2 0238 13.8 1443
7.5 177 1242 0l.8
1.4 1317 13.8 09.3
0.8 1696 13.6 l4e4
1.8 2556 14.0 0l.2
0.4 2594 1402 06.C
0.2 2561 13.9 13.4
5.3 1091 13.4 01.0
4o1 1117 13.6 05. 4
0.9 254¢€ 13.9 12.9

o e e — —— T —— ——————]———— — —— ————— —. Y~ o~ . o
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MATCHED PAIR CATA AT 2500 RPM

LCAC FC1 FCe HC3 HCT HC CC NOX A/F VACUUM

- $EA A A Ms e bl TV Y €W WAy wed B e aeAmEsamasAt e R R R e e ————— — —— ——_— - — A o5 B8 e e e = S - f—— ———— — —— ——— —— ——— . — —

£-14343 UNLEACED CHEVY PICKUP GRUNCY CENTER
TEMF=527 HUMICITY=39 BARCMETER=28.72

Cit.C Ce.34¢ 0.315 0.343 459 195 7.5 cirl 12.0 02.1
C5C.0 0.2171 03251 Ce372 237 100 243 187117 13.7 07.3
Cez.1 0256 « 237 0+404 132 G40 le7 1394 13.8 14,1
£-14368 LEADEC CHEVY PICKLP AMES
TEMP=52G HUMILITY=42 BARCMETER=28.72
C1S.2 Ceal? Dec3% Ue348 31712 180 7.5 0343 12.2 02.C
C5C.C 0,303 0.31¢ 0.381 153 070 1.5 1279 13.9 07.9
(2l.C 0.28617 0.331 0.382 101 040 1.2 2118 13.8 12.8
A-1£942 UNLEACEC OCDCE PICKUP SAC CITyY
TEMF=54]1 HUMICITY=62 BARCMETER=28.83
C€ca S Ceclé C.4CE8 0.375 326 100 42 1174 13.6 Ol.1
Ce3el 0.226 0.375 C.257 217 110 5.8 €563 13.8 07.2
Cz2.9 0.25:2 0.445 0.301 146 050 0.9 1357 14.3 13.5
A-12928 LEALEL CODCE PICKUP DES MCINES
TEVMP=541 HUMILITY=62 BARCMETER=28.83
071.4 C.326 «2G61 0.274 3174 175 5.1 C558 13.2 0l.0
C45.6 04255 0.43¢ 0.313 290 110 l.1 €652 14.0 07.0
0cl.2 0.28¢ - 0367 0.221 329 125 1.3 1007 14.0 13.2

v —————————— — —————— ——— ] _———— . . i o S ——
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MATCHED PAIR CATA AT 2500 RPM

Al A A A e aas e e - s T = o —————— 3 &L A A e - - A W T o e e S o e o —— — ——_——— . ——— S

A-153€S UNLEACEC INT'L L-DUTY GRUNCY CENTER
TEMP=540 HUMICITY=63 BAROMETER=28.83

€S4.5 0.375 0.219 0.300 335 135
CéZ.0 C.37C Ue313 0.317 286 080
(z27.6 C.37¢ 0. 3CE «320 362 080
Cl7.4 Ce341 0.22¢ 0.333 348 100

A-15415 UNLEACED INT'L L-DUTY GRUNDY CENTER
TEMF=540 HUMILITY=64 BARCMETER=28.83

€St.3 C.3¢1 0.35¢ 0.283 3C2 140
CS5.5 0.2132 Ue38¢ 0.302 234 090
C27.5 0.320 06376 0.301 279 125
Clé.5 «32:2 C. 366 G.311 296 125

VACUUM

Ol.C
07.2
13.0
14.6

e — . ——— ———— — —_—— —— T ————— —— _— _—" —— —— —— —— —— — — ————————— — — T ————— ———————— —— — —— ——————— ~ t————

A-1457€ UNLEALCEC CHEVY L—DUTY GRUNCY CENTER
TEMP=515 HLMICITY=495 BARCMETER=28.78

(S€E.E C.4€1 0.246 Ce187 163 060
056.9 0.183 0.£92 Oe224 028 020
€Czi.C Ce264 0.57¢ Cec0 C13 cl0
C17.2 O.174 0.507 0.258 ol8 010

£—-14575 LEACEC CHEVY L-CUTY AMES
TEMP=514 HULMILITY=47 BARCMETER=28.78

CS7.¢€ O.424 « 220 0.256 2179 080
€£8.0 0.176 0.465 0.326 022 020
C2t. € 0.16G1 C.£16 Ue291 015 olo
Cl7.C 0.184 0,488 0.328 015 010

. —— ——_ —— —— - —— ———————————— T {— — —— — - {—

NOX A/F
c236 12.0
0497 12.9
c213 12.6
c213 12.4
C716 13.4
1061 14.3
ED 13.8
c716 13.6
0279 12.9
0432 14.5
€250 14.5
c176 l4.4
203 12.7
0298 14.7
cl22 14.6
€154 14.4

00.6
07.1
12.0
13.5

-1



MATCHED PAIR DATA AT 2500 RPM

LCAD FC1 FC2 HC3 HCT HC cC NCX A/F VACUUM

——— e . - Y WY B € 4R S M (B 4T m e mm . e - S o s o . e e o e o R A M s me Ak A A A A AA SA Ma A A A e A A ek e o — S — —— ——— ————— — - — —

