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Appendi x A: Test Procedures
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Test Procedure to Evaluate the Acceleration Simulation Mdde and the
Em ssi ons Measurenent Capabilities of a BAROO Certified Anal yzer Wth An
Integrated Fuel Cell Type NO Anal yzer

1.0 njectives
The objective of this ASMtest project was to collect data to conpare the
effectiveness of a four-node steady-state test procedure as an alternative I/M
test to the IM240. Em ssions and canister purge flow data were collected using

the foll ow ng vehicl e operating nodes:

- Two Acceleration Simulation Mdes (5015 and 2525)

A 50 nmph steady state node at road | oad
- Anidle node in Drive
- Anidle node in Neutral

These nodes will subsequently be referred to as the ASMtest. The sane data
were col lected for the | M40 test.

The | ower cost of the enissions measuremnent equipnent is the salient feature
that makes the ASMattractive to its proponents. Therefore, EPA nmade ASM
em ssions neasurenents using a certified BARIO anal yzer (for HC, GO and QO 2)
with an integrated NO anal yzer of the fuel cell type for NO measurenents. For
the I M40 a CVS-based em ssions neasurenent systemwas used.

Cani ster purge fl ow measurenents were nade with the same 0-50 liter per
mnute for both the ASM and | M240.

The testing was carried out in two |locations, a single [/Mlane in an
official Arizona I/Mstation and at a | aboratory owned by Autonotive Testing
Laboratories (ATL). Both were located in Mesa, Arizona.

2.0 Phoeni x Lane Procedure

The following is a description of the I/MI|ane procedures.

- This procedure was restricted to 1983 and newer |ight duty vehicles

with fuel injection, when available. Carbureted 1983 & newer vehicles
were tested when fuel injected vehicles were unavail able. Pre-1983



[ight duty vehicles were tested only when 1983 and newer vehicles were
unavai | abl e.

- Each light duty vehicle received:

1. The ASMtest that included the follow ng nodes in the sequence
listed:

- ASMB015 with purge,

- ASMP525 with purge,

- 50 nph at road | oad, wth purge,

- idletest (autonatic transmssions in drive),

- idle test (autonmatic transmssions in neutral) for the first 50
cars. Car 51 and subsequent cars will not get the 5th node.

These four or five nodes will be referred to as the ASM seri es.
2. An 1 M240 with purge.
3. A pressure test.

4, An Arizona State |/Mtest.

2.1 Procedure Sequence

- In general all odd nunbered vehicles got the IM240 as the initial test
and all even nunbered vehicles got the ASMas the initial test.

- Data collected included a nunber 1 or 2 in a field naned "Test. O der"
to desi gnate whether the ASM series procedure was run first or second.
Di screpanci es between the Test.Order entry and even/odd vehicl e nunbers
are resolved by relying on the Test. Order entry, as this was ATL’'s
primary neans to identify test order.

2.2 Measurenent Equi prent

- For the ASMseries, a certified BAROO HOZ CO CO 2 exhaust em ssion
anal yzer was used to measure HC GO and CO 2, with an integrated NO
anal yzer using a fuel cell sensor. ATL only acquired a NO

anal yzer/ BAR90O anal yzer conbi nation that provi ded second-by-second data
for HC CO QO2, and NO The data output for the ASMtest went to 3-



1/2 inch floppy discs that included run nunber, time (sec), node
nunber, vehicle speed, purge flow, NO (ppm), HC (ppm, C2 (%, CO (%,
actual torque, required torque, actual horsepower and required

hor sepower .

AS50 liter/min Sierra flow meter was used to neasure total canister
purge flow The flow neter system output was the cunul ati ve second- by-
second data for total flow recorded on the 3-1/2" floppy discs

di scussed above.

For the I M240, nornal neasurenents with the CVS systemcontinued at the

lane. The data collected included time (sec), bag nunber, anbient
nmeasur enents, NOx (grans/second), HC (g/sec), CO 2 (g/sec), QO (g/sec),

and purge in standard liters.

.3 Procedure Details

An electric dayton dynanometer was used for both the | M40 and the ASM
series. The dynanmoneter horsepower settings for the ASMs were as
fol | ows:

+ 5015 HP = (ETW/ 250)
« 2525 HP = (ETW/ 300)
* 50 Mh HP = Road Load

The hor sepower and inertia weight settings for the |1 M40 were as
normal |y performed. The mininuminertia weight setting (2,000 |bs.)
was used for the ASMs.

Manual transm ssion vehicles were tested in second gear for both the
ASMb015 and the ASMP525. The 50 nph road | oad node used the top non-
overdrive gear, typically 4th gear on a 5-speed, 4th gear on a 4-speed,
and 3rd gear on a 3-speed. Drivers used a |ower gears for vehicles
that were |ugging.

The engine was s hut off prior to the M40 and the ASMb015 (as will
normal |y be done by I/Mprograns to connect the purge neter),

regardl ess of which procedure was perfornmed first, and restarted just
prior to initiating these procedures. The engine was not shut off
bet ween ASM nodes, and the vehicle was accelerated fromthe current
node up to the next node speed, without first returning to zero.

The ASM em ssi on sanpling period and the canister purge flow
nmeasur enent period were as foll ows:



1. Each ASMnode was ini tiated after the vehicle speed had achi eved
the nom nal speed (15, 25, or 50 nph, and O nph idle) 2 nph. ce up
to speed, emi ssions sanpling of one second average concentrations
continued for 40 seconds. Em ssion scores for HC, GO CX®2 and NO were
reported for each second. Em ssions scores for the first 10 seconds of
each node were ignored to allow the dynanonmeter to stabilize and to
allow for transport time to the anal yzers.

2. The purge flow reported was the second by second cumul ative flow
over the entire ASMcycle, including transient accelerations. The

nom nal accel eration rate was 3.3 nph/sec., with a m ninum accel erati on
rate of 1.8 nph/sec and a maxi num of 4.3 nph/sec. The table bel ow
lists the mninmum nomnal, and naxi num accel eration tinmes used to
accel erate fromone node to another. For exanple, the table shows that
the time to accelerate from25 nph to 50 nph should be 7.6 seconds.,
but can take as long as 13.9 seconds., and as little as 5.8 seconds.
The zero to 60 nph tinme is provided to indicate how the specified
acceleration tines relate to a commonly known reference of vehicle
performance. ATL used a video driver’s aid with the nom nal

accel eration rate.

Tine to Accelerate fromto:
Accel eration 0-15 15- 25 25-50 0- 60
Rat e nph nph nph nph
(nmph/ sec) (secs) (secs) (secs) (secs)
M ni mum 4.3 3.5 2.3 5.8 14.0
Nom nal 3.3 4.5 3.0 7.6 18.2
Maxi mum 1.8 8.3 5.6 13.9 33.3

- During the accel erations between nodes, the dynanoneter |oad setting
did not exceed road load. This was specified to enhance the
opportunity for canister purge during the ASM accel erations. The
conbi nation of the ASMI|oad and the base 2,000 I b. inertia may | oad
sone vehicles to heavily to allow purge to initiate.

