EPA/AA/CTAB/TA/83-5

Technical Report

Low Mileage Catalyst Evaluation
with a Methanol-fueled Rabbit
- Interim Report

oy

Robert D. Wagner
Larry C. Landman

May, 1983

NOTICE

Technical Reports do not necessarily represent £final EPA
decisions or positions. They are intended to present tech-
nical analysis of 1issues using data which are currently
available. The purpose in the release of such reports.is
to facilitate tne exchange of technical information and to
inform tne public of technical developments which may form
the basis for a final EPA decision, position or regulatory
action.

U. S. Environmental Protection Agency
Office of Air, Noise and Radiation
Office of Mobile Sources
Emission Control Technology Division
Control Technology Assessment and Characterization Branch
2565 Plymouth Road
Ann Arbor, Michigan 48105



EPA/AA/CTAB/TA/83-5

Technical Report

Low Mileage Catalyst Evaluation
with a Methanol-fueled Rabbit
- Interim Report

by

Robert D. Wagner
Larry C. Landman

May, 1983

NOTICE

Technical Reports do not necessarily represent £final EPA
decisions or positions. They are intended to present tech-
nical analysis of issues using data which are currently
available. The purpose in the release of such reports. is
to facilitate tne exchange of technical information and to
inform the public of technical developments which may form
the basis for a final EPA decision, position or regulatory
action.

U. S. Environmental Protection Agency
Office of Air, Noise and Radiation
Office of Mobile Sources
Emission Control Technology Division
Control Technology Assessment and Characterization Branch
2565 Plymouth Road
Ann Arbor, Michigan 48105



Background

The use of pure methanol as an automotive fuel could allow the
use of less expensive exhaust catalysts. Two important bene-
fits are expected from the use of methanol compared to unleaded
gasoline. The benefits are reduced levels of catalyst poisons,
such as lead and sulfur, and reduced exhaust gas temperatures
at tne catalyst inlet. Both major mechanisms of catalyst de-
activation, poisoning and thermal degradation, could be less

severe.

The purpose of this program 1is to evaluate various exhaust
catalysts at low mileage on a pure methanol-fueled Volkswagen
Rabbit. HC, <CO, NOx and formaldehyde -emissions will be
measured to identify which catalysts are the best candidates
for durability testing in a later program. Catalyst formula-
tions that are eventually selected for durability testing
should cost no more, and preferably less, than the original

catalyst on the vehicle.

All candidate catalysts should provide the capability to meet
the 0.41 HC and 3.4 CO levels at low mileage with substantial
margins of safety. Additionally, 3-way catalysts should pro-

vide emissions well below the 1.0 NOx level.



Conclusions

1.

Several catalysts have been identified as good candidates
for vehicle durability testing. All of these catalysts
contain noble metals. The catalysts recommended for dura-
bility are 1) platinum and rhodium in a ratio of 5:1 at a
loading of 40 grams/cubic foot (a loading identical to the
original catalyst on the vehicle and identical to that used
on the forty vehicles provided to the California Energy
Commission), 2) platinum and palladium in a ratio of 3:2
at 20 grams/cubic foot, and 3) all palladium at a loading
of 40 grams/cubic foot. All catalyst volumes would be 75
cubic inches. All catalyst substrates would be 400 cells
per square inch with a wall thickness of 6 mils.

One catalyst was tested which was all base metal. It was
pure copper mesh. The copper mesh provided some HC con-
version over the highway cycle, but not much else. Cco
control over the FTP was poor with the catalyst, and it
provided 1little NOx control with stoichiometric exhaust
conditions.

One catalyst has been tested which includes substantial
amounts of both base and noble metals. The inclusion of
the base metals provided no significant emissions benefit
in comparison to other palladium catalysts in this stddy.



Future Effort

The results which nave been obtained so far will be provided to
tne venicle and catalyst manufacturers who nave assisted us in
this program. - We will request their advice on the following
subjects. .

o how to improve tne emissions control capability of prev-
iously tested and poorly performing catalysts,

o which additional catalysts snould be tested at low mileage,

o how to further reduce the cost of durability-candidate
catalysts, and

o0 now to improve tne durability emissions performance of
those catalysts which performed well in our low mileage
testing.

We now plan to further evaluate tne copper mesn after an acid
dip and with the addition of insulation to the exhaust system.
The silver catalyst will be further evaluated with exhaust
system insulation and possibly with some varying thermal pre-
treatments. A copper oxide catalyst will also be tested.

3ased on our testing to date, 1t appears as though we may need
to retain rhoaium for achieving the lowest Qossiblae aldenyde
levels. New catalyst candidates could 1include more lightly
loaded platinum/rhodium catalysts in the 10-20 gram/cubic. foot
range and palladium/rhodium units in the same loading range and
with Pd: Rh ratios of 5:1 or 1l0:1l.



Test Vehicle Description

The test vehicle is a 1981 model year'Volkswagen Rabbit. It
was modified by Volkswagen to operate on methanol plus 5.5%
isopentane. It is a 4-door sedan equipped with air condition-
ing, a 3-speed automatic transmission, and a 1.6 liter engine.
The compression ratio of the engine is 12.5:1. Maximum power
output is 88 horsepower at 5600 RPM (l)*. The tire size is 155
SR 13. The tires are Michelin XZX radials. It was tested at
2250 pounds inertia weight and 7.3 actual dynamometer horse-

power.

The emission control system, as equipped by Volkswagen includes
feedback controlled, continuous fuel injection (KFJetronic) and
a three-way catalyst. The catalyst provided by VW was 4.0
inches in diameter and 6.0 inches long. It contained platinum
(Pt) and rhodium (Rh) in a ratio of 5:1 at a loading of 40
g/ft3. The vehicle is described in more detail in Appendix
1, which was taken from a Volkswagen emission control status
report (2) to EPA.

The emission control system was modified by EPA to include a
pump-type air injection system. The air was injected into the
exhaust at a location about a foot downstream from the oxygen
sensor. A manually adjustable valve was installed in the line
between tne diverter valve and the exhaust inlet. This valve
allowed us to vary oxygen concentration into the catalyst while
operating the engine in the closed loop mode.

*Numbers in parenthesis are references listed at the enc
this report.
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Test Sequence, Instrumentation, and Fuel

The initial plan included testing of the vehicle and each
catalyst over the following sequence:

1975 Federal Test Procedure
Highway Test Procedure

20 mph steady state

30 mph steady state

40 mph steady state.

The sequence would be repeated twice for each catalyst at each
of three exhaust oxygen levels. The higher two of the three
exhaust oxygen le?els were measured at the catalyst inlet using
a Sun oxygen analyzer -and were obtained at 30 miles per hour
steady state. The three oxygen levels were stoichiometry (or
near 0%), 3%, and 5%. By testing at different exhaust oxygen
levels, we could evaluate each catalyst as a 3-way and also as
an oxidizing catalyst.

As the project proceeded, idle and a 10 mph steady state were
added to the sequence and the 40 mph steady state was deleted.
HC, CO, NOx, MPG, methanol, methane, and aldehydes were ini-
tially measured over each test in the sequence. Aldehydes were
deleted during steady states in more recent testing. Methanol
was deleted for all testing as the program progressed.

Exhaust HC emissions, as reported here, were measured with a
flame ionization detector (FID) from Beckman (model 400). No
corrections in the results were made for either the FID re-
sponse to methanol or the difference in HC composition with
methanol as the fuel. NOx emissions were measured with a
chemiluminescent NO/NOx analyzer from Beckman (model 951A). CO
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was measured with iﬂfrared analyzers from MSA and Bendix.
Methane was measured with a gas chromatograph (Bendix 8205
methane analyzer). Aldehydes were measured by high pressure
liquid chromatography (HPLC) . See Appendix 2 for more
details. Gaseous methanol was measured by a gas chromatograph
(Perkins-Elmer model 3920).

The test fuel which has been used is pure methanol. Three
batches of the fuel have been used, and one has been analyzed.

The fuel analysis is presented in Appendix 3.

FTP Test Results

The Rabbit has been tested with a total of nine different cata-
lysts. Those catalysts are described in Table 1. Also, the
vehicle has been periodically tested with no catalyst to assure
that major changes in emissions without a catalyst have not
occurred over the duration of the test program. The vehicle
emissions with no catalyst as a function vwvehicle odometer
reading are shown in Figures 1 and 2. There was an oxygen
sensor change to the emission control system which may have
resulted in a slight shift in PFTP emissions at about 6,300
miles; nowever, HC, CO, NOx, and methanol emissions have been
reasonably stable over the test program to date.

Aldehyde emissions were not as stable as desired. The cause of
variablity in the aldehyde emissions 1is being investigatéd. Ne
Know the column was changed in the liguid chromatograpn (to a
nominally identical column) just prior to generating the value
of about 130 mg/mi in Figure 2. The impact of the column
change on the variability is unknown. It is possible that the
aldehyde emissions are of such a small magnitude that we may
not be able to get rid of the variability with this particular
vehicle and test equipmeﬁt.



Table 1

Catalysts Tested to Date

Abbreviated CpsI Substrate Substrate Major

Catalyst and Size Volume Noble Base

Code tyall [Diameter (in3] ----Metals---- Metals

2 and Ratio Loa
[1/in?] Length] [9/£83]
(mils]

5 Pt: Rh(40) 300,10.5 4.0" x 6.0"L 75 5Pt:1Rh 40

12 Pt: Rh(40) 400,6 4.0" x 6.0"L 75 12Pt:1Rh 40

12 Pt: Rh(40)* 400,6 3.18" x 6.68" 110 12Pt:1Rh 40

X 6.0"L

3 Pty 2 Rd(20) 400,6 4.0" x 6.0"L 75 3Pt:2kd 20

Pd (40) 400,6 4.0" x 6.0"L 75 Bd 40

Pa + BM (35) 400, 6 4.0" x 6.0"L 75 Bd 35 Proprietary
transition
elements

Qu N/A 4.25" x 12.0"L 170 None Copper mesh
7.7% packing
density

Pd (20) 400,6 4.0" x 6.0"L 75 Pd 20

Ag (150) 400,6 4.0" x 6.0"L 75 Ag 150

*This catalyst is a “racetrack" in cross section. All other catalysts are circu-

lar in cross section.
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FIGURE 1
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In Table 1, the catalysts have been referred to by an an Ab-
breviated Catalyst Code. The original catalyst on the vehicle
contained platinum and rhodium in 5:1 ratio at a loading of 40
grams per cubic foot of substrate volume. As an example of the
Abbreviated Catalyst Code, this catalyst has been referred to
as catalyst 5 Pt: Rh (40).

All catalysts in the group are of identical volume except for
the 12 Pt:Rh (40)* catalyst and the Cu catalyst. The 12 Pt: Rh
(40)* catalyst is a sample of 110 in3. Initially we planned
to test all samples in two volumes; however, the smaller noble
metal samples were so active that increased catalyst volume
would 1likely be able to provide little improvement in low
mileage conversion efficiency. If durability testing is un-
successful, then larger catalyst volumes may be one of several

possible paths to take.

All catalysts used in the program were zero mile catalysts ex-
cept for the original catalyst on the vehicle. Assuming this
catalyst had been on the vehicle since manufacture, it had ac-
cumulated less than 3,000 miles prior to testing at EPA,

Tailpipe emissions from this vehicle with no catalyst at stoi-
chiometric operating conditions averaged 0.92 HC, 7.52 CO, 2.08
NOx. In comparison to gasoline-fueled vehicles, these simul-
taneous CO and NOx levels are low for an engine operating at
stoichiometry witn no EGR.
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Tables 2, 3, and 4 present summaries of the FTP results which
were obtained at each exhaust oxygen level. Non-methane HC
results are nearly identical to total HC results at all three
oxygen levels with and without catalysts. This indicates that
there is virtually no methane in the exhaust. Average HC and
CO emssions are below levels of 0.2 HC, 2.0 CO for all except
the silver (Ag), copper (Cu), and mixed metal (Pd + BM) cata-
lysts at all oxygen levels.

Individual emission test results are presented in Appendix 4.
Additional statistics, including standard deviations that cor-
respond to the the mean values in Tables 2, 3, and 4 are shown
in Appendix 5. A listing of unscheduled vehicle maintenance is
provided in Appendix 6.



Table 2

Summary of the FIP Test Results with
Operation as 3-Way Catalysts

Oxygen ' Number
Catalyst Level HC NMHC Methanol Q@ NOx Aldehydes MPG of
(%) Siiii——— V4110 Y Rt —— (mg/mi) Tests
None 0 .92 .91 2.18 7.52 2.08 241.6 13.89 Up to 14
5 Pt: rh (40) 0 .15 J14%x* .21 .18 .84 20.3 14.18 Up to 6
12 Pt: rh (40) 0 .11 NELLL C33%k% .69 .62 11.6 13.97 3
12 Pt: kh (40)* 0 .13 | Cd14r* L824 1 .76 11.4 13.95 2
3 Pt: 2 Pd (20) 0 .15 CLS%R% N/A 1.47 .85 29.5** 13.78 3 .
pd (40) 0 .17 LA5%*% . 35%*% 1.99 .74 41.5 13.47 3 :;
Pd + BM (35) 0 .28 .27 N/A 2.85 1.97 118.8 14.14** 2
Cu 0 .90 .90 N/A 7.52 1.88 291.9 13.69 2
Pd (20) 0 .18 .18 N/A 1.84 .67 41.0 13.81 3
Ag (150) 0 .54 .53 N/A 6.53 2.03 55.4**** 13.85 4

N/A means data are not available
*Racetrack, others are round
**hased on 1 test
x**hased on 2 tests
****hased on 3 tests



Table 3

Summary of the FIP Test Results with
Operation as Oxidizing Catalysts

Oxygen Number
Catalyst Level HC NMHC Methanol (6 0) NOx Aldehydes MPG of
(8)  —ommmmmmmme———eeee- (0740 ) Rttt — (mg/mi) Tests

None 3 ".92 LBlx**xx 2,08 7.26 2.09 264.3 13.93 Up to 5

S Pt: kh (40) 3 .14 .14 .59 .60 1.95 15.4 13.75 1
12 Pt: Rh (40) 3 .12 .11 .31 .39 2.01 15.6 14.01 3
12 Pt: Rh (4U)* 3 .13 .12 N/A .40 2.05 14.4 13.74 3
3 Pt: 2 Pd (20) 3 .16 .15 .28 ' .35 2.07 72.9**  13.43 2
Pd (40) 3 .14 .14 N/A .38 1.98 68.0 13.43 2
Pd + BM (35) 3 .28 .27 N/A 2.05 1.95 129.4 13.90** 2
Cu 3 .90 . .90 N/A 7.29 1.82 322.3 13.44 2
Pd (20) 3 A .15 .15 N/A .40 1.90 94.2 13.83 2
Ag (150) 3 .43 L46x** N/A 5.93 1.99 N/A 13.71 3

N/A means data are not available
*Racetrack,. others are round

**hased on 1 test

*kxhased on 2 tests
***x*pased on 3 tests

-VI—



Summary of the FTP Results with

Table 4

Operation as Oxidizing Catalysts

Uxygen Number
Catalyst Level HC NMHC Methanol Qo NOx Aldehydes MPG of

(3) - e ——————— (g/Mi) —~==—mmmm e (mg/mi) Tests

None 5 .90 L9T7%%% 2,46 7.51 2.09 194.2 13.83 Up to 6

5 Pt: kRh (40) 5 N/A N/A N/A N/A N/A N/A N/A 0
12 Pt: Rh (40) 5 .12 12 .32 .40 2.10%**  21.0 13.91 4
12 Pt: kh (40)* 5 .13 .13 N/A .46 2.09 20.8 13.76 1
3 Pt: 2 Bd (20) 5 .19 L19%% A.36 .40 2.03 117.4 13.51 2
Pd (40) 5 .16 .15 N/A .36 2.05 141.9 13.26 3
Pd + BM (35) 5 .37 .36 N/A 3.66 1.94 279.5 13.85 3
Cu 5 .87 .86 N/A 6.93 1.82 313.9 13.47 2
Pd (20) 5 .13 N/A N/A 1.31 1.91 104.0 13.70 2
Ag (150) 5 .54 .53 N/A 6.96 1.89 N/A 13.79 1

N/A means data are not available
*Racetrack, others are round
**hased on 1 test
***phased on 2 tests

;gT-
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Average methanol emissions ranged from 0.21 to 0.82 gram per
mile at stoichiometric exhaust conditions and with catalysts.
At the 3 percent and 5 percent oxygen levels, methanol emis-
sions with the catalysts ranged from 0.28 to 0.59 gram per mile.

The catalysts which contain rhodium were expected to have sig-
nificant NOx activity when operated as 3-way catalysts. The
other noble metal catalysts also had good NOx activity in these
low mileage tests. Based on the performance of vehicles fueled
with gasoline, this activity may not be retained over substan-
tial mileage accumulation with the catalysts not having rhod-
ium. As expected, none of the catalysts provided NOx activity

under oxidizing exhaust conditions.

Aldehyde emissions were handled much like HC emissions by the
catalysts. All the noble metal catalysts showed reductions in
aldehydes. Aldehyde levels generally increased as exhaust oxy-

gen level increased.

Catalyst efficiencies were calculated for eacn catalyst at each
exhaust oxygen level. The results of these calculations are
presented in Tables 5, 6, and 7. Catalyst efficiency as used
here is defined as tailpipe emissions with no catalyst minus
tailpipe emissions with a catalyst, the difference divided by

tailpipe emissions with no catalyst.

HC efficlencies are greater than or equal to 79% for the noble
metal catalysts, except silver, at all exhaust oxygen con-
ditions. CO efficiencies exceed 73 percent for all noble metal
catalysts, except silver, at all oxygen conditons. The lowest
NOx efficiency for these catalysts (again excluding silver) 1is
59 percent at stoichometry. No NOx efficiency is
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Table 5

CATALYST EFFICIENCY (%)

Oxygen Level at 0%

---------------- Efficiency for------=-c-cce----

Catalyst HC co NOx Methanol Formaldehyde
5 Pt: Rh (40) 83 90 60 91 92

12 Pt: Rh (40) 88 91 70 85 95

12 Pt: Rh (40)* 86 90 63 62 95

| 3 Pt: 2 Pd (20) 83 80 59 N/A 86

Pd (40) 82 74 64 84 83

Pd + BM (35) 70 62 5 N/A 51

Cu 2 0 10 N/A -21

Pd (20) 80 76 68 N/A 83

Ag (150) 41 13 2 N/A 77

N/A means data are not available
*Racetrack, others are round
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Table 6

CATALYST EFFICIENCY (%)

Oxygen Level at 3%

---------------- Efficiency for--=--=--c-cecceca-

Catalyst HC co NOx Methanol Formaldehyde
5 Pt: Rh (40) 84 92 7 72 94

12 Pt: Rh (40) 87 95 4 85 94

12 Pt: Rh (40)* 86 94 2 N/A 95
3 Pt: 2 Pd (20) 83 95 1 87 72

Pd (40) 84 95 5 N/A 74

Pd + BM (35) 70 72 7 N/A 51

Cu 2 -1 13 N/A -22

Pd (20) 83 94 9 N/A 64

Ag (150) 53 18 5 N/A N/A

N/A means data are not available
*Racetrack, others are round
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Table 7

CATALYST EFFICIENCY (%)

Oxygen Level at 5%

---------------- Efficiency for--------cecceeea-

Catalyst HC co NOx Methanol Formaldehyde
5 Pt: Rh (40) N/A N/A N/A N/A N/A

12 Pt: Rh (40) 86 95 0 87 89

12 Pt: Rh (40)* 85 94 0 N/A 89

3 Pt: 2 Pd (20) 79 95 3 85 40

Pd (40) 82 95 2 N/A 27

Pd + BM (35) 59 51 7 N/A -44

Cu 4 8 13 ] N/A -62

Pd (20) 85 96 9 N/A 46

Ag (150) 40 7 9 N/A N/A

N/A means data are not available
*Racetrack, others are round .
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achieved during oxidizing conditions. Aldehyde efficiencies
decrease as oxygdgen level increases. Aldehyde efficiency ex-
ceeds 64 percent up to 3 percent oxygen. If rhodium is used in
the catalyst, aldehyde efficiency is 89% or higher at all oxy-
gen levels.

The Cu catalyst has little impact on any FTP emission. The
silver catalyst has 77 percent aldehyde efficiency at 0 percent
oxygen and has modest HC efficiencies.

The palladium plus base metal (Pd + BM) catalyst does not ex-
hibit the NOx efficiency of other Pd catalysts. Also, the HC
and CO efficiencies are poorer than for other catalysté which
contain Pd. Apparently the amount of palladium present was not
utilized as well in this catalyst as in the others.



w2]l-

Evaporative Emissions

A series of SHED tests measuring evaporative emissions were
performed in order to determine the effectiveness of activated
charcoal canisters in controlling the evaporative emissions of
methanol. The results of those tests are summarized in Table 8.

The first six SHED tests, performed on the car equipped with
its stock canister, results in average evaporative emissions of
1.74 grams per test. In order to determine the effectiveness
of the canister system, two additional SHED tests were per-
formed with the canister vent lines disconnected and vented to
the atmosphere. The results of those two tests averaged 1.73
grams per test. Those results seemed to 1indicate that the
original canister was not (at that time) effective in control-
ling evaporative emissions. Since that lack of effectiveness
might have resulted from the canister being saturated, ad-
ditional testing was performed with the car equipped with new
canisters. These tests also yielded results which were of the
same order of magnitude. Thus, it appears that the activated
charcoal canisters used in these tests are ineffective in con-
trolling evaporative emissions from this methanol-fueled

vehicle.

The flame ionization detector (FID) measurements in Table 8
were "corrected" to reflect the assumption that all the HC
detected was in the form of methanol (CH3OH), having a
molecular weight of 32.04243. ©No attempt was made to further
"correct" the table values to account for the fact not all the
methanol is being measured by the FID. The relative response
of the FID to methanol as compared to propane (the hydrocarbon
commonly used to calibrate the FID response) has been found to
range from 0.73 to 0.85 (3, 4, 5, 6).
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Table 8
Evaporative Emissions*

~----grams per test----

Test Test Heat Hot

Number Date Build Soak Total comments

814597 07-08-82 1.0046 1.1030 2.1076 Stock canister (#l)

814678 07-09-82 0.6759 1.0740 1.7499

814677 07-13-82 0.6618 0.3795 1.0413

815125 07-30-82 0.8749 1.4208 2.2957

815163 08-03-82 0.6897 1.0062 1.6959

815208 08-04-82 0.6708 0.8638 1.5346

816706 10-27-82 '0.7096 0.9141 1.6237 Canister vent lines

816731 10-28-82 1.0334 0.8125 1.8459 disconnected

817499 01-20-83 0.7571 0.7447 1.5018 New canister (#2)

818980 03-25-83 0.8120 0.8512 1.6632 Canister #1 reattached

818982 03-29-83 0.7250 1.0663 1.7913 New canister (#3)

818984 03-30-83 017674 0.9322 1.6997 Canister #2 reattached

818986 03-31-83 0.8133 0.8961 1.7094

818988 04-05-83 0.6585 0.7783 1.4368

818994 (04-08-83 0.7167 0.9193 1.6360 Canister vent lines
disconnected

* PID data "corrected" by assuming all hydrocarbons detected

were methanol, having a molecular weight of 32.04243.
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Highway Cycle Emissions

The noble metal catalysts, with the exception of silver, pro-
vide excellent HC and CO emissions over the highway test as
shown in Tables 9, 10, and 1ll1l. HC emissions are .0l1l0 g/mi or
less under all oxygen conditions. CO emissions are also very
low at 0.33 or less. As on the FTP, NOx is substantially re-
duced by the noble metal catalysts, except silver, during stoi-
chiometric exhaust conditions.

The mixed metal catalyst performed well on the highway test.
HC and CO were highest at stoichiometry where they were .016
and 1.48 g/mi respectively. Some NOx reduction was also seen.

The copper catalyst showed some HC activity over the highway
test. The HC activity increased as the exhaust oxygen level
increased. CO, aldehydes, and NOx emissions were not strongly
impacted by the copper catalyst. The silver catalyst has sub-
stantial HC and modest CO activity. Aldehyde emissions were
only measured at stoichiometry, and they were very low (less
than 3 mg/mi).

The copper and silver units have shown improved emission con-
trol capabilities over. the highway cycle as compared to the
FTP. Apparently the lack of a cold start and/or the higher
catalyst inlet temperatures are permitting the catalysts to be
more active. Additional efforts could be expended on these
catalysts to further increase catalyst inlet temperature during
-all driving modes by insulation of the exhaust system.

Exhaust emissions over various steady state conditions were
also measured in our testing. These results, from idle to 30
mph, are summarized in Appendix 7.



Table 9

Summary of the Highway Test Results with

Operation as 3-Way Catalysts

Oxygen
Catalyst Level HC NMHC Methanol Q0 NOx
(8) oo (@/mi) —=—====mmmm oo
None 0 .428 .419 .693 6.67 2.81
S Pt: kh (40) 0 .002 L001**%* 004 .11 .09
12 Pt: Rh (40) 0 .003 .003 .009*** .05 .61
12 Pt: Rh (40)* 0 .008 L009*** «034*x* .06 .55
3 Pt: 2 Pd (20) 0 .007 L007%** N/A .22 .64
Pd (40) 0 .006 L005%**  _0l6*** .33 .51
Pd + BM (35) 0 .016 .012 N/A . 1.48 1.63
Cu 0 .304 .298 N/A 6.91 2.41
Pd (20) 0 .009 .007 N/A .38 .35
Ag (150) 0 .024 .019 N/A 4.26 2.74

N/A means data are not available
*Racetrack, others are round

**phased on 1 test

**xihased on 2 tests
xkkxpased on 3 tests

Number
Aldehydes MPG of
(mg/mi) Tests
168.3 17.20 Up to 14
.2 18.08 4
.5 17.32 3
1.2 17.72 3
L9%*  17.16 3
.7 16.98 3
J.1%** 17.59 2
130.7 17.03 2
1.9%%%  ]17.26 3
2.4 17.10 3

-pz_



Table 10

Sumary of the Highway Test Results with
Operation as Oxidizing Catalysts

Oxygen Number
Catalyst Level HC NMHC Methanol (8 0] NOx Aldehydes MPG of
(53 st (V2110 Y et ————— (mg/mi) Tests

None 3 .407 .3o8 .927 6.21 2.81 174.5 17.34 Up to 5

5 Pt: kh (40) 3 N/A N/A N/A N/A N/A N/A N/A 0
12 Pt: kh (40) 3 .009 .007 .004 .005 2.73 1.2 17.74 3
12 Pt: Rh (40)* 3 .009 .008 .014 .025 2.84 2.0 17.39 3
3 Pt: 2 Ad (20) 3 .010 .007 L014%%* .006 2.77 1.7%%  16.92 3
I (40) 3 .008 .006 N/A .012 2.65 1.8 17.05 2
A+ BM (35) 3 .013 .009 N/A .046 2.60 3.0 17.5]1%* 2
Cu 3 . 200 .194 N/A 6.42 2.28 137.2 16.96 2
Bk (20) 3 .008 .005 N/A .005 2.54 2.7 17.05 2
ag (150) 3 019 .014 N/A 3.47 2.04 N/A 17.28 4

N/A means data are not available
*Racetrack, others are round

**pased on 1 test

*riphased on 2 tests

ez-
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Summary of the Highway Test Results with

Operation as Oxidizing Catalysts

Oxygen
Catalyst Level HC NMHC Methanol Q0 NOx
(8)  —oommmmmmmemmmmmmeeee (g/mi)-—=~===—--mmmmmm oo
None 5 .398 L431%* 0,87 6.30 2.84
5 Pt: Rh (40) 5 N/A N/A N/A N/A N/A
12 Pt: Rh (40) 5 .010 .007 .006 L002  2.78%*x*
12 Pt: Rh (40)* 5 .010 .008 .027 .028  2.80
3 Pt: 2 Bd (20) 5 .010 .006 .009 .004 2.78
Bd (40) 5 .009 .006 N/A 013 2.72
Bd + BM (35) 5 .014 009 N/A .417  2.64
Cu 5 .150 .144 N/A 6.18 2.21
pd (20) 5 .009 .005%* N/A .003 2.61
Ag (150) 5 .023 .018 N/A 5.07 2.42

N/A neans data are not available
*racetrack, others are round
**hased on 1 test
*xALased on 2 tests
*xxxhased on 3 tests

Number
Aldehydes MPG of
_(mg/mi) Tests
141.7 17.30 Up to 6
N/A N/A 0
1.9 17.39 4
2.2 17.37 1
3.0 17.05 2
2.7 17.01 2
14.5 17.70 2
124.2 16.73 2
2.9 17.03 3
N/A 18.20 2

-97~-
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Cost and Efficiency per Dollar Estimates

An estimate of the sticker cost of each catalyst in this study
has been generated using the methods of reference 7. Sticker
cost means  the cost to the consumer of the catalyst as it 1is
reflected on the sticker of a new automobile at an automobile
dealership. The information in reference 7 has been updated

1) to use 77 percent of the current producer prices for noble
metals as stated in the May 13, 1983 edition of American Metal
Market - Metalworking News Edition and 2) to account for in-

flation between 1977 and 1983 at an estimated rate of ten per-
cent per year. We use 77 percent of producer price for noble
metals to account for what we estimate are the discounts to the
automobile manufacturers due to high volume, long term pur-
chases.

Each catalyst has been evaluated as an oxidizing and 3-way
catalyst on an "efficiency per dollar®™ basis. This means that
for an oxidizing catalyst, the previously calculated catalyst
efficiencies for HC, CO, and aldehydes were summed and then the
total was divided by the estimated sticker cost. The only dif-
ference in the calculation for 3-way catalysts is that catalyst
efficiency for NOx is added to the HC, CO, and aldehyde ef-
ficiencies. ‘

The results of these calculations are presented in Table 1l2.
The estimated sticker costs of the catalysts in our program
range from $58 to $150. The costs shown in Table 12 indicate
more accuracy in our cost estimates than we would like to con-
vey to the reader. Normally we would round these costs off to
the nearest 5 or 10 dollars. In this case, rounding to the
nearest 5 dollars would mask real cost differences in the
catalysts and would make non-identical catalysts appear to cost
the same amount. '
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Table 12

Sticker Cost and Efficiency per
Dollar of Each Catalyst

Sticker ~------ Efficiency Per Dollar at-=-----
Catalyst C?;f 0% Oxygen 3% Oxygen 5% Oxygen
5 Pt: Rh (40) 111 2.92 2.44 N/A
12 Pt: Rh (40) 110 3.13 2.51 2.46
12 Pt: Rh (40)* 150 2.23 1.83 1.79
3 Pt: 2 P4 (20) 75 4.12 3.33 2.84
Pd (40) 72 4.20 3.52 2.84
PA + BM (35) 70%* 2.69 -2.75 0.96
Cu 58 -0.16 -0.36 -0.86
Pd (20) 64 4.79 3.78 3.55
Ag (150) 65 2.06 1.10 0.73
Canned substrate
only, no catalyst 56 N/A N/A N/A

* Racetrack others are round
**Does not include the cost of base metals.
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Strictly on the basis of the efficiency per dollar calcula-
tions, durability selection for 3-way catalysts would be made
in the following order of decreasing interest:

Pd (20),

Pd (40),

3 Pt: 2 Pd (20),
12 Pt: Rh (40),
5 Pt: Rh (40),
Pd + BM (35),

12 Pt: Rh (40)%*,
Ag (150), and
Cu.

Additional consideration must be 1included, however, in the
selection of durability candidates. First, we must consider
that wvirtually all 3-way catalysts used for gasoline-fueled
vehicles c¢ontain rhodium. This indicates that rhodium is
likely needed for adequate emissions durability. The second
consideration is that durability testing is so costly that we
may want to test samples with the highest probability of suc-
cess, not the samples with least cost. With these considera-
tions our first priority samples for durability evaluation as

3-way catalysts are in decreasing order of importance:

Pd (40), -and
3 Pt: 2 Pd (20).

Durability testing with other samples is not recommended. The
samples designated Cu, Ag (150), 12 Pt: Rh (40)*, and Pd + BM
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were omitte: on the basis of low efficiency per dollar. The Pd
(20) unit was omitted because it is like the Pd (40) catalyst
in all respects except that it contains only half as much pal-
ladium.

For durability operation as oxidizing catalysts, efficiency per
dollar would dictate selections in this order:

at 3% Oxygen at 5 % Oxygen
Pd (20), Pd (20),

Pd (40), Pd (40),

3 Pt: 2 PAd (20), 3 Pt: 2 Pd (20),
Pd + BM (35), 12 Pt: Rh (40),
12 Pt:Rh (40),

5 Pt: Rh (40), 12 Pt: Rh (40)*,
12 Pt: Rh (40)*, Pd + BM (35),
Ag (150), and Ag (150), and
Cu. ' Cu.

The selections at 3 percent and 5 percent oxygen are in nearly
the same order. Except for the Pd + BM catalyst and one less
catalyst to evaluate at 5% oxygen, the order 1is exactly the

same.