£—-1468C UNLEACEC GMC L-DUTY SAC CITyY
TEMP=52T7 HUMICITY=42 BARCMETER=28.72

1C4.5 C.4aC¢ Oec9E 0299 268 125 7.4 1167 12.5 00.8
CésS.2 0.176 C.538 0.283 137 040 0.7 1526 l14.5 06.9
C3¢.0 Q.21% 0.413 0.312 c8l 030 le4 1331 14.1 11.7
€l18.2 0.3C7 0.459 0.234 c89 030 le7 €559 14.0 l4.4
A-14€E2 LEADEC GMC L-CUTY DES MCINES
TEVF=528 HUNMICITY=40 BARCMETER=28.72¢
CSE.S 0.426 0.c59 0.312 233 CsS5 5.6 C646 13.1 0l.0
Ces.E C.13C Ce581 J.283 051 03u De.4 2282 l4.1 0547
03C.8 0.249 0.51¢€ 0.235 Ol4 020 0.3 1130 l4.2 12.0
cl8.2 C.2C7 0.¢6¢ 0.231 Q17 010 0.2 €736 l14.1 l4.2
A-15317 UNLEACED INT*L L-DUTY SAC CITY
TEMP=514 HUNMICITY=47 BAROMETER=28.78
CSz.2 C.3C3 0.429 0.268 168 100 4.2 €301 13.4 00.8
0t7.8 0.246 C. 506 0.245 133 075 0.9 0596 l4.4 07.1
C32.¢ 0.24€ Ce S04 Je249 135 c70 1.2 €506 14.3 10.7
Cl18.5 0.24¢€ C.506 0.245 105 060 l.4 c276 l4.2 13.2
A-15279 LEACEL INT*L L-DUTY AMES
TEMF=514 FUMICITY=47 BARCMETER=28.78
CES.€ e322 0e3C7 0.3711 360 125 3.8 0328 . 13.3 . 01.¢C
€55.6 0.2¢E€ 0. 40C 00312 - 238 c80 1.0 0493 l4.4 07.4
C2éa 1 0.28¢ 0403 0.308 235 080 1.3 €220 14.2 12.€
C18.C 0.2€C 0.29% 0.326 = 239 G115 l.4 €556 14.2 l4,2

——— - — . - ——— " ——————— o ———— T~ —— o — T —— o ———— — . ——— o — o o o~
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A-14€5¢ UNLEACED FORC
TEMF=530 HUMICITY=29 BARCMETER=29.13

1Cc. €
CESe4
C2l.C
Cl1s.C

Ce276
Cel9:
Ceclc

C.zlg

£-1467C LEACEC

TEMP=E20

CE€7.5
CeT.1
C4ce€
Ccle.4

———— ———— — ——— ] —————_————— ——— T _— - —————— " —— ———— Y . S ——— ———— — — ————————— —— ———— ———— ] ————o— o 2>

2-13857 UNLEALCED INT'L H-BUTY

0.372
C.27E
0.224

MATCHED PAIR CATA AT 2500 RPM

110
€80
U50
015

H-DUTY GRUNCY CENTER
C.181 0.540 251
0.187 0.620 124
0.154 0.633 162
0. 154 C.628 184
FORL H-DuTY DES MCINES
HUMICITY=33 BARCMETER=29.13
0.123 C.504 251
0.115 0.607 211
00152 Uetl4a 191
Ue151 C.595 255

C.254

SAC CITY

TEMP=538 HLMICITY=€65 EARCMETER=28.52

CSeE.z
Ce2.s
023,z

Cl7.7

0.236
0.224
Ca26G¢t

«218

A-13848 LEACEC

CS¢€.3
0€l.1
C3C.1
Ci7.1

C.405
C.2¢€¢
0.221
0.221

0.22°5
0.212

0.172

0.156

0.4306 300
O.463 132
0.532 202
C.5206 202

INT*L H-DUTY DES MCINES
TEMF=54C hUMILITY=656 EBAROMETER=28.52

0.124
0.172
0.25C
O.111

0.467 319
C.540 158
0.524 156
0.558 269

130
C50
C15
075

C57¢C
2366
1621
1336

Ceg9
1684
1696
€806

12.8
l4.2
14.1
13.9

13.5
l4.4
14.2
l4.0

VACUUM

0l.0
06.0
10.6S
12.3

Ol.1
04.9
11.C
13.5

9-4
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APPENDIX F

MAINTENANCE RECORDS OF TEST FLEET

PICKUPS
Nonleaded . Leaded
A-12232 Foxd F100 1967 Sac City A-14349 Chev 10 1969 Des Moines
9-2-71 new coil wire, set 5-25-71 tune-up

timing

11-2-71 tune-up

12-2-71 ground valves, sur-
faced heads, new coil

A-13555 Chev 10 1968 Sac City A-14367 Chev 10 1969 Ames
5-19-71 tune-up

A-14342 Chav 20 1969 Grundy Cen- A-14368 Chev 10 1969 Ames
ter

11-1-72 tune-up 5-17-71 tune-up
2-1-72 new points

A-14343 Chav 1969 Grundy Center A-14369 Chev 10 1969 Ames
8~4-71 tune-up, plug wires 5-19-71  tune-up
11-1-72 tune-up 11-5-71  tune-up

A-15896 Doige 1971 Sac City A-14370 Chev 10 1969 Ames
11-2-71 tune-up 5-17-71 tune-up, plugs,
3-6-72  carb kit points, cond

A-15192 Ames

2-10-72 tune-up
4-11-72 tune-up

A-15880 Dodge Des Moines



LIGHT DUTY

Nonleaded

A-13093 Chev. 50 1968 Grundy

6-2~71 carb cleaned

8-4-71 tune-up, valves
ground

10-1-71 new engine

11-1-71 tune-up

3-2-72 new engine

4-28-72 tune-up (uses qt of

011/1000 miles)