3.0 Lab Recruitnent

Li ght duty vehicles that received all of the | ane tests (1 M40, ASM seri es,
and Arizona |I/Mtest), were recruited for testing at ATL’s |aboratory. Cars
were categorized as passing or failing using the 1 M40 cutpoints in the table
bel ow.



Phoeni x Lane |1 M40 Cutpoints for Lab Procurenent

Model HC oo NOX
Year s g/mle g/mle g/mle
1983+ >0. 80 >15.0 >2.0

The followi ng table provides the |aboratory recruitnent goals for the
pass/fail categories listed as a percentage of the total nunber of cars
recruited to the lab for this task. The initial recruitment target was 100
vehi cl es.

Phoeni x Lab Recruitnent Goals Using Lane | M40 Categori es

Model HC CO HCO CO NOX NOX
Year s Pass Fai | Pass Fai
1986+ 15% 15% 15% 15%
1983- 85 10% 10% 10% 10%

4.0 Commercial Repair Recruitnent

Omners of vehicles that failed the Arizona I/Mtest, and received and
| M40/ ASM series, were offered $50 to return to the lane for after-repair tests.
These vehicle owners were only offered this incentive if they refused to
participate in the | aboratory testing programor if their vehicles were not
needed for laboratory recruitment. Recruiting vehicles for |aboratory tests was
a higher priority than for conmercial repair participation.

The owners were informed that they nust return with repair receipts
indicating repairs by a comrercial establishnent with item zed | abor and parts
costs to qualify for the $50 incentive. ATL included either the origina
receipts or copies in the vehicle test packets that ATL provided to EPA. In
addi ti on, ATL provided sumarized comments and data for these vehicles on
el ectroni c disk.

Vehi cl es returning after comrercial repairs foll owed the same procedures.

5.0 Lab Procedure

The | ab procedure is sumarized in Attachment 1, so this section will only
add explanations to the procedure listed in Attachnent 1



5.1 Two G oups
The vehicles recruited to the lab were separated into two groups:

1. Those whose initial lane test was the |1 M40 and were repaired to | M40
targets. For the vehicles in this group, the | M40 al ways precedes the
ASM series (see Attachnent 1).

2. Those whose initial lane test was the ASMseries and were repaired to ASM
targets. There were not enough data to set ASMrepair targets, so | M40
targets were used for both groups. For the vehicles in this group,
however, the ASM series al ways preceded the |1 M40 (see Attachnment 1).

5.2 Repair Targets

The repair targets were to achieve 0.80/15.0/2.0 on the I M40 for both the
ASMtargeted group and the |1 M240-targeted group. Initially, repair targets were
to be provided to ATL for the ASMtargeted group to replace the 1 M40 targets.
However, due to tine and data constraints this proved inpossible.

For the initial repair attenpt, the mechanic was only aware of the | ane
| M40 score for both vehicle groups (initial lane test: ASMor |M40). For
subsequent repair attenpts, the mechanics were only be aware of |ane and |ab
| M40 scores. FTP scores were not provided to the mechanics for either group.

Repairs were limted to $1, 000.

5.3 Laboratory Test Equi prment

Due to tine and financial constraints, EPA was unable to devel op | ab ASM
capability. The IM240 and FTP were measured with a CVS system Mddal or
second- by- second CVS capability was not available at the | aboratory.



Appendix A: Attachment 1

ASM/IM240 Lab Procedure

Revision Date: 10/21/92

Number tested =

Recruitment: 1983+ fuel injected only.
Repairs: Get IM240 Indolene to .8/15/2.0.
The mechanic should only be aware of
1M240 scores for the 1M240 targetted
repairs. $1,000 repair limit/car - catalyst if
necessary, aftmrkt preferred.

Develop explanations for any IM240
failures that pass FTP, while veh is still at
lab.

Tank Fuel

On-Road Warmup
Tank Fuel IM240

9.0 RVP Indolene As-Received

LA-4 Prep cycle @ 80°F
No Diurnal
FTP Exhaust
No Hot Soak
1M240 Indolene (with purge if available)

Repair to get IM240 Indolene to .8/15/2.0.
The mechanic should only be aware of
IM240 scores - not FTP scores, and only
perform minimum repairs necessary to
achieve targets.

Report After-First-Repair Indolene IM240
regardless of outcome. Mechanic will only
be aware of lane IM240 score for first
repair, not lab tank fuel score.

Continue repairs if necessary. Don't
perform FTP until .8/15/2.0 is achieved.

9.0 RVP Indolene After-Repair to IM240
0.8/15/2.0

3 LA-4 Prep cycles @ 80°F for all vehicles

Top off to 40% fill - don't drain.
FTP Exhaust
IM240 Indolene RM1 (w/purge if

Stop repairs even if failing FTP.

/\

Indolene Lane Tests For Vehicles Whose
Initial Lane Test Was IM240

On-Road Warmup
Lane Indolene 1IM240
ASM Series

A-8

Indolene Lane Tests Procedure for
Vehicles Whose Initial Lane Test Was
ASM Series

On-Road Warmup
ASM Series
Lane Indolene IM240
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Dat a Listings