Since rhodium content has not been of importance in oxidizing
catalyst durability with gasoline-fueled vehicles, our recom-
mendations for durability evaluation of oxidizing catalysts
follow the efficiency per dollar calculations more closely.
For durability testing as oxidizing catalysts we recommend that
the following catalysts be considered as the highest priority

samples:

Pd (40), and
3 Pt: 2 PAd (20).
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Again the final four samples on the basis of efficiency per
dollar were deleted from consideration. The Pd (20) sample
again was deleted since it is identical to the Pd (40) sample
except that it only has half as much palladium. Durability
emissions in theory should be somewhat lower with the Pd (40)
catalyst. The Pd + BM sample was not included since it consis-
tently performed at lower efficiencies than the Pd (20) and P4
(40) catalysts.
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Summary

QOver the FTP:
0 Almost no methane is measured in the exhaust.

o Excellent HC and CO control (less than 0.2 and 2.0 grams
per mile, respectively) 1s achieved with all the noble
metal catalysts, except silver, at all -exhaust oxygen
levels.

o All the noble metal catalysts, except\silver, achieve NOx
levels below 1.0 gram per mile at stoichiometry.

o The addition of pase metals ‘to a Pd catalyst did not im-
prove the catalyst.

o CO and NOx control are both poor with the base metal cata-
lyst.

Over tne highway cycle:

0 Exhaust emissions are generally much less than on the FTP
on a gram per mile basis, except for NOx emissions. Ex-
cluding emissions with the copper catalyst (which is the
least active of all catalysts) and CO emissions with the
silver catalyst, little HC, CO, or aldehyde is emitted.

Based on cost, catalyst efficiency, and other considerations,
several catalysts have been identified which merit durability
testing as 3-way and as oxidizing catalysts. Additional cata-
lysts will be evaluated and additional effort will be expended
to improve emissions from catalysts which nave performed poorly
to date.
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APPENDIX 1

Vehicle Description



III. RESULTS

A. VEHICLE DESCRIPTION

1-1

1981 Volkswagen Rabbit "L" 4-Door Sedan - Model 177243

VI# 1VWF801758V012728

Engr. Car # 1285

Automatic transmission, air conditioning, 155 80R13 tires, radio and cloth

interior.
prototype was built.

(A vehicle with Vinyl "leatherette" interior was not available at time
This may have a small influence on evaporative losses, but

this will be negligible once the "new car" background level deteriorates.)

B. DETAILED OOMPARISON OF PRODUCTION vs. METHANOL POWERTRAIN AND FUEL SYSTEM

ITEM

Basic Engine

o

Type
0 Displacement

o Bore

O Stroke

o Compression Ratio
o Valvetrain

0 Rated Power

o Rated Torque

o Other

1980 PRODUCTION

827

1.6 liter (1588cc)

3.13 inches

3.15 inches

8.2:1

Overhead camshaft

76 HP SAE net @ 5500 RPM

82.7 Ft. lbs. SAE net
@ 3200 RPM

Fuel System - Bosch CIS Fuel Injection with
Lambda feedback control.

METHANOL VEHICLE

827

1.6 liter (1588cc)
3.13 inches

3.15 inches

12,5:1 (new pistons)
Overhead camshaft

Not measured

Not measured

GTI basic ergine -
European high
performance engine to
withstand higher loads
- U.S. cylinder head.
Same as Production with

calibration for Methanol
operation.

(Narrative description and schematic of system in Appendix I)



ITEM

Fuel System Cor{tinded
o Fuel Pump
Pump Life

Other

o Accumulator

Maximum holding
pressure

o Fuel Filter

o Fuel Distributor
System pressure
Calibration

Other
o Air sensor

o Fuel Injectors

o Cold start Injector
Quantity
Function

1-2

1980 PRODUCTION

Life of Vehicle

2.5 Bar

4.6 - 4.8 bar

Optimized for gasoline

One

On for start only.

METHANOL VEHICLE

6 months to 1 year due
to corrosiveness of
Methanol.

Improved insulation on
wiring exposed to fuel.

3.0 bar (due to fuel
difference).

Bonding glue changed
for fuel caompatability.

One way check valve
deleted (Incampatable
with fuel).

5.0 - 5.3 bar
Optimized for Methanol.

Material charnges for
fuel campatability.

Modified airflow
characteristics.

Material change for
fuel compatability.

Plastic screen replaced
by metal screen.

Two

Cold start valves pulse
for 8 seconds beyond
start mode, below zero
degrees centigrade.



ITEM

Fuel System (Continued)
o Fuel Injection Wiring

o Air Conditioner

Idle Load Compensation

o Idle Setting

KV

IGNITION

o Distributor

o Spark Plugs

OIL QOQLING

1-3

1980 PRODUCTION

Ignition distributor

vacuum advance controlled.

PCV Valve with calibrated

plunger and calibrated
orifice.

Transistor high energy
with hall effect and

digital idle speed control

through spark advance.

Bosch W175T30

None

METHANQL VEHICLE

Calibration changed for
Methanol.

Material changed for
fuel compatability.

Modified for cold start
pulse function and to
accomodate relays and
thermo switch.

Throttle body idle air
flow bypass system
controlled. (Same as
1982 Production)

Specific to Methanol
calibration (See
Appendix II)

PCV valve with cali-
brated plunger - no
orifice.

Slightly reduced maximum
centrifugal advance and
slightly modified vacuum
advance/retard char-
acteristics. (See
Appendix III)

Bosch W260T2-Colder

Heat exchanged from
ergine oil to cooling
water for high loads
only (e.g. trailer
hauling) not antici-
pated to be needed in
normal operation.



ITEM

TRANSMISSION

o Torque Converter Ratio

o Stall Speed
0 Gear Ratios
1
2
3
Axle

FUEL TANK
0 Material

o Coating

o Seams & Fittings

o Cap

FUEL

1-4

1980 PRODUCTION

Automatic 3-Speed

2.44

1900-2200 RPM

2.55
1.45
1.00
3.76

Steel

Terneplate

Soldered
Non-Locking

Unleaded gasoline

METHANOL VEHICLE

Automatic 3-Speed (1981
Production Transmission)

2.44

2000-2200 RPM

2.55

1.45

1.00

3.57
(European)
Steel

Phosphated steel,
exterior painted

Brazed

Buropean neck and
locking cap

Methanol with 5.5%
Isopentane
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FCRMALLCEHYLCE MEASUREMENT IN VERICLE EXHAUST
AT MVEL

Robert K. Cilkey

Measurement of exhaust formaldehyce at MVEL is performed using a DNPE (Cinitroghenyl-
hydrazine) technique adapted from that cf L.A. Bulll, Exhaust cartonyls (ircluding
formaldehyde) are reacted with CNPH soluticn forming hydrazcne derivetives. The deriva-
tives are separated directly from the CNPH solution using a liquid chromatograph (LC).
Cuantization is accamplished with a spectrophometer in the LC effluent stream d&rivirg an
integrator unit which determines peak height and/or area.

SAMPLING SYSTEM

Figure #1 gives an cverall view of the formal-
dehyde csampling system. Exhaust from the
vehicle is ducted to the corstant volume
sampling (CVS) unit where it is quantitatively
diluted with room air. The formaldehyde system
draws off a small portion of the diluted exhaust
through a probe within the CVS unit. The
collecticn portion is attached directly to the
CVS unit to keep the plurking as short as
possible. A flcw measurement and control unit
is mounted to the wall at the left. The sample
purp is mounted to the floor under the flcw unit
and is not vigatle.

Figure #2 is a schematic of the samplimg
system. All of the sclencid valves are electri-
czlly connected to the CVS btag sampling
switches. Activation of any one of these three
switches autamaticzlly selects a unique set of
impingers (butklers) and isolates and vents the Fia 1
other two sets. Isolation and venting are

required to prevent ccntamination of the CVS

unit cr the sarple lines.

The sample system is constructed cof stain-
cve less steel, teflon, and glass upstream of

sy av sV the impingers. This part of the system is
also maintained at 100°C. These precautions
helgp crevent loss of formaldehyde within the
system. Downstream of the impingers,

construction materiels and high temperature
are not critical.

Two impingers are used in each set. Each is
filled with five milliliters (ml) of CNPH
sclution and immersed in an ice bath during
test. Two cencentrations of this solution
are usged depending cn the expected exhaust
formaldehyde concentration. 0.25 g/1 DNPH
is used for most catalyst tests while 0.50
Fig 2 SV-S8OLENOID VALVE g/l CNPH is used for ncn catalyst tests.

IMP=IMPINGER The CNPH is cdissolved is slightly acidic
acetonitrile (AQN).

WET TEST METERS

1 r.A. Eull, "procedures for 2, 4 - Cinitrophenylhydrazene Aldehyde-Keytore Air
tnalysis“. Internal EPA, FTP memo, 198l.
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Tests have shcwn that the efficiency of the first impinger is approximately 90% with two
liters per minute sample rate.

ANALYSIS PRCCEDURE

Upon completion of vehicle testing, the impingers are removed from the sampling system and
refilled to 5 ml with ACN. Each impinger is permanently marked at 5 rl to facilitate this
operaticn which restores evaperation loss. The golution is then transfered directly to a
glass vial with a teflon lined septum which is compatitle with the LC autosampler.

Separation of the cartonyl derivatives is cone using a Waters Rsscciates M-6000A chroma-
tography purp with a Varian Micro pak MCE-10 reversed phase 30 cm x 4 mm colum. A
mixture of 65% ACN / 35% water is used ag the carrier at a2 flow rate of 2 ml/minute. The
colum feeds directly into the primary absorbance cell of a vVvarian 635 UV-visitle
spectrophotometer set to 360 nm wavelength. Sample injection is made through a 10 ul loop.

An overall view of the analysis system is shown in figure #3. The system is
semi-automatic. - (Baseline drift must be monitored and corrected during long runs to keep
the integrator fram being driven out of its range.)

Cuantification is done using peak-height
rather than area., Experiments indicate btetter
repeatablility and more consistant results
with this method. The Bewlett Packaré 3390A
integrator permite reports in either
peak-height or area or toth.

b 2 AR DR )

Standards are run prior to each grcup of test
vials to ke analyzed. At least three are used
to Lracket the expected concentrations and a
calibration curve is drawn. Generally this
curve is linear, though corrections are made
if it dis not. (Non-linearity occurs when
vehicle test conditions procduce concentration
differences greater than two orders of
magnitude.)

.
£
«
i.

Analysis system sensitivity is noise limited
between + 0.2 and # 0.8 ug/ml of formalcehycde
derivative., This translates roughly to 0.2 to
0.8 mg/mi for the FTP test and 0.05 to 0.25
FiG 3 mg/mi for the HWFE test. Repeatability is
approximately + 5% or tetter.

Curing test sarple analysis, the Cupont 834 Automatic Sarpler sequernces a flush vial and a
sarple vial pair to the injection station. Every csample vial is injected twice. Each
sample is allowed to elute for four minutes befcre the next injection or gair is intro-
duced. Tre sampler will holé up to 47 peirs.
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The Bewlett Packard 33S0A Integrator is started upon injection of the first sarple vial
and allowed to run continuously until the last vial is finished. Tbis unit generates a
continuous trace of the spectrophotometer output anotated with the apparent retention time
of each peak distinguished. A report is generated at the end of each run. This report
gives peak information keyed to the retention time. The “formaldehyde® peaks are easily
‘ gseparated from the others by their relation to the DNPH peak. The integrator will hold
information cn over 1000 peaks which is adequate for very long runs. A typical vehicle
vial analysis report is shown in Figure #4. TwO injections were made of the same vial.
The peaks at 2.38 and 6.46 minutes are formaldehyde/DNPH derivative. Unreacted DNPH peaks
are at 1.91 and 6.00 minutes. (All three peaks preceding CNPH are tentively identified as
species of NOx.) (In this case the vehicle was methanol fueled and equipped with a
catalyst.) The total formalderyde derivative concentraticn from the exhaust for this test
was calculated as 3.1 ug/ml.

STANCARDIZATION
g Standards are made by quantitative dilution
INTAL BONTe > 8pSEem/ - from crystaline formaldehyde/CNPH derivative.
WA FACTGRS 1. 0%ME~¢0 q- 7'(' This derivative (Formaldehyde 2, 4-Dini-
é enylhydrazcne) is produced Ly reacting

troph
40% agusous formaldehyde solution with a hot
saturated solution of 2, 4-DNPE in methanol.

A drop of HCl is added and the derivative is

- precipitated with water. The crystals are
filtered and recrystalized from a mixture of 3
parts methanol to 1 part water.

Primary liquid standards are made at 500 ug/ml
and 200 ug/ml by dissolving the dried deriv-
ative in BPIC grade ACN. A micro balance is
used for this operaticn. Successive dilution
of the primary standards is used@ to give at
least 10 concentrations down to 0.5 ug/ml.
Once in solution, the standards are monitored
for stability.

CALCULATIONS

Data are reported in terms of total formalde-
hyde per test phase and total formaldehyde per

RUN ¢ 13 SEP/28/82 05:00: ! . )
/ M mile driven during the test phase. The
HELGHLS primary equation is:
R dRIGHY TYPE AR/HI HEIGHIN
0.96 181463 PV 0.838  0.932 mgp/mi = (.004046 * CCNC * Vippn * VMIX).
i.lu 210276 L VP u.122  1.080 *C
L.64 360928 SP8 0.099  4.422 vs )
L.yl 8132900 SP6 U.133 41.774 - .
2.38 223822 4P 0.116  L.150 ¥here;
J.29 48386 W 0.447  0.249 . C
4.03 36025 VP 0..99 0.189 CCNC = Concentration of derivative (ug/ml)
4.44 24962 W 0.170  0.128 Vimp = Volume cf impinger fluid (ml)
4.69 20429 W 0.105  0.105 VMIX = Total CVS £low (££3)
3.93 Lglgo; W 0,091  0.779 VS = Volume of sample taken (1)
5.1 4649 D W 0.10L  1.866 i i i
373 876831 sP2 0103 4 30e D = Distance driven during test (mi)
6.0U 3201920 sH 0.132 42.129 .
6.46 232878 M8 0.9  L.196 004046 S’.“”_M!;%al_de_hzg . %;ﬁ
6.76 20702 0 8P 0.095  0.106 . rivative
FIG 4 ' = 30.011 «~ 28.316

210.04 1000
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is determined frcm the fermaldehyce peak height counts for eech sarple vial. Thre
"best” peak is chosen from the two for each vial. If beth are good, the last is
chosen. The calibration curve for the run is thern used to cktain the concen-
tration from the height counts. “"Best" is dJetermined fror integrator peak
information and visual inspection.

is held constant at S r]l cf CNPH sampling solution in each impinger. Evaporation
of the ACN solvert during test is a protlem despite the ice tath in which the
impingers are glaced. The losgs is always made up tefcre the solution ig trars-
fered to the csample vials. Transfer of CNPH solution between or out of the
impingers cue to pressure imbalances is prevented ty the isolating and venting
solenoids.

is ottained cdirectly for each test from the CVS control unit. The valuve
represents the total volume of dilute exhaust produced ty the vehicle during a
test. VMIX is presented at standard conditiors of 760 mm Hg anc 68.0°F.

is measured bty Precision Scientific 63111 or 63115 wet test meters. The meters
are calitratec at nominal MVEL cressure and temperature conditiors cf 736 mm Hg
and 73°F to correct readings to the atove conditions. Corrections to actual test
conditions are minimal ané are neglected.

is ottained as roll revolutions from the dynamometer control unit. A calikration
factor is used to convert this reading to miles. This calikration rarely changes.

(Molecular wWeight) for btoth formaldehyde and its DNPH derivative were calculated
from their molecular formulas ané generally availatle etomic weights. The
formulas are:

2, 4-Cinitrophenylhydrazine (CNPH)}........ Hy NNHCgH3(NC3)2

Fermaldehyde.....cvviieccnnnnnnns esese.o CCHy

Fermaldehyde 2, 4-Dinitrophenylhydazore... CHy NNHCgH3 (NC2)2

Cne mole of formaldehyde reacts with one mole of CNPH to give one mole of
derivative plus cne mole of water.

A standard work sheet is used to collect aata and report results. The results may oe
calculated from the equations and conversions given on the sheet. A "BASIC" program for
the apple Compriter has peen developed to complement tne work sheet. This program generates
a calibration equation of the form: Conc 3 A3*(Counts)2 + A2*(Counts) + @. ‘The curve is
forcea through zero, zero. The coefficiencts are then used in the reduction program pre-
sented in Figure 8.



FORMALDEHYDE ANALYSIS WORKSIEET

Ci1,0 tofss = (.004046 * Conc * Vy o * VHIX)/(Vg * Dist) TEST ¢ ATE__F-24 -82
i\COXVERT |» UNITS |» g1 |sBg2 JeBg 3 [ FIP Tot|etFE  JoIbLE. .20 mph [4:30 mph [440 wph
DMPH Vol. ol Veus 5
. .
Samp. Vol. . ftJ 0.933
o« * 28.316 1 Vs 23.640 e
. T
VMIX . £e? MIX 415
?
Distance . Roll Rev 23§23
(Cal.) *{ /(RR/nt) 2331.87
Distance 0 mi Dist 10.21%
Defl. W "‘.77'
Ranpe " Wrian 0.5°
Law Conc. 1 ugpl/al Conc 3.3
__________ [ ENNUUUUIUU U AP . i PRI SRS SERNUIY SR
Dap, Conc. ppmg '
Bag Conc. ng,./1
" :
Tot. CH,0 wgp 11.041
P ’ t
(IIIZ() Emiss . mgF/ﬂll Cl120 E. | N
—————————— 7] P—--—~_—-‘— e ] sttt sttt skl st e e e s o P - - - - -
We. FTP »§ Dist ot
i IRtHd 0.5 1.0 0.5
» Wt mi f
e
o flot . CMZO mg,.
L T 0.43 1.00 0.57
It Wt Tol
w
it limlss.--'—w——--——”('TOLt .
I FiIG o
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IRUN FMALD.EPA
FORMALDEHYDE DATA REDUCTION

CAL DATA
ALY =0
AC2) = 9.355983598E-06
A(3) = 1.59070037E-12

ARE THESE THE RIGHT COEFF’S ? (Y/N) ¥

TEST DATA
USE “Q” TO QUIT ‘R’ TO REDO
ONPH VOLUME (ML) ? S
VB = 5 ML
SAMPLE VOL (CU FT OR L) ? .832

Vs 832 CU FT
Vs 23.558%912 LITERS

UMIX (CU FT)> ? 4126
UMIX = 4126 CU FT

ROLL REVS ? 23924
ROLL REVS = 23926
DISTANCE = 10.261755 MILES
PEAK HEIGHT COUNTS ? 217547
PEAK HEIGHT COUNTS = 217547
CONCENTRATION = 2.15 UG/ML
CH20 EMISS = .74 MGM/MI
TOTAL CH20 = 7.64 MGM
ID FOR THIS VIAL? 9-28-82 HWFE

HIT RETURN TO CONTINUE
TEST DATA

USE Q7 TO QUIT “rR" TO REDO

FIG. 7
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ILOAD FMALOPRMO
ILIST

20 HE$ = "FORMALDEMYDE DATA REDUC
TION®

30 REM : PR#4

40 HTAB 20 - ( LEN <(HES$) / 2): PRINT
HE$: PRINT : PRINT

20 INVERSE : PRINT "CAL DATA": NORMAL
: PRINT

100 NS = 3

102 D% = CHR$ <d>: REM CONTROL
0

104 PRINT O$:"OPEN COEFF, L4%"

108 PRINT O$;"CLOSE COEFF"

108 PRINT Ds:"OPEN COEFF, L45"

{10 FOR It = 0 TO NS =~ |

112 PRINT D$:"READ COEFF, RO, B*
i1l #1S

114 INPUT ASC(I1 + 1): NEXT 1}

116 PRINT D#;"CLOSE COEFF*"

118 0TO 200

120 INPYUT " A1) & ":AS(L)

140 INPUT AC2) = " ;AS(2

140 INPUT * A3y = " AS(D

180 PRINT

200 HOME : INVERSE : PRINT "CAL
DATA" : NORMAL : PRINT

220 PRINT * ACLY 3 ":ASCL

240 PRINT * A(2) = *AS(D

240 PRINT " A(3) = ";AS(3): PRINT
: PRINT

242 INPUT "ARE THESE THE RIGHT C
OEFF S ? (Y/N) ";INS

264 IF IN$ = °"N" GOTO 120

2646 IF INS < > "Y" GOTO 262

248 PRINT : PRINT

280 HOME : INVERSE : PRINT "TEST
DATA" : NORMAL : PRINT : PRINT

290 HTAB 10: PRINT "USE "Q’ TD Q
UIiT 'R TO REDO*

291 PRINT : PRINT

300 INPUT " ONPH UOLUME ‘ML> > °
Vgs

320 IF WBs = "* THEN uwBe = "S*

320 IF UBs = "Q" THEM END

338 IF uB% = "R" THEN PRINT "w=

: GOTQ 280

340 [F UBs = "3" THEN GQOTO 409

240  INPUT " YALUE IS NORMALLY S
- IS YOUR VALUE 300D 2 (Y/M)

" INS
365 PRINT "CHRS (72: PRINT HRS
{7 REM BELL
370 IF IN® = "S" THEN IN$® = "3";
GOTAQ 400

380 IF IN$ = "N THEN 30TQ 300

390 IF IN$ ¢ > ®*Y" GOTO 300

400 U8 = uaL UBs): PRINT * LB =
"iUB:t ML": PRINT

Fig. 8
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INPUT * SAMPLE WYOL +“CU FT OR
L)y ? ";Usse
[F VS = “Q* QR US$ = "R" THEN
PRINT “##": GQTO 280
IF vaL (USs) = ) THEN PRINT
"ILLEGAL VALUE-PLERSE REENTE
R": GOTO 420
CK$(1) = "FT3"
CK$(2) = "FT"
CK$(3) = "F°
IF RIGHTS (USS,1) = *L" THEN
VS = VAl (YSe): GOTO 460
FOR I =1 TO 3
[F RIGHTS (USs, LEN (CKe(I)
)Y = CK${l)> THEN US = AL ¢
USe) # 28.318: 30TO 440
NEXT 1
IF VAL (USs$? > = 8 THEN WS
= YAl (USs): GOTO &40
US = vaL (USe) » 28,318
PRINT " US = “; vaL (YSe) ;"
cu FT"
PRINT * US = "1uS:" LITERS":
PRINT
INPUT * WMIX (CU FT) ? ";UMs
UM = VAL (UMs)
IF UM = "Q" QR UM$ = "R" THEN
PRINT *"#w": GOTO 280
PRINT * UMIX = *“:UM;3;* CU FT"
: PRINT
INPUT * ROLL REVS ? ";RRe
IF RR$ = "Q" OR RR$ = "R" THEN
PRINT "==": GQOTO 280
[F VAL (RRs$) = | OR vaAL (R
R$) = 0 THEN RR$ = "0°:MI =
1: GQTO 740
Ml = VAL (RR$) / 2331.57
PRINT * ROLL REVS = ";;RR$
PRINT * DISTANCE = “iMI;" MI
LES": PRINT
INPUT " PEAK HEIGHT COUNTS 2
" PHS
IF PH8 = "Q" OR PH$ = "R" THEN
PRINT “=#*: GOTO 280
PH = UAL (PHS)
PRINT * PEAK HEIGHT COUNTS
= ":PH ’
AMT = 0
FOR L = 1 TQ NS
AMT = aMT + AS(L) =« PH ~ <L -
1
MNEXT L
FRINT " CONCENTRATION = " IMT
CAMT < 100 + .S) - 100" UGS
ML" s PRINT
FE = +.,0040dé ¢ ~MT « UB <« 'UM
) VG = MDD
FT = (.004044 « AMT » UB <« M
Yoo us
PRINT * ©CH20 EMISS = ": INT
(FE « 1Q0 + .3 / 100" MGM/
MI": PRINT
PRINT * TOTAL CH20 = " INT
(FT = 100 +« .35 / 100" MGM"
: PRINT
INPUT 1D FOR THIS UlAL? "
Ne
INPUT "HIT RETURN TO CONTINU
E" ;1 INS
GOTO 280
EMND

Fig. 8 (cont'd)
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Procedures for 2,4=Dinitropheaylhydrazome Aldehyde-Ketone Air Analysis

-

L.A: Hull, Dept. of Chemistry, Usion College, Schemectady, New York,
on leave at U.S. EPA, in Gas Kinetics and Photochemistry Branch
Mail Drop 84, RT?, NC 27711

éf30/52
I. Rasgents:

A. 2,4=-Dinitrophenylhydrazine (DNPE) - Commercially available DNPE is
recrystallized 2-3 times from HPLC grade acetomitrile (ACN) (Burdick and
Jackson). To 50 ml of the ACN is added 3 gms of the DNPH. The solution
is brought to a boil and decanted from any solid residue, allowed to
cool to room temperiature and then placed in an ice bath. The crystals
are isolated by suction filtration with a minimum of atmospheric exposure
to prevent the introduction of contaminants.

B. Sampling Solutions:

l. Ambient sampling (low ppb levels): In a 1.0 1 volumetric flask
0.25 g of purified DNFH is dissolved in 1.0 1 of HPLC grade ACN.
To the rasulting solution is added 0.2 ml of concentrated 32504.

2. Laboratory sampling (ppm levels): The above concentrations are
doubled.

II.° Sgggiing Procedures:

A. Apparatus: A schematic of the apparatus is shown in Figure 1. The
pump, flow controller, and flow meter all come after the impinger. The
impinger is a non-frit type with the bubble tip within 3.0 mm of the
bottom. The impinger should be calibrated for 2.0 and 4.0 ml of solutiom.

B. Ambient Samples: Without the bubbler the flow rate is adjusted for
about 0.5 l/min with the needle valve. To the impinger is added 4.0 ml
of the "ambient" sampling solution. The impinger is connected to the
pump and the inlet lines and placed in az ice bath up to the level of
the DNPH solution. The pump is cthen turmed on and the flow readjusted
to 0.5 1l/min. The sampling continues for 60 minuctes (30 liters). After

Figure 1. Schematic of DNPE sampling apparatus
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sampling is complete the impinger is disconnected from the pump and
inlet lines, caped and the solution warmed to room tamperature. With
the caps off the impinger the solution is made up to the 2.0 ml

mark on the impinger by the addition of ACN through the inlet portiom
of the impinger.” This serves to fix the final volume for comceatracion
calculacions latter and wash any material that collects before the
sampling solution into the soluticn. The solution is then transferred
to a teflon caped vial. .

C. Laboragory sampling: The apparactus is the same except no ice bath

is needed. Only 2.0 ml of DNPH .laboratory sampling solution is required
in the impinger and the sampling rates are from 0.1-0.5 l/minute with

the total volumes from 0.25-2.0 1 depending on how high the concentratioms
are. With the solution as constituted iz would be best to kesep the product
of che carbonyl concentrations timas the volume sampled less than 10 ppu-
licers (10,000 ppb~licers) and the optimal product is 0.50 ppm-liter. For
exanple if cthe carbonyl compound is at 0.5 ppm then a good sample size
would be 1.0 1 with the maximum being 20. liters. Another limitacion
arises if an accurate anmalysis of ketones is desired. In that case the
amount of moisture introduced must be kept less than 30 microliters in

the 2.0 ml of solution. The sampling volume may then be determined by
taking into account the humidity of the air. After sampling the solution
is made up to 2.0 ml with ACN addition (as described before) and then
transferred to a teflon caped vial.

III. Apalysis:

A. Standardization: Standards can be prepared in two ways.

1. Solid 2,4~-Dinitrophenylhydrazones: Using standard metheds (N.D.
Cheronis, J.B. Encrikin, and E.M. Hodnett, Semimicro Qualitative

Organic Analysis, 3rd Ed. Interscience Publishers, New York, 1968,

pg. 499-501) the crystalline 2,4-dinicrophenylhydrazones of a

number of the ketones and aldehydes were prepared. Weighed samples

wvere :hgg made up to known concentractioms in ACN solution (approximately
2. X 10 "M) and the solutions used as standards.

2. Direct addition of the carbonyl compound to the reagent solutiom:

A measured volume of a liquid . carbonyl compound (usually 1.0 micro-
liter) is added to ACN (2.0 ml). An aliquot (usually 4.0 microliters)
of that solutiom is them added to 2.0 ml of the laboratory sampling
solution. Using the density of the carbonyl compound the concentratiom
of the carbonyl compound (actually the 2,4=dinicrophenylhydrazone
derivative) in the sampling solution can be calculated and the resulting
solution used as a standard.

B. Analytical conditioms: A Variaa 5000 EPFLC liquid chromacograph

equipped with a built~in 254 am ulcraviolet absorbance detector comnected

to a Hewlett~Packard 7132A recorder, and a Variable Wavelength Spectra Physics
SF 770 UV detector (set for 360 om) connected to a Hewlett-Packard 3380S
integrator were used. The analytical column was a Varian Micropak MCH-10 re-
versed phase 30 cm x 4 mm column. The anmalytical conditioms are similar to
those already described (K. Kuwata, M. Uebori and Y. Yamasaki, J. Chrom. Sci.,
17, 264 (1979)). The HPLC condicions were 652 acetonitrile/35X water
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(currently the analysis is done with 642 acetonitrile/362Z water to
compensate for some column degratiocn) with a flow race of 1.5 ml/min.
In Table 1 are listed the retention times and calibration factors for
those common compounds for which standards have been run. The
standardization factors are based on a3 30 1 air sample having deposited
its aldehydes/ketones ia 2.0 @l of the DNPH reagent solution. For
smaller air samples or larger volumes of callecting solution proportional
factors can be usad with the standardizaction figures ian Tabie 1. In
Table 2 are listed the retantion times and standardizacion factors for
some terpene carbonyl compounds rum with sclvent programming as
follows: flow 1.5 ml/min, 652 ACN/RZO-S ainutes, 65 to 752 ACN over
the next 10 minutes.

C. Analytical Procedures: The sample soluzions are transferred to a
heavy-walled 2.0 ml reaction vessel fitted with a teflon cap (Supelco,
Ing., Bellefonte, PA) and heated 15 mins in a2 water bath at about 70-
80°C. The solution is then injected into the EPLC via a 10 microliter
sampling loop. The solution is heated for another 15 minutes and

the analysis repeated until successive injeczions agree to within

10X. For aldebydes the development is usually complete in 10-15 minutes.
For simple ketones 30 minutes usually suffices, while the dicarbonyl
compounds require as much as 3 hours heating.

Using the standardization factors and retentions times the peaks can

be assigned and quantified. Because the formaldehyde peak overlaps the
tail of the unreacted DNPH resagent the integration obtained is oftemn -
distorted by baseline triggering problems. For a reliable formaldehyde
concentration it is best to draw a baseline and use the absorbanca
measurement to determine the concentration.

1. Ambient samples: Because all the ambient samples are likely
to contain significant quantities of water (greater than 0.2 ml)
the ketone responses are virtually completely supprassed by the
equilibrium shown below while the

+
B

ti

\ N\
/C = 0 + H N-NHDNP /C = NNEDNP? + HZO

2
aldehyde rzspouses are approximately 90%Z of their true. ambient
values. This result was obtained {rom experiments in which
water was deliberately added, as well as sampling from moist

bag samples. The data on ambient samples can then be handled

as all aldehyde analyses and the values obtained as being approx-
imately 90% of the true ambient values.

For high boiling (greater than 150-200°C) ketones (inm particular

the tarpeme carbonyl compounds) it is possible to evaporate off

all the solvent (ACN and water) from the sample solutiom by

gently heating the solution in a 10 ml beaksr on a hot plate (remove

the solution before the last of the solvent evaporates and let it

do so without further heating). Redissolving the residue in 2.0
.ol (or lass, if enhanced sensitivity is desired) pure ACN removes

the water interference problem.
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2. Laboracory samples: If the quancity of water in the sample
(as determined by the humidity of the sampled air and the volume
sampled) is less thaz abouz 50 microlicers/2.0 ml of sampling
solution there is litzle if any interference in the analysis of
any” aldehyde or ketone so far sazpled. Using 2 bubblers, bag
-sampling, and FT-IR cross checking of concentrations indicaces
collection efficiences are 1007 as far as it can be determined for
all the varieties of coapounds lisced in Tables 1 and 2 from the
low 225 ranga up to saveral ppm.

3. Interferences: Besides the vater interferance in katone analyses,
as mencioned above, there is also s potential interference of simple
aromatic compounds with the HPLC analysis at 254 nm. Because the 254
UV absorbance datection is Sensitive to the presence of arcmaticity,
any speciss that collects in the ACN solutions and possesses an
aromatic ring can potentially interfere with the 254 nm analysis.

As a practical matter only benzene, toluene, (RT 3.74 min) and the
xylenes (RT 4.5 min) are likely interferemces. The 254 detector is
1/25 as sensitive to the above compounds as to the DNPE derivatives
so only high concentrations would intarfere with the analysis of
particular carbonyl compounds. The use of 360 nm detector eliminates
any such poteatial interfaerence.

In experiments to date no intarferences of O3 (less than 0.5 ppm),
NO (less than S ppm), NO, (less than S ppm), and HONO (less than
5 ppm) have been observed in the 1-2 litar laboratory sampling
and none have been observed with ambieat sampling.