A-13585 Chev. 1968 Sac City

9-2-71 new engine
2-4-72 uses qt of 0il/800
miles

A-13870 Ford F600 1968 Grundy

6-25-71 new engine
10-1-71 new carb
12-1-71 new carb, tune-up

A-14264 Chev 50 1969 Sac City

6-3-71 new carb and front
crankshaft pulley
11-2-71 tune-up

5-4-72 new engine

A-14576 Chav 50 1970 Grundy

4-6-71
2-2-72

zune-up
new carb

A-14680 GM: 1970 Sac City

4-13-71 tune-up
9-2-71  tune-up

A-15317 In:'l 1600 1970 Sac City

4-13-71 tune-up
11-2-71 tune-up

Leaded

A-14269 Chev 50 1969 Ames

5-19-71 tune-up
11-5-71 tune-up

A-14543 Chev 1970 Ames

5-11-71 tune-up
11-8-72 tune-up
5-11-72 tune-up

A-14575 Chev 50 1970 Ames

5-25-71 tune-up
11-5-71 tune-up
3-16-72 tune-up

A-1460 Chev 50 1970 Ames
6-15-71 tune-up

A-14683 GMC 1970 Des Moines

5-8-71 tune-up
11-3-71 tune-up

A-14692 GMC 1970 Des Moines

5-20-71 tune-up
11-3-71 tune-up
12-3-71 new carb

A-14691 GMC 1970 Marshalltown
5-19-71 tune-up
10-5-71 tune-up
3-13-72 tune-up



F-3

LIGHT DUTY (cont.)

Nonleaded Leaded

A-15369 Int'l 1600 1970 Grundy A-14698 GMC 1970 Marshalltown

5-21-71 tune-up
2-16-72 tune-up

A-15278 Int'l 1600 1970 Ames

5-11-71 tune-up
11-8-71 tune-up

A-15279 Int'l 1600 1970 Ames
5-10-71 tune-up

A-15414 Int'l 1600 1970 Ames

5-5-71 tune-up
11-5-71 tune-up
1-20-72 tune-up

A-15454 Int'l 1600 1970 Ames

5-5-71 tune~-up
11-8-71 tune-up

HEAVY DUTY
Nonleaded - __Leaded
A-13857 Int'l 1700 1969 Sac City A-14634 Ford 1970 Ames
10-20-71 tune-up 5-25-71 tune-up
5-4-72 carb kit 4-12-72 new engine
A-14652 Ford 1800 1970 Grundy A-14647 Ford 1970 Des Moines
4-6-71  tune-up 11-3-71 tune-up
3-26-72 new carb 1-11-72 tune-up, new carb
4-28-72 nee distributor and plug wires

A-14648 Ford 1970 Des Moines

11-3-71 tune-up
5-8-72 tune-up new carb

A-14670 Ford 1970 Des Moines



TRACTORS

Nonleaded

A-11028 Int:'l 1965 Sac City

A-11504 Case Grundy Center

A-12698 Massey Ferg. 150 1967
Sac City

A-12732 Ford 1967 Grundy Center

6-25-71 new carb and coil

A-13634 John Deere 1969 Grundy
A-13662 Int'l 1968 Grundy
A-15555 John Deere 1970 Grundy

A-15564 Int'l Sac City

F-4

Leaded

A-13668 Int'l 1968 Ames

A-13669 Int'l 1968 Ames

5-10-71 new plugs
3-30-72 new muffler and tail
pipe
A-13693 John Deere 1968 Mar-
shalltown
5-28-71 tune-up

A-13696 John Deere 1968 Ames

11-9-71
4-8-72

tune-up, new wires
valves ground



e

Total Hours or Quarts hgi%:spgi 'Miles or
gallons miles per of oil quart of oil Quarts hours per
Vehicle Total Total of gas gallon used for used for of 0oil quart of oill
identification hours miles consumed of gas lubrication lubrication consumed consumed
ot
Pickup
A-12232 5,517 391.8 14.08 15 367.8 1 5517
A-13555
A-14342 10,178 885.0 11.50 26 391.5 7 1454
A-14343 13,460 1234.5 10.90 36 373.9 22 612
A-15896 14,851 1273.8 11.66 40 371.3 7 2122 %
A-15943 4,958 497.0 9.98 12 413.2 4 1240 % v
| 48,964 4282.1 11.43 129 379.6 41 1194 :
Light duty
A-13093 15,519 2539.8 6.11 50 310.4 20 776
A-13585 15,221 2507.0 6.07 49 310.6 15 1015
A-13870 15,818 2828.7 5.59 63 251.1 11 1438
A-14264 13,182 2447.9 5.39 35 376.6 19 694
A-14576 15,442 3000.0 5.15 56 275.8 12 1287
A-14680 18,986 3011.0 6.31 42 452.0 14 1356
A-15317 10,579 1752.8 6.04 45 235.1 8 1322
A-15369 14,096 2236.4 6.30 _64 220.3 11 1281
118,843 20323.6 5.85 404 294.2 110 1080




' ' Miles or
N Total Hours or Quarts hours per Miles or
gallons miles per of oil quart of oil Quarts hours per
Vehicle Total Total of gas gallon used for used for of o0il quart ofoil
identification hours miles consumed of gas lubrication 1lubrication consumed consumed
Heavy duty
A-13857 3,048 864.0 3.53 38 80.2 8 381
A-14652 5,030 2144.0 2.35 72 69.9 19 265
8,078 3008.0 2.69 110 73.4 27 299
Tractors
A-11028
A-11504 283.0 490.8 0.58 18 15.7 1 283
A-12698 @
A-12732 164.0 339.5 0.48 17 9.6 1 164 "
A'13634; 107.0 100.7 1.06 0 0.0 2 54
A-13662 22.0 37.6 0.59 0 - 0.0 0 0
A-15555 150.0 141.2 1.06 6 25.0 0 0
A-15564 524.0 840.5 0.62 18 29.1 0 _0
1250.0 1950.3 0.64 59 21.2 4 313
Pickup
A-14349
A-14367 2,045 171.0 11.96 0 0.0 0 0




————————————————————— ]

\ “Miles or ;
N Total Hours or Quarts hours per Miles or
Y gallons miles per of oil quart of oil Quarts  hours per |
Vehicle Total Total of gas gallon used for used for of oil quart of oil
identification hours miles consumed of gas lubrication 1lubrication consumed consumed
A-14368
A-14369 8,667 786.1 11.03 10 866.7 5 1733
A-14370
A-15192
A-15880 14,310 1295.0 11.05 32 447.2 7 2044
25,022 2252.1 11.11 42 595.8 12 2085