I. Cutpoint Table Analyses Laboratory Recruited Vehicles

Vehicle Information FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run# Test Dat e O der HC CO NOX HC CO NOX HC2 C®2 |ASM HC ASM COASM NOx
3148 1672  TST17 921030 |1M40.2nd | 0.11 1.1 0.97 | 0.03 1.3 0.55 | 0.04 1.1 0.13 3.8 0.51
3149 1685 TST17 921102 | M40. 1st 0.2 2.3 0.2 0.21 2.8 1.19 | 0.16 2.2 0.19 3.3 0.77
3150 1692 TST17 921030 [1M40.2nd| 2.43 82.9 0.59 ] 1.44 32.6 0.95| 0.79 14.7 | 1.40 72.5 0.56
3151 1696  TST17 921102 |1M40.2nd | 0.34 3.5 5.81 0.2 2.0 4.54 0.1 2.7 0. 47 3.3 2.09
3152 1709 TST17 921103 |1 M40.1st | 0.18 3.6 1.01 | 0.12 2.8 1.34 | 0.09 2.6 0.10 4.0 0. 35
3154 1739 TST17 921103 |1M40.1st | 0.31 6.2 1.04 | 0.34 4.4 2.24 | 0.23 3.4 0.31 8.2 1.70
3155 1735 TST17 921103 [1M40.1st | 3.25 46.7 0.26 ) 2.77 24.1 1.2 2.06 17.2 ] 0.43 5.8 0.50
3156 1726  TST17 921104 1M40.2nd | 0.31 6.7 1.07 | 0.45 6.1 2.07 | 0.45 6.2 0.19 3.8 1.04
3157 1747  TST17 921104 | M40. 1st 1.7 14.3 2.14 | 2.84 34.7 2.95 | 2.26 15.7 | 1.59 11.3 2.56
3158 1753 TST17 921104 |1M40.1st | 0.15 2.6 0.85 | 0.16 2.4 2.44 | 0.07 1.6 0.11 2.9 0. 90
3159 1752 TST17 921105 IM40.2nd| 1.11 74.2 0.31]10.75 41.2 0.49 | 0.83 49.2 ] 0.57 38.8 1.01
3160 1749  TST17 921105 |1M40.1st | 0.29 3.0 1.26 | 0.21 2.8 2.27 | 0.18 2.6 0. 15 3.4 1.31
3161 1754  TST17 921105 1M40.2nd | 0.28 5.1 1.7 0.24 4.1 2.42 | 0.23 4.6 0. 16 5.8 2.04
3162 1777  TST17 921106 |1M40.1st | 0.35 3.7 1.25 | 0.77 6.7 3.08 | 0.35 2.9 0.11 3.1 1.05
3165 1810 TST17 921106 |1M40.2nd| 1.96 13.2 2.5 1.59 7.3 2.48 1.5 6.9 0. 40 4.7 1.14
3169 1677 TST17 921109 [IM40.1st | 1.04 15.0 0.96 ] 0.85 14.2 0.98 | 0.79 14.7 ] 1.68 17.3 0.74
3170 1879  TST17 921109 |1 M40.1st | 0.42 7.2 1.16 | 0.34 7.6 2.02 | 0.24 6.6 0. 16 3.9 1.32
3171 1891 TST17 921118 |1M40.1st | 0.15 3.2 0.52 0.1 2.3 0.46 | 0.07 2.8 0.12 2.9 1. 07
3172 1895 TST17 921120 |1 M40.1st | 0.16 3.3 0.73 ] 0.12 2.1 3.3 0. 09 1.8 0.21 3.6 0.61
3173 1804  TST17 921111 1M40.2nd | 0. 37 6.7 0.82 | 0.18 3.7 0.84 | 0.13 2.9 0.11 2.9 0.91
3174 1688 TST17 921111 I1M40.2nd]| 0.74 16.3 1.88 ] 0.76 19.3 2.5 0.62 16.6 | 0.31 9.8 2.03
3175 1907  TST17 921120 | M40. 1st 0.4 13.1 0.46 0.9 47.8 0.63 | 1.04 59.7 ] 0.20 12.9 0.84
3178 1965 TST17 921118 | M40. 1st 0.2 1.6 0.82 | 0.09 1.8 0.72 | 0.08 1.6 0. 20 3.3 0.64
3179 1966  TST17 921220 [1M40.2nd| 2.9 77.6 2.06 | 1.84 55.9 1.6 1.71 54.3 | 2.44 89.0 2.10
3180 2005  TST17 921123 |1M40.1st | 0.96 9.8 1.22 | 1.33 8.5 2.34 | 1.09 5.9 0. 16 3.6 0.68
3181 2015 TST17 921120 | M40. 1st 0.2 3.4 0.48 | 0.13 1.2 0. 69 0.1 1.3 0.22 3.3 0.77
3182 2019 TST17 921120 |1M40.1st | 1.47 26.2 1.12 | 1.53 18.0 1.36 | 1.44 17.5 | 1.07 22.1 2.16
3183 2024  TST17 921124 1M40.2nd | 3.13 66.3 0.7 1.29 26.0 0.85 | 1.01 20.6 | 1.92 34.8 1.59
3184 2128  TST17 921125 1M40.2nd | 0.3 3.0 0.48 | 0.14 3.5 0.52 | 0.15 2.9 0.34 4.4 1.09
3185 2130 TST17 921125 |1M40.2nd | 0. 43 7.4 1.27 | 0.33 7.7 1.32 | 0.31 7.7 0.74 11.8 2.86
3186 2152  TST17 921125 |1M40.2nd | 0.19 2.3 0.17 | 0.15 1.4 0.17 | 0.19 1.7 0.18 3.9 0.31
3187 2131  TST17 921127 |1M40.1st | 0. 26 2.3 0.66 | 0.23 2.7 1.42 | 0.18 2.5 0.12 3.5 0.87
3188 2160  TST17 921127 1M40.2nd | 4.49 17.8 0.2 4.02 14.4 0.1 3.21 14.2 ) 3.78 15.1 0.31
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I. Cutpoint Table Analyses Laboratory Recruited Vehicles