IV. General Comm:-~ts: The above described method for ambient aldehyde and
laboratory aldehyZa/ketone analyses is simpler than the aquecus impinger method
descridbed in the litsrature (see above, K. Kuwata reference) since it involves
no extractions (which introduce solvent contamination problems and small

volume handling problems) and in addition is efficient at collecting and
quancifying carbonyl compounds of six or more carbons. In tests of the

aqueous impinger method it was found to give, in our hands, less than 102

of the known gas phase concentration of benzaldehyde. Also even for high
concencration ("laboratory") runs on ketonmes, because of the presence of water
(as solvent) the aqueous impinger method was not useful for ketone determinatioms.
While the above described method has drawbacks it is a useful tool for ambient
aldehyde measurements and quite useful for aldehyde/ketone measurements in
experiments where the water concentrations relative to the aldehyde/ketcne
concentrations are in the appropriate range.

The use of 360 om detection (instead of 254 mm) also improves the semsictivicy
of the analysis. The increased sensitivity could allow 15 1 ambient samples or
30 min sampling time and it eliminates any potencial ianterferences from simple
aromatic compounds. For laboratory amalyses this will increase the sensitivicy
for which there is no water interference.

~ For routine analyses of high concentration samples (auto exhaust for
example) where carbonyl compounds may be 1-10 ppm range it should be possible
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to use 10-20 ml of the DNPH/ACN sampling solution ("laboratory"”) and collect
1-2 liters of exhaust over some convenient time (30 minutes). The reasultant
_DNPE derivative _concentrations should be ample and the water interference
«cigimal (assusing-the water is less than abour 250 torr).

Care must be taken in the sampling to not unduly obstruct the flow of
air iato the sampling solu:zinn. It has been odbserved zhat siguificant
dacreasas in the aldehyde/ke:zone concemtrations (when ia the ppb range)
are oposerved if the gas sample passes chrough a simple 1 micro teflon
filcer.
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Table 1. Retention Times and Calibration Factors for Simple
Aldehyde/Ketone 2,4-Dinitrophenylhydrazones

-y

Compound - Retention Absorption Cal. Integraticn Integracion**

(DNPY derivative) Time (Mins) (ppb/Abs. unit, x 10 °) (counts/ppb) (counts/ppd)
254 am 254 254 om 360 am
2,4=-DNPH 2.47 — -— —
Formaldehyde 3.22 2.92 1358 5437
Aceataldehyde 3.77 : 3.60 1313 5396
Propionaldehyde 4.51 4.91 1128 . 4726
Acetone 4,46 4.54 1224 5033
i-bucyraldshyde 5.40 4.84 -_ 6327
methyl vinyl ketone 5.15 4.74 1540 -—
crotonaldebyde 5.20 4.00 _ 1819 5958
methacrolein 5.29 4.17 1651 6393
methyl ethyl ketone 5.70 5.50 1248 5138
cyclopentanone 5.75 6.3 1287 -—
glyoxal 5.98 4.40 2066* 3502+
benzaldehyde 6.45 5.94 1433 4929
cyclohexanone 6.88 6.20 1426 —
o-tolualdehyde 7.51 7.76 1417 4331
methylglyoxal . B.25 '5.50 2066* 3502%
hexanal 8.72 9.47 1228 5357
biacetyl | 11.75 9.00 2066 3502

Biaceryl was used as a reference to standardize these compounds which come
as aqueous solutions.

i The retenticu times on the 360 om detector are 0.1-0.3 minutes longer than the

254 detector since the 360 dectector is "downstream" from che 254 detector.
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Table 2. Ratention Times and Calibration Factors for
Terpene Carbonyl Compound with Solvent Programming

s -

Compound Retention Absorbance Ca;3 Incegration Integration
(DNPH derivative) Tine (mins) (ppb/abs, X 10 7) (counts/pph) (zounts/pod)
236 om 254 o 254 oo 360 no
c-pinonic acid 4.02 4.18 1478 5114
c-pinonaldehyde 5.54 — - -—
(mono DNPE) '
nopinone 10.0 9.83 1012 3766

c-pinonaldehyde 13.60 5.42 1717 8629
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Individual Test Data



NUMBER 02 calx DAl JODUM  TPROALDY  _ MPG o NC _L€0 €02 NOX_ HC-NM - METHANOL
SYTOCK CAVAL YSI

814210 Y9 SI0CK 6 23 B2 260% O FIP 20 2 14.1591 0.1902 O 7939 289.14 N/A N/A 0.169

814211 9 SI0CK 6 24 82 2624 O FIP 17 4 14 1227 O 1356 0.6957 289.86 N/A N/A O 142

814212 9 SIOCK 6 29 82 26%2.4 FIP 17.2 14 1052 O 1511 O 9001 290.40 0.5941 N/A 0. 208

814597 9 SiI0OCK 7 08 82 2908 O FiP N/A 13.9216 O 1429 O 8150 294.50 0.5458 0. 1398 N/A

814678 9 SIUCK 7 09 82 2911.0 FIP N/A 14.0618 0. 1494 O 8410 290.96 0.5304 0.1465 N/A
SIOCK CALALYST I% 02

815125 3 S10CK 7 30-82 2987 O FlP 15.4 13.7917 0.1431 0.6034 297 79 1.9496 O0.1360 0.587
SIOCK CALALYS] O4L 02 7?7

815163+ O SI0OCK 8 03-82 3006 O FIP 27 .1 14 0897 0.2623 0.8712 290.13 1.7836 0.2544 0.488

815208 O Si10cK 8 04-82 3018.0 FIP 26.3 14.7251 0. 1587 O 6974 278 .49 1.6792 N/A 0.303
NO CATAL YSH O 02

815236+ O NONE 8-10-82 305%6.0 F1P 353 S 13.6099 1.0205 8 4539 285.83 2 1591 N/A 1.975

815238 O NONE 8 1182 3105.0 FIP 322.9 13 8083 0.8504 7.3019 284 . 24 2. 1713 0.8498 1 783

815240 O NONE 8 12 82 3144 .4 FIP 313.8 13.6639 0.8728 7.3545 287 3% 2.1717 0.8722 2.224
NO CATALYSIH 34 02

815248 3 NONE 8 18 B2 23257 0 FIP 259 .4 13.9984 O 7895 7.3910 280 23 2.0979 0.788S5 2.135%

815250 3 NONE 8-20 82 3286.0 FIP 281.3 13.9026 0.8525 7.2786 282 32 2.0922 0.8515 2.018

815254 3 NUNE 8 24-82 3356.7 FiP 252 .6 14.0144 0.7984 7.1572 280.38 2 1688 0.7984 2.093
NO CAtALYSI S4 02

815260 5 NONE 8-27-82 3453.7 FIP 185.0 13.9566 O 8024 7.2936 280.74 2.0884 N/A N/A

815262 5 NONE 9 04 82 3492 O fFiIP 189 .1 13.8715 O 7679 7 2400 283.12 2.1144 N/A 2.413

815264 S5 NONE 9-09 82 3%41.7 FIP 197 .8 13.4639 0.8304 7.7379 291 .15 2 1911 N/A 2.4942
A4X6-12:1(w1) 0O/ 02

815272 0O (#1y) 9 15 82 3682 1 FIP 8.5 14.0052 0.1005 0.4165 293.47 0O.7000 N/A 0.304

815990 O (#1) 9-17 82 3768.1 FIP 13.2 13.8863 0.1095 O 7285 295.34 0.6666 O0.1042 N/A

815992 O (#1) 9 21 82 13807.0 FIP 13.2 14.0113 0.1222 0.9340 292 .29 O 4967 O.1159 0.353
4X6 12:1(w¥1) 34 02

B15995 3 (#1) 9 24 82 3861.9 FIP 17.9 14.5564 0. 11310 0.3132 282 42 1.8790 0.1062 0.313

815997 3 (#1) 9 28-82 3901.5 FI1P 12.9 13.6245 0 1281 O0.S030 300 62 2.098% O0.1227 0O 316

815999 3 (#1) 9 29 82 3940 O FIP 16 . 4 13.8666 0. 1149 0.23466 296.16 2.0414 0.1094 0.291
AX6-12:1(#1) S% 02 .

BIGVOD § (#1) 9 30 82 4003.5 FiIpP 18.9 13.7625 0.1280 O 4819 297 66 2 1175 0.1228 O 269

816006 S (#1) 10 05-82 4105.0 FIP 20.9 13 8167 0.1229 0.3778 296.85 N/A 0.1179 0O 318

816011 S5 (#1) 10 06 82 4124 O FI1P 22.1 14.1075 0.1082 O 3230 290 77 N/A 0. 1035 0 206

816014 S (#1) 10 07 82 4183 4 FIP 22.0 13.9527 0.1383 0.4144 293.52 2.073% 0.1315 0.375
HU CALALYSI 04 02

B1LO2O O MOME 10O 13 82 4280 O HIP 207 9 14.09 0.808 7 464 277 84 2 181 0.803 2 2a7

B16022 O HONE 1O 14 82 4319.0 P 198 . 3 14.0943 0.7848 7 3961t 2177.63 2.2062 0.7804 2.4%3



NO CAlALYSH
S NONE

816026

6XRIO-12:1(w#2)

816564
816566

6XRIN-12:1(#2)

816568
816572
816574

GXRTO0- 12:1(¥#2)

816576

(o}
(0]

3
3
3

816580+

S
S
816583+ S
S

816586+

(#2)
(v2)

(#2)
(n2)
(#2)

(#2)
(#2)
(#2)
(#2)

NO CATAL VST
816588+ O
816589+
816593+

816597
816600

4X6-3:2 (#3)

816604

(¢}
0
816595+ O
0
0

V]

NONE
NONE
NONE
NONE
NONE
NONE

(#3)

816606 O (#3)

816608

4%X6-3:2 (#3)

8166117
816621

4X6-3:2 (#3)

8171462
817464

0

3
3

5
S

(#3)

(#3)
(r3)

(#3)
tvld)

NO CATALYSH

817470

4X6
817476
817478
817480

AX6
Bi7484
gi/-188

0

-100PD(#4)

0
0
0

1OOPDIXA)

3
a3

NONE

(74)
(n4a)
(#4)

(73)
(21)

b4 02
10 15 82

0% 02
10 20 82
10-29-82

34 02
11 02 82
11-03-82
11-04-82

5% 02
11-05-82
11-18-82
11-19-82
11-214-82

0% 02
11-30-82
12 O01-82
12-02-82
12 03-82
12-07-82
12 08-82

0% 02
12 09-82
12 10 82
12 14-82

3% 02
12 17-82
12 21-82

5% 02
12-22-82
12 23-82

0% 02
i 05 83

0% 02
1 07-83
1 11 83
t-12 83

3402
i 13 83
Vot8 83

4373

4464
4548

4589

4645 .
4684 .

4731 .
4808 .

4850

4917 .

4956 .
49175 .
5040.
5081 .
$123.
5156.

$207.
5246.
5285.

5416

5466.

5520.
5659.

5627 .

5695
5734

$773.

5834
5931

ocvwoooo®

Fip
FipP

FIP
FiIe
FIP

Fip
F1P
Fre
Fip

FIpP
FIP
Fip
FipP
FipP
FipP

Fip
FIp
E1p

Fip
FIp

FTP
FIP

FipP
FIP
Fip

Fiv
Fip

205.0

13.3
14.9
15.1

~
o
[N NN

29.5
N/A
N/A

N/A
772 9

117 .4
117.3

131.60

39 .19
38 S5
46 90

76 65
$9.33

14
i13.

13.
13
13.

13.
12.
.3214

12
12

12.
.5321

12.

12
13.

14

13.
13.
13

3.
13.

13.

13.

13

13

13.
13

.9198

07181
8257

6716

.8274

7135

7635
3230

5241

5239

7421
7486
3990
0500

6483
8791

L8121

3648
4959

5379

.4848

5118

4461

.5521
.4118

4950
3667

0

OCOO

Q00000

8364

17

. 1494

. 1303
. 1199
. 1349

. 1343
. 1359

1096

. 1049

.6484

6346

L6141
.6443
. 8553
.9118

. 1462
. 1607
. 1564

. 1966
. 1636

. 1810
. 1994

.8626

- 1902
. 1636
. 1833

- 1514
. 1384

CO0Oo cCco

~ s s W)

9509

7039

.8403

.4661
. 2350
.508%

.4592

4268
5138

.2558

.4431
.3333
.7473
.5822
.3561
. 7299

.3991
.35715
.6463

3553

.3483

3499

.4406

. 2650

.2857
.0877
.5873

. 3936

3657

280.

291

296 .

299.
296 .
298 .

298 .
333.
333
328.

315.
.96
308 .
308 .
.91
278.

314

292

299 .
294.
294,

307.
304.

302.
303.

289 .

301

299.
304.

304.
.43

307

Je
29

66
99
58

39
39
o7
10

09

98

37
13
90

12
36

97

(o] ]

62

a9

12

NN

NN o = -

[=N =]

200

.06e82

.7672
. 7583

.0682
.0242
.0442

.0939
.0019
.009%
.0410

. 1407

1683

.0961
. 1340
. 1846

0816

.8703
.8393
.8494

.0859
.0517

0929

.9743

. 1324

1548

.7479

7261

.9570

0082

0.8315

N/Aa
0. 1444

. 1262
. 1153
. 1299

[+ =N}

. 1262
. 1290
. 1018
.0962

[eN NN ]

0.1424
0. 1549
N/A

0.1507
0.1562

N/A
0.1930

N/A

N/A
0.1571
0.1492

0.1468
0. 1340

2.530

N/A
0.820

N/A
N/A
N/A

N/A
0.286
0. 154
N/A

N/A
1.728
1.481
1.940
N/A
N/a

N/A
N/A
N/A

0.212
0.340

0.296
0.423

N/A

0 352
0 339
N/A

N/A
N/A

(Al



AX6 - 100PD( 74 )
B17495 5 (#4)
817499 S (u#4a)
817919 S (wd)

NO CATALYSI
817922 O NONE

4X6-PDBM(#5)
817925+ O (#9)
817929+ O (#5)

4X6 - PDBML #5)
817933+ 3 (#S)

4X6-PUBM(#S)
817937+ 9 (#5)

4X6-PDBM(#5)
817938+ 3 (#5)

4X6 - POBM(#5)
817939 0O (#5)
817943 O (#5)

4X6-PDEBMI #5)
817947 3 (#5)
817951 3 (#95)

AX6 -PDBM(#5)
B17955 6 (#S)
817957 5 (#S)
818396 S (#5)

NO CATALYSH
818400 O NONE
818402 9 NONE

a4X6 CUB3IBLrG)
818404 0O (#6)
818408 O (#6)

AX6-CU8I3(#6)
BI8112 3 (#6)
818116 3 (#6)

AX6 CUB3I(#G)
HIHGA8 H (ne)

2

RN

5y 02

19 83

20-82
24% 83

Ok 02
27 83

0% 02
28- 87
O1-831

L 02

-02-83

27?7 02

03-83

3% 02
04 83

0% 02
09-83
10-83

IL 02
11 83
15-83

5% 02
16 -83
17 83

- 18 83

0% 02

-22 83
-23-83

07 02
24 82
2% 83

JL 02
0OV 83
02 83

ol 02°

03 83

5985 .
6035 .
6053 .

6104 .

6135.

6188

6246

o}

Fip
F1p
F1p

F1p

Fip -

Fie

(SUPPOSE
6302 .0 FTP

6331 .

6393 .
6444 .

6501 .
6555 .

661 1.
6651 .
6706.

6759 .
6798 .

6838 .
6895 .

696 1.
7016.

7073

FIpP
FipP

Fipe
Fip

Fip
FIP
Fip

FTP
FIP

FTpP
Fop

FLp
FIp

111.29 13 2414
172.67 13.2268
141.64 13.3241
325.72 N/A
N/A N/A
N/A N/A
N/A 13.6595
10 HAVE BEEN 3%)
N/A 13 6756
-1.0 13.76
118.46 14.1410
119.24 N/A
117.527 N/A
141.23 13.8953
253 .12 13.7489
280.90 13 9140
304 .58 13.8929
232.07 13.8246
265.72 13.8391
268.82 13.7239
315.03 13.6627
312.47 13.4330
332.15 13.4489
303.13 13 5060

(o)

0.

0.

0.

0.
.J584
0.

0.
0.

0.
0o.

0.

. 1510
. 1754
O.

1531

.9126

.2686

3128

2700

2951

28395

.2767
.2770

.2749
o.

2811

3709

3706

9258
9710

9053
9007

.9201
o.

a84e6

9055

00O

W oW W

.2864
.4578
.3253

.4891

L4711
.7811

.9913

.0466

.7232
.9788

.9386
. 1652

3620
6692

.9338

.5592
.2660

. 7208
3108

.3714
.2143

. 9835

310.
309
308 .

N/A

N/A
N/A

298 .

296 .

294 .

285 .
N/A

N/ A
291 .

293.
289 .
289

283.
282

285
286

291
291

291 .

47
96
29

38

89

88

53

97

02
27
16

27

.68

a8

.85

.51
.94

39

.0927
. 1090
.9532

.0963

L9117
L0101

.9024

.9255

. 0207

.9502
.9934

0035

.8986

. 9466
.9139

9529

L0131
. 9658

8650

. 9046

.8147
.8197

.B813135

©CcO

© 0

[oX <)

Qo0

[=X =

(o) <]

. 1453
. 1701
. 1482

.9081

.2645
.3083

.2656

. 2907

.2782

.2696
.2704

. 2668
.2744

.3622
.3520
.3640

.9179
. 9646

.8970
.8932

.9138
.8784

.8977

N/A
N/A
N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A

£E-v



818652 5 (r6)

NO CAlLALYS]
818656 O NONE
818658 O NONE

4X6-20PDLH#T)
818660 O (#7)
818664 O (#7)
818668 O (#7)

AX6 -20PD(#T)
818725 3 (#7)
818729 3 (#71)

4X6-20PD(XT)
818733+ 5 (#1)
818737 S (#1)
818741 S (#17)

NO CATALYSIT
818978 O NONE
818980 O NONE

NGO CAlALYST
818982 3 NONE
818984 3 HONE

NO CATALYS]
818986 5 NONE
818988 S5 NONE

4X6-AG(#8)
818990 O (#8)

818994 O (#8)
819235 O (#8)
819237 O (#8)

AX6-AG(78)

819238 3 (#8)
819240 13 (#8)
819245 3 (#8)

AX6 AG(#B)
819239 $72(#8)

a

Ol

O%
o8

09 -

%

10
i

15

I%
16
17

O%

- 244
- 29-

%
29
30

S%
a1
0%

0%
07
13
15

YA

- 19
- 20

22

5%
27

83

0?2
81
81

02
83
83
83

02
83
83

02

-83
- 83

83

02
83
83

02

‘83

83

02
813
83

02
83
a3
831
83

02
83
83

-83

02
83

7125

7178

1247

7256

7310.

7365

1420

7472

7530.

7579

7632.

7682 .
2722

7165 .

7804

(SNl

7845 .0

7892 .

7940.
7991 .
8074.
8110.

8137

8185 .
8275 .

?22?

8356 .

Fip

FIP
fie

FIp
FIP
Fip

Fip
Fip

F1P
Fie
Fie

FIP
Fipe

Frp
FIp

F1pP
FiP

Fip
Fip
FipP
Fip

FTP
Fip
Fie

Fip

324 .61

219.54
230.35

35.35
39 .11
48 63

99.72
88 67

115.28
102 .16
105 .82

-1.0
N/A

N/A
N/A

N/A
N/A

41.80

66.04
-1 0

[ 3¢

14
14

4351

L0177
. 0640

.9155
.8335
.6820

.90
.7657

N/A

13
13.

14

4.

14
13

13.
13.

14 .
13
13
13.

L)

3

77
6385

0143
1724

0617
6865

9007
815

0376
8416
7650
7698

.69506
.6009
.8767

.7857

.8324

.0565
.0425

. 1668
. 1869

2008

. 1598
. 1459

N/a

(o}

0.

. 1400

12881

. 99998
.0123

.0679
.0762

1.0617

. 1244

. 4460
.6113
.54724
.85378

.45320
.35266
.47811

.64175

.8828

.2349
.2713

.4919
.9312
.0945

-394

4040

N/A

0
o

3263

.2993

.3888
. 1922

1849

.2631t

.5204
.3404

2919

.6857
.5997
.52317

.8430
.4735
.4773

.9620

293.

278
217

292

294.
296 .

294
297

N/A

298
301

278
276

278
286

280.
283.

281

287

291

284

285 .

39

54

.80

75
10
69

A
97

28
38

73
[N

22
[

9J
13

.64
284 .
286.
.39

78
98

.45
292.
.98

53

50

t 8320

1.9660
t 9656

6251
.6709
. 1029

cCo

1.853
1.9380

N/A
1 908
1.9065

2.0565
2 0132

2 0030
2 1006

1.9903
2. 0798

.0192
. 0506
.0083
.0347

NNV

.9848

.9775

1.8919

0.8256

1.0481
1.0342

. 1621
. 17814
. 1934

[N =Ne]

0.1526
0.1403

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
1.1164

0.4399
0.6032
0.9%5400
0.5468

0.4450
N/A
0.4713

‘'0.5346

N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A

N/a

p-v



JALDY O MPG  MC co_ ¢

1c
I

— __NOX_ HC-NM E1HIANOL

NUMBER 02 CAlY DAL upuM_ 1P

1z

STOCK CATALYSI

814213 9 SI10CK 6 29 82 2674 O HWY 0.7 18 1264 0 0040 O 0807 227 .30 O.1193 0O .0007 0.003

814216 9 SI0CK G-30 82 2710.0 HWY 0.00 17 9689 0.0008 O 0834 229.10 0.1332 0.0012 0.007

814219 9 SI0CK 7 01-82 2766.9 HWY 0.1 18.0390 0 0006 O.1507 227.83 0.0465 N/A 0.002

814222 9 SI10CK 7 02 82 2823 .1 HwY 0.1 IB:2OIO 0.0012 O0.1274 228.55 0.0683 0.0008 0.003
NO CAILTALYSYT 04 02

815237 O NONE 8-10-82 3067 .0 1wy 134.25 16.6392 0.4307 6.4057 236.38 3.0085 N/A 0.179

815239 O NONE 8 11 82 3116.3 lwy 189 .6 16.7268 0.4220 6.2377 235.01 3.0248 0.4215 0.831

815241 O NONE 8 12 82 3155.4 |Hwy 193.0 17.0821 0.4439 6.1797 229.76 2.913%5 0.4133 0.918
NO CATALYST 3% 02

815249 3 NONE 84 18-82 3268 .0 tiwy 172.2 17.3098 0.3801 6.1442 226.71 2.9541 0.3798 O.888

815251 3 NONE 8 2082 3307.0 hHuWY 171.7 17.4993 0.3623 5.8090 225.28 2.8343 0.3618 0.946

815255 3 NONE 8 24-82 3376 .0 tHiwy 179.6 17 .2819 0.2637 5.7837 228.35 2.8127 0.3637 0.948
NO CATALYSH 5% 02

81526t S NONE 8 27-82 3475.0 Hwy 140.6 17.4107 0.3549 S .9499 225 .62 2.9286 N/A N/A

815263 S NONE 9 08 82 3524.0 Hwy 139.5 17.4662 0.3343 6.1466 225.10 2.7814 N/A 0.883

815265 5 NONE 9-09-82 3572.0 HwWY 139.7 17.0300 0.3514 6.1377 230.98 2 9443 N/A 0.795%
AX6 - 12:1(m1) 04 02

815273 O (#1) 9 15-82 3702.0 HWY 1.0 17.4390 0.004% 0.0540 235 .59 0.6182 0.0038 0.012

815274 O (#1) 9 16-82 3736 O 1wy 0.3 17 2951 0.0030 0.0269 238.21 0.6329 0.0027 0.006

815991 O (#1) 9 17-82 3778.0 HwyY 0.3 17.2193, 0.0030 0.0640 239.04 0.5804 0.0030 N/A
AX6-12:1{x1) 34 02

815996 3 (#1) 9 24 82 3872 9 HwY | | 18.7124 0.0081 0.0 219.54 2.42%7 0.005%9 0.004

815998 3 (#1) 9 28-82 3912.5 HWY 1.0 17 .0807 0.0094 0.005% 240.80 2.8921 0.0069 0.005

816000 3 (w1t} 9 29 82 13951.0 WY 1.6 17.4427 0.0084 0.0085 235 .91 2.8837 0.0068 0.004
AX6-12.t(#1) 5% 02

816000 S (#1) 9 30 82 4020.5 HwY 2.2 17.2234 0.0097 O.0070 239.10 2.9207 O0.0071 0.006

816012 5 (~1) 10 06-82 4134 .0 Hiwy 1.9 17.4434 0.0098 0.0017 236.04 N/A 0.0070 0.005

816013 S5 (#1) 10-06-82 4156.0 HwY 1.9 t7.3703 0.0077 0.0 236 . 66 2.7212 0.0048 0.009

816015 S (#1) 10 07 82 4213.5 1wy .7 17.5174 0.0t14 0.0 234.86 2.7040 0.0080 0.004
NO CALALYSI 04 02

816021 O NONE 10-13-82 4300.0 HwWY 164 .6 17.3073 0.3859 6.1530 226.67 2.9362 0.3835 0.632

816023 O NONE 10 14-82 4330.0 Hwy 167 .0 17.3474 0.3839 6.4405% 226.24 2.9066 0.3813 0.904
NE CALALYS) 9S4 02

816027 S KHONE 10 15 82 43841 O HwY 147 O 17 .5255 0.3927 6.1640 224 12 2 8608 0.3900 0.937
GARIO 12:1(#n2) 0% 02

816028 O («2) 1019 82 4424 .0 HWY 1.6 18.0459 0.0129 0.0671 228.40 0.4786 0.0126 0.065

BILLGES O (#2) 10 20 82 24484 O WY . 17.9699 0.0070 0.0633 229.38 0.4752 N/A N/A

BIOSGT O (#2) 10 29 82 4570.2 1wy 0.8 17.1471 0.0050 0.0572 239.52 0.6975 0.0046 0.004

S-p



6XRID 12:1(#2) YL 02

816569 3 (#2) 11 02 82 4611.0 IWY 1.6 $17.2948 0.0093 0.0234 237.75 2 8525 0.0080 0.010

816573 13 (#2) 11-03 82 4666.6 Hiwy 2.2 17 4416 0 0082 0.0241 236 36 2.8026 0.0072 0 009

816575 3 (#2) 11 04 82 4706.0 HwY 2.3 17.3666 0.0087 0.0276 237 38 2.8602 0.0073 0.023
GXRIND- 12:1(#2) 574 02 .

B165TT 5 (#2) 11-05-82 4783 .0 HwY 2.2 $7.3664 O 0098 0.0282 237 17 2 7982 0.0083 0 027

816581+ 5 (#2) 11 18 82 4816.0 WY 1.4 15.4150 0.0089 0.0391 266.94 0.9135%5 0.0058 0.013

8165841 5 (#2) 11-19 82 4861.0 HWY 1.2 15 47 0.007 O 041 266 10 0.920 0.0045 0.010

816587+ S (#2) 11 24-82 4938.6 HWY 1.2 15.7707 0.0061 0.0340 261.20 0.3223 0 0036 N/A
NO CATALYST 0% 02

816590+ O NONE 12 0182 4986 .0 HwWY 19 .6 15.3650 O. 1127 6.1142 257 98 0.9980 O0.1087 0.280

816591+ O NONE 12-01-82 4998 .0 HwWY 86.4 15.4222 0.1099 6. 1206 256.52 0.9859 O.1059 0.296

816594+ O NONE 12-02-82 5061.0 HWY 95 .9 15.9196 0. 1183 6.3107 255 32 0.9713 O.1140 0.33%

8165961 O NONE 12 03-82 5102.0 HWY 91. 4 15.3513 0.1237 6.2414 257 68 0.9981 O0.1201 0.335

816601 O NONE 12-08-82 S5177.0 HWY 180.7 17.34 0.2391 6.475 225.94 2.7854 0.388 N/A
AX6-3:2 (#3) 0% 02

816605 O (#3) 12-09-82 5239.0 HWY 0.91 16.9194 0.0090 0O.1985 243 41 0.6462 0.0079 N/A

816607 O (#3) 12 10 82 5268 0 Hwy N/A 17 2005 0.0061 O.2194 239 18 0.6255 0.0052 N/A

816609 O (#3) 12-14-82 5296.0 HwY N/A 17.3441 0.Q069 0.2312 237 26 0.6478 N/A N/A
4X6-3:2 (#3) 3% 02

816614 3 (#3) 12 16-82 5387 .0 HWY N/A 16.8716 0.0099 O0.0006 244.19 2 7580 0.0071 N/A

816618 3 (#3) 12-17 82 5438 O HwY N/A 16.8030 0.0095 0.0006 244.82 2.8118 0.0060 0.011

817459 3 (#3) 12-21-82 5488 .0 Hwy 17 17.0794 0.0100 O0.0174 241 17 2.71388 0.0065 0.016
4X6-3:2 (#3) 5% 02

817463 S (#3) 12 22-82 5541.0 Hwy 3.04 17.0110 0.0100 O 000S 242 24 2 .8272 0.0065 0.009

817465 S (#3) 12-23-82 5580.0 HwY 2.93 17.0807 0.0092 O 0078 241.45 2 7420 0.0060 0.009
NO CATALYS) OL 02 ’

817471 O NONE 1-05-83 $635.0 HWY 69 13 17.0739 0.4087 6.9041 229 10 2.7800 N/A N/A
4X6- 100PDB(#4) 0% 02 )

817477 O (#43) 1 07-83 5717.0 HWY < 0 36 17.0440 0.0043 0.3455 241.29 0.5207 N/aA 0 024

817479 0O (#4) 1 11 B3 5745 O WY 1.10 16.9755 0.0058 0.3343 242 18 0.5736 0.0052 0.008

817481 O (#a) 1-12 83 5795.0 HwWY 0.7t 16.9091 0.0064 0.2988 242.81 0.428t 0.0055 N/A
4X6- 100PD{41) 3% 02

817485 3 (#4) 1-13 83 5855 O HWY 1.67 17.0101 0.0080 O 0144 241.56 2 .6469 0.0072 N/A

817489 3 (#4) 1 14-83 5902.0 HwY 1.90 17.0811 0.0073 0.0086 240.64 2 6516 0.0047 N/A
I4X6 tOOPU(w) - 57 42

817492 S5 (#44) 1t 18 83 5955.0 HWY 2 65 17.0807°0.0086 O 0145 241.35 2 7267 0.0057 N/A

817496 5 (wd) 1 19 83 6007.0 HWY 2.80 16.9401 0.0094 0.0107 243.15 2 7164 0.0065 N/A
MO CATALYS 0% 02

B1/7921 O HONE 1 26 83 6086.0 HWY 211.3 N/A 0.4329 7 0037 N/A 2.7261 0.4296 N/A

9-v



AX6 PLBM(#5)
B1/7926+ O (#9)
817930+ O (#5)

4X6  POBM(#S)
817934y 3 (#5)

4X6- PDBM(#5)
817940 O (#95)
B17944 0O (#5)

4X6 - POBM( #5)
817948 3 (#9)
817952 3 (#5)

4AX6-POBM( #5)
817958 S (#5)
818397 S (#5)

NO CABALYSI
818101 O NONE
8148403 9 NONE

4X6 CUB33(#6)
818405 O (#6)
818409 O (#6)

4X6 CUBI3(#6)
818413 3 (#6)
818645 3 (#6)

4X6 -CU83IB(#6)
818649 5 (#6)
818653 5 (#6)

NO CAVALYSH
818657 O NONE
818G59 O NONE

AX6-20P0L(HT)
818661 O (#7)
818665 O (#7)
818669 O (#7)

AX6-20P0( w1 )
818726 3 (n7)
18730 3 (n7)

04 02
L 28 89
2 01 83

3% 02
2 02 83

0% 02
2 09 83
2 10 831

4L 02
11-83
15 83

N

5% 02
2 17 83
- 18 83

N

0% 02
2-22 83
23-83

N

0% 02
2 24 83
2-25-83

%4 02
30180
3 02-83

57 02
3-03-83
J 04 83

0% 02
-08 83
09 83

wow

0% 02
3 10 83
3 11 83
3 1H 83

3L 02
3 16-83
3 17 83

6156 .
6210.

6267 .

6417

6466 .

6512
6576.

6672 .
6721.

6781 .
6819.

6859
6917 .

6987 .

7037

7094 .
7146

7199
7238.

1278 .
7331

7386

7442
7493.

HWY
1wy

HWY

Hiwy
Hwy

HWY
HWY

HWY
HWY

HWY
HwWY

Hwy
HwyY

HWY
Hwy

HWY
1wy

HWY
Hwy

HWY
HwyY
HWY

Hiwy
HwY

N
N

N

1.
7.

147

215.

136
125.

137.
136 .

127.
121

169 .
177 .

N

/A
/A

/A

64
.69

48
46

.92
12

31
"

98
34

17
a3

05
73

99
87
/A

N/A
N/A

16 .9395

t7.5876
N/A

N/A
17.5099

17 .5529
17.8363

17.3571
17 .5023

t7.3650
16 .6994

17.0205
16 9041

16 .9140
16 .5380

17 .4239
17.4909

17.2602
17 .3976
17.1073

17.0820
17.0103

0.
o.

0.

.0182
0.