Light duty
A-14269 7,688 2007.0 3.83 35 219.7 3 2563 a
A-14543 o
A-14575
A-14602
A-14683 2,948 710.0 4.15 0 0.0 5 590
A-14691 14,455 2820.0 5.13 42 344.2 29 498
A-~14692 8,331 1458.0 5.71 21 396.7 0 0
A-14698 11,587 2241.0 5.17 36 321.9 8 1448
A-15278 6,709 866.0 7.86 36 205;6 1 6709
A-15279 7,065 714.0 10,97 45 155.0 6 1209
A-15414 17,774 2502.0 7.10 45 395.0 4 4444
A-15415 7,308 1088.0 6.72 54 135.3 1 7308




e ———————

Miles or .
Total Hours or Quarts hours per Miles or
gallons miles per of oil quart of oil  Quarts hours per
Vehicle Total Total of gas gallon used for used for of 0il quart of oil
identification hours miles consumed of gas lubrication 1lubrication consumed consumed
A-15454 8,204 1131.0 7.25 _54 151.9 _6 1367
92,069 15537.0 5.93 368 250.2 63 1461
Heavy duty
A-14634
A-14647 3,203 1128.0 2.84 27 118.6 6 534
A-14648 4,385 1421.2 3.09 52 84.3 4 1696'
A-14670 _ L . .
7,588 2549.2 2.98 79 96.1 10 759
Tractor
A-13668
A-13669
A-13693 90.0 131.1 0.69 12 7.5 0 0
A-13696 . . . .
90.0 131.1 0.69 12 7.5 0 0

-9



10.

11.

APPENDIX H
CALIBRATION CHECK PROCEDURE USING CERTIFIED STANDARD GAS
AND GAS CALIBRATION KIT #120-177
Plug power cord into 120 V, 60 Hz power source.
Turn EET-910 or 912 Power Switch to STANDBY positions.

Turn EET-910 or 912 Test Switch and valve to CALIBRATE positions.

Allow tester (EET-910 or 912) to reach normal operating temperature —
(a minimum of 60 minutes operation in 70 OF room ambient or higher).

Set Power Switch to TEST Position, (pump on).

Adjust FLOW CONTROL VALVE (Access through top of tester head frame)
to obtain an indication of 26 CFH as indicated on EET-910 or 912

FLOW INDICATOR.

Rotate SET LINE ADJUST controls on CARBON MONOXIDE AND HYDROCARBON
until respective meters read on the zero SET LINE,

Observe meters (CO and HC) to insure that meter drift does not exceed
the zero SET LINE, if meters indicate drift, allow more warm-up time.

Connect "CERTIFIED'" STANDARD GAS to exhaust emission tester model
EET-910 or 912 as outlined in (Page 12 October 1970) '"Dual'" Hookup
for Gas Calibration Kit No. 120-177.

"Certified Standard Gas'

CARBON MONOXIDE — shall be 2.5% CO in 97.57% Nitrogen (N,) certified
to actual mixture. i

HYDROCARBON — shall be 900 parts per million (PPM) (N Hexane)
balance of tank to be Nitrogen (Nj) certified to
actual mixture.

(Caation!) You must extend exhaust hose outlet from EET-910 or 912
tester to a room exhaust system or through a window to the outside.
Do 10t use in a confined area.

Tuy a1 EET-910 and 912 TEST SWITCH AND VALVE to TEST.




12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

H-2

Carbon Monoxide Unit

Adjust output pressure (on pressure regulator, large green knob)
to 5 plus or minus 1 pound per square inch (on CO tank).

Adjust GAS FLOW CONTROL (small black knob) to obtain an indication
of 26 CFH as indicated on EET-910 or 912 FLOW INDICATOR.

Rotate SPAN SET CONTROL until CARBON MONOXIDE meter reads on SPAN SET
line (or appropriate value of calibration gas if other than listed
uncer item 10). Recheck set line. If meter indicates drift, repeat
step 7, 8 and 14,

CARBON MONOXIDE meter should repeat Certified value of gas, plus or
mirus 1 Division. Turn CO tank valve to OFF.

Hydrocarbon Unit

Adjust output pressure (large green knob on pressure regulator) to
5 ptus or minus 1 pound per square inch (on HC tank).

Adjust GAS FLOW CONTROL (small black knob) to obtain an indication
of 26 CFH as indicated on EET-910 or 912 FLOW INDICATOR.

Rotate SPAN SET CONTROL until HYDROCARBON meter reads on SPAN SET
lin: (or appropriate value of calibration gas if other than listed
und:r item 10). Recheck set line. 1If meter indicates set line
shi it, repeat above procedure as required.

HYD ROCARBON meter should repeat certified value of gas, plus or
minis 2 Divisions. Turn HC tank Valve to Off.

If reading is not within tolerance (Hydrocarbon or Carbon Monoxide)

a. Be sure all fittings are tight (no leaks).

b. Flow is at proper rate (26 CFH).

c. Gas sample is not too hot or too cold. (Use 25 ft of hose to
normalize temperature.)

d. Be sure EET-910 has reached normal operating temperature
(no meter drift).

e. If gas cylinder has been standing for a long time, the gas may
have stratified. 1Insure proper mix by rolling cylinder or
heating by means of hot water or heat lamp, etc.,

f. 1If reading is not within tolerance, replace appropriate analyzer.

Dis :onnect the Calibration Gas Dual Hookup and connect the Exhaust
Fmi ;sion Sample Probe.




22.

23.

H-3

Vehicle Testing

With the Test Valve in the CALIBRATE position check and reset if
necessary the zero reading on each meter.