Vehicle Information FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run# Test Dat e O der HC CO NOX HC CO NOX HC2 C®2 |ASM HC ASM COASM NOx
3189 2165  TST17 921127 | M40. 1st 0.4 5.9 1.24 | 0.17 3.2 1.41 | 0.15 3.1 0.12 4.1 1.33
3190 2161  TST17 921201 |1M40.1st |13.07 42.0 0.56 | 7.06 24.8 0.79 | 5.77 23.1 | 4.27 12.7 0.80
3191 2164  TST17 921130 |1M40.2nd | 0.32 3.3 0.56 | 0.17 3.5 0.45 | 0.18 3.6 0.22 4.4 0.62
3192 1995 TST17 921130 |1 M40. 1st | 0.49 6.3 0.53 0.5 8.7 0.76 | 0.41 9.0 0.42 6.6 0.92
3193 2176  TST17 921130 1M40.2nd | 0.61 5.0 0.97 | 0.86 6.6 1.33 | 0.72 5.6 0.41 3.4 2.79
3194 2202  TST17 921201 1M40.2nd | 2.29 47.1 1.92 | 1.42 20.2 1.69 | 1.39 20.4 | 1.04 43.2 2.16
3195 2200 TST17 921202 1M40.2nd | 0.51 5.8 0.66 | 0.21 3.5 0.9 0.2 3.7 0.19 3.3 1.27
3196 2230 TST17 921201 1M40.2nd | 2.87 26.5 5.81 | 2.73 13.9 5.1 2.54 13.7 ] 1.49 15.9 5.88
3197 2238  TST17 921201 1M40.2nd | 1.29 3.5 2.42 | 0.99 8.3 2.66 | 0.88 8.7 0. 86 7.7 2.97
3198 2198 TST17 921201 1M40.2nd | 1.77 10.2 1.8 1.51 8.5 2.04 | 1.31 8.2 1. 07 7.4 2.50
3199 2244  TST17 921203 1M40.2nd | 0.53 10.9 1.53 0.3 9.6 1.15 | 0.25 9.1 0.37 4.1 1.74
3200 2245  TST17 921203 |1 M40.1st | 0.59 0.3 0.69 | 0.29 1.6 2.49 | 0.27 1.5 0.13 2.9 1.58
3201 2237  TST17 921202 |1M40.1st | 0.94 19.7 1.72 | 1.15 8.8 1.82 | 0.52 6.0 0.19 4.5 1.08
3202 2273  TST17 921203 | M40. 1st 0.5 7.5 7.56 | 0.23 3.6 7.88 0.2 3.2 0.17 3.1 6.51
3203 2261  TST17 921203 |1M40. 1st | 0.96 6.4 4.17 | 0.74 5.9 4.37 | 0.71 6.3 0.41 3.6 4.61
3204 2280 TST17 921203 1M40.2nd | 0.34 6.4 0.47 | 0.16 4.1 0.45 | 0.15 3.4 0. 15 3.3 0.57
3205 2302  TST17 921204 |1M40.2nd | 0. 33 5.6 0.89 | 0.17 4.1 0.9 0. 16 4.2 0.28 4.6 1.57
3206 2317 TST17 921207 |1M40.1st | 0.51 10.2 0.34 | 0.28 5.4 0.58 | 0.26 6.2 0.29 8.2 0.57
3207 2319 TST17 921207 |1M40.1st | 3.33 87.3 0.92 ] 3.22 7v7.3 0.97(3.19 79.3]2.19 70.8 1.04
3208 2324  TST17 921207 1M40.2nd | 2.38 113.4 0.31 ]| 1.87 74.4 0.41 | 1.83 71.9| 1.59 73.7 0.73
3209 2326  TST17 921207 1M40.2nd | 0.2 2.5 0.53 ] 0.11 2.1 0.6 0.12 2.6 0.17 4.3 0. 67
3210 2337  TST17 921207 | M40. 1st 1.4 20.3 1.21 ] 1.04 13.0 2.98 0.9 13.2 | 0.55 7.2 3.65
3211 2330 TST17 921207 |1M40.2nd | 0.48 10.8 0.57 ]| 1.42 93.1 0.53 | 1.94 129.3] 0.63 64.9 0.58
3212 2352  TST17 921208 |M40.2nd | 0. 37 3.9 1.11 | 0.15 1.5 5.15 | 0.15 1.7 0. 26 4.7 4.04
3213 2368  TST17 921208 |1M40.2nd | 0. 33 4.3 0.93]1 0.54 19.6 1.17 | 0.59 24.7 | 0.16 3.0 0.55
3214 2369  TST17 921208 |1M40.1st | 1.15 12.9 2.5 2.01 23.4 2.96 | 1.83 21.4] 0.85 6.6 2.03
3216 2379  TST17 921210 | M40. 1st 0.3 3.2 0.65 ] 0.96 14.8 1.04 | 0.12 0.9 0. 47 7.1 0.55
3217 2376  TST17 921209 1M40.2nd | 0.8 9.7 2.02 | 0.53 6.5 2.22 | 0.54 7.4 0.31 4.5 2.06
3218 2419  TST17 921210 | M40. 1st 0.2 2.7 0.3 0.1 1.2 0.87 | 0.08 1.0 0.33 3.3 0.72
3219 2416  TST17 921210 |1M40.2nd | 0.33 4.0 0.78 | 0.23 4.0 0.81 0.2 3.1 0. 38 4.0 0. 89
3220 2424  TST17 921210 1M40.2nd | 1.22 12.9 1.56 ]| 1.05 13.3 1.78 [ 0.95 14.1 ] 1.05 6.9 1.99
3221 2451  TST17 921211 1M40.2nd | 0. 39 4.5 0.57 | 0.35 4.0 0.8 0. 27 3.5 0. 36 3.6 0. 60
3222 2435  TST17 921211 |1M40.1st | 0.32 4.7 0.64 | 0.15 3.0 1 0. 09 2.1 0.77 3.2 0.76
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I. Cutpoint Table Analyses Laboratory Recruited Vehicles

Vehicle Information FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run# Test Dat e O der HC CO NOX HC CO NOX HC2 C®2 |ASM HC ASM COASM NOx
3223 2440  TST17 921211 1M40.2nd | 0.53 4.4 0.93 | 0.37 4.3 1.16 | 0.35 4.1 0.48 4.1 1.03
3224 2441  TST17 921215 | M40. 1st 1.8 21.4 3.23 ] 1.15 10.3 4.47 | 0.93 9.5 2.36 18.9 3.28
3225 2446  TST17 921214 |1M40.2nd | 0.57 5.7 0.77 | 0.19 7.9 1.33 | 0.18 6.3 0.76 8.3 1. 07
3226 2447  TST17 921214 |1M40.1st | 0.31 3.7 0.99 | 0.19 3.2 1.59 | 0.18 3.1 0. 30 4.3 1.44
3227 2449  TST17 921214 |1M40. 1st | 0.42 7.6 1.25 | 0.23 1.4 1.82 | 0.15 1.2 0.37 3.2 0. 80
3228 2450 TST17 921214 1M40.2nd | 0.44 19.9 0.8 0. 09 3.4 0.61 | 0.09 2.7 0.29 3.9 0.62
3229 2453  TST17 921214 | M40. 1st 0.3 4.4 0.43 ] 0.11 2.7 0.88 | 0.07 2.9 0.29 3.0 0.76
3230 2445  TST17 921215 |1M40.1st | 0.41 4.0 0.12 | 1.04 8.2 0.78 | 0.41 6.8 0.74 4.5 0.34
3231 2463  TST17 921216 |M40.1st | 0.04 3.7 0.2 0.11 1.4 0.25 | 0.09 1.5 0.19 3.2 0.38
3232 2464  TST17 921216 |1M40.2nd | 0.18 3.2 0.18 1 0.33 11.3 0.75 | 0.44 15.4 ] 0.34 12.8 0.84
3233 2469  TST17 921216 |M40.1st | 0.24 2.0 0.28 | 0.13 1.2 0.21 | 0.09 0.5 0. 26 2.9 0.34
3234 2470  TST17 921216 |1M40.2nd | 0.25 2.9 0.94 | 0.16 2.6 1.41 | 0.17 2.5 0.27 3.4 1.19
3235 2479  TST17 921217 |1M40. 1st | 0. 38 2.4 0.34 | 0.82 6.4 1.8 0.5 5.0 0.70 4.1 0.93
3236 2483  TST17 921217 |1M40.1st | 0.73 8.6 1.84 | 1.04 13.9 4.01 | 1.06 14.6 | 0.56 5.5 3.03
3237 2488  TST17 921217 |1M40.2nd | 0. 33 3.0 0.28 | 0.22 2.3 0.19 | 0.14 1.3 0.31 3.4 0.35
3238 2489  TST17 921217 |1M40.1st | 0.35 2.3 0.35 | 0.27 4.7 0.43 | 0.23 5.3 0. 39 3.7 0. 40
3239 2490 TST17 921217 |1M40.2nd | 0.24 1.5 0.72 | 0.03 0.5 2.4 0.02 0.1 0.28 3.0 1.07
3240 2492  TST17 921217 |1M40.2nd | 0.27 2.7 1.14 | 0.07 1.5 2.55 | 0.06 1.2 0. 20 3.0 2.55
3241 2496  TST17 921218 1M40.2nd | 0.3 5.5 0.83 ]| 0.19 3.4 1.11 | 0.11 1.8 0. 16 3.0 0.87
3242 2499  TST17 921218 |1M40.1st | 0.39 5.8 1.91 ] 1.05 13.7 3.34 | 0.71 9.2 0. 16 3.7 0.98
3243 2507  TST17 921218 | M40. 1st | 0. 67 8.5 2.18 | 0.81 7.6 3.38 [ 0.55 6.9 0. 40 5.5 2.58
3244 2516  TST17 921218 |1M40.2nd | 0.22 3.1 0.47 | 0.09 3.5 2.34 | 0.09 3.9 0. 16 3.8 2.39
3245 2529  TST17 921218 |1M40.1st | 0.56 4.7 1.63 | 0.49 4.2 4.52 | 0.48 4.4 0.19 3.6 1.99
3246 2563  TST17 921221 |1M40.2nd | 0.33 8.6 1.29 | 0.42 11.1 2.02 | 0.52 12.0 ] 0.50 5.4 2.08
3247 2548  TST17 921221 1M40.2nd )] 0.84 11.4 1.99 ]| 0.69 13.5 3.78 0.6 13.1 | 0.53 6.5 3.09
3248 2830 TST17 930112 1M40.2nd | 0.39 3.3 1.51 | 0.21 2.5 2.55 | 0.15 2.1 0. 15 3.1 2.05
3249 2835 TST17 930112 | M40. 1st 0.2 3.8 2.25 1 0.15 4.6 3.56 [ 0.15 4.9 0.12 4.0 1.97
3250 2845  TST17 930113 |1M40.1st | 1.55 5.1 1.06 | 1.57 8.0 1.38 | 1.27 5.9 0.93 2.9 1.09
3251 2914  TST17 930114 1M40.2nd | 1.31 16.9 4.26 | 0.25 3.6 5.25 [ 0.25 4.2 0.59 5.8 3. 46
3252 2945  TST17 930114 1M40.1st | 1.03 12.5 1.34 | 0.99 8.8 1.76 | 0.85 8.5 0. 96 8.4 1.69
3254 3080 TST17 930128 |1M40.2nd| 1.87 35.9 1.16 | 2.26 28.6 1.5 2 31.6 | 0.34 6.3 0.99
3255 3174  TST17 930129 |M40.2nd | 0.18 1.3 0.23 0.1 0.8 0.14 | 0.12 0.9 0. 16 3.1 0.38
3256 3208 TST17 930202 | M40.2nd | 0.23 2.5 0. 26 0.1 0.7 0.19 | 0.12 0.8 0. 25 3.2 0.42
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I. Cutpoint Table Analyses Laboratory Recruited Vehicles