0165

L0122

0166
0150

0132

.0132

.0133
.0l46

. 4054
.4203

.3463
.2617

.2053
. 1941

1690
1308

.4782
.4878

.0109
.0083
.0084

0080 -~
. 0085

000

0911
1313

.0o118

. 3046
.6607

0306

.0608

. 3297
.5045

.9511
.9380

.9953
.8242

.5169
. 3267

. 2892
.0667

.85%0
. 9001

.3181
.3993
.4122

.0038
.0109

N/A
N/A

242 .57

232 .45
N/A

N/A
234 .96

233 .66
230.27

225 .13
222 174

225 .36
234 .83

230.70
232.75

232 .81
238 .52

223 .59
223.09

237 .65
235 .58
239 .92

240.70
241.73

©0CO0

2387

.5205

.5252

.5459
. 17229

5670

.6360

.6455
.6354

.8481
.67317

. 3906
. 4293

.2578
.3029

.2086
.2044

.5988
. 6669

.2972
.3231%

4224

L9117
.5744

(=<

o0

© 0

©00

.0152
.0136

.0096

.0120
.0110

.0093
.0092

.0089
.0100

.4007
.4160

.3408
.2561

. 1994
. 1891

. 1636
. 1251

.4727
.4826

.0089
. 0060
.0064

.0052
.0054

N/A
N/A

N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

L=V



AXG 20RO HT)
818734 S (w7)
818738 & (#7)
818975 § (47)

NO CAVAL YSI
818973 O NUNE
818981 O NONE

NO CATALYSIH
818983 3 NONE
818985 3 NONE

NO CATAL YS])

818987 5 NONE
818989 S5 NONE

4X6-AG(#8)
818991 O (#8)
818995 O (~8)
818398 O (#8)

4X6 - AG(#8)

819239 3 (#8)
8192414 3 (#8)
819242 13 (#8)
819246 3 (#8)

A4X6 -AGL#8)
819250 8§?(«+8)
819251 S (#8)

&

S%4 02
18 83
2283

-2 83

O% 02
24-83

-25 83

3% 02
29 83
30 83

57 02

-31-83
-05 83

0% 02
07 83
08 83

-12-83

3% 02

4-19-83

20 83

-21-83

22-83

9% 02
27-83

-28 B8]

759514,

7600
76953

7704.
7743

7787 .
7826 .

7867 .
7914 .

7961 .
8013.
8052 .

8158.

8206

8240.
8316.

8377.
8405.

Hwy
Hiwy
Hwy

HWY
1wy

HwWY
HWY

HWY
Hwy

Hwy
HWY
HWY

HwWY
HwY
HWY
Hwy

Hwy
)iwy

2.38
3.39
2.93

-1.0
N/A

N/A
N/A

N/A
N/A

3.15
2.02

-1.
-1
-1
-1

o000

-1
-1.0

©

V7.
17.

16

16

17.

17.

17

17.
17.

7
17

17.

16

17.
.5324

"7

17

0820
15
87144

9872
2679

5282
0811

2109
1635

1595

.0239
17.

1198

2059
9968
3945

.5133
18.

8888

o000

cCo0o0C

.0084
.0079
.01055

.487 17
.4763

.4592
.4706

.4793
.4764

.0269
.02403
.02088

.022711

02032

.01657
.01629

.02381
.02134

0.
. 0005
.0041

0038

.9463
. 9492

.6J369
.7072

.8053
.5993

.3635
<ERN)
.0922

.3188

2917
9916

.6759

1001
.0321%

241

240.

244

230.

226

223.
228 .

226 .

228

232.
235.
233.

233.

237

230.
229.

226
210

03
48
15

05

05
17

83
27

73
15
117

57
43
54
00

.55

a7

(SIS

N

NN N N

LU ]

.5116
.6069
. 7254

.8408
.687%

.6645
.8010

.7464
. 7699

.7203
. 7404
.7685

.6662

7236
6230
5562

.5913
. 256855

0.

005 4

N/A
N/A

N/A
N/A

N/A
N/A

N/A

o.

[=N <X =]

[cM~N-Ne]

0

4715

.0222
.0195
.0159

L0179
.015%
.0118
.0120

.0193
.0162

N/A
N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A

=¥



NUMBER 02 CAly

SIOCK CAJALYS

814214 9 SI10CK
814217 9 S10CK
814220 9 S10CK
844223 9 SI10CK

NO CATALYST
815242 O NONE
815244 O NONE
815246 O NONE

NO CAlAL YS]

815252 3 NONE
815257 3 NONE
815258 3 NONE

NO CATALYSI
815266 5 NONE
815268 S NONE
815270+ 95 NONE

AX6-12:1(#1)
815275 O (#1)
815993 O (#1)

AX6-12:1(# 1)
816001 3 (#1)

4X6-12:1t#1)
816005 S (#1)
816007 5 (#1)
B16009 5 (#1)

4X6 - 12 4Lu)
816016 23 (#1)
816018 3 (#1)

NO Calalvsi
816024 O NONE

GXRIO 12:1(#n2)

816029 O (#2)
B1GK570 O (#2)
OCRRIO 12, 1(w2)

816578 H (42)
BIOHLH20 5 (#2)

nate

6 29 82
6 30-82
7 01-82
7 0282

0% 02
8 13-82
8 17-82
8 171-82

3% 02
420 82
8 25-82
8 26 -82

5% 02
9-10-82
9-10-82
9 14-82

0o/ 02
9- 16 82
9-21-82

% 02
9 29 82

5% 02
9 30 82
10 O1-82
10 0)-82

3% 02
10-08-82
10 08 82

0% 02
10 14 -82

0% 02
10 19 82
02 82

LA 02
1105 82
1118 82

0DOM

2684 .
2731 .
2791 .
2840.

3184
3210.
3227.

3327

3393.

3419

3590 .
3612.
3652 .

3737.
3818

3971

4032
4045 .
4078 .

(AGAIN)

©0O0 [=NeNe) OO0 &sC

-

1RO

INLE
fOLE
101 E
1DLE

10LE
101 E
IDLE

IDLE
IDLE
IDLE

1DLE
IDLE
IDLE

TOLE
10LE

IDLE

TDLE
1DLE
TDLE

4228 .3 1DLE
4233.2 10LE

4351

a444

462).

1765
4820

(SN e)

TOLE

IDLE
10LE

IDLe
101 E

.00
(]
10
13

cco0

19.97
19 .80
20.58

23.55
15.914
15. 14

20. 16
19.05
17.28

1.33

1.52
N/A

119,
128.
124

128 .
143

142

121
120.
120.

137.
129.

122
114
130.

133.
134.

146 .

146 .

134

119
113.

[eNele] [=NeNe) ocoCO

[e NN =)

[e}oNe)

© 0

[eR=Ne] [eNeNe) 0000

[=NeRe)

[eNeNe

.0015
.0020
.0020
. 0053

.086
.081S
.0862

.087)
.0760
L0734

.0981
.0999
.0768

.00 11
.0045

.0022

0021

.0021
.0021

.0266
.0034

.0878

.0030
.0020

. 0037

0034

[eNele] 00 [eNeReNeo]

©0OC

o0

°o0
888

_ca

0029
00217

.00%3
. 1084

L7197
.7258
. 7344

. 7497

5881

.5755

.71702
. 7356
.1120

g8

.00%9

1719
O.

0028

.6021

.00
.00

. 0056
. 0002

33
36 .
34.
33.

a3
30.
32.

30.

27

32.
32.
32

30.
a

32

30.
30.

26 .

28
30

34
J6

(

-
I

.840

268
746
125

.094

643
107

513

. 610
.818

639
880

.929

121
840

.965

. 700

097

.612

5717
787

964

273
639

.498

453

[eN RNl

(NOX

L0017

0000
0000

. 0008

L0179
.0126
.0115

0157
0112
L0112

0150
0139

.0134

0034

.0034

.0t146

L0151
.0081
.0099

.0248

o128

.0196

0053

.0169

0231
o115

1C-NM_

0.0008
0.0013
N/A

0.0041

.0858
.0818
.0859

[e NN

0.0871
N/A
N/A

N/A
N/A
N/A

0.0029

L0012
.0012
.00t 1

©00

0.0254
0.0028

0.0874

0.0024
0.0013

0.0030
0.0026

ME 1HHANOL

.007
0021
. 0007
.0015

2000

.22
.1835
. 1942

[o XN

. 2207
. 1909
.2701

00O

. 3064
. 2956
.2656

©oCO

0.0043
0.0078

0.0014

0.0021
0.0022
N/A

0.0137
0.0149

0.2467

0.0126
N/A

0.0069
0 0060



NO €Al ChHECK Ot

816585+ S NONE

NO CAVAL YS)
816592+ O NONE
816598 O NONE
816602 O NONE

4X6-3.2 (#3)
816610 O (#3)
816612 0O (#3)

A4X6-3:2 (#3)

816615 3 (#3)
816619 3 (#3)
817460 3 (#3)

AX6-3:2 (#3)
B17466 5 (#3)
817468 5 (#3)

NO CAlAaLYSl
817472 O NONE

A%X6- 100PD(¥4a)
817474 9 (#4)
817482 O (#4)

ax6- 100PD(#a)
817486 3 (#4)
817490 3 (w4d)

AX6- 1O00POL#4)
817493 5 (w#4)
817497 S (w4i)

AX6 100PLL 7))
817920 O (#4)

NO CALALYSH
817923 O NONE

AXG PPBME #Y )
B171927v O (#5)
8179311 O (45)

AX6 POBM#S )
V1935 3 (#h)

12

12-

12

12

12

12
12

12-

1

1
1

1

)

]
2

2

957 02
19-82

0% 02
ot 82
07-82
o8 82

0% 02
14-82
15-82

3% 02
16-82
17-82
21-82

5% 02
04-83
04-83

0% 02
05-83

0% 02
06 81
12 83

3% 02
13 83
14 83

84 02
18 -83
1983

074 02
2% -83

O% 02
27-83

0% 02
28-83
01 83

3702
02 83

4888 .0

5027 O
$137.0
5188 .0

$319.0
5338.0

5400.0
5448.0
5499 .0

5598 .6
5609.0

5662 .0

5674.0
5805 .0

5865 O
5912 O

5966 .6

6017 .0

AGAIN

6066 .0

6116.0

6168 O
6222.0

6277 O

10LE

1OLE
IDLE
10LE

IDLE
1DLE

1DLE
IDLE
IDLE

IDLE
10LE

10L E

1DLE
10LE

TOLE
IDLE

IDLE
T10LE

10LE

101 E

IDLE
IDLE

INME

19.
.46
.45

13
12

.94

96

N/A
N/A

N/A
N/A

10.

49.
56 .

38

64
26

.98

16

4.04

26 .
29.

[ ]

24.

.16

82
(R}

.59

12

N/A
N/A

N/A

123.0

t37.
136.
142

oo

134.0
132 O

115
112,
124

[eNeRe)

111.0
121.0

109.0

119.0
121.0

123.0
124 .0

121.0
116 O

119.0

N/A

N/ A
N/A

132.0

(o N =) [eNeNel

[eReRe)

0.

.0868

0941
1147

.0882

.0027

0047

.0058
.0715
.0192

.0359
.0709

. 1691

1371
.0024

.0044
.008 1

.0098
.0164

.0139

. 1133

.0724
. 1084

0997

oo

[eN =N

.6445

5186

.6316
.6407

.0027
- 0003

.0001
L2712
. 0560

. 0029
.00%6

.8313

.49314
.0029

- 0001
.0031

-0084

0026

.0029

.047

4728
5110

6692

32 148

28 .956

27.1786

30.789
31 289

35 781
36.091

36 .884
33.710

36 .002

33.535
33.894

33.394
33.179

34.051
35.412

34.632

N/A

N/A
N/A

29 .87

o

o]

0.
.0329
o.

0.
0O.

0.

(o]
(o]

o.
0.

0.

o.
.0259

O.

.0240

.0258
.0290

0332

.0093

0052

0237

0246

014
[eR}:-1:]

0456

.0240

0044

0108
0123

0082
0224

0084

0242

0211

0299

[sR=Ne]

[e NNl

0

.0856

.0937
1143
.0870

N/A

.0041

.0051
.0708
.0183

N/A
N/A

N/A

N/A

.0017

.0038
. 0066

. 0086
.0149

.0130

11422

.0716
. 1073

.0986

N/A

0.2956
N/A
N/A

N/A
N/A

N/A
N/A
0.0342

N/A
N/Aa

N/A

0.4315
N/A

N/A
N/A

N/A
N/A

N/A

N/ A

N/A
N/A

N/A

0T-%



AX6
817941
817945

AX6
817949
81795)

4X6 -

8181394
818398

4X6 -

818406
818410

4x6
818414
8186416

4X6 -

818650
818654

a4X6 -

818662
818666
818723

4X6 -

818727
818731

AX6 -

818735
818739
818976

AX6 -

818992
818996

AX6
819240
819247

POBM(#5)
O (#5)
O (#5)

PLBM #5)
3 (#S)
3 (#S)

POBM( #5)
S (#5)
5 (nS)

Cu8a3(¥#6)
O (#6)
0 (#6)

-CUB33(#6)

3 (#6)
3 (#6)

CU833(#6)
5 (#6)
S (#6)

20PD(#T)
0O (#7)
O (#7)
o (#1)

-2000(47)

3 (#1)
3 (47)

20P0(%1)
S (#7)
5 (v#1)
S (#7)

AG(w#8)
o (#8)
O (uB)

AG(#8)
3 (#8)
3 (#8)

b

0L 02
09-83
10 80

3 02
11 82
15 83

5% 02

17 823

18 83

0% 02
24-83

-25-83

I% 02

-01-83
-02-83

5% 02
03 83

-04-83

0% 02
10 83

-1t 83

15- 83

3% 02

-16 83
-17-83

5% 02

-18 83

22-83

-23-83

04 02

-07-83

08-83

3% 02

-21 83

22 83

6425.

64717

6533
G587

6685 .
6741.

6871

6927 .

6997 .
7047 .

7104.
7156.

7288 .
7345.
7396 .

7452.

7504

7561 .
7611 .
7663 .

1971 .
8023 .

82549 .

8326

O

oo

[N <]

1OLE
IDVE

IDLE
TDLE

IDLE
IDLE

IDILE
I1DLE

IDLE
IOLE

10LE
10LE

1DLE
IDLE
IDLE

1DLE
IDLE

TOLE
1DLE
1DLE

TOLE
10LE

1DLE
IDIE

13.24
13.38

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

136 .
N/A

N/A
128 .

118.
123

127 .
124

118 .
121

112,
118.

124
109.
127.

124
126.

123.
123.
119,

132.
123.

104.
122.

0

O

[ee)

[eXe}

(e} ]

[eN=Ne]

o0 =N oNe}

cce

G.

0

0.
O.

[eX )

©0

[~ eRe]

[ e] c0o0O

co

0805
0897

0999
1222

. 1337
. 1369

. 1472
. 1436

1614
14014

. 1566
. 1705

.0272
.0766
.0015

.0116
.0075

.0233
.0207

0287

.0663
.04185

1259

.0828

000

[eNele]

3648

. 4169

.45117

4059

6420

.6009

5354

.6254

. 5907
.8202

.6746
.57 11

.2243
. 1233
.0677

.0023
.0083

.0028
.005%
.0001

.4556
.4889

. 8400
L7222

29.

361

N/A

N/A
3.

33
32

) ]

L.

33.
.273

32

37.
32.

3]
.526

33.
3],

261

424

.014

234
716

317

. 190
.57%

690
319
199

168

275
326

34.4820

30.

292

32.6374

37.71738
32 4326

.0244

0231

0244

.0299

.0456
.0421

.0329
.0262

.0264

0279

.0302
.0296

. 0066

0127

. 0008

.0158%
.0229

.0243
.023S
L0271

.0198
.0187

L0241
.0164

0.0795
0.0889

0.0982
0.1218

.1318
. 13683

(X =]

0. 1458

‘0. 1421

0.1604
0. 1391

0. 1547
0. 1698

.0260
.0750
. 0005

[eXNe]

0.0109

0.0219
N/A
N/A

0.0655
0.0402

0.1241
0.0523

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

TT-%



MUMBER 02 ALY

AX6-12:1{# 1)
816032 O (#1)
815993 O (#1)

AX6-12:1(71)
816001 3 (#1)

4X6-12:1(#1)
816005 S (#1)
816007 S (#1)
816009 S (#1)

AX6-12:1(#1)
816016 3 (»1)
816018 3 (#1t)

NO CAJTALYSI
816024 O NONE

GXRIO-12:1(#2)
816029 O (#2)
816570 O (#2)

6XRIO-12:1(#2)
816578 5 (#2)
816582+ S5 (#2)

NO CATALYSH
816592+ O NONE
816598 O NONE
816602 O NONMNE

AX6 3:2 (#4)
816610 O (#3)
816612 0O (#3)

Ax6-3:2 (#3)
816615 3 (#3)
816619 3 (#3)
817460 3 (#3)

AX6 3.2 (#3)
BI17466 5 (#3)
292227 09 (#n)

iy CATAL YOS

5%
9 30

10-01:
10-0¢-

9%

10-08-
10-08 -

0%

10 14~

O
10-149

14-02-

5%

11-05-
It 18-

O%
12 01

12 07-

12 08

O%
12 14
1219

%
12 16

12-17-

12-21

Y4
1 01
(IR

O7

02

82
82
82

02
a2
82

02
a2

02
82
82

02
82
82

02
82
82
82

02
82

‘82

02

-82

82
82

02
83
83

02

3971,

4032
4045
4078

(AGAIN)

0

.0
.0

4228.3 SSI10
4233.2 SS10

4351%.

4444.
4623.

4765 .
4820.

9027 .
5137.
S188 .

5319
$338.

5400.
$448.
5499.

5598
NN

IPRO  _ALDY_ MPG _ __HC
SS10 1.9  10.0 0.028
SS10 0.2 10.1 0.012
SS10 1.3 109 0.022
5510 1.8 10.1 0.019
SS10 3.7 9.6 0.025
SS10 5.8 10.1 0.025
.1 10.3 0.038
1.7 10.4 0.024
SS1I0 109.2  10.2 0 427
SS10 0.2 105 0.020
S510 2.0 10.2 0.021
SS10 1.8 10.0 0.023
SS10 2.7 9.5 0.027
S$S10 133 4 9 6 0.4142
SS10 151.2 9.9 0.396
SS10 128.4 100 0.433
SS10 N/A 10 2 0.022
$S10 N/A 9.8 0.040
SS10 N/A 9.7 0.025
ss10 N/A 9.6 0.090
SS10 €4.80 9 8 0.038
SSI0 293.06 9.8 0.102
SS1I0 294.49 -4 0  -1.0

_.co__ . coz NOX_ HC-NM THANOL
0.0 412 091 0.010 0.026 0.060
0.0 407 333 0.045 0.002 0.008
O 016 407 998 0.284 0.009 0.007
0 016 406 680 0.331 0.007 0.007
0.0 430.273 0.295 0.012 0.013
0.0 406 .958 0.302 0.012 N/A
0.034 382 .462 0.301 0.025 0.006
0.033 394.687 0.285 0.013 0.008
11.387 382.462 0.261 0.415 1.046
0.0 391.840 0.196 0.010 0.161
0.0 402 .966 0.267 0.011 N/A
0.018 413.033 0 304 0.014 0.022
0.020 433.838 0.290 0.014 0.011
8.879 415.744 0.331  0.401 1174
9.706 397.574 0. 330 0.2387 N/A
10.408 394 668 0 335 0.419 N/a
0 235 404.822 0 045 N/A N/Aa
0.154 418.207 0.041 0.030 N/A
0.001 424.816 0 278 0.013 N/A
0.222 429 683 0.339 0.075 N/A
0.0 421.589 0.308 0.023 0.036
0.001 421.831 0.258 N/A N/A
-1.0 1.0 -1.0 1.0

Z1-¥



817472 O NUNE

AX6- 100D (#4)
817474 9 (ra)
817482 O (#4)

AX6- 100PD(#4)
817486 3 (#4)
817490 3 (#4)

AX6- 100PD(#4)
817493 5 (#4)
817497 S (#4a)

AX6- 100PD( #4)
817920 O (#4)

NO CATALYSI
817923 O NONE

4X6 - PDBM( #5)
817927+ O (#5)
817931+ O (#S)

AX6 POBM(#5)
817935y 3 (#5)

Ix6 PLBM(#S)
817941 O (#5)
817945 O (#5)

AX6 -PDBM(#S)
817949 3 (#9)
817953 3 (#5)

AX6 PLBM(#5)
818394 6 (#5)
818398 S (#%H)

AX6 -CuUsII(rve)

818106 0 (#6)
818410 O (#6)
A6 CUBII(76)
818414 3 (4G)
818616 4 (#G)

1 OYS-

O

3%

S%

0%

0%
127

0%
1-28

kYA

N~
C
"~

0%
2 09

3

N R

1S

9%

2 18

O%
2 249
2 25

I
Joo
3 02

1
-81

83

02
83

-83

02
83

02

-83

83

02

-83

02
83

02
83
89

02
83

02
83
83

a2

02
83
81

02
83
a3

02
aj
83

$662.0

%674.0
5805 O

5865 O
5912.0

5966 . 6
6017.0

AGAIN
6066 .0

6116 .0

6168.0
$222.0

6277 .0

6425 O
61477.0

6533.0
6587.0

6685.0
6741.0

6871.0
6927 .2

6997 .0
7047.17

S5 10

SS10
SS10

SS10
SS10

$S10
$510

$S510

SS10

SS10
SS10

SS10

SS10
SS10

SS10
SS10

SS10
SS10

SS10
SS 10

SS10
SS10

106 .85

41 53
<2 13

28.4
44.0

81.2
134.5

35.05

226 .62

N/A
N/A

N/A

69.3
82 05

N/A
N/A

N/A
N/A

N/A
N/A

©
oo

S
N

N/A

N/A
N/A

101

10 3
N/A

N/A
10. 1

10 0
10.1

(el

[}

.528

176

.033

.043
.043

.036
.06 1

. 103

.602

.392
.485

. 372

.303
. 261

.287
.376

.949
.531

L6714
.628

.8795
.543

10.

13.

& v

429

. 459

6414

. 002
.036

.003
.021

569

445

070

.279

. 784

398

.916

.018
. 286

. 153
. 405

. 989

625

.676
.6952

396.

415
17

422
403 .

426 .
428 .

N/A

N/A
N/A

392 .

390.
N/A

N |
398

398
394.

391 .
393.

397
393.

196

S00

.695

212
611

404
430

534

571

249

0
10

331
560

295
257

248
277

0

0.

(¢}

0.

(o]

0.

0.

o}

0

O.

o

0.

0.

(0]

o

0.

.365

041
005

2631
243

237
260

.030

. 300

282
285

293

286
296

. 286
O.

323

KER]
329

308
305

301
293

N/A

N/A

0.

[} ]

(=)=}

(e} =]

020

.027
.025

.018
.046

.090

.591

.381
.475

.362

.292
. 249

L2711
. 362

.634
.517

. 656
.615

565

.530

N/A
0.5147
N/A
N/A

N/A

N/A
N/A

N/A
N/A
N/A
N/A

N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

€E1-v



4X6 -CUBII(#6)

818650
818654

TAX6-

818662
818666
818723

4X6
818727
818731

a4x6
818735
818739
818976

4X6 -

818992
818996

4X6 -

819243
819247

S (#6)
S (#6)

20PD(#T)
O (n7)
O (#1)
O (#7)

S20P0(HT)

3 (#7)
3 (#7)

20PD(#7)
S (#17)
S5 (47)
S (#7)

AG(#8)
O (#8)
O (#8)

-AG(#8)

3 (#8)
3 (#8)

i 02
3 03 83
3-04-83

Oh 02
4 10 83
3 11 83

3 15-83

3% 02
3 16 83
3-17 83

5% 02
3- 18-83
3-22-83
3-23-83

0% 02
4-07-83
4-08-83

3% 02
4-21-83
4 22 83

T1049

7156 .

7288

7345 .

7396

7452

1504

7561 .
7611
7663 .

1971 .
8023 .

8254 .

8326

oo

SS10
S510

SS10
S$S10
$S510

N/A
N/A

N/A
N/A
N/A

N/A
N/A

10

10.
10.

10.

10.
10.

- O

[N ool

00

©0

.608
.617

. 200
.265
.039

.074
.07

112
. 109
. 106

. 290
. 197

.548
.216

NN

[=NeRel

.084

208

o1td
429

.213

.021
.03%

066

.018
.051

.839
.491

261

-601

401.134
394 . 334

402 210
402 .880
403. 175

413.021
407 .281

405 .92
405 .27
414 168

391.652
403 087

401 .849
390.667

(]

0o.

0

. 307
. 322

.045
.046
.010

.279
.281%

L2714
.276
.278

298
292

367
261

.593
.669

(o} o]

. 187
.249
.023

[e NN«

.058
.058

(=N~

0.0963
N/A
N/A

0.280
0. 1838

0.5347
0.2160

N/A
H/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

P1-¥



NUMBER 02  CALz
STOCK CATALYSI
814214 9 SI0CK
814217 9 SI0OCK
814220 9 SI10CK
814223 9 S10CK

NO CATALYSIH

815242 O NONE
815244 O NONE
815246 O NONE

NO CATAaLYSH

815252 3 NONE
815257 3 NONE
815258 3 NGNE

NO CATALYSI

815266 S NONE
815268 5 NONE
815270+ S5 NONE

AX6-12:1{#41)

816032 O (#1)
815994 O (#1)
A4X6 12:1(#1)
816002 3 (#1)
X612 1(#1)
816008 S5 (#t)
816010 S (#1)
axe-12:1tw)
816017 3 (#1)
816019 3 (#1)

NO CAlALYSI
816025 O NONE

6XRIO-12_ 1Lwn2)

816563 O (#2)
816571 O (#2)
6XRIO 12:4(n2)
16579 5 (#2)
B16582¢ 5 (#2)

& =>4

LoC

9

10
10

LED]
(18]

10

10
(]

29 82
30 82
01-82
02 82

O%L 02
13-82
17-82
17 82

3% 02

-20-82

25-82
2682

% 02
10-82
10-82
14-82

0% 02
16 82
21 82

J% 02
29 82

5% 02
Ot 82
01 82

J4 02
0B -82

()8 82

0% 02
1-4-82

U4 V2
19 82
02 82

S%4 02

0H 82
8 42

oam - 1PRO
2684 0 5520
2733 4 $520
2791 0 SS20
2840 0 S520

3184 .0 SS20
3210 O SS20
3227 .0 SS20

3327 .0 SS20
3393.0 SS20
3419 0 SS20

3590.
3612
36652

$S20
SS20
$520

[« NN ]

3747 .0 S5S20
3828 .0 SS20

3883 .0 SS520

4065 O SS20
4100.0 SS20

(AGAIN)
4229.9 S$S20
4236.5 5520

4353.0 SS20

4450 O SS20
4625 .0 SS20

4768 O SS20-

4820 O SS20

(ol eRelo)
(SRS ARN]

158 .8
163 .
164.5

151
133
a4.

N

105 .
104 .
127.

woNe

-0
.08

(Y
N/A

19.

19
18

19.

19.
19.
19.

19

19.

18
19,
19.

19
19

19.

19

19

19.

19

20.

19
17

20 -] NN W R R

0w

[eNoNe] o0oC [oNoNoNe]

ccCco

o0

(o) =]

(o} o]

. 005
.005
.008
.010

. 396
.387
.31

.334
.348
.334

. 344
. 326
. 324

. 005
.0t

.010

. 008
. 007

.0y
.039

.381

.008
.010

.010
.01

PPN w e & PN 000

[} e]

0
[eN =]

co

017

.016
.016
. 150

.549
.303

255

.312
.053
.813

.425
. 307
.203

008

.02%

oo

.00 1
.279

L2018

009

.019

207
211

217.

211

205 .
206 .

206

198 .
204 .

203

209.
207.

204

209

207

211

212

212

208 .
210.

203

202

210.

212
242

.976

. 969~

309
.960

257
141
385

650
728
St

483
280
.63t

625
.95%

833

446
181

343
117

953
063

475
229

NOX  HC-NM ME THIANOL
0.005 0.001 0.003
0.002 0.001 0.005
0.0 N/A 0 001
00 0.005 0.002
0.476 0.393 1.219
0.531 0.2386 0.873
0.479 0.376 0.854
0.442 0.332 0.826
0 496 N/A 1.012
0.473 N/A 1.298
0.437 N/A 1.298
0.427 N/Aa 1.084
0.392 N/A 1. 115
0.008 0.004 0.022
0.053 0.009 0.016
0.413 0.006 0.004
0.492 0.004 0.002
0.448 0.004 N/A
0.480 0.005 0.005
0 540 0.034 0.036
0.579 0.378 0.917
0 133 0.00% 0.039
0.413 0.007 N/A
O 471 0.007 o 101
0.340 0.004 0 023

ST~



NO CAL ClibcK aurd

BloHdbe 5 HNONE

NO CATALYS)
B16H99 O NONE
816603 O NONE

4AX6° 3:2 (#3)
8166110 O (#3)
816613 O (#3)

A4xX6-3.2 (#3)
816616 3 (#3)
816620 3 (#3)
817461 3 (»3)

AX6 D.2 (#3)
847467 B (#3)
817469 S (#3)

NO CATAL YL
817473 O NONE

AX6 WOOPD(#4)
817475 O (#4)
812483 O (#4)

AX6 - 1OOFPVL#A)
817987 3 (#9)
817249y 3 (#4)

4X6 - 100PD(#-Y)
812494 S (#4)
817498 5 (#4)

NO CalalLysi
817924 0 NOUNE

4X0 PoBM7Y)
817928 O (#bd)
817932y O (usS)

AX6 POBMI#Y)
BI7936¢ 3 (#4)

AXE PDIME D)
/7942 0 tan)
H179906+ O (4#L)

- -
[

12
12

V2

12

HYA
1)

UL
(¥3)
(913)

Oh
(B
15

3%
16
1
21

YA
09
O

O%
05

O
0Ob
12

YA
13
14

YA
1]
9

O%
21

O
28
(Y0}

RYA
02

OL
0Y
1o

02
82

02
82

02
82

02
a2

‘82

82

02

83

02
83

a2
83
83

02
a3

02
83
83

02
43

02
a3
43

02
L8]

02
43
138

8848

5140
5192

5U21

85343 .

5403
5454 .
5504 .

5599 .
6612.

5668 .

5680 .

5808

5869

9214

5968 .

6020

6118

6172

6228 .

6282

0428 .

6481

S$520

SS20
SS20

5520
$S20

$S20
$520
$S20

$520
$S20

$S20

$S520
$520

$S20
$S20

$S20
$520

SS20

$520
$S520

$520

$520
5520

98 61
94 .27

N/A
N/A

N/A
N/A
70.58

165 .52
144 .94

73.74

113 .6
91.95

138.9
108 .9

165 .45

N/A
N/A

N/A

61 38
S 4t

19 5
19 .1

18 9
19.0

18
18
19

[CIr -3 -

19 1
17 1

21 .0

17 9
18 1

18.9
18 5

18 .6
17.2

N/A

N/A
N/A

19 5
N/A

O 256

0 343
0.399

0 030
0.0

0.012
0.029
0 018

0 097
0.174

0.409

0.120

. 085
.039

[=N <]

.039
YA

=} =}

. 222
. 347

==}

0.295
O 363

480

582
762

451
604

009
309

.024

276

.615

. 009
.018

.08
.069

. 459

. 258
. 159

L0495

404

249 691

203 264
206 711

216 899
216 .21715

219 108
223 884
214 202

215 616
231.697

185 . 760

227 161
224 514

247 800
221 824

221 602
239 240

N/A

N/A
N/A

210 618

204 865
-1 0

0.

(o]

ane

493

.521

056
051

. 430
.538
.477

423
380

. 475

. 092
.037

389
459

374
668

.489

17
457

.532

452
519

0o 251

O 1338
0.395

N/A
0.007

0.008
0.023
0.012

N/A
N/A

N/A

N/A
0.128

.05 1
.034

(=} =}

0.032

0.472

.218
.344

(==}

0.341

.292
359

oC

N/A

N/a
N/A

N/A
N/A

N/A
0.05%
0.047

N/A
N/A

N/A

0.322
N/A

3T-%

N/A
N/A

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A



AxX6
817950
817954

4X6 -
818398
818399

4X6-
818407
8i841

4X6-
818415
818647

4X6
818651
818655

4X6-
818663
818667
818724

AXG-
s18728
818732

4X6
818736
8148740
818977

4X6
818993
818997

4X6 -

B19244
819244

1"DEBML2%)
3 (nH)
3 (495)

PRBMiny )
S (#9)
S (#5)

CUB3B(#6)
0 (#6)
0O (v6)

Ccudl3(70)
3 (#6)
3 (u6)

CUBI3(~0)
5 (#6)
S (#6)

20P0(# 1)
O (1)
O (#7)
O (n1)

20004# 1)
3 (wl)
3 Anit)

200D(# 1)
S (#17)
5 (#7)
5 (#7)

AG(#H)
O (#8)
O (#8)

AG(v8)
3 (#8)
3 (u8)

2

w e

o

Y4 02
11-83
tH 83

S4A 02
17 83
18-83

0% 02
24 -83
25 83

34 02
01-83
02-89

94 02
03-83
04-83

0% 02
10-83
11-82

15-83

3% 02
16-83
1783

5% 02
18 83
22 83
23 83

0L 02
07 83
08 83

I4 02
21 82
22-83

6535

6591

6688 .
6743

6874 .
6930.