With the Test Valve in the TEST position obtain the CO and HC
meter readings. Repeat steps 22 and 23 for successive vehicle
readings.
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APPENDIX I
TEST FLEET ANALYSIS OF VARIANCE

ALL VEHICLES

hhasured Source of Sums of Degrees of F F

variable variation squares freedom calculated criticall

A1l

vehicles

|HC F 1,231E 5 1 8.07 3.84

(NDIR) S 2,.126E 6 1 139.28 3.84
T 1.714E 6 3 37.44 2,60
FxS 2.922E 4 1 1.92 3.84
FxT 2.952E 5 3 6.45 2.60
SxT 5.804E 5 3 12.68 2.60
FxSxT 6.184E 4 3 1.35 2.60
ERROR 1.319E 7 864 - -

CO F 1.241E 1 1 8.89 3.84
S 9.105E 1 1 65.22 3.84
T 4,602E 2 3 109.86 2.60
FxS 3.538E-1 1 0.25 3.84
FxT 8.676E 2 3 20.71 2.60
SxT 1.087E 2 3 25.96 2.60
FxSxT 1.272E 1 3 3.04 2.60
ERROR 1.206E 3 864 - -

A/F F 2.900E-1 1 2,54 3.84
S 1.564E 2 1 137.00 3.84
T 2.694E 2 3 78.66 2.60
FxS 6.000E~2 1 0.52 3.84
FxT 5.350E O 3 15.62 2.60
SxT 8.710E O 3 25.42 2.60
FxSxT 7.200E-1 3 2.10 2.60
ERROR 9.863E 1 864 - -

Note: I = fuel

¢ = speed
‘T = type
.3 7

19 7 = 1.319 x 10



TEST FLEET ANALYSIS OF VARTIANCE
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APPENDIX J

VEHICLES SEPARATED BY TYPE

|Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
Pickup
HC F 1.150E 3 1 2.39 3.91
(NDIR) S 3.121E 3 1 6.50 3.91
FxS 1.211E 4 1 25.21 3.91
ERROR 6.532E 4 136 - -
co F 9.908E-1 1 6.28 3.91
S 2.971E 1 1 188.40 3.91
FxS 6.687E-2 1 6.69 3.91
ERROR 2,144E 1 136 - -
A/F F 1.383E 0 1 20.67 3.91
S 1.211E O 1 18.10 3.91
FxS 1.812E-1 1 2.71 3.91
ERROR 9.098E 0 136 - -
Light duty
HC F 4,499E 5 1 22.81 3.85
(NDIR) S 1.075E 6 1 54.52 3.85
FxS 1,005E 5 1 5.10 3.85
ERROR 7.414E 6 376 - -
co F 4.622E 1 1 35.04 3.85
S 1.767E 2 1 133.98 3.85
FxS 5.397E O 1 4,09 3.85
ERROR 4,960E-2 376 - -
A/F F 1.488E 0 1 11.83 3.85
S 2,991E 1 1 237.82 3.85
FxS 4,005E-1 1 3.19 3.85
ERROR 4.728E 1 376 - -
Heavy duv:y
HC F 1.390E 4 1 0.50 3.92
(NDIR; S 9.146E 5 1 32.84 3.92
FxS 1.238E 4 1 0.44 3.92
ERROR 3.231E 6 116 - -




Lﬁasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
co F 2.388E 1 1 10.51 3.92
S 2.863E 1 1 12.61 3.92
FxS - 3.153E-1 1 0.14 3.92
ERROR 2.635E 2 116 - -
A/F F 1.526E O 1 10.02 3.92
S 3.729E O 1 24.48 3.92
FxS 1.621E-1 1 1.06 3.92
ERROR 1.767E 1 116 - -
Tractor
HC F 2.447E 5 1 23.30 3.90
(NDIR) S 1.196E 6 1 113.85 3.90
FxS 2.778E 4 1 2.64 3.90
ERROR 2.479E 6 236 - -
co F 7.207E 1 1 39.99 3.90
S 8.062E O 1 4,47 3.90
FxS 6.959E 0 - 1 3.86 3.90
ERROR 4,253E 2 236 - -
A/F : F 1.173E O 1 8.90 3.90
S 5.054E-1 1 3.83 3.90
FxS 0.000E O 1 0.00 3.90
ERROR 3.112E 1. 236 - -
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APPENDIX K

SPECIAL TEST FLEET VEHICLE ANALYSIS OF VARIANCE
(March and May data — all vehicles)

*ﬁeasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
%11 vehicles
HC1 F 1.075E-1 1 24,55 3.90
S 2.898E-1 1 66.17 3.90
T 2,.884E-2 3 2,20 2.65
FxS 3.098E-3 1 0.71 3.90
FxT 8.099E-2 3 6.16 2.65
FxSxT 2.460E-2 3 1.87 2.65
ERROR 7.664E~1 175 - -
HC2 F 8.344E-1 1 122,92 3.90
S 2.142E-1 1 31.55 3.90
T 4. 561E-2 3 2.40 2.65
FxS 9.201E-3 1 1.36 3.90
FxT 3.009E-2 3 1.48 2.65
FxSxT 2,225E-2 3 1.09 2.65
ERROR 1.188E-~1 175 - -
HC3 F 3.428E-1 1 46,26 3.90
S 5.691E-3 1 0.77 3.90
T 3.571E~2 3 1.61 2,65
FxS 1.648E-3 1 0.22 3.90
FxT 1.204E-1 3 5.42 2.65
FxSxT 2, 225E-2 3 1.00 2.65
ERROR 1.297E O 175 - -
HCT F 7.173E 3 1 0.25 3.90
(FID) S 1.367E 6 1 47.35 3.90
T 9.724E 5 3 11.22 2.65
FxS 1.049E 4 1 0.36 3.90
FxT 1.360E 5 3 1.57 2,65
FxSxT 6.692E 4 3 0.77 2.65
ERROR 5.054E 6 175 - -
HC : F 4,930E 3 1 0.39 .3.90
(NDIR) S 5.303E 5 1 42.12 3.90
T 1.713E 5 3 4.54 2.65
FxS 5.531E 1 1 0.00 3.90
FxT 1,237E 5 3 3.27 2.65
FxSxT 1.472E &4 3 0.39 2.65
‘ERROR 2.203E 6 175 - -