Vehicle Information FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run# Test Dat e O der HC CO NOX HC CO NOX HC2 C®2 |ASM HC ASM COASM NOx
3257 3213 TST17 930202 | M40.1st | 1.26 8.6 0.9 1.92 10.6 1.55 | 1.48 9.4 0.27 4.6 1.03
3259 3250 TST17 930209 |1M40.2nd | 1.94 15.0 0.53 1.5 9.3 0.88 | 1.15 8.3 0. 26 4.6 1.22
3260 3438 TST17 930216 |1M40.2nd ]| 0.2 3.0 0.66 | 0.11 3.4 0.85 | 0.12 3.7 0.23 3.0 1.46
3261 3475  TST17 930216 |1M40.1st | 0.72 12.5 0.37 ] 0.91 19.1 0.69 | 0.79 19.3 | 0.48 11.8 0.76
3262 3480 TST17 930217 |1M40.2nd | 0.34 3.7 1.88 | 0.19 3.7 2.26 | 0.17 3.4 0. 16 3.3 1.56
3264 3519 TST17 930218 |1M40.1st | 1.36 20.3 1.06 ]| 2.16 20.1 1.65 | 1.44 16.0 | 0.54 5.6 1.55
3265 3530 TST17 930223 |1M40.2nd| 2.7 14.8 2.59 | 2.49 9.9 3.32 | 2.22 9.1 1.81 5.5 2.84
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Il. Contractor Repair Data

Vehicl e I nformation FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run#  Test Dat e O der HC CO NOX HC CcO NOX HC2 C2 |ASM HC ASM COASM NOx
3150 1692 TST17 921028 1M40.2nd]| 2.43 82.9 0.59 ] 1.44 32.6 0.95 | 0.79 14.7 ] 1.35 86.9 0.62
3150 1924 TST2 921113 1WM40.2nd| 0. 45 7.6 0.95 ] 0.19 2.8 1.40 | 0.21 3.2 0. 18 3.4 0. 95
3151 1696 TST17 921028 |1M40.2nd]| 0.34 3.5 5.81 ] 0.20 2.0 4,52 | 0.10 2.7 0. 36 3.6 3.19
3151 2145 TST27 921123 |1WM40.2nd| 0. 28 3.3 0.88 | 0.14 7.4 0.87 | 0.16 10.3 | 0.09 2.9 0. 66
3154 1739 TST17 921030 |1WM40.1st | 0.31 6.2 1.04 | 0.34 4.4 2.24 | 0.23 3.4 0.24 7.3 1. 46
3154 1923 TST2 921113 1WM40.1st | 0.30 5.2 1.15 ] 0.32 4.7 1.59 | 0.23 3.7 0. 23 5.4 1.87
3155 1735 TST17 921030 I1M40.1st | 3.25 46.7 0.26 | 2.77 24.1 1.20 | 2.06 17.2 ]| 0.34 6.0 0.50
3155 1901 TST2 921106 |WM40.1st | 0.35 3.3 0.37 | 0.30 4.5 0.75 | 0.37 5.8 0.22 4.9 0. 66
3156 1726 TST17 921029 |1WM40.2nd| 0.31 6.7 1.07 | 0.45 6.1 2.07 | 0.45 6.2 0. 15 3.7 1.04
3156 1926 TST2 921113 |1WM40.2nd| 0. 27 7.0 1.12 | 0.16 4.5 1.16 | 0.12 4.1 0. 15 3.5 1.12
3157 1747 TST17 921030 I1Me40.1st | 1.70 14.3 2.14 ) 2.84 34.7 2.95 | 2.26 15.7 ] 0.95 11.1 2.56
3157 2025 TST2 921118 |M40.1st | 0.24 2.4 0.53 ] 0.04 1.3 0.28 | 0.05 1.4 0.13 2.9 0.61
3159 1752 TST17 921030 1M40.2nd] 1.11 74.2 0.31 ] 0.74 40.3 0.48 [ 0.83 49.2 ] 0.48 32.9 0.88
3159 2032 TST2 921118 |1WM40.2nd| 0.28 7.6 0.13 ] 0.12 4.6 0.14 | 0.10 4.4 0. 13 5.3 0. 39
3160 1749 TST17 921030 |1WM40.1st | 0.29 3.0 1.26 | 0.21 2.8 2.26 | 0.18 2.6 0. 13 3.4 1.31
3160 1925 TST2 921113 1M40.1st | 0.30 3.7 1.49 | 0.16 1.4 1.87 | 0.15 1.6 0.19 6.8 1.98
3165 1810 TST17 921103 1M40.2nd] 1.96 13.2 2.50 | 1.58 7.3 2.48 | 1.50 6.9 0. 39 5.6 1.50
3165 2141 TST27 921123 |1WM40.2nd| 0. 29 1 0.98 | 0.08 0.4 0.96 | 0.09 0.5 0.09 3.0 1.01
3169 1677 TST17 921027 1M40.1st | 1.04 15.0 0.96 ] 0.8 14.1 0.97 [ 0.79 14.7 ]| 0.57 16.7 0.68
3169 1927 TST2 921113 |M40.1st | 0.34 1.3 1.81 | 0.27 0.5 1.43 | 0.23 0.5 0. 26 5.7 1.04
3172 1895 TST18 921106 |1M40.1st | 0.16 3.3 0.73 ] 0.13 2.1 3.30 | 0.09 1.8 0.11 3.3 0.51
3172 2335 TST2 921203 |1WM40.1st | 0.15 2.0 0.52 | 0.04 0.8 0.44 | 0.05 0.7 0.09 3.2 0.41
3174 1688 TST17 921028 1M40.2nd] 0.74 16.3 1.88 | 0.76 19.3 2.50 | 0.62 16.6 | 0.20 9.0 1.81
3174 2174 TST2 921124 1M40.2nd| 0.19 4.6 1.06 | 0.14 6.6 1.37 | 0.08 3.4 0. 08 3.1 1.18
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Il. Contractor Repair Data