7000

7053 .

7108 .
7159.

7294.
7348.
7399 .

7454 .
7506 .

7563 .
7614.
7666 .

1974 .
8026 .

82959.
8392

5520
5520

$520
5520

5520
$520

$S20
5520

$520
$520

$520
$520
$520

$S20
$520

$520
$520
$520

$520
$520

$S20
SS20

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
-1.0

N/A
18 9

18 .4
19 7

19.3
18 7

19
18 . 8

19.

-19 4

19 .4
18.9
19.0

19 .4
8.9

19.

19.

19.5
18 .4

19.4
18.8

o0

[=N=}

o000

cOo0

394
428

.46 1
. 410

.545
. 596

. 500
.542

.470
444

. 062
. 168

032

. 118
.04

. 128
.036
.091

.323
.289%

. 198
. 309

-00

[N el

453
179

.476
487

.226
. 197

.665
.453

.662
.808

.928
. 426
.21

.058
.018

. 009
. 008
.001%

.424
.401

199
319

..'
210

215.
201

205 .
211

208
209

208
204

210
216
214

211
217 .

209.
212

0
091

243
220

099
748

0955
772

6332

.615

324

. 848

841

523
605

43
70

216. 139

205.

155

217 .3148

205 312
211.220

0.

0.
. 410
o.

O.

o

403
528

.44%5
. 409

515

. 507

q1718
550

.488
. 420

.025
. 124

023

. 384
. 348

368

442

426
426

317
O.

334

.389
.422

c o

. 485
. 404

=N}

0.538
0.590

.494
.538

=}~

. 469
.439

(=}~

.087
. 162
.026

co0

0. 112

0.123
N/A
N/A

0.319
0.2797

0.1914
N/A

H/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/a

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

LT-¥



ALOY  _MPG  _MC GO CU2  _ NUX_ HCINM_ MEIHANOL

NUMULR 02 CAly DATE | _UDOM_ IPRC

SIOCK CalALYs

814219 9 SHOCK L 29 82 2685 O SSJ0 ' 4 2y 7 0.004 0 062 189 231 O 002 o 005 0 009

814218 9 SI0CK G 30 82 2739 4 SSI0 o 4 201 0 00% 0O 057 189 665 0 O 0.002 0 003

814221 9 SI0CK 7 Oy 82 2810 O SS30 2 4 20 9 0 006 0 069 197 007 O 007 0.004 0 009

814224 9 SI10CK /1 02 82 2860.0 SSJ0 2.8 20 0.006 0 058 194.629 0 O 0.002 0 00t
NO CATALYSIH U4 02

8195242 O NONE 8 13 82 3184.0 SSJ20 169 .3 21.2 O 363 4 387 186 .507 ¢ 212 0O 362 0 897

815249 O NONE 8 17 82 3213 0 SS30 166 5 21.3 0 249 4.393 184.963 1.300 0.348 0 773

815247 O NONE 8 17 82 3235.0 SS3A0 159.6 21 4 0.340 4 622 183 . 618 | 188 0.339 O0.788
NO CATALYSIH 9% 02

819253 3 NONE 8 20 82 3340.0 SS30 142 .1 21.8 0.3217 4 296 181.356 1 147 0.326 0.848

815256 3 MONE 8 25 82 3396.0 SS30 141.3 20 .6 0 336 4.422 192 444 1 .242 N/A 0.924

815259 3 NONE 8 26 82 3425.0 SS30 104.0 21.5 0.314 4 184 184.098 ' 200 N/A 0.8917
NI CAVALYS) 5% 02 : :

815267 S5 NONE 9 10 82 359%.5 SS30 107 . 21 2 0 319 4 447 185 .846 1 158 N/A 0.930

815269 S5 NONE 9 10 82 3625.0 $S320 1108.2 21 0 0.321% 4.519 187 998 1 211 N/A 0.898

8156271 5 NONE 9 14 82 3662.0 SS30 130.6 21.2 0.323 4.201 186.415 1 174 N/A 0 910
4%x6 12:1{n) O 02

816032 O (#i) 9 16 82 3747 .0 SS30 0.3 21.6 0.002 o 0N 190 . 880 0.002 0.001 0.002

815994 O (#1) 9 21 82 3828 0 $S30 0.4 21 5 0 003 0.028 191 718 0.005 0.002 0.008
AXG 12 1) F 02

816002 3 (#4) 9 29 82 3983.0 SS30 0.890 21.5 0.008 0 001 191.581 1 140 0.004 0.002
AxX6 12 41lwy) 9% 02

816008 5 (#1) 10 01 82 4065 .0 SS30 0.6 21.4 0 008 00 192 321 1. 174 0.00% 0.003

816010 5 (#1) 1O 0O) 82 4100 O SS30 2.2 21 2 0.008 oo 194 049 1 262 0.004 N/A
4X6 12 1(#1) 47 02 (AGAIN)

816017 3 (#1) 10 08 82 4229 9 S$S30 21 21.2 O 008 o0 194 449 1+ 215 0.005 0.005

816019 3 (#1) 10 08 82 4236.5 SS30 3.0 2y 6 0.009 0.0 190 452 1 210 0.006 0 004
NI CALAYNYSI 07 02

816029 O NONE 1O 10 842 435%3.0 SS30 110 .4 2.3 0.336 4.265 185 .561 1.260 0.334 O 873

\

6XRIO 12, 1(#2) OL 02

816563 O (#2) 1 19 82 4450 0 SS40 0.5 21.7 0.006 0o 189 7183 0.2395 0.004 0O 024

816%71 O (#2) 11 02 82 4625 .0 SS30 6.7 21.0 0.007 0.023 196 .256 O 562 0.005 N/A
GARIO 12, 1{n2) ok 02

BI16579 9 (#2) 1 0 82 4768 O S$S30 5.6 20 3 0.010 0.029 203 143 .28 0.007 0 082

8T-¥



MO CAL ClibeK Ot

g16885y 5 NONL

NO CAJALYSH
816H99 O NNt
816603 0O NONE

A4X6 -3.2 (#3)
BIGGI1L O (v])
816613 O (#3)

AdX6-3:2 (#13)
816616 3 (#1)
816620 3 (#3)
817461 3 (#3)

4X6 3:2 (#3)
817467 5 (#3)
817469 S5 (#3)

NO CAlALYSIE
817473 O NONE

4X6 - 100PD(#1)
817475 O (#4a)
817483 O (#4)

AX6 - 100PD(#4)
817487 3 (#4)
817491 3 (#4)

a4x6 100PD(#1)
817494 S (#4)
817498y S (#4)

NO CATALYSI
B17/9240 O NUNE

4x6 PHum#H)
8179287 O (#5)
817932+ O (45)

4x6 PDBMI#Y)
B119396 3 (ub)

dX6 POSMLE 20 )
H17942 0O (nH)
BLIHGIGe O (#9)

N -

’

RYA
19

O%
Ot
08

O

14

1

YA

16 -

17
210

S%
(o8}

04 -

O
05

0L
06

12-

R
13
14

9
(X3}
19

O
271

Oh
28
(03]

EYVA
02

(Y74
(§13)
)

02
82

02
82
a2

02
82
82

02
82
82

‘82

02
83
83

02
a3

02

‘83

a3l

02
a3
83

02
a3
a3

02
83

02
83
83

02
81

02
873
[$ 8]

4884

5140.

5192

9321
9343 .

5403
5464

8504 .

5999 .
5612

5668 .

5680

5808 .

5869 .
5921

£9686 .

6020

6118

61472
6225 .

6282 .

6428 .

6181

(6]

(]

5530

$S30
SS30

$S30.

SS30

S$S30
SS30
SS30

$530
$S30

SS30

S$S$30
SS30

$S30
$530

. 5530

$S30

SS40

$S30
S$S30

S$30

SSJ0
SS30

N/A

104. 9
109.8

N/A
N/A

N/A
N/A
70.74

98 .95
144 .98

72.28

2).6
14.8

22.9

121.95

N/A
N/A

N/A

38.0%
47 53

Vo

20 4
20 9

21.0
20 2

20.
19
20.

CcCanwn

19
20.

- 2]

20
20.2

»

20.
20 7

&

20
19.7

~

N/A

N/A
N/A

20.7

21 5
N/A

o000

(=N}

(=N =)

© 0

=X <]

138

. 354
.34

. 006
.03

017

. 058
.033

. 100
.024

.4195

.04
.013

.00
.009

.0t
.03

.387

.064

080

097

.066

072

cCo

©0

oo

N

152
967

. 189

250

034
006

. 123
.006

.372

.475
.627

. 006
. 006

.007
.08

.004

.639
. 620

659

199
548

223

192
188

195 .
203.

204 .
211
206 .

209.
198 .

198 .

201
202

201
199 .

198
209

N/a

N/A
N/A

192,

(%)

6136

987
026

114
138

257

. 459

135

362
279

563

469
518

. 947

129

854
224

641

403

-1 0

0

0.
.053

385

156
182

.021
.061

277

. 194
.219

.224
.088

. 306

. 005
.010

.026
.083

L0713

179

.088

973

109
126

0. 133

0.325
0.338

N/A
0.009

0.014
0.05%
0.029

N/A
N/A

N/A

N/A
0.010

. 006
. 006

[} <]

0.010

0.384

.063
.078

(=}«

0 09S

063
.069

o0

N/A

N/A
N/A

N/A
N/A

N/A
0. 168
0.042

N/A
N/A

N/A

O 036
N/A

6T-¥

N/A
N/A

N/A
N/A

N/A

N/A
N/A

N/A

N/A
N/A



4X6
Y 179500
817954

4X06
818395
818399

4X06
818407
CAL-RNN

4X6 -

818415
818647

4X6 -
d18651
818655

4X6 -

418663
818667
818724

axa
gi18728
818732

4X6
818706
818740
818977

4X6
818993
818997

4x6 -

8192449
819248

VM 29 )
3 (#5)
3 (#8)

POBM#9)
5 (#s)
S (#%)

CUBING)
0O (u6)
0 (#6)

cugiitae)
3 (46)
3 (#6)

CUHBIM¥G)
5 (#6)
S (#6)

20000 #77)
O (xv1)
0O (»7)
O (nt)

20000#71)
3 (wl)
3 (#1)

20008 %17)
S {(#7)
5 (717)
S (wl)

AGI#H)
O (#8)
O (#8)

AG{#H)
3 (w8)
3 (v8)

YA
L)
15

b
(W
18

O%
24
25

%
02
5%

03
04

O%
10
[N

15 -

L
16
17

Sh
8
22
23

O%

Or-

08

I%
21
22

04
2-83

02
83
83

02
83
83

02
83
83

02

02

83
83

02.

83
al
83

02

a3

02

83

a3

83

02

[ ¢]

02

a3
83

6535

6591

66488

6743

6874

6930.

7000 .
7053.

7108 .

7159

1294

7348
7399

7454

1506 .

7563 .

7614
7666

19174

8026 .

8259.

8392

5530
$S30

S$S30
SS30

S$S30

$S30°

$530
$530

$SS30
$530

$530
$S30
$530

SS30
SSJ0

$530
$S30
SS30

SS30
S$S30

SS30
$S30

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
-1 0

N/A

21.

20

21

21
20.

21
20.

21

20.

20.

214
214

2.
20.

21

2

v

(2%

-

(a3

-

(=N <]

[=X=N~]

[=X=N<]

(=N =

125

. 137

258

. 262

394
403

.408
. 412

.288
.379

.08
.012
. 009

. 009

. 009
. 009
. 009

.22
.233

. 134
. 121

.246

9711

876
470

.87
.220

342

.056

.456
.370

.332
.862
. 184

. 004
.007

ONR]
. 006
.004

090

.086

383

.898

-
187

188
184

185 .

187

188

189 .

186 .
192

195 .

197

195 .

192

195 .

192

195 .

(V)

.662

833
.026

177
372

013
016

639
543

359
413
432

800
931

34
22

196 370

180

868

189 955

181 073
178 .946

0.

o

057

.067

0Y4q

.056

113
119

107
(R E]

.816

113

015
030

.010

.018

012

018

.074

971

108

967
908

0.122
0.132

0.254
0.247

-390
. 397

[N ]

. 405
.408

[N =]

.285
.368

=¥ <]

.01)

. 004

0.005
N/A
N/A

0.217
0.2287

0.1295
N/A

N/A
N/A

N/A
N/A

N/A
N/A

M/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A

0Z-%



NUMBER U2 caly

SIOCK catatlvsi

814215 9 SHOCK
814248 9 SI0CK
814221 9 SIUCK
814224 9 SI10CK

NO Catal vsi
815243 O NONE
815245 O NONE
815247 O NONE

NO CALALYSI

815253 3 NONE
815256 3 NOUNE
815259 3 NONE

NO CATALYSI

815267 & NUNE
815269 S NONE
815271 S NONE

O
6

LALE

29-82
3O 82

/7 Ot 82

7

S

oo

E]
9
B

02-82

O4 02

13 82.

17-82
17 82

3% 02
20-82
25-82
26-82

5% 02
10 82

10-82

141-82

-ouam_

2685 .

2739

2810.
2860.

3192
3213.

32395

3340.
3396
3425 .

3595.
3625 .
3662 .

5S40
S$S40
$S40

$S40
$S40
$S40

$S40
$S40
$S40

oooc
[ - 34
228

170.
166 .

W h oW

150.9
N/A
119.9

113.5
117.4
119.6

21

20.
20.

8.

19.

20.

19.

19

20.
20.

M- -Nelig

-

N0 &

[N =N} [=J=N)

[=J =N

oooe

381

.309
.329

.290
.289
. 299

-307
.283
. 291

& w &

& W w

©o0O0OC

016

o228

.036

. 229

a1l
ole

.248
.082
.86S

.89%5
.969
.074

191
206
198 .
198

212
183
203

192
197 .
2014

205 .
198
196 .

.8537

906
190

3617
967
364

590
963
239

oOCO0

NOX

032

. 256
. 055
.05

.843

583

.698

.6014
.693
- 639

.76 10
.6995
.621

.002

.002
.003

©o0C0

.81
.308
.328

[=R =)

0.289
N/A
N/A

N/A
N/A
N/A

CO -

oooc

.024
.122
. 926

.7174
.828
.847

.189
. 743
.891

TZ-¥



APPENDIX S

Statistics with the Data
Stratifiea by Oxygen Level,
Test Cycle, and Individual Catalyst
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ubeits SNIHG PROJECTE SAMV
OBTAINED A 17303300 TUE MAY )10/8)
HELEASED AT 17:03:03 TUE MAY 10/83
LINLS PRINTRD 1374
Pabes PRINTEU 48
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8-2

CDESCRINE oYSTRATA VANSY=lZylesir 3TRATzVEOV®YE)>

DESCRIPTIVE MEASURES
Vaw [4BLE
YeALDY
10.MPG
11.mC
12.C0
leeNQ2

16.METmaNOL

DESCRIPTIVE MEASURES
VaxlaBLE
S.ALDY
10 MPG
{1enC
12.C0
leoNUX

leeMETHANGL

DESCRIPTIVE MEASURES
Va2 1aBLE
9eALDY
10 MPG
11eHC
12.20
l1eeNOX

lboMETHANOL

DESCRIPTIVE MEASURES
VAR TABLE
3ALDY
10.MP5

ilenmC

<i> nAvueCaTi(mlieTwryif TP

MLINLMUM MA K [ M4 MEAN
3 »®,.3000 14420V Ale033
3 1le.ndo le.0ll 13.968
3 .1uuso .1222v 11073
3 Walbdy «¥360V «65300
3 90Ty «7000v 621U
2 «3veu0 T R 032830

€2> QRY:13®CAT: (m))TPROIFTP

MinIMUM MAKX I MUM MEAN
3 12.%900 17.%00 15.600
3 13.6¢e 14.556 lasulé
3 «1L310 12810 «11l870
3 .3l32u .30300 38760
d 1.,9790 2.0931 <.0062
3 29100 «3l600 «306a7

€3> QAY:SeCaT (#l)*IPRUF TP

MLt LMUM MAXLMUM ME A
¢ loe«9006 22.100 Cle¥?>
6 13.76¢ leelu/ 13.910
“  Jlub2u 13830 12635
& 4323006 -3 «39927
& <.J731 241172 T
«  W20v00 L3730V «31700

Ce> GAY:U®CaT:(R2}OTRROIFTR

MiNLMUM MAX]MUM ME AN
< Y.9000 13+000 1l.e50
2 13.820 144278 13.952
2 L1LLlTv ele9ey +13055

STu Oev
2.7135
e T0676 =]
«10902 =}
+ 26057
«1090¢

e delbd =]

$TL OEV
2.4021
18354
«81902 =2
.10133
11372
.13650 =1

STu D&V
levad63
19615
12328 «1
,00670 =1
031396 =1

4932 =}

STu D&V
2.1920
o‘ 79-7

26650 <~}



12.C0

14«NOX

16 METRANOL

DESCRIPTIVE MEASURES
VARTABLE
9.ALNY
10.MPG
11.mC
12.C0
laoNOX

16 «METHANOL

DESCRIPTIVE MEASURES
VARIABLE
J.ALDY
10 «MPG
11enC
12.€2
leaeNOX

16 METHANOL

DESCRIPTIVE MEASURES
VARIABLE
JeALDNY
10.MPG
1}.nC
12.00
leenQXx

16 «METHANOL

DESCRIPTIVE “EASURES

2 70390
2 79530
1 #2000

5-3
<8603V
$76720

82000

«77210
«76125

«82000

<9> QXY:J®CAT:(R)*TmGiFTP

N MLIMIMUM

3 13.300

13.67¢
3 Jllevu
3 .23500
3 2.vugsc
0

MA X [MUM
15.10v0
13.827
1369y
«208630

2.06%c

ME AN
16,633
13.737
«12837
ey 30

Ce VeSS

€8> QXY:a*CAT! (B2)oTRRQIFTP

N MINIMUM
I 20.80v
1 13783
I 13130
1l Je3920
1 2.Uv39
0

MaA [MUM
20.80¢
134763
«d13V
3520

2.U939

MEAN
cu.800
13,753
«131230
«43920

<.0939

<7> QAY:U®CAT: (RILeTPRYIFTP

N MINIMUM
1 ¢44300
3 13.04s
3 .1e620
3 1.4973
3 8393
0

MAX I MUM
29.504
13.879
«15070
I T

87030

~MEAN
£9.3500
13.720
sidwal
AN YA

«83300

<H> QAYIJeCATi(8I)elPRUIFTR

19064y =]

86l4u0 =2

STU 0€v
78698
80625 -]
76866 =2
.lw720

.ZZUJO -1

STO LEV

STL VEV

11874
s Towl =2
si3612

15810 =}



VARTABLE
S.ALDY
10 .MPG
11.4C
12.C0
14<NOX

16 .METHANOL

DESCRIPTIVE MEASURES

VARIABLE
S.ALDY
10.MPG
11.nC
12.C0
144NOX

o« METHANOL

DESCRIPTIVE MEASURES

VAR[ABLE
9«ALDY
10+MPG
11.mC
12.C0
l4oNOX

ls.METHANOL

JESCRIPTIVE MEASURES

VARTABLE
9+ALDY
10 e MG
11.4C
12.C0

N MINIMUM

1

NN NN

72.900
13.365
12660
«36S30
€.usl7

«2120v

5-4

MAX I MUM
72,900
13090
10360
« 3553
2.0853

«J3W0UV

MEAN

12,900
13.430
lovl0
+35030
c.0686

«27000

€y> QXYIS5eCaT:(#I)eTPRQIFTP

N

[\ VI A VAR ) VRN \V IR V]

MINIMUM
117+3v
13.485
18100
«Jev9Q
19765

e 2Y00U

MARX ] MUM
117,40
13.539
199y
sl QbOU
2092y

«@d30

4F ANL
117,39
13.511
19020
39525
240336
£ 35950

<l0> QXYIV®CAT: (ML) PTPRUIFTP

N

3

W LW W w

MINIMUM
38.55v
13eale
12330
149873
«72010

e 34900

MAXIMUM
©8.90V
13.552
lv02v
242857
ATV 1Y

3524V

Mz AN
wl 567
13.-270
1693
19869
e Tw293
«3u350

—

<ll> 0xY:3eCAT: (Ru)2TPwOr P

N

e

MINIMUM
99.330
134397
13860

1 Jos70

MAX [ MUm
76.65v
1ot
ol3ley

3936V

MEAN
07,990
13ew3l
v leay0

«J74965

STU VEV

«¥2702
9697
«T0711
«23900

«v051Y

STL OEV
«70711
37547
+13011
N Ty} )
.83863

«894803

STO LEV
@.b672
e 7314y
«19v6}
235995
216981

«v1926

STO OEV
12.267
90722
A A

1972y



146NOX

16METHANOL

DESCRIPTIVE MEASURES
VARIABLE
S.ALDY
10.MPG
11.HC
12.C0
14 eNOX

16+METHANOL

DESCRIPTIVE MEASUNLS
VARPTABLE
9.ALDY
10.MPG
11eMC
12.C0
14« NOX

16 METHANOL

DESCRIPTIVE MEASURES
VARIABLE
S.ALDY
10.MPG
11.HC
12.€9
l4.NOX

16METHANOL

DESCRIPTIVE MEASURES

VARIABLE

5-5

2 1.9570 2.0042 1.9826
0

<l2> VUAY:SeCAT  (m4)oTRROIF TP

N  MINIMmUM MAA [ MUM ME AN
3 Lll.2y 172.87  lael.a7
3 13.227 1332w 13.2066
3 +1510v0 17340 «15983
I 28640 «4S578vy 35650
31,9932 2.1090 c.0516
0

€ld> UXY:IQ®CAT: (#S) ®ThuQ:r TP

N  M{nIMuM MAX [ MUM MEAN
2 lld.60 119.2% 118.85
I leelel leal4l eyl
2 .27670 27700 27685
2 g.l232 | 2.9788 2.8510
2 l.9502 1.9936 1.9718

<le> QAY:IJ®CAT: (AS)OTRRUIFTP

N MINIMUM MAATMUM MEAN
2 117.5¢ lel.23 129.37
1 13.895 l3;89: 13.89%
2 2749y 2811 .27800
2 1.73m0 2.1632 2.0519
2 l.ov8e 2.0033 L+3510
v

<132 JAY:QeCAT: (RS)2TRPRQ:IFTR

N MINIMUM MaX [MuM ME AN

36204

STu DEV
JV.691]
52672
. 13522
« 09859

85036

STD OtV
35154

21213
+1807¢

+30547

STU OEV-

lo.766

seldel

16023

el 76

STU LEVY

-1

-3

-2

-1



5-6

S.ALDY 3 ¢sd.l2 308 .33 279.53 25,757
10.MPG 3 134709 13.91@ 13.052 .5985S1 =1
11emC 3 .350eu «37090 36063 «71319 =2
12.€0 3 3.3620 3.9330 3.6550 28616
14oNOX 3 la91l3v 1.99¢9 1.5378 020936 =}

1A «METHANOL 0

DESCRIPTIVE MEASURES <16> UAY:yueCAT: (#8)°TPRQ:r TP

VAR ABLE ‘N MINIMUM MaAlvym MEAN STu DEV
YeALDY ’ 2 ¢bo.Be 315.04 ¢91.32 32675
10.MPG 2 13.664 l13.726 134693 43278 -}
11.nAC 2 «9u07¢ «J05JV «90300 32527 =2
12.C0 2 (.d10s T.7205 7.5185 28991
14eNOX 2 l,265v 1+90606 1.83848 «28001 -l
16«METHANOL 0

DESCRIPTIVE MEASURES <17> UXY:JoCAT:(me)*TRPRUIFTP

VARTABLE N MIN[MUM MAX [ MUM mMEanN STO OEv
9.ALCY 2 312.e7  332.1% 322.31 13.916
10.MPG 2 13.433 ldebsey 13caal 011263 =1
11.HC 2  JgBesy «92010 «70235 225102 =1
12.C0 2 7.c163 T.3714 1.2928 11109
leoNOX 2 l.a{ﬁ?— leal97? led17¢ «3S3S5 -2
l6+METHANOL 0 ‘

JESCRIPTIVE MEASURES <la> UAY:IDeCAT: (2A) &TIFPRQ:ir TR

VARTABLE N MINIMUM MAALMUM MEAN STL 28V
Q.ALDY ¢ 30s.l3 EV-L -9 v13.87 15.189
10.MPR 2 1J.e3ds 13.3396 1d.071 «301 30 <}
11emC ¢ «AJ26u . FUS3V + 0689y 21690 =]
{2.CO 2 o,382y 6.9845 0.9331 712006 =]

leeNQX é L.dl:: 1.6380 Lc&2d7 13081 =1



16.METHANOL

DESCRIPTIVE MEASURES
VARIABLE N
FeALDY
10.MPG

11 enC

12.C0
14 oNOX

1o« METHANOL

DESCRIPTIVE MEASURES
VARTABLE N
S.ALDY
10 +MPG
11emC
12.C0

14 oNOX

16.METHANOL

<€19> UXY:0°CaT:(#7)®TRPROIFTP

mINIMUM Ma X [ MUM MEAN
3 3Se3dv 4B b3V «l.030
3 13.68¢ 14.31% 13.81¢
-3 +16680 200480 «lBGAJ
3 L.e919 2e09u3 Len392
J 82510 « 70290 «26630
v

<2U> QXY:3®CAT: (R7)*TRRUIFTP

MINLIMUM MAXIuUM MEAN
2 838.67¢C 99.720 Y4195
2 13.76¢ 13.9040 13.833 |
2 1590 o 1580 «15285
2 39610 s 4060V «3990%
¢ L1833y 1.9346 1.,8955

STU uky
6.8650
«11846
«1709a
«3llibo

39103

STO OEV
7.8135
' 90964
98288
.70004

.60106

o
MINLiMUM

lo2.ls 107.7%
13;067

17926

9130

lad93e 13026

ODESCRIPTIVE MEASURES

VARTABLE N

SeALDY

<22> QXY:IU®CAT: (®B8)*TPRU:IFTP

- P -
MIN{MUM MAX[MUM MEAN
3 @]l .800 50 .06V 25.433

STU vEv
6.7703
1.1056
+ 77852

6337

~n

80314

sTu QEV

1dew00

-2

Coﬁ-tf&d.(
4¢g last
pose
a_ppw{zx 1



10.MPG
l11.mC
12.C0
laeNOX

16METHANOL

DESCRIPTIVE MEASURES
VARIABLE
F.ALDY
10.MPG
11.1C
12.C0
laeNOX

16+METHANOL -

DESCRIPTIVE MEASURES
VARIABLE
9. ALDY
10 « MPG
11eMC
12.C0
l4eNOX

16 METHANOL

DESCRIPTIVE “LASUNES
VAR [ABLS
YeALDY
10.MPG
11eAC
12.C0
l 4o NOX

la«METHANOL

13765
b0
0.291Y

2.0084

5-8

14.030
«61130
6.08857
2.u5006

13.853
«539%58
6.5252
c.0242

€23> OXY:39CAT: (#R)OTEROIFTP

N

w W W

MINLIMUM

13.601
« 35260
5,473%
L9779

MaX vy

13.877
7814
04773

2.V03¢

MEAN

13.709
42799
5.9313

l.9892

<gé> UXYIDOCAT: (RB) *TRRUIFTRP

N

0

MINIMUM

13.786
5175
5.962V

l.391Yy

Ma X [ My

ldeTH0O
- T )
6.7620

18919

MEAN

13.786
e5617S
0.9620

1.8919

<295 OXYIUPCAT INUNE®TPRUIF TP

N
1l
13
14
1o
le

[

MINIMUM
131460
13.399
+ 70689
7T.1922

l.96%0

17830

MAA[MUM
3ed5.7¢
14172
l.0Se3
CRT YL N
2.c002

2ee3dV

MEAN
cel.oY
13.3858
«91%03
1.5196
c.B32

Cel787

12766
«68705
«16906

o 186kl

STu D&V

16700
«866l6
50769
« 14357

STD OEV

STu DEV
20.265
24119
+86235
«Jd9l2v
.3012%
+23197

-1



OQESCRIPTIVE MEASURES

VARTIABLE
9.ALDY
10.MPG
11.HC
12.C0
JeeNOX

1heMETHANOL

DESCRIPTIVE MEASURES

VARTABLE
S.ALDY
10.MPG
11enC
12.C0
laoNOX

lé6«Mz THANOL

DESCRIPTIVE MEASURES

VARIABLE
S+ALOY
10.MPG
11.HC
12.C0
l4«NOX

16oMETHANOL

DESCRIPTIVE MEASURES

VARTABLE
9+.ALDY
10.MPG

11.HC

N

N

N

N

) w v (Vo w

5-9

<Zp> QAY:3eCATINUNE®TPROIFTP

MiNIMUM
252.6v
13.686
« 78950
7.1572

S €.9030

3 ¢.uLd0

MAX I MUM
28l.3v
14068
leU708
T.3910
2.l648d

2.1350

MEAN
c0e .33
13936
«91690
1.,2550
&.0925

€.0H820

<27> OXY:90CATINONE®TPRUIF TP

MINIMUM
« 185.00
6 lleboé
6 J757Sv
6 T.260v
& 1.9903
3 <.l

MAX ]I MUM

7.950>
2.1911
2.2300

MEAN
194,22
13.8206
«90380
7.5138
2.08u87

C.48017

<245 OXY:08CAT:STOCKSTPRO:FTP

MINIMUM
“ 17.20v
6 13.va2
6 .14560
® 09570

o 45306y

& L]1=200

“MAX ] MUM
29.30v
144725
<1902y
001V
leb7v¢

«3030u

MEAN
¢0.275
lesiyd
« 15665
« 71838%
.83737

429330

<¢Y> OAY:3eCAT:STOCKeTPROIFTP

M N MU
1 13.000
I 13.7%2
1 Wladlv

MAX ] MUm
12eauv
1475

sl@3l0

MEAN
15,400
13.792

ola3t0

STL OEV
15049
« 1508l
«16370
71068
«359006

«99¢c11

STy DEV
8.9489
«18513
« 14992
«28089
«65312
00929

STu DEV
6,2637
27626
«19086
«82330
.56187

. 70420

STO OEV



S-10

12.C0 1 +633460 <6034y +8Q340

14.NOX 1 1.99e 1.9496 1.9496
160HETHA~°L 1 05°7°U D870V 058700

OESCRIPTIVE MEASURES <J1> UXY:0#CAT:(R#1)®TPROIMaY

VAR [ASLE N MINIMUM MAX 1 MUM MEAN  STD DEV
9.ALDY .3 30000 1.000V «53333 40615
10.+4P6 3 17.219 170639 17.318 11160
1l1emC 3 .30000 =2 .+l000 =2 433667 =2 .03509Y =3
12.C0 3 209UC =1  .66000 =1 48300 <l 19196 -l
144NOX 3 .58040 «6329v «61050 «27086 =l
164 METHANOL 2 +60000 <2 ,12000 =1 90000 =2 .#2026 =2

UESCRIPTIVE MEASURES <J2> UXYIJSCAT:(#1)°TRRUSALY ..