E;asured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
co F 2.688E-1 1 0.19 3.90
S 6.054E 1 1 41.77 3.90
T 8.495E 1 3 19.54 2.65
FxS 6.914E-2 1 0.05 3.90
FxT 2.374E 1 3 5.46 2.65
FxSxT 4,.484E O 3 1.03 2.65
ERROR 2.536E 2 175 - -
NO2 F 5.116E 3 1 0.60 3.90
S 6.581E 5 1 77.15 3.90
T 1.705E 5 3 6.66 2.65
FxS 1.499E 4 1 1.76 3.90
FxT 2.090E 4 3 0.82 2.65
FxSxT 1.847E &4 3 0.72 2.65
ERROR 1.493E 6 175 - -
A/F F 0.000E O 1 0.00 3.90
S 6.933E O 1 62.21 3.90
T 4.282E O 3 12.81 2.65
FxS 0.000E O 1 0.00 3.90
FxT 1.621E O 3 4,85 2,65
FxSxT 8.869E-1 3 2.65 2.65
ERROR 1.950E 1 175 - -
Pickup
HC1 F 1.465E-1 1 34,76 4,20
S 1,060E-2 1 2.52 4,20
FxS 1.445E-2 1 3.43 4,20
ERROR 1.180E-1 28 - -
HC2 F 1.990E-1 1 19.90 4,20
S 2.442E-2 1 2.44 4,20
FxS 1.014E-2 1 1.01 4,20
ERROR 1.356E-1 28 - -
HC3 F 4,.106E-3 1 1.11 4.20
S 2.871E-3 1 0.78 4,20
FxS 3.929E-4 1 0.11 4,20
ERROR 1.035E-1 28 - -
HCT F 2.156E 4 1 0.60 4,20
(FID) S 8.214E 4 1 2.28 4,20
FxS 7.512E 3 1 0.21 4.20
ERROR 1.010E 6 28 - -




K-3

Measured Source of Sums of Degrees of F F
lvariable variation squares freedom calculated critical
HC F 2.655E 4 1 1.56 4.20
(NDIR) S 1.788E 4 1 1.05 4,20

FxS 3.685E 3 1 0.22 4,20
ERROR 4,759E 5 28 - -
co F 7.007E-2 1 0.13 4,20
S 1.340E 1 1 23.99 4,20
FxS 3.101E O 1 0.56 4.20
ERROR 1.564E 1 28 - -
NO2 F 7.904E 2 1 1.00 4,20
S 8.337E 4 1 105.28 4,20
FxS 1.985E 3 1 2,51 4,20
ERROR 2.217E 4 28 - -
A/F F 5.722E-2 1 1.17 4.20
S 4.143E-1 1 8.48 4.20
FxS 9.537E-3 1 0.20 4,20
ERROR 1.369E-1 28 - -
&ight duty
HC1 F 6.194E-2 1 11.49 3.98
S 1,204E-2 1 22.33 3.98
FxS 4,291E-5 1 0.01 3.98
ERROR 4.314E-1 80 - -
HC2 F 2.644E-1 1 37.01 3.98
S 1.321E-1 1 18.49 3.98
FxS 3.137E-3 1 0.44 3.98
ERROR 5.715E-1 80 - -
HC3 . F 7.043E-2 1 7.66 3.98
S 2.537E-4 1 0.03 3.98
FxS 4.032E-3 1 0.44 3.98
ERROR 7.361E-1 80 - -
HCT ’ F 1.724E 5 1 5.77 3.98
(FID) S 7.307E 5 1 24,46 3.98
FxS 5.078E 4 1 1.70 3.98
ERROR 2.390E' 6 80 - -




LEasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
HC F 1.080E 5 1 6.61 3.98
(NDIR) S 2.446E 5 1 14,98 3.98

FxS 1.159E 4 1 0.71 3.98
ERROR 1.306E 6 80 - -
co F 1.371E 1 1 9.88 3.98
S 5.174E 1 1 37.27 2,98
FxS 9.794E-1 1 0.71 3.98
ERROR 1.111E 2 80 - -
NO2 F 3.424E 3 1 1.35 3.98
S 1.707E 5 1 67.22 3.98
FxS 8.819E 2 1 0.35 3.98
ERROR 2.031E 5 80 - -
A/F F 9.537E-1 1 8.21 3.98
S 5.999E 0 1 51.61 3.98
FxS 2.003E-1 1 1.72 3.98
ERROR 9.298E O 80 - -
Heavy duty
HC1 F 1.073E-3 1 0.86 4,35
S 7.800E-2 1 62.88 4.35
FxS 1.364E-4 1 0.11 4.35
ERROR 2.481E-2 20 - -
HC2 F 1.763E-1 1 17.40 4,35
S 2.646E-2 1 2.61 4,35
FxS 4.741E-3 1 0.47 4.35
ERROR 2.026E-1 20 - -
HC3 F 1.489E-1 1 20.01 4,35
W 1.337E-2 1 1.80 4,35
FxS 3.417E-3 1 0.46 4.35
ERROR 1.488E-1 20 - -
HCT F 2.298E 2 1 0.01 4,35
(FID) S 3.687E 5 1 8.37 4.35
FxS 4,719E 4 1 1.07 4.35
ERROR 8.809E 5 20 - -
HC F 3.728E 3 1 0.48 4,35
(NDIR) S 8.543E 4 1 10.92 4,35
FxS 2.480E 3 1 0.32 4.35
ERROR 1.564E 5 20 - -