Vehicl e I nformation FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run#  Test Dat e O der HC CO NOX HC CcO NOX HC2 C2 |ASM HC ASM COASM NOx
3175 1907 TST17 921106 1WM40.1st ] 0.40 13.1 0.46 | 0.90 47.8 0.63 | 1.04 59.7 ]| 0.17 12.9 0.84
3175 2364 TST2 921204 |WMR40.1st | 0.42 7.9 0.71 | 0.43 9.6 0.60 | 0.48 12.0 | 0.08 4.1 0.54
3179 1966 TST17 921116 |1WM40.2nd]| 2.90 77.6 2.06 ] 1.84 55.9 1.60 | 1.71 54.3 ] 1.48 89.0 2.10
3179 2206 TST2 921125 |1WM40.2nd| 0.22 4.1 1.18 | 0.07 2.1 1.37 | 0.09 2.7 0. 13 3.0 1.53
3180 2005 TST17 921118 |1WM40.1st | 0.96 9.8 1.22 | 1.33 8.5 2.34 | 1.09 5.9 0. 15 3.6 0. 68
3180 2433 TST27 921209 |WM40.1st | 0.69 8.8 0.74 | 0.57 4.8 1.12 | 0.30 3.7 0. 36 3.8 0.84
3183 2024 TST17 921118 1WM40.2nd]| 3.13 66.3 0.70] 1.29 26.0 0.8 | 1.01 20.6]1.12 35.3 1.59
3183 2288 TST2 921201 1|1WM40.2nd| 0.25 3.2 1.21 | 0.17 8.1 1.13 | 0.20 10.9 ] 0.10 3.1 1.26
3188 2160 TST17 921124 1M40.2nd| 4.49 17.8 0.20 ] 4.02 14.4 0.10 | 3.21 14.2 ] 3.61 18.2 0.32
3188 2382 TST27 921207 1M40.2nd| 0.63 5.1 0.54 | 0.13 2.7 0.66 | 0.11 2.7 0. 16 3.5 0.76
3190 2161 TST17 921124 |1M40.1st |13.07 42.0 0.56 | 7.06 24.8 0.79 ( 5.77 23.1] 3.70 12.8 0.80
3190 2456 TST27 921210 |1WM40.1st | 0.19 0.6 0.82 ] 0.10 2.7 0.66 | 0.10 3.6 0. 19 2.9 0. 68
3196 2230 TST17 921127 1M40.2nd| 2.87 26.5 5.81 ] 2.73 13.9 5.10 | 2.55 13.6 ] 1.21 15.8 5.88
3196 2511 TST27 921214 |M40.2nd]| 0.34 1.2 0.83 ] 0.16 1.1 0.94 | 0.17 1.3 0. 16 2.9 1.15
3197 2238 TST17 921127 |1WM40.2nd| 1.29 3.5 2.42 | 0.99 8.3 2.66 | 0.88 8.7 0.60 7.8 2.97
3197 2432 TST27 921208 |M40.2nd]| 0.14 1.7 0.22 ] 0.00 0.3 0.07 | 0.00 0.3 0.21 3.1 0. 30
3198 2198 TST17 921125 1WM40.2nd| 1.77 10.2 1.80 ] 1.51 8.5 2.04 | 1.31 8.2 0. 86 7.4 2.50
3198 2431 TST27 921208 1M40.2nd| 0.18 1.9 0.05 ] 0.05 0.8 0.03 | 0.06 1.1 0.32 4.6 0. 29
3200 2245 TST17 921128 |1WM40.1st | 0.59 0.3 0.69 | 0.29 1.6 2.47 | 0.27 1.5 0. 13 2.9 1.58
3200 2457 TST27 921210 1M40.1st | 0.62 1.6 0.42 ] 0.44 0.3 0.80 | 0.38 0.3 0. 45 2.9 0.53
3201 2237 TST17 921127 1M40.1st ] 0.94 19.7 1.72 | 1.15 8.8 1.82 | 0.52 6.0 0.17 4.7 1.22
3201 2388 TST27 921207 |1WM40.1st | 0. 47 4.1 1.11 | 0.49 5.8 1.11 | 0.31 3.7 0. 27 4.4 0.77
3202 2273 TST17 921201 |1WM40.1st | 0.50 7.5 7.56 | 0.23 3.6 7.88 | 0.20 3.2 0. 18 3.2 8.60
3202 2487 TST27 921211 1M40.1st | 0.42 7.1 1.25 ] 0.25 7.2 1.66 | 0.25 8.8 0.31 4.1 1.16
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Il. Contractor Repair Data