VARIABLE N MIN[MM MA X | MM MEAN STD OEv
9.ALDY 3 1.0000 1.600v 1.2333 32106
10 «MPG 3 17.081 184712 17,748 85690
11.1C 3 100U =2 L9400V =z .86333 =2 .6H069 =3
12.€0 3 0. «8500U =2 ,65333 =2 ,62782 =2
144NOX 3 2,657 2.8921 | <¢.7338 . 26688
16.METHANOL J 40000 =2 DU00U =g ,43333 =2 57735 =3

DESCRIPTIVE MEASURES <33> VAYIS®CAT:(m])*TPRORwWY

VARIABLE N  MINIMUM MAX [ MUM MEAN STL DEV
S.ALDY 4 1,7000 2.200vV 149250 <0616
10.MPG « 17.223 17.317 17.389 « 125«0
11emC & J7700V «2 L1ledu =1 .96500 =2 ,151S5 -2
12.C0 o 0, «7U000 -2 ,21750 -2 ,331S50 =2
laeNOX 3 2.7060 2.9207 c.7820 « 12045
16+ METHANOL 6 Luy000 =2 L9000V =2 ,00000 =2 .cl602 -2

DESCRIPTIVE MEASURES <342 OXY:U®CAT: (B2)O°THRU:IMWY



5-11

VARIABLE N MINI[MUM MAXIMUM
S«<ALDY 3 «3ulou 1.6000
10.MPG I 17.1e7 13s000
l1enC 3 450000 =2 1290y =}
12.C0 3 457200 =1 ,6710u -]
leeNOX 3 Jei?S20 <8975V
le«METHANOL .2 240000 =2 .55000 ~|

OESCRIPTIVE MEASURES <35> UXY:iI)eCAT:(82)9THrO:

VARIABLE N MIN[A4UM MaAIMUM
Q.ALDY 3 1.0000 2.3000
19 .MPG 3 17.295 17062
111C 3 .82000 =2 9300V =¢
12.C0 3 23600 =1 L2760V -]
14 +NOX 3 <.0u2e 2.060¢
16.METHANOL 3 50000 =2 L2300V =]

DESCRIPTIVE MEASURES <J36> UXY:I3eCAT: (#2)*TPRU:

VARIABLE N MINLIMUM MAX I MU
9.ALDY 1 2.2000 2.2000
10.MPG 1 17,366 17.3606
IleAC 1 .95060 =2 L8800V =2
12.C0 1 .2820u =1 ,2b2ud =l
14 «NOX 1 <2.798¢ 2.7982
15 METHANOL L 27000 <1 27000 =}

JESCRIPTIVE MEASUKRES <37> VAY:UeCAT:(R3)*TPRU:

VARTABLE N MINIMUM MaXT MUM
S<ALOY 1 .91000 «9100v
10 .MPG 3 1AI1G 1734w
11emMC 3 .0l00U -2 .9U0UV =¢

12.C0 3 .19850 2412V

MEAN
l.lo67?
17.721
+ 83000
+62%33
+55043

+ 36500

AwY
ME AN
2753;3
17,368
87333
«25033
C.8384

«14000

nyY
ME AN
2.2000
17.366
«5800U
«282u0
. 7982

27000

mwY

mME AN
+51000
17.1595
« 73333

21647

STV OEV
Q06lS
49843
i Jl073
-1 0“99“3

12737
a] 3136

STy DEV
47859
e 73406

=2 35078
-1 .22502
«31270
-] .78102
STu OEV
-2
-1
-}

STO OEV

«21603
P2 o leST7H
16560

-1

-2
-1



laoNOX

16.METHANOL

DESCRIPTIVE MEASURES

VARTASLE
S.ALDY
10.MPG
11.HC
12.80
leenOX

16« METHANOL

DESCRIPTIVE MEASURES

VAR1ABLE
JeALOY
10.MPG
11.nC
12.C0
14.NOX

16.METHANOL

DESCRIPTIVE “EASURES
VARIABLE '

S.ALDY

10.MPG

11.AC

12.C0

l4aNOX

16« METHANOL

DESCRIPTIVE MEASURES

varIasLE

3 .6255u
0

<6478V

263983

38> UXYS30CAT: (#3)°TPROIMWY

N MINLMU#"- MAR [ MUM

1 1.7000
3 16.804
3 .95000 =2
3 60000 =3
3 2.738e
2 .11000 =}

17000
17.079
<1000V =}
el7600 =}
2.8118
«1600V =}

MEAN
1.7000
16,918
98400 =2
e22000
2.7695

« 1350y

€JY> UXY:i9eCATI(83)*TPNUIMnWY

N MINIMUM
2.9300
17.011
«92V09 =2
«50000 <=3

2.742v

[\ N n [ VI \ ¥ LN

e IV00U <2

MAX [ MUM
deuanu
17.081
lUO0U =)

« 78000 =2

T 2.827¢

«J00U0 =2

MEAN
2.9850
17.066
+96000
«41500
2.7848

+90000

<@Q> UXYIUOCAT: (84)*TPRUSHWY

N MIN[MUM

3 36000

J 164909

3 eed00U =2
Y ALLY

3 Wuanly

2 30000 =2

MAX [ MUMH
1.1000
17.00e
«6600u -2
T XY,
«57360

26000 -]

ME AN
. 72333
16.976
«S5000
032520
«S0767

+ 16000 =i

R]> UXKY:!SC¢CAT (BRI OTPRY INWY

N MIN[MUM

MAK [MUM

4L aN

12039

5T0 OEV

14392
26658
e Y0995
. 37862

«33355

STu UEV
« 77782
49285
456569
51619

00265

STu OEvV
fJ7018
57453
.10817
L]
o7 3047

W1131le

STO vEv

=]



5-13

S«ALDY 2 l.6700 l.vy000 L«7850 « 16263
10.MP%G 2 17.01v 17.081 17,006 «20205 <}
11.nC 2 7300V =2 L9000V = .B1S500 =2 .1gudl =2
12.C0 2 8600V «2 14600 =1 L11500 -1 .=l012 =2
14NOX 2 2,b669 2.851% de6492 033236 =2

16+ METHANOL 0

DESCRIPTIVE MEASURES <wg> UXY:iDeCAT: (M&) ®TRPNURYY

vaRlaagLE ‘N MINIMUM MAX]MUM ME AN STD D&V
S.ALDY 2 £E.0500 2.8000 €.7250 10607
10.MPG 2 lee94y 17.081 17.010 «996419 =]
1lemC 2 J8000U =2 Y4000 2 90000 =2 .56%569% =3’
12.C0 2 J1070U =] L1e5Qu =l ,12600 =1 ,26870 -2
lasNOX 2 Zd.ll6e T 2,7287 2.7218 + 72832 <=2
16 <METHANOL 0 )

DESCRIPTIVE MEASURES <&3> UXY:0eCAT: (®#S)®TPROIMWY .

varRlA3LE N MINIMUW MAA [ MUM MEAN . STu DEV
9eaLDY 2 2.6400 3.9900 Je1150 67179
10 «MPG 1 17.58s8 17.548 17.508
11.RC 2 13000 =1 16600 =1 15300 -1 .11314 =2
12.¢0 2 l.30%0 1.5607 1.4826 25180
laeNOX 2 [ .545y 1.7229 16364 +12516
laeMETHANOL . 0

DESCRIPTIVE MEASURES <bd> UXY:JeCAT:(83)eTPwUimwyY

VARIABLE N MIN[MUM MAA[UUM “E AN STO LEV
9.ALDY 2 Z.7800 3.200V <.9800 31113
10.MPG 1 17.310 17.310 17.3510
11enC 2 J1330u =] 13200 =1 .13200 -}
12.C0 2 J3VU60U -l .20800 =1 45700 -1 ,<l355 -l

l4eNOX & Z.o07V 2.830v Ceb015 83790 =1



16.METHANOL

DESCRIPTIVE MEASURES

VARTABLE
S«ALDY
10 «MPG
11.1C
12.€0
l14+NOX

16 METHANOL

ODESCRIPTIVE MEASUKES

VARTABLE
Q.ALDY
10.MPG
1lenC
12.C0
laoNOX

16 «METHANOL

DESCRIPTIVE MEASURES

VAR TABLE
S.ALDY
10.MP6G
11.HC
12.C0
leoNOX

1o eME THANOL

DESCRIPTIVE MEASURES

VAR ABLE

9eALDY

5-14

<S> UXYI9®CAT: (#S)®TFRUMWY

N  MINIMUM
11,480
17.533
«13300 <)
«34970

NN N

2,835

MAX]MUM
17.400
17.836
« 10600
« 20650

2.665

-1

MEAN STD DEV
la,a?0 «.228%
17.695 «200239
«13950 =1 91926«
1710 .12360
Y- T I 71418

€Lb> UXYIQ®CAT: (86)*TPRUINWY

N MINIMUM

2 12d9.l1l
2 15.699
2 20170
2 b.8c42
2 <2.4900
0

MAKX]MyUM
136.31
17.369
36630
649933

2e429Jd

MEAN STu Otv
L3v.71 T.919¢
17.032 47065
«30400 «29821
Q49067 «12099
C.4099 « 27368

<a?> OXY:JeCAT: (&4)°TPRUIAWY

N MINIMUM
2 130.36
2 lo.904
2 elvely
2 b,das/
¢ 2.,2578

MAX [ MUM
137,90
17.08u
»20530
505169

2e302v

MEAN . STD OEV
137.16 11997
16,962 382307
19970 « 79190
o.4218 o LJeay
&.2803 «31a91

CLd> YAYID@CAT:: (#6)*TPRyUIMWY

N MIN[MUM

2 121433

MAX [ UM

127,17

ME AN STD OEvV

12«,25 ©.1299

-1



10 «MPG
1i.HC
12.€0
l4.NOX

16.METHANOL

OESCHIPTIVE MEASURES

VARTABLE
9.ALDY
10.MPG
11.mC
12.C0
laoNOX

15 «METHANOL

DESCRIPTIVE MEASURES

VARIABLE
9e.ALDY
10.MPG
11enAC
12.€0
146.NOY

16+ METHANOL

DESCRIPTIVE MEASURES

VARIABLE
9. ALDY
10 .MPG
11.HC
12.C0
lweNQX

l6.METRANOL

5-15

2 16433
¢ 13080
2 5.U667
2 2.204a
0

10e316 16,726
«1650v « 14990
6.2852 0.1799
2.40d0 €.2065

‘€49> UXYIUeCATI (RT) *TRPRU I MWY

N  MINIMUM MAaX [ MUM ME 4N

2 l.a7v0 1.9900 1.9300
3 17.107 17.398 17.255
3 483000 =2 .1U%00 =1 .92000
3 318l cel22v $37653
3 .29720 (w2260 $36757

<S0> QXY:39CAT:(87)*TPRUINWY

N MINIMuUM MaX]lmMuM MEAN
& dlealy 2.9300 2.8850
2 17.010 17.08¢ L7.006
2 8000V =2 .85000 =2 .agsSun
2 v, 1090V =]  JSe300
2 2.3117 2ed70m 245430

<S1> UXY:9@CAT: (A7) OTHRUINWY

N MINIMUM MAXIMUM MEAN
3 2.380v 3.3%0v 2.9000
3 16.a7} 174150 17,03«
3 .79000 -2 .10350 -] .89500
3 45000u 3  L.el00V =¢ .28000
3 <.S51le 2e725% dedlbo

26587
27011
«lSas0

«29694

STD DEV
+54853
16522

=2 16731
+3101e

0608y

STO DEV
0 Jb648
.50700
.35355
77075

w4330

STL D&V
«20567
165256

-2 ,16080
-2 L1997

«10711

-1
-1

-2



5-16"

DESCRIPTIVE MEASURES <92> UXY:0®CAT:(mm)®TPRUMWY.,

VARIABLE N  mINIMUM MAKX [ MUM Me AN STO DEV
9.ALDY 3  1.9200 31500 2.3633 58311
10 «MPG 3 17.02% 17199 i7.10!1 09714 ]
1lenmC ‘3 +2U0B8U =1 ,26900 =] ,23937 - «30111 =2
12.C0 3 e,0922 443635 “,2558 s 10403
leeNOX 3 ¢.7203 2.758> d.7631 26210 <}
145.METHANOL ]

DESCRIPTIVE MEASURES <33> UXY:J®CAT: (#8) *TPRUINWY

VARIABLE N MINIMUM MAX I MUM ME AN STu QEV
Q.ALDY v
10.MPG o 164997 17.532 \T.ose  .e3273
11.nC 4 16290 =1 .22770 -1 .18987 =1 31200 =2
12.€0 e 3.2917 3.6759 3.,4695 .19307
l44NOX « 2,350¢ 2.7230 2.6622 .T0832 =1

16 METHANOL Q

DESCRIPTIVE MEASURES <96¢> OXY:SeCAT: (#8)*TWRU MwY

VARTABLE N MINIMUM MAX [ uyM MEAN STU 0LV
9.ALDY 0
10 .MPG 2 17.513 13.88Y 18.201 «97263
11.HC 2 21340 =] ,2381lv =] ,22575 =l 17466 =2
12.C0 2 S.0321 S.1001 2.0661 8083 =]
leeNOX 2 <.255% 2.5913 o2l 23745
16«METHANOL 0

DESCRIPTIVE VEASURES <S93> uXxY:ueCAT:NONESTPQUIMwY

VARTIABLE N MINIMUM MAaX[MUM MEAN STD OEV
S.ALDY 12 ©69.130 219.1¢< 168.2% IV 06y
10.MPG 13 1(6.839 17.50¢ 17.196 27712

11.AC le 38390 Y 241" e 034613 ~=|



12.€0
l4.NOX

16+ METHANOL

DESCRIPTIVE MEASURES
VARTABLE
9.ALDY
10 +MPG
11enC
12.C0
l4eNOX

164 METHANOL

OESCRIPTIVE MEASURES
VARIABLE
9.ALDY
10.MPG
llenC
12.C0
14eNOX

16« METHANOL

QESCRIPTIVE MEASURES
VARTIABLE
9.aL0Y
L0 MPG
11eAC
12.C0
14 NOX

1A« METHANOL

JeSCRIPTIVE MEASURES

5-17

le 6.1530 7.0037 0.6671
le <2.3v80 3.02608 2e8lo]
S L17900 «91800 «692H0

€S56> UXY:39CATINUNE®TRRO WY

N  MINIMUM MAXIMUM MEAN
‘3 1Tl.7v 179,00 174.50
S 17.081 17.528 17.3640

S «3623u w706V ayu7ls
S 3.7837 b.707¢ v.2l62
5 2.0665 2.9541L  2.5133
J  .8880u 96800 «92733

<97> VXY :IHACAT INONECTPRUI WY

N MINIMUM Ma X[ mum MEAN
« 139.50 167,00 1el.70
6 17.03¢ 17.3525 17.301
6 Jiely 793 39817
6 32,9699 CRY-IE K 2.3005-
6 <d./u5e 2eYud 2.83846
3 «79%00 « 23700 87167

<88> UXY:Q®CAT:STOCKOTPRQ:I WY

N  MIN[MUmM MAa A [MUM MEAN

v U L7000V «22500

6 17.969v la.20! 13,086

@ «HUQUU =3 =000V =2 (16300 =2
“  .AUT00 =1 L1507V «11055

@ 050U <1 L,1a320 «9LRZ2S -]
& 229000 =2 L70000 =2 L3750U =2
<hl> UXY:UeCAT:(a])*TR&y: [NI_S

s

32974
« 13327

«30907

STy DEv
w.9238
18174
+23306
VN TX]
«1031S

e Je(78

STO Oev
345656
«19503
+6460d
« 32737
«8S374

" LW7167%

STL OEV
«32Uls
10325
-7- 1
036274
swll28

&2l76

-l

-l

-l

-1

-1

-l



VARIABLE
S«ALDY
10 MPG
1lemC
12.C0
14eN0X

16.METHANOL

DESCRIPTIVE MEASURES

VARTIABLE
S+ALDY
10.MPG
11enC
12.C0
leenNOX

l6METHANQL

DESCRIPTIVE MEASURES
VAR[ABLE
3.ALDY
10 .MPG
11.HC
12.C0
l144NOX

l6«METHANOL

CESCRIPTIVE MEASURES
VARIABLE
9+ALDY
10.MPG
11.nC
12.C0

N MINImym
2  «3uVov
2 lav.ou
2 +lluov
2 U,

2  +3eu0u

2 63000

€62> 0XY:JeCAT:(m])*TPRY!

N MINIMUM
2 .28000
3 125.00
3 .22000
3 .28000
+1280v

3 «1=G00

€63> UXYISCAT:(#1)TPRO:

N  MIN[MUM
3 72000
J l14.00
3 .2l00u
3

Ve
3 .g8l000
¢ 21000

<0@> UXY:yeCAT: (B2)°TPkY:

N MINIMUM
65000
134.0u

+20000

N NN

Ve

-l

-2

-2

-2
-2

-2

5-18

MAXLMUM
Y
137.0v
@S0V
0.

« 3400V

« 7800V

MAX [ MUM
«3700v
134.0v
«2660V
<1719
«24800

«le39Qu

‘MaXImuM
13300
130.0v
21000
0.

o 15100

+2200V

MAK [ Myum
led4v
le6,0U
+4000V

Q.

-c

=

-l

-1
-i

-2

-1

-2

-2

MEAN
« 35000
133.00
«28000
0.

« 36000

60500

1DLE
MEAN
«32500
130.57
10733
+60200
17400

+10000

10LE
MEAN
«97333
122.00
«21000
Ve
«11033

«21500

MEAN
«39%90
l«0.00
«25000

U

3Tv DEV
-l L70711
5.6569
-2  J2@04g
-2
@2 L chTby
STL OEvV
83040
«,9329
=l 41375«
“l 496747
-]l 06715
el (76719
STO OE{
31210
8.0000
-2
-1  .30635y
-2 L7071l
STu Otv
« 652933
8.46853
-2 L7071l

-b

-3



5-19

leeNOX 2 053000 -2 «1690U =} 11100 =} «82024 =2
16 «METHANOL 1 12600 =1 .12600 <1 .12600 -1

DESCRIPTIVE MEASURES <o6> UXY:!SeCAT:(82)*TPRO:IDLE

VARTABLE N MINIMUM MAX ] MUM MEAN STU LEV
9.ALDY 1 l.2200 19200 1.5200
10 .MPG 1 11900 119,00 119.00
11enC 1 37000 =2 437000 =2 437000 =2
12.C0 © 1 «5000U =2 36000 =2 36000 -2
14 eNOX 1 23100 <1  .23100 =1 423100 =}
16« METHANOL 1 69000 «2 6900V =2 .69000 =2

DESCRIPTIVE MEASURES <67> UAY:0®CAT: (R1)*TPRY: [DLE

VARTABLE N MINIMUM  MaXIMyM ME &N STD VEV
3.ALOY 0
10.MPG 2 132.00 134,00 £33.00 lewlal
11.MC 2 427000 =2 .4T00U =g 37000 =¢ .lele2 =2
12.€0 2 +3U000 =3 27000 =2 15000 =2 L1697l =2
1+ NOX 2 45¢000 =2 .93000 =2 .72500 =2 .2899] =2
L6+ ME THANOL 0

DESCRIPTIVE MEASURES <6H> OXY:3®CAT:(#3)*TPRO:LOLE

VARIABLE N MINIMUM MAR I uym MEAN STD D&Y
3+ ALDY L 10.38v 10.380 10,340
10.MPG 3 112.00 1¢e. 0y 117.00 042650
11.nC 3 .58000 =2 .T1S00 =1 32187 =1 36716 =i
124€0 3410000 =3 .&T120 $1091u ciedle
L waNOX 3 .2370U =1 .32900 =i .27067 -1 .30718 <2
16« METHANOL 1 234200 =1 .3w200 =1 .34200 =l

QESCRIPTIVE MEASUKES <0Y> UXYI!DOCAT: (s3)*TMmULIULYT

VAR[ABLE N MINIMyUm MAX [ MUM “EaM STO DLV



S«ALDY
10 +MPG
11.HC
12.C0
leoNOX

lboHETHANOL

QESCRIPTIVE MEASURES
VaRlaBLE
S ALDY
10MPG
11.HC
12.C0
1 4o NOX

16+ METHANOL

QESCRIPTIVE MEASURES
VARIABLE
9.aL0Y
10.MPG
11.1C
12.Cu0
146eNOX

16 METHANOL

DESCRIPTIVE MEASURES
VARTABLE
9.ALDY
107 MPG
11.n4C
12.C0

14 eNOX

‘N

N

N

(4]

n N

n

“9,640
111.00
+35900
«29000

elelyv

5-20

S6.200
121.00

«709500 =)
96000 =3

«1880u

-1l

92,950
116.00
«53400
22500

16690

<70> OXY:Q0eCAT: (ma)®TRRU:LULE

3
3
3
3
3

1

MINIMUM
+43000
11v.0u
«2%00V
«29000
41000

3150

-2
<2
-2

MAK]MUM
laslov
1¢l.00
«13710

‘L.69310
«S%000

03150

-l

MEAN
8.7333
119.67
«51133
«16630
.12167

3150

<71> OXY:J®CAT: (86)®TPROSIDLE

e.

LAVENE AV IR V)

MINIMUM
w0600
123.00
&0V
«10000

«10n0u

-2
-3

QA&IMUM
1l.160
126,00

«8l00V <2

31000 «2

12300

-1

ME AN
71,6000
123.50
«62S00
.16000

»11550

<72> OXY:!SeCaT: (mw)°TRRO:LOLE

2
2
e

MINIMUM
26.820
l11s.00
«9800V
«26000

«n200V

-2
-2

)

MAALMUM
29.110
121.00
«16460V
20&00V

226yl

-1
-2
-1

MEAN
é7.965
118.50
13100
«35000

13300

«.5810
7.0711
el 26769y ]
=2 19092 =2

=1 +33236 =2

STC LEV
7.2878
lolSe?

=l 76671 =]
«28302
=l Jlue?l =]

STO CEV
S.0366
«70711

2 20163 <2
-2 .21213 =2
-l 10607 <2

STD Qgv
16193
3.5385

=] L6669 =2
=2 .el012 =2

-l ei00GL -]



16.METHANOL 0

DESCRIPTIVE MEASURES <73> OXY:(0@CAT:(8S)®TP=U:IDLE

VARTABLE N MINIMUM MAXIMUM ME AN STu VLEV
9.ALDY 2 13.260 134380 13.310 98995 <]
10.MPG 1 13s.0v 136,00 136,00
11.nC ‘2 80500 =1 .89700 =1 45100 =1 .65054 =2
12.€0 2 .3oeéy 0169y  I90R5 36860 =]
14.NOX T2 L2100 =1 J26400 =1 ,23750 =1 9192w =3
19 METHANOL U

DESCRIPTIVE MEASURES <7&> UXY:J®CAT: (#5)®TPRY:0OLE

VAR[ABLE N mIN[mUM MAX [MUM MEAN STD OEV
9. ALDY 0
10.MPG 1 lgs.0u 128.00 129,00
11.rC 2 99900 =1 .12220 «11105 «1S5788 =l
12.€C0 2  J4US9Y @21 70 2880 «32285 -}
l4eNOX 2.

02400 =1 29900 =1 27150 =1 38891 =2

16 METHANOL 0

DESCRIPTIVE MEASURES <75> UXY:5eCAT: (#S)9TPRO: [DLE

VAR]ABLE N MINIMUM MAXIMUM MEAN STO DEV
9.alDY 0
10.MPG 2 l1s.00 123.0v 120,50 35355
11.HC 2 13370 «1365¢ «13510 19799 =2
12.C0 ¢  +5v0990 2420V 82163 29062 =l
laoeNOX ¢ Jdl00 =1 Lu3600 =) Lew350 =] L1757 -2.
16 +METHANOL 0

DESCRIPTIVE MEASURES <70> OXY:0®CAT:(86)°TPRO:IOLE
VARTABLE M MINIMuUM MAX[MUmM uME AN STu UEV

S.ALDY v



5-22

10eMPG 2 126,00 127,00 125.50 €.1213
11.HC 2 14360 ele730 e l4S45 «26163 =2
12.C0 2 5350 «6254«0 56040 03040 =]
leeNOX @ 20200 =] 3290V =] .¢9930 <l 67370 -2
16 METHANOL 0

DESCRIPTIVE MEASUmES -<77> ORY:3@CAT: (89)*TPRO: [DLE

VARTABLE N MINIMUM MAX]uyM MEAN STu OEvV
9.ALDY 0
10« MPG 2 118,00 1el.ou 119.50 2.1213
11.mC 2 Jle0lu «l0l1l0 15060 e lened <]
12.C0 2 «59070 «82020 « 70545 .16228
l4NOX 2 260400 =1 .2790U =] 27150 =1 10607 =2

16 METHANCL v

DESCRIPTIVE MEASURES <78> UXY:oeCaT: (#6) *TPRU: [DLE

VARIABLE N MINIMUM MAX[MUM MEAN STO OEV
9eALDY 0
10.M96G 2 l12.0u 118,00 115.00 “, 2626
11e8C 2 .1566y 1705 +103SS «y8288 <2
12.€0 2 37114 5766 02285 «73186 =}
14<NOX 2 +2700U =] L3020V =1 .299Q0 =1 .w2626 =3

16 METHANOL 0

DESCRIPTIVE MEASURES <79> UXY:0eCAT:(a7)9TPRO:(DLE

VARTABLE N  MIN[{MUHM MAX My MEAN STO DEV
9.aLOY 0
10 .MPG ' 3 109.0v 127.00 120,00 9.6037
11eHC 3 4135000 =2 L76600 =1 .35100 <1 ,38168 <l
12.C0 3 67700 =] .22630 14863 0 79389 -]
1eeNUX 3 .30000 =3 L1700 =1 (AT000 =2 .393U6 =2

15 METHANCL 0



5-23

DESCRIPTIVE MEASURES <80> QXY:J3®CAT: (#7)*TPRU:[DLE

VARTABLE N  MINIMyUM MAX ] vWyUM MEAN STV OEv
9.ALOY 0 '
10.MPG 2 126,00 126,00 125.00 Leala2
11.HC 2 479000 =2 11600 =1 .9S500 =2 .c899] =2
12.€0 2 423000 =2 .33000 =2 .53000 =2 .62626 =2
14.NOX 2 15500 -1 .2290u =1  .19200 -1 .52326 =2
16« ME THANOL 0

DESCRIPTIVE MEASURES <81> UXY:HS®CAT: (#7)°TPRO:IOLE

VAR[ABLE N MINIMyM MAXMUM MEAN STL VEV
9.ALDY 1 123.00 123400 123.00
10.MPG 2 119.00 123.0v 121.00 2.8286
11.AC 3 20700 1 28700 =l .26233 <l 40808 <2
12.¢0 3 .10000 =3 .53000 =2 .28000 -2 .27000 =2
14eNOX 3 .23%00 =1 27100 =1 ,26967 =1 ,18903 =2
16 <METHANOL 0

ODESCRIPTIVE MEASURES <82> UXYIUeCATl: (%8)°TPyU: [DLE

VARIABLE N MINIMUM MAX [ MUM MEAN STLU DEV
9 ALDY v
10.4P6 2 123.0v 132.0v 127,50 543660
11.AC 2  e4l300 1 66300 =1 453900 =1 (17536 -l
12.C0 2  Je3S6u +«d889¢ 47225 23567 -]
leeNOX 2 418700 =l J1Y8900 =] 419250 =1 77782 =3
16 «METHANOL 0 A

DESCRIPTIVE MEASURES <83> QXY:32CAT: (88)°TPRU:LOLE

VARTABLE N MINIMUM MAALMUM MEAN STO OEV
QOALDY 0
10.MPG 2 l0e,0u 122.0v 113.00 leaT¢8

11enC 2 5380V -1 J1ZS9u +39850 -1 .>0982 -l



12.C0
laoNOX

16 METHANOL

DESCRIPTIVE MEASURES
VARIABLE
9.aLDY
10 MPG
11.HC
12.C0
laoaNOX

16.METHANOL

DESCRIPTIVE MEASURES
VARIABLE
9.ALDY
10 +MPG
l11enC
12.C0
14eNOX

16 METHANOL

NESCRIPTIVE MEASURES
VARIABLE
S.ALDY
10 MPG
1i.mC
12.C0
laeNOX

16« METHANOL

DESCRIPTIVE MEASURES

N

N

e
2

0

<85> OXY:0®CATINUNE®*TRRU:

<B6> UXY:IJ®CATINONEZE®TPRO:

w

w oW W W

<HT> UXYIS®CATINONE®TPRY:

Z

«7222v
« 10400

N MINIMUM
.8 5.980U
7 109,00

8 .81500
&8 60210
5 .llS00
@ 1835

MiINIMUM
15«14y

120.00

e 73400 -}

«5755¢

+11200 =}

«1Y¥0y¢

MINIMUM
19.0350
12v.du
70100
73500
+ 13900

2955y

-1

-1

-1

5-24

«86000

@100

MAKL MUM
26.12V
lso.0V
+1591v
lelG70
«@S60V

26670

MAXIMUM
23«35V
le3,00
87303

L 14970
13700

«c701V

MAX [ MUM
2V.lov
1alaov
+79900
7702V
45000

«JUB60Q

-1

-l

-1

«78110
«20250

IoLE
MEAN

15.92¢
129,14«
10176
74107
+26200
21137

lOLE

ME AN
l8.200
137.67
« 78900
203777
+12700

+22723

1oLe

MEAN
19.60S
120.30
+ 39000
«75290
e lbkS)

«30100

<Hs> UXY:0eCAT:STOCKR®T®KRO: [DLE

-1

-1

-1

-1

«83297

» Db’

STu VeV
S.0167
13.120
26176
clelas
«L1aS56
228369

STV LEY

“.0692

d.3865

« 73899
3716¢
25981}

«20002

SfD O&v
. /84H9
70711
12724
XL L I-1-]
77782

. 763648

-1
-2

-1



VARIABLE N
9.ALDY
10 eMPG
11.4C
12.C0
le«NOX

14 METHANOL

DESCRIPTIVE MEASURES "

VARIABLE N
9.ALDY
10.MPG
11.m#C
12.C0
laoNOX

16 «METHANOL

DESCRIPTIVE MEASURES

[

o

<€yl> URY:09CAT:(m])®TPRO:

4

2
2
2
2
2

<€92> UAY:J®CAT:(#])*TPRO:

MINLIMUM
V.
114,00
¢ 15000 =2
«27000 =2
0.

« 70000 =3

MINIMUM
«2v000
10.000
«12000 =}
Ve
«10000 -}

«8U000 =2

VARTABLE N  MINIMUM
9+ALDY 3 1.3000
10.M4PG 3 10.l0v
11enC J .22000 =]
12.C0 3 16000 -}
14« NOX 3 .Zakob
15 METHANOL 3 60000 <2

DESCRIPTIVE MEASURES
VARLABLE N
9.ALDY
10.M9G
11.nC
12.C0

€935 UAY:IDeCAT!(R])@TPRO:

3
3

3

MINIMUM
l.s000
v,.2000
19000 =]

Ve

5-25

MA X[ MUM
+130uu
lée .UV
«53000

".10860
«17000

«2100v

MaAXIMUm
1.9000
10.100
28000
0.
.45000

«00000

MAXIMUM
11.70v
10.400
33000
« 3400V
«30100

«700UV

MAX ] Mum
S.8000
1Ua10V
«&200V

«l00UV

-2

-2

-l

-1
-1

=2

-1
-1

MEAN
845000
119.7%
«27000
+2982S
+62500
«15000

$S10
MEAN
1.0500
10.050
+20000
Ve
«27500

«3w000

$S10
MEAN
©.9000
10.267
«28000
27667
+29000

«73333

33190
MEAN
d.7567
v.9333
23000

+23333

-1

-1

-2

STD OEV
«38023
wede9y
17493
52397
«8UYHe

«28578

STO OEV
l.2021
«70711
«11314

769

6770

STO VEV
S.3u28
«1527%

87178

«10116
+ 9539«
«15275

STD DEV
2.0008
.28868
e 3eoe]

«92376

-1

-1
-3
-3

-2

=-d



146NOX 3 .29500 «33100 «30933 ¢ 19088 -}
1o.METHANOL 2 +7000U =2 413000 =1 .10000 =] L4a2420 =2

DESCRIPTIVE MEASURES <94> UXYIU2CAT:(82)9TPRUISSIO

VAR[ABLE N MINIMUM MAX [MUM MEAN STO LEV
S«ALDY &  «2V00v 2.000v l1.1000 1.2728
10 .4PG ¢ 10e20v 16.500 10.3%0 21213
11.HC € «23UV0u -] ,2l00v -1 ,20500 =1 L7071l -3
12.C0 e U Oe Ve
leeNOX 2 19600 26700 «23150 «S0205 -l
16 METHANOL I +.«lolQu «l610V «16100

DESCRIPTIVE MEASURES <96> UXY:SeCaT: (m2)*TPRO:SIN

VARTABLE N MIN[MUM MARX [ MUM MEAN STO LEV
9.ALDY 1 l.a00v 1.56000 1.8000
10.MPG 1 10.00v 10.000 10.000
11.HC 1 «2300u <1 42300V =1 .23000 =1
12.C0 1 18000 <1 12000 =1 ,148000 =1}
l4oNOX 1 3040V e300y «30600
16« METHANOL 1 -22600 el 2200V -1 ,22000 -l

DESCRIPTIVE MEASURES <y7> UAY:O®CAT:(#3)*TPRU:S510

VASTABLE N  MINIMUM MAXIMUM MEAN STD QEv
9+ALDY 0
10 .MPG 2 v.500U 10.200 10.000 .28284
11erC 2 22000 -] L=000U -1 31000 -] ,12728 =]
12.C0 & ol2e0u .23300 « 19450 37476 =}
14.NOX 2 +l00y =] L450UV =] L3000 -1 ,28284 -2
16 METHANOL 0

ODESCRIPTIVE MEASUNES <9g> UXY:IJ®CAT: (#3)°TPRUISSIO

VARTABLE N MINIMUM MAX[MUM ME AN STD Lev



DESCRIPTIVE

9.ALDY
10.MPG
11.HC
12.C0
1w eNOX

16 . METHANOL

DESCRIPTIVE MEASURES

VARIABLE
S.ALDY
10 .MPG
11.HC
12.C0
l14eNOX

16 «METHANOL

VESCRIPTIVE MEASUKRES

VARTABLE
SeALDY
10.MPG
11.1C
12.C0
leoNOX

lo«METHANOL

MEASUKES
VAR ABLE

9.ALDY

10.MPG

11.mC

12.C0

laeNQX

1 64.300

3 v.6000

3 29000 =}
3 v,

3 «2790v

1 36000 ~i

€99> QAY:SeCAT: (#3)9TPRQ:

N MINIMUM
2 2393.06
1 v.8000
2 eluecuu
& 10000 -2
1 <2580V
0

6480V
9.8000
«v0000
22200
«33900

«36000 -}

MAX [ MM
296,06y
S.8000
l.0000
l.u00v

«25R00

66,800
39,7000
«51000
« 74333
«3us67

«36000

SSiv
MEAN
293,77
Y.8000
«55100
+$S0050
«25800

<l0U> OxY:0eCAT: (#6)®TPROISSIO

N MIN[MUM
3 ¢.l300
3 9.t00v
J 33000 =]
3 l.oksy

3 .50000 -2

1 «s1700

MAXIMUM
«l.530
S.8000
«17600
3269
.axood -1

51700

ME ak
€5.237
Y7667
«10400
2.8907
«25333
+51700

<10l> UXY:3oCaT:i(246)eTOx0:ISSI10

N MINIwuM
2 cH.a0u
2 v./00V

2 clU0U =}
2 L2000V =¢

2 $26300

MAX UM
“a s QUU
1¢.200
4300V =}
+ 3600V <}

«25300

MEAN
J0.200
Y.9500
#3000
19000
«25300

-1

-1

«10000
e 34395
12788

30000

STV DEV
1.0112

« 036958
« 70640

STD LEV
21.12?
97738
« 71505
l.0810

L8G4y

114031
. 35385

20042 =]

e lble2 -}
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1s.METHANOL 0

DESCRIPTIVE MEASURES <10g> OXY:959CAT: (L) oTRPRO:SS1O

VAR TABLE N MINIMUM MAX]MUM MEAN STO JEV
YeaLDY 2 ol.200 134,50 107.85 37.689
10 4MPG 2 9.5000 9.7000 ¥.6500 $70711 -l
11.MC 2 230000 =1 61000 =1 L8300 ~1 L17678 =]
12.C0 2 .3000u -2 .21000 =1 .12000 -l 12728 -1
l@oNOX T2 W23700 .23000 .« 26850 «16263 =1
16«METHANCL 0

DESCRIPTIVE MEASURES <100> OXY:0®CAT: (#5)8TWRO:SS10

VARTABLE N MINIMUM MAX[MUM MEAN STu OEV
9.ALDY 2 69.300 824050 79.675 ¥.0156
10.4PG 1 1lo0.300 10.300 10,300
11.HC 2 .20100 +30300 +28200 029098 -1
12.¢0 2 «.%l6u 543980 5.1570 e 36083
144NOX 2 28600 .29600 .29100 .70711 =2
l6.METHANOL Q

DESCRIPTIVE MEASURES <lu4> OXY:3®CAT: (#5)TPrQ:SS]0

VARIABLE N MINIMUM MAX]vMUM MEAN STu DEV
9.ALDY 0
10.MP6 1 lo.100 10.100 10.100
11.MC 2 .2870u 37500 «3315¢ 082933 =1
12.C0 2 3.,Y180 S.28604 3.1520 « 139390
laeNOX ¢ eo8du 32300 «30630 25163 =}
16 «METHANOL 0

DESCRIPTIVE MEASURES <l03> OXr:S50CAT: (25)eTPRO:ISSIO
VARIABLE N MIMIMUM MaX MM MEAN STD OEV

9+.aALDY | v



10.MPG
11enC
12.C0
14eNOX

18 METHANOL

QESCRIPTIVE MEASURES
vVARIABLE
9.ALDY
10.MPG
11.HC
12.C0
14oNOX

lA«METHANUL

DESCRIPTIVE MEASURES
VARIABLF
S.aLNY
10 .MPG
11.HC
12.C0
14aNOX

16 «METmMANOL

DESCRIPTIVE MEASUKES
VARTABLE
SALDY
10 eMPG
11.AC
12.CH
14« NOX

16 METHANOL

2 9.9000
2 .S3100
2 8.40S¢
2 432900

5-29

10.100
eD690Y
9.7530

3610V

10.000
«54000
9.0790

« 33500

"<100> OXY:IQ®CAT: (m6) ®*TPRO:SSI1O

N  MINIMUM

2 19.16uv
2 +6£800
2 1.0250
2 30500
0

ALl MUM

10.10vV
«6710v
7.9890

« 30800

ME AN

i0.100
« 66950
7.8070

«30650

<l07> OXY:3CAT: (#6)*#TPRO:SSIO

N  MINIMUM

0
2 10.00v
2  +Se400
¢ T.0760
2 29300
0

MAXIMUM

tualov
«57500
8.652V

«30100

MEAN

10.050
«55900
B.1660

29700

<108> VAY:IS®CAT I (#6)eTwROISSIV

N MINIMUM

0
2 9.9000
2  +h0B0U
2 3.vdel
2 «3070u0
Q

MaXIMUM

106100
«0770V
dec0av

« 32200

ME AN

104000
04250
delann

31650

TS Y
12728 =}
«9S318

JBLH3] =2

STD OEvV

030606 ~]
«25739
21213 =2

STD DEV

«70711 =1
122627 -l
«890] %

056509.-2

sie]el
148790 =}
N-YL-1-FR

« 100607 =}



DESCRIPTIVE MEASURES
vaRiagLE
SeALDY
10.MPG
ll.rC
12.C0
l4.NOX

l6.METHANOL

DESCRIPTIVE “EASURES
VAR [ABLE

S.ALDY

10.MPG

11emC

12.C0

14 oNOX

lo.METHANOL

DESCRIPTIVE MEASURES
VAR[ABLE
9.ALDY
10 .MPG
.--lleMC
12.€0
laoNOX

15 ETHANOL

DESCWIPTIVE “EASURES
VARTABLE
JeALDY
lo.MPG

Ll..‘.C

5-30

<luY> OXY:!0eCAT:(#7)oTPROISSIV

MINIMUM MaX1lMyi4 “EAN
0
J 106100 luelu0 10.100
3 W3900u =1 25500 «16800
3 c.ulal 244250 2.2187
43 «10000 <1 .48000 -1 .33647
0

<110> OXY:J®CAT:(#7)9TPx0O:SS1VY

MINIMUM MAX][wMUM ME AN
0
2 10.000 1u.100 L0050
2 .71000 =1 740Uy -l 72500
¢ 21000 =1 .35000 =1 .28000
2 L2790 25100 23000
0

<lll> OXxY:SeCaAT:(#7)eTPRUISSIO

MIN{MUM MAXIMUM MEAN
1 l0.lov 104100 10.100
2 7.700V 10.10v 10.000
3 Jluéou «il20v «10900
3 Jluu0l =1 ,0000U0 =] ,=3000
3 Wellay L2180V - N

<

<11Z> UXY:09CAT:(mu)oTR=0:ISS]0

MIN{™MUm MA X [myM 4E AN
[\
2 4,%00u luedlv 10.0%9Q
2 1970y $ 5000 + 264350

-1

-1

-1

STu DEV

<1183
«20756

20902

STLU Ogv

70711
21213
RTETT

Jlelel

STU Q&v

+30000
28956

LT

STO DEV

21213

85781

-1



12.C0

laeNOX

16 METHANOL

DESCRIPTIVE MEASURES
VARIABLE
9.ALDY
10 .MPG
l11.mC
12.C0
l4«NOX

16 «METHANQL

DESCRIPTIVE MEASUKES
VARIABLE
S«ALDY
10 .MPG
11.mrC
12.C0
14eNOX

16.METHANOL

QESCRIPTIVE MEASURES
VARTABLE
9. ALDY
10 MG
llemC
12.C0
leaNOX

16« METHANOL

DESCRIPTIVE MEASURES

e
2

0

6.4910
29200

5-31

S.439V

«2780UV

0.6650

« 29300

<113> OXY:J®CAT: (#8)eTPRO:ISSIV

N

0

[ AV A VIR \ VIR \V}

MINiMUM

¥.80QuU
«21600
Y.261l0

29100

MA X I MUM

10.190
5800
9.0010

« 3670V

MEAN

9.9500
<3820V
9.4310

«30900

<115> OXY:Q®CAT:NONE®TPRO:SS10

N
S

'S

LV LV B ¥ )}

MIN]MUM
106.8S
9.%000
+39600
+&0800
20100

l.0400

MAX ] MUM
226,62
10.200
«60290
9.7060
« 305040

leUaoy

MEAN
les,65
10.000
7720
340790
.31820

L1.0460

<l28l> UXY:Q®CAT:(2])oTPRO:SS2Y

N

2

[AV RN \V ]

n

MIN[MUM

« 70000

19.000

«350U00
«40000
+«»0000

«1oU0V

MAX]MUM
2.c00V
14.800
«1i00UV
25000
+953000

2200V

MEAN
14300
19.700
«30000
«16500
+30500

«1v000

<122> OXY:3eCaT:(m])oTPrROISS20

26807

YY1

ST0 OEv

21213
2676
26062

«8202¢6

3TD OEV
9,196
clelbe
« 85473
3.9074

39617

STD DEV
1.0607
lelal
L y-1)
.12021
.31820

cwlugd

-1

-l



VARIABLE
9eALNY
10.MPG
ll.MC
12.C0
14.NOX

16.METHANOL

N

5-32

MINIMUM Max]vwum
2 l.o00v 2.9009
3 19.400 19.800

3 410000 =1 439000 =]
3 v <2790V
3 .al30v 56000

3 «a000V =2 36000 =}

MEAN
l.8000
19.567
+20000 ~i
093334 =}
L7767

.ISQOU -1

DESCRIPTIVE MEASUNES <123> UXY:!SOCAT:!(sl)eTrry:ssS2n

vas1asLE
9.ALNY
10.MPG
11.1C
12.C0
laoNOX

l6.METHANOL

DESCRIPTIVE MEASURES
VAR[ABLE
9.ALDY
10 .MPG
11enC
12.C0
14 «NOX

16«METHANOL

DESCRIPTIVE MEASURES
VAR [ABLE
S.ALDY
10.MPG
11.4C
12.C0

N

N

N

MINIMUM MAX I MUM
2 l.1000 1.6000
2 ly.a0u 1v.40u
2 +70000 =2 .80000 =2
2 0., Ce
2 Jea800 49200

1. 420000 <2 ,2000u =2

MEAN
1.3500
19,400
75000 -2
Ve
«47000

220000 -2

<124> UXY:I0®CAT! (m2)*TPKQ:S520

MINIMUN MAX [ MuM
2 .80000 1.5000
2 19.%00 20.30V
2 +RYY00 =2 L1000V -l
2 V. 0.
2 13300 @130V

i «3900V <] « 3909V =}

“EAN
141500
19.950
90000 =2
u.

.27300

139000 -}

<1255 VAY:iSeCAT: (a2)*TPRU:5320

MIN[MUM MAKTMUM
1 1.3000 1e3000
1 1yes00 19.40v

1 +10000-=1 L1000V -l

I +9000y =g .7000U =¢

MEAN
145000
lv.%00
slungu -}

90000 <2

STL OEV
lellle
cv8l?
« 164662
1607y
«63332
« 18193

STy UEV

«3535%
70711

31113

STD VEV
29697

49697

cleloe

«19799

STD ULEV



5-33

14 .NOX 1 w7100 4710v e7100

16 METHANOL I .1lul00 <1010V «10100

DESCRIPTIVE MEASURES <127> OXY:0®CAT: (#3)°TPRO:S520

VARIABLE N MINIMUM MaAlMUM ME AN STO DEV
S«ALDY 0
10.MPG 2 1&8.900 19.00¢ 18,950 «70711 =}
11erC 2 11000 =1 30000 =1 ,20500 <l Ll13wls =]
12.C0 2 We3l00 «80600 «52750 «10819
14eNOX 2 JS1C00 =1 56000 =1 .53500 =1 .4535% <2
16« METHANOL )

DESCRIPTIVE “EASURES <128> UXY:3®CAT:(w3)*TPRO:SSSO

VARIABLE N MINIMUM MaX[MUM MEAN §TLU OeV
S<ALDY 1 70.58¢ 70.530 70,540
io.mﬂe 3 lmMes00 ly.20v 18,800 ««0000
11enC 3 412000 =] L2900V =1 19667 =] L80217 =2
12.C0 3 v, 0. Ve
14+NOX 3 .63000 .53800 48167 .56151 =1
16.METHANOL 2 7000 =1 oS55000 <l 351000 =1 .36568 <2

DESCRIPTIVE MEASURES <lgv> OXY:IS®CAT: (#3)oTRROISS2Y

VARIABLE N MINIMUM Max [ MUM ME AN STO QEV
9«ALDY 2 laeb.ve lo5.52 155.23 le.552
10 +MPG 2 17.700 19410y 18,400 <8993
11.mC ¢ JS700u =1 .iTeQu + 123330 cSebul |-
12.C0 2 90000 -2 ,30500 «15900 21213
144NOX 2 .34000 «#2300 0150 « 30606 <}
16«METHANOL 0

DESCRIPTIVE MEASURES <lJdu> OXAT:0eCAT: (sw) o PrUISSLY

VARIABLE N MIN[MUM MAX [MUM MEAN STu wev



9.ALDY
10.MPG
1l.nC
12.C0
l@eNOX

16« METHANOQL

QESCRIPTIVE ™MEASURES

varlaBLE
Q.AL0Y
10.MPG
11.1C
12.C0
14.NOX

1o METHANOL

DESCRIPTIVE MEASURES
VA5KA=LE

9.ALDY

10 .MPG

11enC

12.€0

laoNOX

16 METHANOL

JQESCRIPTIVE MEASURES

VAR{ABLE
9.ALDY
10.MPG
11.4C
12.C0

144NOX

19.830
17.900
«1200v

1.2760

[\ VTR N S VRN \N SR \V]

«3700U =1}

1 .3¢200

5-34

20.800
1s.]00
« 13460V
166159
5200V
32200

-1

€0.31%
18.000
«12700
LebksSS
as500

«32200

- <131l> OXY:39CAT:(ra)eTPROISS20

‘N MINIMUM

¥le500

184500

2

2

2 39000 -l
2 +950000 -2
2

«389Ju

MAX [ MUM
113.6v
18.300
5500V
«18000

MEAN
102.55
18.700
«7000
«13500
142400

<1325 OXY:S®CAT: (8a)eTPRU:SS20

N MINIMUM
1 138.9¢
1 18.000
1 39000 -}
I 18000 =!I

1 37400

MAX I MUM
138.90
18.600
3900V
18000

«3760v

MEAN
138,90
l8.600
«39000
«14000

«37@00

<134> IXY:QeCAT: (a3)eTPRCISS2V

N MI{NIMuM

1 6l.38¢0
1 1S.500
1 «29500
1 3.0959
1 43200

MaX]lMUM
614380
17300
.29500
3.095¢

<4320V

ME AN
0l.2%0
19.300
+29500
440959
+45200

-}

-1

-1

« 63589
elelug
«98995
3971

«10607

STO dev
1S.027
28286
llile
03040

c9697

STD DEV

STO Q&V

-2



5=35

16 +METHANOL v

DESCRIPTIVE MEASURES <134> OXY:IJ®CAT: (#5)eTPRO:ISS20

VARTABLE N MINIMUM Max]Mim MEAN STD LV
SALOY 0 .
10.MPG 1 184900 13+900 13,900
1lenC "l eagnOU «2280vV a2u00
12.C0 Loe.l710 “l7lv “.l1710
leoNOX Sl 0%2200 «3280V «52300
16« METHANOL 0

DESCRIPTIVE MEASURES <1J9> OXY:SOCAT: (#5)eTPRO:SS20

VARIABLE N MINIMUM MAA [ MUM MEAN STu LEYV
9.4AL0Y 0 |
10.MP6 2 18.600 19.700 19,050 «91926
11.nC 2 .el000 <6100 «&3550 «3J6062 =]
12.C0 2 «,l1l70 GoTHY *,2965 «cS385
l4eNOX 2  Jeuvuu 500 2700 « 254506 =}
16+ METHANOL 0

DESCRIPTIVE MEASURES <136> 0XY:0eCAT: (#o)*TPRO:SS20

VAR IABLE N MINIMUM MAX [ MUM MEAN STO Og&v
3.4LDY 0 e
10 MPG 2 18.700 19.300¢ 19,000 s e2626
11.mC 2 3500 +2780v 37050 e 36062 =]
12.C0 2 s.lyTu ©e229V “. 2119 «20900 =}
laeNOX 2 J35u700 «31300 51100 5656y <2
16« METHANOL 0

DESCRIPTIVE MEASURES <137> OXY:30CAT: (ss)eTPm0:5520
vARTAZLE N MIN[MUM MA X ]MUM MEAN STu LEV

S.ALDY v



5-36

10 «MPG 2 18.800 19.100 18,950 221213
11eMC 2 «S0000 e D420V «52100 «29698 -]
12.C0 2 J.6650 “.4530 4.0990 55720

14 «NOX 2 Jalsiu +3500u «Slw0u 50912 =l
16.METHANOL Q

DESCRIPTIVE MEASURES -<llo> OXY:S°CAT: (#k)eTRRO:SS2Y

VARTABLE N MINIMUM MAR ] MUM “E AN 5TD VEV
3.AL0Y 0
10 «MPG 2 Iv.lov 194400 194259 «21213
11enC 2 JakbLy «47000 45700 «1838S -l
12.C0 2 J,00820 J.808V 3.73%0 «10326
lweNOX & +42000 « 40800 «@S600 + 48083 <]
15+ METHANOL 0 )

DESCRIPTIVE MEASURES <139> OXY:0®CAT: (#7)eTPRO:S5S20

VAR[ABLE N MINIMym MA K] Mum MEAN STL vEv
S«.ALDY 0
10 +MPG 3 18900 194400 19.100 .26458
11.mC ) 3 432000 <1 .10809 087333 =1 7152 -}
12.€0 3 Weed00 l.2110 «d5400 .39729
1@ NOX 3 .23000 =1 ,lce0v ¢57333 =1 5774a =)
16+METHANOL (]

DESCRIPTIVE MEASUKES <l&0> OXY:3°CAT:(3/)°2TPKRO:S520

VARIABLE N MINIMUM MaX]wyM MEAN 3Ty 2tV
3.ALOY 0
10.MPG 2 18.900 1v+000 19.150 +35355
11.1C 2 74000 -1 .1180v «90000 =1 L31113 -]
12.C0 2 108000 =] 300UV =1 38000 =1 .gH284 <}
laenNOX 2 lesuo e3840V 35600 5656 =}

16 METHANOL 0



5-37

DESCRIPTIVE MEASURES <l4l> OXY:S®CAT:(#7)*TPrOISS20

VARTABLE N MINIMUM MaXx]Mum MEAN STD OEV
S.ALDY 0
10.MPG 3 19.00v 19.600 18.300 «30000
11.nC 3 ﬁ36°°° -1 12804 «85000 =1 (46293 -]
12.C0 J 10000 =2 L3000V =2 50000 =2 43389 =2
16eNOX '3 <3680V cb20y 0667 37112 =1
lAeMETHANOL 0

DESCRIPTIVE MEASURES <l&é> OxXY:09CAT: (s8)oTPRUISS2V

VARTABLE N MINIMUM MA X IMUM MEAN STD OEV
9«ALDY 0 -
10.MPG 2 18.400 19.350¢ 158.9%0 « 717782
lle.nC 2  «28500 32300 «30400 26870 -}
12.C0 2 Jd.e0lu Je 2wy 3.6125 16263 =}
14eNOX 2 L2600 «22600 22000
l6.METHANOL 0

DESCRIPTIVE MEASURES <l4J> OXY:J®CAT: (s¥)eTERU:ISS20

VARIABLE N MINIMUM MA X MU MEAN STO QEV
9eALDY 0
10 .MPG 2 18.800 lyes0i 19.100 2626
11enC 2 +19900 « 4090V «25350 o (8489 =]
12.C0 2 1990 “e3190 «,2590 JHe853 =}
laeNOX 2 31700 «3owQu 32550 12020 =i
ls-HEYHANOL 0 .

DESCRIPTIVE MEASUKES <145> OXY:Q®CAT:NONE®TPRU:SS20

VARIABLE N MINIMUM MAX | MUM ME AN STL OQEV
S<ALDY 8 73744 165,3 126.98 9.2k
10 .MPG 7 19.100 21.10v 19.557 89727



DESCRIPTIVE

12.€0
1e.NOX

16.ETHANOL

DESCRIPTIVE “EASURES

varR1ABLE
SJALDY
10 «MPG
11enC
12.C0
144NOX

16METHANQL

QESCRIPTIVE “EASURES

VAW ABLE
9.ALNY
10 «MPG
11.mC
12.C0
l4eNOX

losMETHANOL

MEASURES
VARTABLE

9.ALDY

19 .MPG

11enC

12.C0

leeNOX

l& . METHANOL

DESCRIPTIVE MEASURES

N

N

N

e, gllu
7500

Y- T LAY

6.459y
«97900

ledlvu

w,7641
50837

90075

Cleo> OXY:J*CATiNONE®TPRO:SS20

3

w

MIN{MUM
8,300
19.400
¢ 33e0V
3.8130
a0V

860V

MAAIMUM
1sl,2v
19430V
«J34800
Ledl2v
«-600

l.294V

MEAN
123.27
19.633
« 33067
“,09%3
«47033

L0653

<la?> OXTIS®CATINQNE®I»R0O:S5S520

MLINIMUM
lue,20
18,30V
«3¢500
“,3070
700

l.odey

MAX]MUM
lus,v0
19.10v
edGuyv
@e2250
«w3700

1.298v

ME AN
105.08
19.000
33500
IR
4320V

1.i910

<lad> OAYINOCAT!STOCKeTPRyY:SS20

[

MINIMUM
«2U000
184906
«30000
«1200U
U

+10000

MaX[vumM
«30000
19.80v

-2 J1000v
-1 +13000
«3000u

-2 .5000\)

-2
-2

ME AN
«22300
19.37%
700900
97990
12500

«273500

<l31> QAYIUOCAT I (=21)oTPRQISSIV

-2

-1

-2

73652
« 36300

«16778

STu VEV
KDY
25166
.80829
«C4956
«27099

23776

STO DEV
l.2028
slelag
.127¢8
0deldy
«70711

1513

STU QEV
«2000uU
+ 36030
s G5
+y 064835
23000

.i7078

-1



VaRIABLE
S+ ALDY
10MPG
11.1C
12.C0
leeNOX

15.METHANOL

DESCRIPTIVE MEASURES'

VAwlABLE
SeALDY
10 MPG
11.4C
12.C0
leeNOX

IQQMETHANOL

QESCHRIPTIVE ™MEASURES

VAR ladLE
S.aL0Y
10.MPA
11.4C
12.C0
1aeNOX

16« ME THANOL

JESCRIPTIVE MEASUNES

VAR [ABLE
Q. ALDY

160 «MPS

N

N

N

N

MLINLiMUM
2 30000
2 21.50v
€ 20000
2 17000
20000
2 2000V
<l3¢> uxY:
MINIMUM
3 .+0000
3 dl.2uu
3 «A000V
3 0.
3 l.1e00
3 <2000V

<l853> UXrv:

MIN] MU
2 60000
Zd ¢l.2u0
€  +duQ0u
2 U,
2 l.l7su
1 «3uidou
<loe> QXY

MINLIMUM
2 .35V000
¢ Zdl.uu
&  «nu00vU
2 V.

30

-2

5-39

MAX ] MuM ME AN
«y000 «35000
21.600 ¢1.550
«30000 =2 .25000

‘.45000 -1 .22500
«50000 =2 ,3%5000
«3U00U =2 ,350000

CAT: (s])oTrPmU:SS30

Ma X [MUM MEAN
3.0000 2.2000
2l.600 2l.a33
«90000 =2 .33333
«1000v =2 .33333
lecl5v lol843
«3U000 =2 .3oe087

S*CAT:(a])eTPRQ:SS3IU

-2

0

MA X[ MUMm “Ean
2.¢00v L.4000
2lea0d ¢l.300
«0U000U -2 .HO00OU
0. Ve
1.2620 1.2180
«3U00V =2 .30000

OCAT I (32)eTUR0O:ISS30

MA A [ MUM ME AN
5.7000 Je0Q00
2le70v €lela0
.700uy =¢ 65000
€300V =1 L1130V

STL VRV
«70711 =}
«70711 =)

=2 10711 =3
=] /7782 =2
-2 21213 <2
2  Jwl620 =2
STu VEV
1.1J358
20317
2 37735 -3
«3 3773 =3

ciel9sd =}
-2 13279 =2

STu VEV
loldle
sleja

-2
202225 =1
-2

STu UEv
“.3da]
vl ?

=< L7071} =3
“1 Jleéed -l



5-40

laoeNOX 2  +39%00 «56200 %7850
1A METHANOL 1 420000 =1 24000 =] 2000
DESCRIPTIVE MEASUNES <1505 (XY:S90CAT! (#2)9TPROISS30
VAOTABLE N MIMIMUM M&a & [ My ME &N
9.aL0Y I S5.0000 5.6000 S.5000
10.MP1R L 20.30u ‘20.300 <U.300
11emC 1 «lvud0 -1 Ll00uv =1 .1u000
l12.C0 1 29000 =1 ,¢9000 =1 .29000
14eNOX I 1.2180 l.21lau 1.2140
16+METHANOL 1 252000 =1  ,5€¢009 =1 ,52000

DESCNIPTIVE MEASUNES <157> OXY:09CAT: (%)) ¢Tery:SSis

varlagLE N MIM[MIM Maxluum “ME AN
JeALNY .0
10.MPG 2 <du.200 2le0UVu gu.000
llenC 2 «5U000 =2 L1300V =1 99000
12.C0 2 Jlavlu «2500V 21940
laeNOX 2 27000 =1 .6i00U =] 44000
16 METHANOL v

DESCRIPTIVE MEASURES <lno> OXY:J®CAT: (#3)eTArUISSI0

VARLABLE ‘N MINIMUM Ma R MUM MEAN
SJALNY 1 70476y 70,740 70,700
19 .MPG 3 19.600 2020V 13,8867
11.mC 3417000 =1 .34000 =i 24000
12.80 3 V. « 3400V =1 L13334
lweNOX 3 lalved 1.2770 1.2300
14 METHANOL g 442000 -1 Jl0RQU + 13500

DESCRIPTIVE MeAaSURES  <i39> JAYISeCAT:(2l)eTPRUISSIY

vaw|aBLE N MINiMuM MaAjMUM MEAN

«11809%
-1
3TO OEv
-1
-1
-1
ST Lev
« 26569
2  LaYed7
edlle
-1  J24yue
STO O&v
05‘1533
-1 .c0bbe
-] olsl“d
0‘2379
«aJu9s
STu VEv



9.aL0Y
10.MPG
11.mAC
12.C0
laoNOX

15 «METHANQL

DESCHRIPTIVE MEASURES

VAR [ABLE
S.ALDY
10 «MPG
11.1C
12.C0
14 eNOYX

16 METHMANOL

DESCRIPTIVE MEASUNES

VAR TABLE
J«ALOY
10 MPG
11enC
12.C0
1o +NOX

16 4METHANOL

DESCRIPTIVE MEASURES

VAR [ABLE
9.ALDY
10 M6
11.nC
12.C0

lweNOX

N

N

N

2 98.95U
2 ly.s00
€ 24000
2 J5v00u
2 Ll.,Uss

<lou> Oxv:
MiNLMUM
Je&BUV
¢0.2uu

+1300v

[AV IR \V SR AV I V)

7500
¢ L5000v

1 «30d00

<lél> OXxv:

mMINIMUM
2 la.slu
¢ ¢0.#00
2 .9v0u0v
2 .60000
€ l.ued0

<lée> IXv:

MLINIMUM
1 22.900
1 294700
I «1Lloov
L e 79ulo
1 1ad73v

5-41

11e,98
20.800
-1 .l000v
-2 12300
1.224«0

106.906
2u.200
+52000
«04500

Lelb900

VeCAT:! (me) o TPRUISSIV

MAX ] wum
3.780v
20.400
sle0uy
<0270V
«lu00v

-l

36000 =}

MEaN
243300
20.300
«13500
«55100
+ 79000

«36000

3OCAT: (86) o TPRUISSIN

MaxlMum
2l.500
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16 METHLNOL 0

DESCRIPTIVE “EASURES <lod> URY:0eCaT: (#3)eTPRUISS30

VAR [ABLE N MINIMUM MakIMuM ME &N STU VEV
Qe ALDY 1 d8.050 J3.09v 380359
10 eMPG 1 cledlu 2l.3500 €le300
llenC 1l 60000 «] .5000u =] (06000 =]
12.C0 ] I 24199y 2,199 €.1990
laen@Qx LotL.lusy lolO9v LelOw
16.METHANOL v

ODESCRIPTIVE MEASURES <l6e> OXY:3IeCAT: (#5) ¢TRPRO:ISSIU

varwlasLE N MINIMUM MAALMUM MR AN STL LEV
9. ALDY 0
10MPG 1 2dleluy 2le.20v €l.200
11.MC 1 «1370v «13700 «13700
12.C2 L 3.9770 3.9770 349770
laeNOX l i.ua?o 1.0670 L.0670
164METHANOL v

DESCRIPTIVE MEASUKES <163> OXY:SeCAT: (#9)eTPRO:SS30

VARTABLE N MIN[iaym MAA IMUM MEaN STU CEV
Q.aLDY v
10 4MPG ¢ e0.900 2150y cl.2uy c4gede
11.HC 2  .25200 «2S8yU «253500 2625 ;2
12.29 e =,670v w375y “,3230 7953 -]
leeNOX 2 L.u380 1e06GGU 1.07%0 25870 =1
15.ME THANOL 0

DESCRIPTIVE MEASUKES <lho> OXY!Q9CAT: (2m)aTPnUISSIQ0
VAR [ARLZ N MIN[mUM MaAXMyn ME AN STD VEV

S.ALDY b}
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10.MPH 2 20.90v 2le.200 cl.050 21213
11.HC 2 «3960u ««030v «398%0 s0iDay =2
12.C0 2 “.07ly 5.2200 SeU653 aceb7l
lweNOX 2 l.l13¢ lellwo lollo0 eeluls =2
16 «METHANOL 0

DESCRIPTIVE MEASURES <167> QXv:3eCaT: (#6)eTPr0O:ISS3V

VARTABLE N MINIMUM MaAIMUM ME AN STu VLEv
S.ALDY 0
10.mPh & 22.50v 2l.00u ¢U.900 slelaeg
llenmC 2 JalalU #1200 1000 128286 =2
12.C0 2 «,J3620 S.056v «.56990 +20@d?
14 e NOX 2 l.l07v 11130 1.1130 36852 <2
1A «METHANQL u

DESCRIPTIVE MZASURES <l68> OXY:S®CAT:!(s6)eTPROISSIU

VARTABLE N MinIMum MAKXLMUM ME AN STL QEV
S.ALDY 0
10 «MPG 2 ¢0.300 21.300 ¢0.900 «96569
11enC 2 2830y 37500 «33150 e0l518 <]
12.¢c0 T2 3.e560 «.3700 3.9130 (0640
leeNOX 2 WEloeuv 1.1130 + 964350 «21001
16+ METHANOL 0

DESCRIPTIVE MEASURES <lov> 0XY:0eCAT: (a7)aTPRU:ISSI0

vaeTAgLs N MINIMUM MaX My . sTu 28&v
FeALDY 0
10 «MPG 3 20.70y 20.3500 <0.400 «: Q00U
11.H1C 3 30000 =2  L1B0U0 =1 J13000 =1 ,uSw2s =2
12.€0 3 .g0clu les320 1.1250 eceQdl
l4oNOX 3 W lu00u =} «dU0VY =~} 213333 =1 L1008 -}

16.METHANOL u



DESCRIPTIVE mMEASURES
VAPTARLE
SeALDY
10 .MPG
l1lemC
12.C0
l14eNOX

1@ METHANCL

DESCRIPTIVE MEASURES
VARIABLE
S.ALDY
10.MPG
11enC
12.C0
14 «NOYX

14 METHLANOL

DESCRIPTIVE MEASURES
VARTABLE
9.ALDY
10.m¥G
11HC
12.C0
l@enNOY

LA oME TRANCL

JESCRIPTIVE mEaSURES
VARTABLE
S.aLdy
13 ups

11.1C
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<€1/0> UXY:IJ*CAT:(#7)eTBROISSIV

N MINIMUM

v

2 2l.ulv
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2 l.o0léu

Ma sl MUM
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1.0130

ME AN
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1.0150

<171> OXY:S*CAT: (47)eTruQiSS3C

N MINIMUM

v

3 2l.Q0u
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3 U,

3 1l.ul8o0

MAX [ wum
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J11000 =)
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MEAN
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MAX ] UM

2l.900
«233u0

@ U300

ME AN

¢l.u00
22700
«,0n80

LeU399

<1735 0xy:3eCal:(a8)eTPROISSI0
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e lIbQu

ME AN

¢l.935¢
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DESCRIPTIVE MEASURES

VARTAMLE
9. ALDY
10 eMPRG
11.AC
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laeNOX

1o« METHANOL

DESCRIPTIVE MEASURES

VAR |ABLE
Q.ALOY
10.MPG
1l1enC
12.C0
laenOX

15 METHANOL

DESCRIPTIVE MEASURES

VARTAZLE
S.aLY
L0 MPG
1]lemC
12.C0
leeNOX

149.Me THaNQL

DeSCRIPTIVE ~EASUKES

2
]

0
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<1725 OXY:09CATINONESTPRO:SS30

N
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MLINIMUM
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19.80U
«3J00V
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«77300
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elewdl
«el50V
6,006y
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ME AN
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led62U
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Mk AN
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«32SA/
w2007
lel963

«HB9s7

<L77> OXY:S5#CATINONR*TRROISSIY

N
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MaX]vyi4
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21,20V
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leclly

XYY

ME AN
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lelnulw

31267

<1735 OXY:0eCATISTULK®IPRUISHIV

«J66ld

l719 -}

5Tv DEV
Je,4d3u
e DYk
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01429 =}