K-5

|Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
co F 1.055E 1 1 4,04 4.35

S 5.135E 0O 1 1.97 4,35
FxS 1.725E O 1 0.66 4,35

ERROR 5.223E 1 20 - -
NO2 F 1.810E &4 1 14.59 4,35
S 4.839E 4 1 39.01 4,35
FxS 1.428E 4 1 11.51 4,35

ERROR 2.481E 4 20 - -
A/F F 6.753E-1 1 7.69 4,35
S 6.771E-1 1 7.71 4.35
FxS 3.856E-1 1 4.39 4,35

ERROR 1.756E O 20 - -

Tractor

HC1 F 1.999E-3 1 0.53 4.08
S 1.076E-1 1 28.64 4,08
FxS 3.927E-3 1 1.05 4.08

ERROR 1.653E-1 44 - -
HC2 F 2,825E-1 1 45,58 4.08
S 3.658E-2 1 5.90 4.08
FxS 1.552E-3 1 0.25 4.08

ERROR 2.728E-1 44 - -
HC3 F 2.372E-1 1 37.44 4.08
S 1.870E-2 1 2.95 4.08
FxS 1.042E-2 1 1.64 4.08

ERROR 2.787E-1 44 - -
HCT F 6.501E 3 1 0.42 4,08
(FID) S 2.722E 5 1 17.44 4,08
FxS 7.491E 3 1 0.48 4.08

ERROR 6.867E 5 44 - -
HC F 3.840E 4 1 7.61 4,08
(NDIR} S 2.252E 5 1 44,65 4.08
FxS 8.392E 1 1 0.02 4,08

ERROR 2.219E 5 44 - -
co F 7.370E O 1 5.11 4.08
' S 1.450E O 1 1.00 4.08
FxS 1.043E-2 1 0.01 4,08

ERROR 6.352E 2 44 - -




Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
NO2 F 1.626E 3 1 0.06 4,08

) 4.542E 5 1 17.47 4.08
FxS 1.240E 3 1 0.05 4,08
ERROR 1.144E 6 44 - -
A/F F 1.919€E-1 1 1.67 4,08
S 7.176E-1 1 6.25 4.08
FxS 4,590E-2 1 0.40 4,08
ERROR 5.050E O 44 - -
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APPENDIX L

MATCHED PAIR VEHICLE ANALYSIS OF VARIANCE

lMeasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
Pickup
HC P 1.071E 4 3 2.48 2,85
(NDIR) F 6.769E 3 1 4.71 4.09
L 4,810E 4 2 16.73 3.24
FxL 3.406E 2 2 0.12 3.24
ERROR 5.606E 4 39 - -
co P 1.984E 1 3 3.80 2.85
F 9.075E-1 1 0.52 4.09
L 2.279E 2 2 65.48 3.24
FxL 1.899E O 2 0.55 3.24
ERROR 6.786E 1 39 - -
NO, P 2.602E 6 3 2.13 2.85
F 2,252E 5 1 0.55 4,09
L 7.816E 6 2 9.57 3.24
FxL 1.415E 6 2 1.73 3.24
ERROR 1.592E 7 39 - -
Light duty
HC P 3.051E 4 3 18.55 2.78
(NDIR) F 3.906E 1 1 0.07 4,02
L 2.923E 4 3 17.77 2.78
FxL 7.172E 2 3 0.44 2.78
ERROR 2.906E 4 53 - -
co P 5.077E 1 3 9.91 2.78
F 1.114E 1 1 6.52 4,02
L 1.522E 2 3 29.71 2.78
FxL 2.478E O 3 0.48 2,78
ERROR 9.050E 1 53 - -
NO, P 4.232E 6 3 5.14 2.78
F 8.948E 4 1 0.33 4,02
L 6.231E 6 3 7.57 2.78
FxL 1.514E 5 3 0.18 2.78
ERRORS 1.454E 7 53 - -




[Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
Heavy duty
HC P 2.813E 3 1 7.05 4,28
(NDIR) F 3.200E 3 1 8.02 4,28
L 3.746E 4 3 31.30 3.03
FxL 1.075E 3 3 0.90 3.03
ERROR 9.175E 3 23 - -
co P 7.508E 0O 1 7.22 4,28
F 1.128E-1 1 0.11 4,28
L 8.053E 1 3 25.83 3.03
FxL 6.561E O 3 2.10 3.03
ERROR 2.390E 1 23 - -
NO2 P 7.293E 5 1 1.38 4,28
F 1.763E 5 1 0.33 4,28
L 5.178E 6 3 3.28 3.03
FxL 4.742E 5 3 0.30 3.03
ERROR 1.219E 7 23 - -




APPENDIX M

MATCHED PAIR VEHICLE ANALYSIS OF VARIANCE
(April data)

IMeasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical
Pickup
HC1 P 5.653E-2 3 8.16 3.29
F 9.048E-3 1 3.92 4,54
L 3.511E=-2 2 9.76 3.68
FxL 2,.833E-3 2 0.61 3.68
ERROR 3.465E-2 15 - -
HC2 P 2.083E-1 3 64.07 3.29
F 7.704E-3 1 7.11 4,54
L 1.088E-2 2 5.02 3.68
FxL 4,763E-4 2 0.22 3.68
ERROR 1.626E-2 15 - -
HC3 P 3.082E-1 3 102,66 3.29
F 4, 817E-5 1 0.05 4,54
L 1.170E-2 2 5.85 3.68
FxL 1.938E-3 2 0.97 3.68
ERROR 1.501E-2 15 - -
HCT P 3.014E 4 3 0.98 3.29
(FID) F 4,075E 4 1 3.98 4,54
L 1.535E 5 2 7.50 3.68
FxL 2.686E 3 2 0.13 3.68
ERROR 1.535E 5 15 - -
HC P 1.403E 4 3 2.92 3.29
(NDIR) F 4.538E 3 1 2.83 4,54
L 2.280E 4 2 7.12 3.68
FxL 1.750E 2 2 0.06 3.68
ERROR 2.401E 4 15 - -
co P 7.515E O 3 0.84 3.29
F 3.267E-1 1 0.11 4,54
L 9.841E 1 2 16.53 3.68
FxL 2.503E O 2 0.42 3.68
ERROR 4,465E 1 15 - -




lMeasured Source of Sums of Degrees of F F
variable variation squares freedom calculated criticall
NO2 P 6.826E 6 3 6.27 3.29