Vehicl e I nformation FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run#  Test Dat e O der HC CO NOX HC CcO NOX HC2 C2 |ASM HC ASM COASM NOx
3203 2261 TST17 921130 |1WM40.1st | 0.96 6.4 4,17 1 0.74 5.9 4,37 | 0.71 6.3 0. 27 3.4 3.52
3203 2569 TST2 921217 |1WM40.1st | 0.75 5.7 1.30 ] 0.87 11.1 1.32 | 0.82 13.6 | 0.47 3.9 1.49
3207 2319 TST17 921203 1WM40.1st ] 3.33 87.3 0.92]1 3.20 76.9 0.97 | 3.19 79.3 ] 1.50 70.8 1.04
3207 2459 TST27 921210 1WM40.1st | 0.44 2.7 1.11 | 0.29 2.0 1.35 | 0.35 2.0 0.41 3.4 1.31
3208 2324 TST17 921203 1M40.2nd| 2.38 113.4 0.31 ] 1.86 74.3 0.41 | 1.83 71.9]1.24 73.7 0.73
3208 2468 TST27 921211 |1WMr40.2nd| 0.22 1.7 0.96 | 0.02 0.9 0.61 | 0.02 0.7 0.22 2.9 0.62
3210 2337 TST17 921203 1WM40.1st ]| 1.40 20.3 1.21 ] 1.03 12.9 2.97 | 0.90 13.2 | 0.35 6.6 3.17
3210 2643 TST2 921222 1WM40.1st | 0.34 1.2 0.34 ] 0.12 0.5 0.12 | 0.10 0.5 0. 29 3.5 0. 38
3211 2330 TST17 921203 1M40.2nd]| 0.48 10.8 0.57 ] 1.42 93.1 0.53 | 1.94 129.3] 0.67 75.2 0.63
3211 2461 TST27 921210 1M40.2nd| 0.38 2.8 0.50 | 0.04 1.4 0.83 | 0.02 0.7 0.71 68.9 0.43
3212 2352 TST17 921204 |1M40.2nd| 0.37 3.9 1.11 | 0.15 1.5 5.15 | 0.15 1.7 0.24 4.7 4.04
3212 2494 TST27 921212 |1WM40.2nd| 0. 33 3.7 1.05 ] 0.14 2.9 0.83 | 0.13 2.8 0.14 3.3 0. 93
3213 2368 TST17 921205 1M40.2nd| 0.33 4.3 0.93 1 0.54 19.6 1.17 | 0.59 24.7 | 0.14 3.0 0.55
3213 2493 TST27 921212 |1WM40.2nd| 0. 30 4.1 0.78 | 0.13 1.1 1.03 | 0.12 1.3 0. 18 2.9 0. 66
3214 2369 TST17 921205 |1M40.1st ] 1.15 12.9 2.50 | 2.00 23.2 2.94 | 1.83 21.4 ] 0.69 6.6 2.03
3214 2518 TST27 921214 |1WM40.1st | 0.15 1.6 0.32 ] 0.11 1.2 0.39 | 0.09 0.9 0. 20 3.1 0.51
3217 2376 TST17 921205 1M40.2nd| 0.80 9.7 2.02 ] 0.53 6.5 2.22 | 0.54 7.4 0.23 4.2 1.80
3217 2515 TST27 921214 |1WM40.2nd| 0. 67 8.7 1.36 ] 0.79 18.9 1.54 | 0.89 24.7 ] 0.28 3.9 1.71
3220 2424 TST17 921208 1M40.2nd) 1.22 12.9 1.56 | 1.05 13.3 1.78 | 0.95 14.0 ] 0.73 6.3 1.70
3220 2570 TST2 921217 1WM40.2nd]| 0.24 1.6 0.57 | 0.03 0.5 0.44 | 0.03 0.6 0.12 2.9 0. 48
3224 2441 TST17 921209 1M40.1st | 1.80 21.4 3.23 ] 1.15 10.3 4.47 | 0.93 9.5 1.03 16.4 3.28
3224 2680 TST2 921224 |1M40.1st | 0.20 1.4 0.36 | 0.04 1.0 0.06 | 0.05 1.0 0. 20 3. 0. 29
3236 2483 TST17 921211 1M40.1st | 0.73 8.6 1.84 ] 1.04 13.9 4.01 | 1.06 14.6 | 0.47 5.5 3.03
3236 2608 TST2 921221 |1WM40.1st | 0.15 2.6 0.53 ] 0.08 1.7 0.66 | 0.08 1.5 0. 16 3.0 0.99
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Il. Contractor Repair Data

Vehicl e I nformation FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run#  Test Dat e O der HC CO NOX HC CcO NOX HC2 C2 |ASM HC ASM COASM NOx
3239 2490 TST17 921211 1WM40.2nd]| 0.24 1.5 0.72 | 0.03 0.5 2.40 | 0.02 0.1 0. 20 3.0 1. 07
3239 2646 < TST2 921222 |1WM40.2nd| 0. 30 1.0 0.85 | 0.07 1.4 0.96 | 0.02 0.4 0. 28 2.9 0. 84
3240 2492 TST17 921212 |1W\r40.2nd| 0. 27 2.7 1.14 | 0.07 1.5 2.52 | 0.06 1.2 0. 16 3.0 2.55
3240 2678 TST2 921224 |1WM40.2nd| 0. 26 2.6 1.23 | 0.15 5.4 1.18 | 0.17 6.6 0.17 3.1 1.30
3242 2499 TST17 921214 |1WMR40.1st | 0.39 5.8 1.91 ] 1.05 13.7 3.34 ]| 0.71 9.2 0. 15 3.7 0.98
3242 2663 TST2 921223 |1WM40.1st | 0.15 1.4 0.38 | 0.15 6.7 0.51 | 0.18 9.0 0. 18 3.2 0. 40
3243 2507 TST17 921214 |W\R40.1st | 0.67 8.5 2.18 | 0.81 7.6 3.38 | 0.55 6.9 0. 33 5.5 2.58
3243 2670 TST2 921223 |1M40.1st | 0.21 1.8 0.27 | 0.24 4.0 0.42 | 0.20 4.1 0. 32 3.7 0. 44
3244 2516 TST17 921214 |1WMR40.2nd| 0.22 3.1 0.47 | 0.09 3.5 2.34 | 0.09 3.9 0. 13 3.8 2.39
3244 2671 TST2 921223 1M40.2nd| 0.25 3.8 0.42 ] 0.11 5.3 0.38 | 0.11 5.7 0.29 3.7 0.52
3245 2529 TST17 921215 1M40.1st | 0.56 4.7 1.63 | 0.49 4.2 4.52 | 0.48 4.4 0.13 3.6 1.99
3245 2679 TST2 921224 |1WM40.1st | 0.11 0.6 0.35 ] 0.04 0.4 0.31 | 0.03 0.4 0. 15 3.0 0.42
3247 2548 TST17 921216 |1M40.2nd)] 0.84 11.4 1.99 | 0.69 13.5 3.78 | 0.60 13.1 | 0.47 7.2 3. 66
3247 2681 TST2 921224 |1WM40.2nd| 0.12 .8 0.35 ] 0.04 0.25 | 0.03 0.6 0.21 3.1 0. 36
3248 2830 TST17 930106 |1M40.2nd]| 0.39 3.3 1.51 ] 0.21 2.5 2.53 | 0.15 .1 0.13 3.1 2.05
3248 3105 TST27 930121 |1WM40.2nd| 0.27 1.5 0.33 ] 0.03 1.3 0.20 | 0.03 1.2 0.11 2.9 0.50
3249 2835 TST17 930107 |1WM40.1st | 0.20 3.8 2.25 ] 0.15 4.5 3.51 | 0.15 4.9 0. 10 4.0 1.97
3249 3056 TST27 930119 |1M40.1st | 0.18 1.6 0.69 | 0.16 4.0 0.89 | 0.19 4.9 0.12 3.3 0. 96
3250 2845 TST17 930107 |1WM40.1st | 1.55 51 1.06 | 1.52 7.8 1.35 | 1.26 5.9 0. 63 2.9 1. 09
3250 3183 TST27 930127 1M40.1st | 0.68 1.5 1.20 | 0.25 0.2 1.37 | 0.21 0.2 0. 30 2.9 1.06
3252 2945 TST17 930113 1WM40.1st | 1.03 12.5 1.34 ] 0.99 8.8 1.76 | 0.85 8.4 0.52 8.4 1. 69
3252 3192 TST27 930127 1M40.1st | 0.12 1.1 0.17 | 0.13 1.5 0.27 | 0.12 1.9 0.20 4.0 0.52
3257 3213 TST17 930128 |1WM40.1st | 1.26 8.6 0.90 ] 1.92 10.6 1.55 | 1.48 9.4 0. 25 4.6 1.03
3257 3637 TST27 930225 1M40.1st | 0.70 3.9 0.26 | 0.48 2.5 0.11 | 0.55 2.7 0.29 3.8 0.31
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Il. Contractor Repair Data