ST0 OEV
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L7605 -l
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STV VEV
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eilDe?
.¢0000 =2
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VAR ABLE N MIN[MUM MAa AT uuM MEAN STL OEV
weALDY & .Ly00u 2.8000 17500 1.0785
10.MPG 4 20.900 2l.700 cl.390 #1231
11.nC O LeUG0U =2 L5000V =2 .92500 <2 .yS763 =3
12.C0 & JST00U <1 6900V =] .61500 =1 .d6sub? <2
l4+NOX “ U, «TU00U =2 .22500 =2 .330«0 =2
16+ ME THANOL G «lU0U0 =2 L0000 =2 .95000 =2 Lol231 =2

DESCRIPTIVE MEASURES <2035> UXY:0eCAT:INONEOoTPNO:SS60

VAR [ABLE N MIN[MUM mAAIMUM MEaN STL vEV
9«ALDY 2 160,30 170.50 l6d.a0 2.9654
10 +MPE: 2 194300 21.600 €0.550 l.ege9d
11.HC 2 30900 «3290u +31900 Jleleg =)
12.C0 2 3J.813v 6. 0760 3.94645 183597
l@aNOX ¢ 1.5830 1.0680 16405 L81317 =1
1 heMETHANOL 2 +7c200 « 32500 $ 52440 o Lews

DESCHIPTIVE MEASURES <206> OXY:3®CATINONE*TPRO:ISSL)

vaelASLE N MINI{MUmM " MAXLMUM MEaN STD eV
9.ALOY 2 llvewy 150u.7v 135.40 Zle320
10.MPG 3 ly.a0v 20.60V ¢0.147 Je06lS
11.mC 3 2e9ly 12990V 29267 .55076.-2
12.C0 1 Jd,8e5¢ &gy “,0640 2 1906
laeNOY 3 l.6010 l.0930 lobeil #6231 =}
15.ME THANOL 3 .77%0u ye700 NPTy .58512 =1

JESCHRIPTIVE MEASURES <c07> JAYISOCATINONESTP=R(O:SSA0

VASRTABLE N MIN{MuMm MAa AL MUM WEAN STU DEV
9.ALDY 3 lld.50 119.6v 116.33 J.0862
10.MPG 3 19.400 2V.200 19.867 ««16343
11.nC 3 .28300 «S30700 29367 . 12220 =1

12.C0 3 d.495u 6,07wy 39793 «3956s =}
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QESCRIPTIVE MEASURES

VARIABLE
Q.ALDY
10 «MPR
l1].nC
12.C0
leeNOX

16+METHANOL

3 l.e270

3 L7630
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<20B> UXYIQ@CATISTUCK®TPRY:SS«0

N MIN[MUM
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e Q.
L 01:000 -l

o WJluvlu =2

MAXIMUM

060UV
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«J0000
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2560V

.2004v

MEAN
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89500

« 15000
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STu QOEV
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01308
«slodu
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-1
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-3



NUMKhER 69025

.\.cp W,u“

"

\\‘b\

UMIVERSITY UF

MMM
MMMMMM
MAMIAMMM
MMMMMMMM
MMMMErIMM
MMM MM
Mt MM

MMMMM
HAMMMM
MrIMMMMM
AMFMMMMM
MMMIIMIMM
MMAMIMMMHM
MMAMMIA MIAMMM

MM MMM MAMMM MMM
MMEIMM MMMMM Mit414i4 HMIMIAM
MMMAM MMMAMMMMMMMI MIAMMM
MMiTMM MMMMMMMMNY MMM
MM u-wt . MMM MMMMM
MM MMMMM
MM.. 11i4M MEIMMM
M4 MM
/119 M AN
M. 14 titiMiaM
MEN-AM MMM
55555555585
$5555555555S
S SS
5H
555
555555555
5H5H555S5S
5559
3
Ry SS
§5555555555S

5H555LL5555

MICHTGAN TERMINAL SYSTEM

(MODEL AR1T73)

i, Cs

NN
NNN
NNINN
NN N
NN
NN
NN
NN
NN
NN
NN
NN

/L

NN

NN

NN

N NN
NN NN
NN NN
NN NN
NN NN
NNNN

NNN

NN

(L

iy

TNy

[ER RN

Ty

T

[RRRRI

Yrey

Trili

[RA RN

|RARA}

Teeny

| SRR

R REA

|[RER R

[RARN
HH HH
HY HH
Hi HH
HH HH
tind HH
HHHHHHHHAHANH
HHHARHHHHHHH
Hid HH
nH tHH
HH HH
HH HH
HH HH

13105354 ENT

Lty

AR RA RS RS RR R AR R AR ERRRRR
R AR RN RRARARERRRARRAR)
TEOYRUTTIRUTNRITNONNTNTTAT

$585555SS
5555555555558
555555555555555SS
$55S8SS 5$55558S
SSSSS 55589
§5SSS
55555
5555555555585
8555555555585
5555565555555
55555858
$5S8SS
55558
$55SS 5558S
S$55554S §55555S
55555555555555555
§$55555555555S
S$S555555S
444
L4644
G4a 44
hbh 44
G4 L4
LGahbbbhbibyy
GO46446444644
by
L4
44
44
44

wED MAY 1]1/83

o

7

1 lfL:|

Zz 1z |

2 3rEa My

o P )

> .i'«'n , L.ll
4 (. s
7. Ri(:0)

o 4
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yATISTICAL RESEARCH LABORATURY
fHE unlveErsSITY OF MICHIULAN

} 3305340

‘1A' Lle Junl

]

HEAD FLLESMETH-SCATTERCIUV0L) VAR L A v 8 3041996970899 0011 012413014,15,016 LAﬂEL=ﬁunuEko0XY.CAI.DAI£.MoDAlE.u-DAlE.Y.ODOM.lPRO.
ALDVYsMPGIHC 4 COsCOTAOSNUK s HCoNMsME THIANOL CASES=1-999>

READ OHSERVATIONS 1-99
(ARIAULtS By CASE

<MISSING VAR=ALL VALUES=-)>

A1SSINL DATA SUMMAKY
VAR AILE AMISSING BLEVELS

1 NUAHER

2aOXY ’ 3
3.Cay 10
G.VATE .M

S.DAJE.D

G DANELY

T4

He TPRU /
YJALDY 147
10. MG 14
11 .0C

j2.C0
13.C01w0 15
b4 .10x o
JG i (N vl
6 .Mt THaNOL 2713

FTOTAL MISSING 545
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<DESCRISE HYSTRATA var=lS STRAT=vZev3evi>

DESCRIPTIVE MEASURES <1> QAY:ueCAT: (ml)eTRRO:
VARIASLE N MINIMUuM MAXLMUM
1S eHC . NM 2 Jlua <1159y
DESCRIPTIVE MEASURES <2> OAT:a®CaT:(ml)eTwwO:
VARIABLE N MINIMUM MAX ] MUM
ls.-"c-NM 3 '10020 .1227U
DESCRIPTIVE MEASURES <3> YXY:9oCAaT:(al)eThPrQO:
VAR ABLE N MiIN[MUm MA X ] MUM
1SnC o NM © L 1039¢ o1 130
DESCRIPTIVE MEASURES <u> O0XY:ueCaT: (82)°TPROS
vaw[asLE N MiN{MUM MAK ] MUM
1S aMC o NM 1 o loaby R RTY Y]
DESCRIPTIVE MEASURES <9> QAY:4®CaT:(m2)»TPRO:
VawlaglLs N MIN[MUM MA X[ MUM
15eACNM 3 W1l53u 12390
OESCRIPTIVE MEASURES <63 QAYIS®CAT:(mg)eTPRO:
varR[agLs N  MINIMUM Ma A I MUM
1SemC NN 1 Jlégdev 1262V
DESCRIPTIVE MEASURES <7> QAY:ueCAT:(s3)*TRRO:
VARTABLE N MINIMUM MAX ] MUM
19eHC . NM 2 .le24y 13690

DESCRIPTIVE MEASURES  <a> UCAYIoCaT:i(81)» (94!
VAR ABLE N MIN[MUm MAA L MyuM
15erC.NM 2 <1207y . .i3620

DESCRIPTIVE MEASURES <9¥> QAYi%eCAT:(33)0TPw0:

VAR TABLE N ALINIMUM MA K[ vyM

FTP
MEAN

«11009%

FIP
ME aN

.11277

F15a
MEAN

11892

FTP
“EAN

o lolasl

FIP
MEAN

«12380

FTR
ME AN

12620

Fre
ME AN
o leB865
#T
MEAN

13349

F1p

MEAN

STO OEv
+82731

STu 0Ev

«87S00

STu Oev
J11721

STO uEYv

STU OEV

759401

STD OEv

STL DEV

383858

38891

STu OEV

¥



1SeHC NM

DESCRIPTIVE MEASURES
VARTABLE

1SeHC . NM

DESCRIPTIVE MEASURES

VARTABLE

1SeHC.NM

ODESCRIPTIVE “MEASURES
VARIABLE

lS.HC.NM

DESCRIPTIVE MEASURES
VARIABLE

IS'HCON"

DESCRIPTIVE MEASUKES
VARTAGLE

1SeMCoNM

DESCRIPTIVE »EASURES
VARTABLE

ISQHCQNM

DESCRIPTIVE ™MEASURES
VARTABLE

1S emC . NM

DESCRIPTIVE MEASUNES
VA2 TABLE

‘-5."CCN‘I‘

NWFSECWTIPRPTTIVUE MP aSiiwk S

N

N

N

N

N

N

N

N

1 W19300 «19300 «19300

<l0> OXY:(Q2CAT:! (®&)°TRRUIF TP
MINIMUM MAX[MUM MEAN

2 ele92y 15770 +15345

€l1l> UXY:3eCAT: (m6)®*TPRY:F TP
MINIMUM MAX I MUM MEAN

¢ «l3eQu slebly 116040

<leg> UXY:I9@CAT: (#4) *TRPROIFTP
MINIMUM MAXIMUM ME AN

3 .le33v 17010 » 15453

€ld> UXY:(Q®CAT: (mS) eTRPRUIFTP
MINIMUM MAX[MUM MEAN

€  +2o9%60 27040 «27000

Clea> UXY:IJ®CAT: (RS)°TP&O:F TP
MLINIMUM MAX [ mMUM MEAN

2 J2608Y 2T 0al «27060

<13> OXY:9eCAT: (AS)*TPRUIFTP
MINIMUM MAX[wuUM MEAN

3 .35200 «J06Q0 «359«0

<lo> OXY:U@CAT: (B ) oTRRQO:IF T
MiNnIMUM MAX [ MyUM uE AN

€ «4933v 3970V 89510

€175 UXY:JOCAT: (A8)@TRRU:FTP
MINIMUM M4 X [ MyUM ME AN

¢ 2lB6g R IRLT «39610

Klm> (HXY!@aeCAT (86 @oTWWIIIL TOD

STD QEV

60106

STu Q&v

« 70510V

STLU QEV
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STO OEV

26569

STO OEV
33740

STu DEV
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VARTAHLE

IS‘HCQNM

DESCHIPTIVE MEASURES
VAR TAaBLE

1S5 .H1C  NM

DESCRIPTIVE MEASUNES
vaxlagLE

1S emCoNM

DESCRIPTIVE ™MEASURES
VARIABLE

1SerC . NM

DESCRIPTIVE MEASURES
VAR ABLZ

lSlHCaNM

VESCHIPTIVE »EASUNES
VARIABLE

1SeHC . NM

QESCRIPTIVE “EAaSUKES
VARTABLE

ISQHC.N.“

DESCRIPTIVE “EASURES
var1agLs

1S emCoNM

DESCRIPTIVE “EASURES
VaR[ABLE

I(JOHCQNM

5-52

N  MINIMUM MAX | MUM MEAN

2 .8456v «89770 86165

<lY> UXY:09CAT: (RT7)OTPRUIFTR

N MINIMUM MAXMUM MEAN

3 «1821v 1936V « 17787

<20> UXY:JoCAT: (#7)°TRPRO:F TP

N MINIMUMm MaX][vum ME AN

2 .1e030 <1226V leb6s

<2l> UXY:I9OeCAT: (87)eTPRY:IF TP

N MINIMUM MAX ] MUM MEAN

1 .2%1tu 25110 «25110

<e2> 0xY:0°CAT:f;s)°TPRu=FTP

N MIN[MUM MaAX]vyUmM ME AN

6 L399y .60320 33267

€23> QAY:IJOCAT: (84)2TPRUIFTP

N MIN[MUM MAX [ MUM ME AN

2  Jea500 #7130 65819

€ged> UXYISOCAT: (BR)OTPRUIF TP

N MINIMuUM MAX [ MUM ME AN

! +« 93660 +2366V 534660

<E9> UXYIUOCATINUNERTRRYIF TS

N MIN[MUM MAX [ MUM vME AN

lu «TBUGY leloald «708ué

€295> UXRY:JOCAT INUNERPTENYIFTR

N MIN[MUM MAX [ MUM ME AN

4 7085y R 8-11] «BlgHM0

STO QEv
50982 -l

STL LEV
+ 15651 -l

STu Ogv

86976 =2

STu QEv

STO O&v

07907 =}

STD OQEV
+ 18597 -]

STy OEV

STo JEvV

058715 -l

sTyu O&v

33879 -]
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DESCRIPTIVE MEASUNES <27> UXY:iS@CATINONE®TRRUIFTP

VARIABLE N MIN[MUM MAXIMUM MEAN

1S HC . NM 2 3315y lollow 97395

DESCRIPTIVE MEASURES <¢8> URY:09CAT:!STOCK®TRPRO:FTP

VARIABLE N MINlMyM MA X [ MUM MEAN

1SeHCNM 2 13930 o1 @650 «16315

DESCRIPTIVE MEASUKRES <29> QAY:I3eCAT:STOCKeTRRG::FTP

VARTABLE N MINIMUM MA AL MUM MEAN

1S eMC NM 1 +lde0v «13600 «13000

DESCRIPTIVE MEASURES <313 UXY:U9CAT:(8))*TPRUIAWY

VARTASLE N MIN[MUM MAALMUM ME AN
1S emMC o NM 3 27000 «2 38000 =2 .31467
DESCRIPTIVE MEASURES <32> URY:Je®CAT:(m])®TPRYIMwWY
VARTARLE N MINIMUM MA A MUM ME AN
1SemC . NM _ 3 W5¥Q00V =2 L0o¥0U0 =2 ,65333

DESCRIPTIVE MEASURES <33> QXY:99CAT:(®])*TRROAWY

VARTIABLE N MINIMuUM MA R [ MUM ME AN

1S, =C ™ o L5000 =2 L3000V =2  L&67250
P AR - otvlhATiues -

YARTABLE : N MINLIMUM MAX ] MUM ME AN

1SemC,Nm 2  Jeoulu =2 L1250V =i «8m000

JESCRIPTIVE MEASURES  <i%> UAY:3eCAaT:(82)21PwyinwY

VARTAHLE N MINLIMUM MAX[MUM vE AN
IS'HCQNM J 07200(J "E QQUOOU .& 07‘3000
DESCRIPTIVE “EASURES <J08> UAYID@CAT: (#2)2ThwyimwY

vYaplagLes N ALNIMUM MAK[vuM MEAN

-2

STL Dgv

«201eS

STO Ogv
.“7376

-4

v UEYV

STO VEV
56862

STO LEV

STO OEv

v 139598

STL VEYV

«3636Yv

5Ty JEY

0 lo89

STu 2EVv



1SHC.NM

DESCRIPTIVE MSASURES
VAR ABLE

1S44C.NM

QESCRIPTIVE MEASURES
VARTABLE

[SerCoNm

DESCRIPTIVE MEASURES
VARTASLE

ls‘HCaNN

OESCRIPTIVE MEASUKRES
VARTABLE

1SeH4C. MM

DESCRIPTIVE MEASURES
VAR [awLF

1SeAC M

DESCRIPTIVE “EASURES
VARl ABLE

IScHC.NM

DESCRIPTIVE “EASUKRES
VAW TABLE

1SemCoNm

JESCRIPTIVE MEASURES
vVaRlasL?®

1SQHC.N“

DESCWIPTIVE “EASURES

N

N

N

N

N

N

N

N
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1 83000 -2 .3830U0 =2 ,83000

<37> QAY:0eCAT:(m3)*TPROIMWY
MINIMUM MA K] MumM ME 4N

2 52000 <2 /9000 =2 .65500

JE> VAY I goCAT I (BI)*ThuUinwY
MINIMUM MAA [ MUM MEAN

3 W8ul00u =2 J7100u =2  .69333

€3Y> UXY:IDeCAT:(B3)OTRWUIAWY
MIN[MUm MAKXLvwum ME AN

2 QOUUOU -2 «6500V -e -62500

CLlU> YAYIUOCAT ! (Mu)oTRRQImwY
MINIMUM MAA[MUM ME AN
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APPENDIX 6

Unscheduled Maintenance
on the Vehicle



Date

Aug.

Nov.

NOV.

Oe,

10,

18,

26,

02,

04,

08,

10,

. 19'

02,

. 07,

08,

a7,

13,

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1982

1983
1983

Appendix 6

Unscheduled Maintenance on the W Rabbit

Problem

Fuel pump failure
Ran out of fuel
None

Stalls shortly after
cold start

Fuel guage inoperative

None

Starter wouldn't disengage

None
High thermocouple reading
in catalyst (over 1600°F)

Pmissions change (NQx)

Vacuum line to distributor
found aisconnected

None

NQx change
None

Repai
Replaced with punp from
local W dealer

Refueled (no catalyst on
the wvehicle)

New methanol-protected fuel
pump installed

Replaced thermal switch,
distributor cap and rotor

Replaced sending unit
(Nov. 8)

Hooked up digital idle
stabilizer, per W
instructions.

2 relays intercnanged by
local dealer, old thermal
switch installed

New thermal switch
reinstalled

Inspect catalyst, recorder
malfunction

Fuel pump from dealer re-
installed for diagnostic

purposes

Reconnected vacuum advance
nose

Methanol-protected fuel
pump reinstalled

New 0, sensor

New battery installed



APPENDIX 7

Steady State Data at _
0, 10, 20, and 30 Miles
per Hour



Summary of the Idle Test Results
with Operation as 3-Way Catalysts

Qxygen Fuel Number
Catalyst Level HC NMHC Methanol Q0 NCx Aldehydes Min of
(3) W mmmmmmmmmmmmm—me—— o (9/min) ——-—=—==~=~~—om e (mg/min)  gal Tests

Up to

None 0 .10 .09 .21 .74 .02 15.9 129 8
S rt: kh (40) 0 .00 .- .00 .03 .00 .1 120 4
12 Pt: Rh (40) 0 .00 .00 .01 .00 .00 .0 133 2
12 Pt: 1’ (40)* 0 .00 .00 LOL%*> .00 .01 .9 140 2
3 Pt: 2 ld (20) 0 .00 .00%* N/A .00 .01 N/A 133 2
Pa (40) 0 .05 o= <43 .17 .01 8.7 120 3
Pd + BM (35) 0 .09 .08 N/A .39 .02 13.3 136** 2
Cu 0 .15 .14 N/A .58 .03 N/A 126 2
rd (20) 0 .04 L03** N/A .14 :01 N/A 120 3
Ay (150) 0 .05 .05 N/A .47 .02 N/A 128 2

N/A means data are not available
*Racetrack, others are round

**phased on 1 test



Sunmary of the Idle Test Kesults
with Operation as Oxidizing Catalysts

Uxygen Fuel Number
Catalyst Level HC NBIC Methanol (00) NOx Aldehydes Min of
{5y sttt —— (Q/min) -~---—o--e—mem oo (mg/min) qgal ‘lests

up to

None 3 .08 .09%* .23 .64 .01 18.2 138 3
5 Pt: Kh (40) 3 N/A N/A N/A N/A N/A N/A N/A 0
12 Pr: Rh (40) 3 .01 .01 .01 .06 .02 J3¥x%x 13] 3
12 Pe: i (4U)* 3 N/A N/A N/A N/& N/A N/A N/A 0
3 Pt: 2 Pd (20) 3 .03 .03 L03** .11 .03 10.4** 117 3
Pd (40) 3 .01 .01 N/A .00 .0l 7.6 124 2
o+ BM (35) 3 a1 .11 N/A .43 .03 N/A 128%* 2
Cu 3 .15 .15 N/A 71 .03 N/A 120 2
d (20) 3 .01 .01 N/A .01 .02 N/A 125 2
Aj (150) 3 .09 .09 . N/A .78 .02 N/A 113 2

N/A means data are not available
*racetrack, others are round
**pbased on 1 test

kkipased on 2 tests



Summnary of the Idle Test Results
with Operation as Oxidizing Catalysts

Oxygen : Fuel Number
Catalyst level HC NMHC Methanol Q0 NOx Aldehydes Min of
() W mmmmmmmme—me—em——eee (g/min) —-=--====—————— e (mg/min) _ gal Tests
None 5 .10 N/A .30 .75 .01 19.6 120 2
5 Pt: kh (40) 5 N/A  N/A N/A N/A N/A N/A N/A )
12 Pt: Rh (40) 5 .00 .00 L00*** .00 .01 1.0 122 3
12 Pt: kh (40)* 5 .00 .00 .01 .01 .02 1.5 119 1
3 Pt: 2 P4 (20) 5 .05 N/A N/A .00 .02 53.0 116 2
Bd (40) 5 .01 .01 N/A © .0l .02 28.0 118 2
Pd + BM (35) 5 .14 A3 N/AA .62 .04 N/A 120 2
Cu 5 .16 .16 N/A .62 .03 N/A 115 2
d (20) 5 .02 L02%* N/A .00 .02 123.0%* 121 2
Ag (150) 5 N/A N/A N/A N/A N/A N/A N/A N/A

N/A means data are not available
*Racetrack, others are round
**based on 1 test

*rkhased on 2 tests

t£-L



Swimary of

the Test Data at 10 Miles per Hour with
3-Way Catalyst Operation

xygen Nuinber
Catalyst level HC NMHC Methanol @ NOx Aldehydes MPG of
() W e (g/mi) ———~——=———— o= (mg/mi) Tests
0 .48 .45 1.05%* 3.08 .32 144.6 10.00 5
5 Pt: kh (40) 0 N/A N/A N/A N/A N/A N/A N/A 0
12 Pt: Rkh (40) 0 .02 .01 .03 .00 .03 1.0 10.05 2
12 Pt: kb (40)* 0 .02 .01 .16** .00 .23 1.1 10.35 2
3Pt: 2 84 (200 O .03 .03+ N/A .19 .04 N/A  10.00 2
Pd (40) 0 .10 L06*** . H2%* 2,89 .03 26.2 9.77 3
d + BM (35) 0 .28 .27 N/A 5.16 .29 75.7 10.30** 2
Cu 0 .65 .64 N/A 7.81 .31 N/A  10.10 2
d (20) 0 .17 .15 N/A 2.22 .03 N/A  10.10 3
Ag (150) 0 .24 .23 N/A 6.67 .30 N/A  10.05 2

N/A means data are not avallable
*Racetrack, others are round

**phased on 1 test

**xphased on 2 tests



summary of the ‘lest Data at 10 Miles per Hour
with Oxidizing Catalyst Operation

N/A weans data are not available
*Racetrack, others are round

**phased on 1 test

**iphased on 2 tests

Uxygen
Catalyst Level HC NMHC Methanol (8 0) NOx Aldehydes
(8) ~ Zommmmmmmomoomemoo- (g/mi)====-=zmmmmmm oo (mg/mi)
None 3 N/A N/A N/A N/A N/A N/A
5 Pt: kh (40) 3 N/A N/A N/A N/A N/A N/A
12 Pt: kh (40) 3 .03 .02 .01 .03 .29 5.9
12 Pt; kh (40)* 3 N/A N/A N/A N/A N/A N/A
3 Pe: 2 Ad (20) 3 .05 .04 04** .07 .31 64.8**
ra (40) 3 .04 .03 N/A .02 .25 36.2
o+ M (39) 3 .33 .32 N/A 5.15 .30 N/A
Cu 3 .56 .55 N/A 8.16 .30 N/A
i (20) 3 .07 .06 N/A .03 .28 N/A
Ag (150) 3 .38 .38 N/A 9.43 “.31 N/A

Number
MPG of

Tests
N/A 0
N/A 1]
10.27 3
N/A 0
9.70 3
9.95 2
10.10%* 2
10.05 2
10.05 2
9.95 2



Summary of the Test Data at 10 Miles per Hour
with Oxidizing Catalyst Operation

Uxygen Number
Catalyst level HC NMHC Methanol Q0 NOx Aldehydes MPG of
(8)  mmmmmmmmmemmmmeeeeee (g/mi) -----—m——mmmm e (mg/mi) Tests
None 5 N/A N/A N/A N/A N/A N/A N/A 0
5 Pt: kh (40) 5 N/A N/A N/A N/A N/A N/A N/A 0
12 Pt 1 (40) 5 .02 .01 LOLk** .01 .31 3.8 9.93 3
12 pt; kh (40)* 5 .02 .01 .02 .02 .30 1.8 10.00 1
3 Pt: 2 Bd (20) 5 .55 N/A N/A .50 .26 294.8 9.80 2
Pl (40) 5 .05 .03 N/A .01 .25 107.8 9.65 2
Bd o+ BM (35) 5 .54 .53 N/A ' 9.08 .34 N/A 10.00 2
Cu 5 .64 .63 N/A 8.15 .31 N/A 10.00 2
Pd (20) 5 .11 .10%* N/A .04 .27 10.1**  10.00 3
Ag (150) 5 N/ N/A N/A N/A N/A N/A N/A -

**hased on 1 test

N/A ans da a not available
/ *?gce rack, oEﬁers are rou

*AApased on 2 tests

9-(



Sumnary of the Test Data at 20 Miles per Hour
with 3-Way Catalyst Operation

Oxygen Number
Catalyst Level HC NMHC Methanol (6 0) NOx Aldehydes MPG of
() —ommmmmemmmmmmmee——- (g/mi) ——===mmm e oo (mg/mi) Tests

up to
None 0 .40 .39 .98 4.77 .51 127.0 19.56 8
S Pt: kh (40) 0 .01 L00%*** 00 .05 .00 0.2 19.38 4
12 Pe: kb (40) 0 .0l .01 .02 .02 .03 1.4 19.70 2
12 Pt: kh (40)* 0 .01 .01 .04** .00 .21 1.2 19.95 2
3 Pt: 2 Bd (20) 0 .02 .01 N/A .53 .05 N/A 18.95 2
Pda (40) 0 .13 3% <3245 1.45 .04 20.3 18.00 2
M+ BM (35) 0 .30 .29 N/A 3.10 .45 61.4 19.50 1
Cu 0 .57 .56 N/A 4.2]1 .51 N/A 19.00 2
pd (20) 0 .09 .08 N/A l.BS .05 N/A 19.10 3
ag (150) 0 .30 .30 N/A 3.41 .43 N/A 18.95 2
N/A means data are not available

*Racetrack, others are round
**phased on 1 test
**ihased on 3 tests

L=



Summary of the Test Data at 20 Miles per Hour
with Oxidizing Catalyst Operation

xyyen Number
Catalyst Level HC NMHC Methanol Q@ NOx Aldehydes MPG of
() W —mmmmmmmmmm e (g/mi) ——=-——m e (mg/mi) Tests

up to

None 3 .34 .33 1.05 4.06 .47 123.3 19.63 3
5 PE: kh (40) 3 N/A N/A N/A N/A N/A N/A N/A 0
12 pPt: kh (40) 3 .02 .02 .02 .09 .48 1.8%** 19,57 3
12 Pt: kh (40)* 3 N/A N/A N/A N/A N/A N/A N/A 0
J Pe: 2 Ad (20) 3 .02 .01 LO5*** .00 .48 70.6** 18.80 3
Pd (40) 3 .05 .04 N/A .01 .42 102.6 18.70 2
Pd + BM (35) 3 .43 .42 N/A 4.17 .53 N/A 18.90 1
Cu 3 .52 .52 N/A 4.06 .51 N/A 18.95 2
Pd (20) 3 .10 .09 N/A .04 .37 N/A 19.15 2
Ag (150) 3 .25 L19%x N/A 4.26 .33 N/A 19.10 2

N/A means data are not available
*Racetrack, others are round
**hased on 1 test
***hased on 2 tests



Summary of the Test Data at 20 Miles per Hour
with Oxidizing Catalyst Operation

Oxygen . . Number
Catalyst Level HC NMHC Methanol Q NOx Aldehydes MPG of
(8)  —mmmmmmmmmmemmemmm——e (g/mi) ==——=mmmemm oo oo (mg/mi ) Tests

up to

None 5 .34 N/A 1.19 4.37 .43 105.0 19.00 2
5 Pt: rh (40) 5 N/A N/A N/A N/A N/A N/A N/A 0
12 Pt; Rh (40) 5 .01 .00 .00** .00 .47 1.4 19.40 2
12 Pt Rh (40)* 5 .01 .01 .10 .01 .47 1.5 19.40 1
3 Pe: 2 Pd (20) 5 .14 N/A N/A ,+16 .40 155.2 18.40 2
Pd (40) 5 .04 .03 N/A .02 .37 138.9 18.60 1
M + BM (35) 5 .44 .43 N/A 4.30 .43 N/A 19.05 2
Cu 5 .46 .45 N/A 3.74 .45 N/A 19.25 2
pd (20) 5 .09 JL12%* N/A .01 .41 N/A 19.30 3
Ag (150) 5 N/a N/A N/A " N/A N/A N/A N/A 0

N/A means data are not available
*Rracetrack, others are round

**based on 1 test



Summary of the Data at

30 Miles per Hour with 3-Way

Catalyst Operation

Oxyyen Number
Catalyst Level HC NMHC Methanol (00 NOx Aldehydes  MPG of
[ I (e e —— (mg/mi ) ‘Tests

None 0 .36 .35 0.83 4.85 1.21 126.8 20.90 Up to 8

5 Pt;: kh (40) 0 .01 .00 .01 .06 .00 1.8 21.35 4
12 pPt: kb (40) 0 .00 .00 .00 .02 .00 0.4 21.55 2
12 Pt kh (40) * 0 .01 .00 024 % .01 .48 3.6 21.35 2
3 pPe; 2 d (20) 0 .0l L01** N/A .22 .04 N/A 20.60 2
Pd (40) 0 .01 L01** 04** .55 .01 3.5 20.30 2
M+ B (35) 0 .07 .06 N/A 2.20 1.11 38.0 21.50 1
Cu 0 .40 .39 N/A 5.'05 1.12 N/A 21.05 2
Pd (20) 0 .01 .01 N/A 1.13 .02 N/A 20.80 3
ag (150) 0 .23 .22 N/A 4.09 1.04 N/A 21.40 2

N/A means data are not available
*Racetrack, others are round

**pbased on 1 test

x4 phased on 2 tests

01-L



Sumary of the bData at
30 Miles per Hour with

Oxidizing Catalyst Operation

uxygen
Catalyst Level HC NMHC Methanol 00 NOx
()  mmmmmmmomm——eoeeeo (g/mi) -—----—cmmmm oo
None 3 .33 .33%* .89 4.20 1.20
S Pt: rh (40) 3 N.A N/A N/A N/A N/A
12 Pt: kh (40) 3 .01 .00 .00 .00 1.19
12 Pt: Rh (40)* 3 N/A N/A N/A N/A N/A
3 pPt: 2 A (20) 3 .04 .03 <1Q*** .01 1.23
bd (40) 3 .01 . 1) Rl N/A .01 1.05
d + BM (35) 3 .14 .13 N/A 3.98 1.07
Cu 3 .41 .41 N/A 4.69 1.11
Pd (20) 3 .01 .00 N/A .00 1.02
Ag (150) 3 .13 J13** N/A 4.64 .94

N/A means data are not available
*Racetrack, others are round
**hased on 1 test
**xpased on 2 tests

Number
Aldehydes MPG of
__(mg/mi) Tests
129.1 21.30 3
N/A N/A 0
2.2 21.43 3
N/A N/A 0
70.7** 19.88 3
18.2 20.55 2
N/A 21.20 1
N/A 20.90 2
N/A 21.20 2
N/A 21.95 2

TIT-L



Summary of the Data at
30 Miles per Hour with

Oxidizing Catalyst Operation

N/A means data are not available
*Racetrack, others are round
**hased on 1 test
**x*hased on 2 tests

uxygen Number
Catalyst level HC NMHC Methanol Q0 NQx Aldehydes MPG of
(8)  —ommmmooomememmm—eee (7410 ) Sttt —— (mg/mi) Tests
None 5 .32 N/A .91 4.39 1.18 115.3 21.13 3
5 pPt: 1 (40) 5 N.A N/A N/A N/A N/A N/A N/A 0
12 Pt: r’h (40) 5 .01 .00 -00** .00 1.22 1.4 21.30 2
12 Pt: kh (40)* 5 .01 .01 .05 .03 1.22 5.6 20.30 1
J Pt: 2 Pd (20) 5 .06 N/A ‘N/A .06 1.16 107.0 20.20 2
bd (40) 5 .01 .01 N/A .01 1.07 22.9 20.70 1
Pd + BM (35) 5 .26 .25 N/A 4.52 1.08 N/A 21.20 2
Cu 5 .33 .33 N/A 3.0l 0.96 N/A 20.90 2
Pd (20) 5 .01 .00** N/A .01 1.07 N/A 21.17 3
Ag (150) 5 N/A N/A N/A N/A N/A N/A N/A 0

i1-1L