F 2.176E 5 1 0.60 4.54
L 3.679E 6 2 5.07 3.68
FxL 1.231E 6 2 1.70 3.68

ERROR 5.448E 6 15 - -

Light duty

HC1 P 3.746E-2 3 3.34 3.07
F 2.245E-3 1 0.60 4,32
L 1.065E-1 3 9.48 3.07
FxL 5.562E-4 3 0.05 3.07

ERROR 7.862E-2 21 - -
HC2 P 9.055E-2 3 5.89 3.07
F 2,178E-3 1 0,43 4.32
L 1,102E-1 3 7.17 3.07
FxL 1.729E-3 3 0.11 3.07

ERROR 1.077E-1 21 - -
HC3 P 1.039E-2 3 2.10 3.07
F 7.081E-3 1 4.29 4,32
L 2.245E-4 3 0.05 3.07
FxL 1.294E-3 3 0.26 3.07

. ERROR 3.466E-2 21 - -
HCT P 2.496E 5 3 21.15 3.07
(FID) F 1.128E 3 1 0.29 4,32
L 9.932E 4 3 8.42 3.07
FxL 4.599E 3 3 0.39 3.07

ERROR 8.260E 4 21 - -
HC P 3.197E 4 3 38.96 3.07
(NDIR) - F 2,531E 2 1 0.93 4,32
L 1.762E 4 3 21.47 3.07
FxL 1,031E 2 3 0.13 3.07

ERROR 5.744E 3 21 - -
co P 4,650E 1 3 6.06 3.07
F 8.611E O 1 3.36 4,32
L 6.668E 1 3 8.68 3.07
FxL 2.016E O 3 0.26 3.07

ERROR 5.375E 1 21 - -




Measured Source of Sums of Degrees of F F
variable variation squares freedom calculated criticalf
NO2 P 4.478E 6 3 14.98 4,87

v F 7.097E 4 1 0.71 4,32
L 1.320E 6 3 4.41 3.07
FxL 9.983E 4 3 0.33 3.07

ERROR 2.092E 6 21 - -

[Heavy duty

HC1 P 9.604E-3 1 13.64 5.59
F 6.162E-3 1 8.75 5.59
L 2,985E-2 3 14.13 4.35
FxL 7.183E-3 3 3.40 4,35

ERROR 4 ,928E-3 7 - -
HC2 P 5.776E-3 1 3.93 5.59
F 7.310E-3 1 4.97 5.59
L 6.483E-3 3 1.47 4.35
FxL 1.120E-2 3 2.79 4,35

ERROR 1.030E 2 7 - -
HC3 P 3.019E-2 1 38.36 5.59
F 6.006E-5 1 0.08 5.59
L 2.173E-2 3 9.20 4,35
FxL 1.153E-3 3 0.49 4.35

ERROR 5.509E-3 7 - -
HCT P 7.426E 2 1 0.88 5.59
(FID) F 4.001E 3 1 4.76 5.59
L 3.668E 4 3 14.56 4,35
FxL 4.115E 3 3 1.63 4,35

ERROR 5.879E 3 7 - -
HC P 5.641E 2 1 1.22 5.59
(NDIR) F 8.266E 2 1 1.78 5.59
L 1.720E 4 3 12.36 4,35
FxL 1.805E 3 3 1.30 4,35

ERROR 3.248E 3 7 - —
co P 3.306E-1 1 0.40 5.59
F 5.625E-3 1 0.01 5.59
L 2.371E 1 3 9.58 4,35
FxL 6.947E O 3 2,81 4.35

ERROR 5.774E O 7 - -




LEasured Source of Sums of Degrees of F F
variable variation squares freedom calculated critical]
NO2 P 2.483E 5 1 0.95 5.59

F 2.009E 4 1 0.08 5.59
L 3.269E 6 3 4,18 4,35
FxL . 7.189E 5 3 0.92 4.35

ERROR 1.826E 6 7 - -




APPENDIX N

CRANKCASE OIL RESIDUE FOR SELECTED SAMPLES FROM TEST FLEET

Vehicle

Gasoline Vehicle Miles Weight of
A number type type on oil reside (mg/mile)
14652 Nonleaded Heavy duty 621 3.45
13857 Nonleaded Heavy duty 490 11,05
13093 Nonleaded Light duty 1566 4.63
13870 Nonleaded Light duty 2031 14,38
14576 Nonleaded Light duty 2110 9.42
15369 Nonleaded Light duty 1481 3.75
13585 Nonleaded Light duty 1947 2.16
14264 Nonleaded Light duty 1900 4.08
14680 Nonleaded Light duty 2077 7.71
15317 Nonleaded Light duty 1628 56.52
14342 Nonleaded Pickup 2025 7.60
14343 Nonleaded Pickup 1772 7.06
15896 Nonleaded Pickup 1948 7.06
15943 Nonleaded Pickup 2023 10.68
14670 Leaded Heavy duty 550" 8.27
14647 Leaded Heavy duty 554 13.06
14575 Leaded Light duty 1500" 19.20
14683 Leaded Light duty 1500" 36.31
15279 Leaded Light duty 1750 | 17.97
15415 " Leaded Light duty 1950 6.40
14269 | Leaded Light duty 1736 2.82




N-2

Vehicle Gasoline Vehicle Miles Weight of
- {A number type type on oil reside (mg/mile)
14698 Leaded Light duty 1924 9.85
15278 Leaded Light duty 1400" 31.62
15414 Leaded Light duty 1400 3.82
15880 Leaded Pickup 1984 4.46
14368 Leaded Pickup 1643 1.63
14369 Leaded Pickup 1600" 8.49
14370 Leaded Pickup 489 7.25

* .
Estimated.
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