Vehicle I nformation FTP Scores | M40 SCORES ASM
Conposi t es Bag 2 score Conposi te Scores
Veh# Run#  Test Dat e O der HC CO NOx HC CcO NOx HC2 C2 |ASM HC ASM COASM NOX
3259 3250 TST17 930201 1M40.2nd] 1.94 15.0 .53 ] 1.50 0.88 | 1.15 8.3 .23 4.6 .22

9.3 0 1
.74 1 0.11 2.0 0.95 | 0.10 1.8 0.22 3.4 0. 96

[oNe)

3259 3518 TST2 930217 |M40.2nd| 0.23 3.5

3261 3475 TST17 930212 |1M40.1st | 0.72 12.5 0.37 ] 0.917 19.1 0.68 | 0.79 19.3 ] 0.34 11.8 0.76
3261 3581 TST2 930222 |1M40.1st | 0.60 8.1 0.79 1 0.45 11.5 0.79 | 0.41 12.4 ] 0.18 3.4 0.63

3264 3519 TST17 930217 |1M40.1st | 1.36 20.3 1.06 ]| 2.16 20.1 1.66 | 1.44 16.0 | 0.49 5.6 1.55
3264 3671 TST29 930226 | M40.1st | 0.49 4.9 1.05 ] 0.33 3.7 0.96 | 0.23 3.3 0.13 3.3 1.20
3265 3530 TST17 930217 |1M40.2nd| 2.70 14.8 2.59 | 2.49 9.9 3.31 | 2.21 9.1 1.22 5.5 2. 84
3265 3704 TST27 930310 |M40.2nd| 0.10 0.7 0.11 | 0.01 0.4 0.07 | 0.01 0.3 0. 10 2.9 0. 26
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Ill. Commercial Repair Data

Vehi cl e I nfornation Arizona |/ M Test I M40 Scor es ASM
Loaded Mde I dl e Mode Conposi te Bag 2 Score Conposi te Scores
CR#t Veh# Run#  Test Dat e O der HC CO HC CO HC CO NOX HC2 O |ASM HC ASM COASM NOx
1 11898 1898 TST17 921106 |M40.2nd] 70 2.15 26 0.18 | 1.00 55.1 0.48 | 1.28 66.60] 0.68 49.8 0.56
1 11898 1906 TST19 921106 |M40.2nd] 116 2.97 43 0.09 | 0.59 33.3 0.63 | 0.71 36.40] 0.23 8.2 0. 60
1 11898 2012 TST20 921118 | M40.2nd 1 0 1 0 0. 09 5.7 0.42 | 0.11 7.80 | 0.17 3.4 0. 37
2 12636 2636 TST17 921222 |M40.2nd] 70 0.02 545 0.11 | 0.36 1.6 2.45 | 0.30 2.10 | 0.41 3.1 2.17
2 12636 2662 TST19 921223 |M40.2nd] 39 0.02 140 0.02 | 0.27 1.7 1.78 [ 0.21 2.20 | 0.16 2.9 1.71
3 12644 2644 TST17 921222 |M40.2nd] 260 6. 88 45 0.01 | 2.69 140.9 0.11 | 2.75 144.80| 1.66 112.0 0.35
3 12644 2720 TST19 921230 |M40.2nd| 14 0 13 0 1.21 79.6 0.20 | 1.36 92.10| 0.51 56.0 0.33
8 12771 2771 TST17 930104 | M40. 1st 86 1.55 87 0.38 | 1.51 12.2 2.86 | 1.32 9.50 | 0.46 5.7 2.19
8 12771 2977 TST19 930114 | M40. 1st 38 0. 63 835 0.07 | 1.38 4.1 2.59 | 1.16 4.30 | 0.33 3.5 1.63
8 12771 3168 TST20 930126 | M40. 1st 75 0. 38 41 0.06 | 1.01 4.4 3.01 | 0.91 4.30 ] 0.16 3.4 1.51
6 12794 2794 TST17 930105 |M40.2nd] 51 0.11 455 7.03 | 2.43 80.2 0.50 | 2.68 99.80}| 1.41 51.9 0.68
6 12794 2975 TST19 930114 |1M40.1st]| 298 10 480 7.21 | 2.09 72.5 0.39 | 2.19 86.50| 1.27 61.0 0.49
6 12794 3137 TST20 930125 | M40. 1st 46 0. 15 106 1.44 ] 1.55 55.8 0.47 | 1.69 68.00| 0.40 24.4 0.57

10 12798 2798 TST17 930105 | M40.2nd] 279 2.53 152 2.29 .64 64.6 .41 .54 65.60| 1.62 46.8 1.18
10 12798 3049 TST19 930119 | M40.1st] 229 0.54 122 0. 06 .36 20.1 .08 .32 23.50] 1.15 15.9 .59
10 12798 3064 TST20 930119 I M40.2nd] 100 0.15 141 0.29 | 2.14 35.8 1.13 | 1.72 34.60] 0.28 6.9 0. 89

w
'_\
w

N
N
N
[EEN

4 12853 2853 TST17 930107 | M40. 1st] 201 4. 33 637 7.41 ] 2.08 52.3 0.28 | 2.02 56.60] 1.29 52.5 0.63
4 12853 2861 TST19 930108 | M240. 1st 81 0. 95 12 0 0.90 27.9 0.36 | 0.91 29.50| 0.54 20.4 0.55

5 12863 2863 TST17 930108 | M240. 1st] 433 8.72 1540 10 5.86 164.3 0.72 | 5.58 170.30] 3.65 160.2 0.62
5 12863 2901 TST19 930111 | M40. 1st 7 0 10 0 0.25 2.8 1.76 | 0.14 2.80 | 0.17 3.2 0. 97

7 12968 2968 TST17 930113 | M40.2nd] 397 1.58 466 1.799 1 6.00 37.0 1.19 | 5.10 35.30} 2.45 23.3 1.02
7 12968 2976 TST19 930114 |M40.2nd] 177 2.16 427 0.83 ] 5.69 29.7 1.22 | 4.85 28.40) 2.14 16.3 0.97

=
[N
N

. 20

9 12981 2981 TST17 930114 | M40. 1st] 108 1. 46 27 0. 03 .46 15.0 3.71 .31 12.50| 0.78
9 2.75

9 12981 2988 TST19 930114 | M40. 1st 78 0. 37 43 0.14 | 1.20 7. 3.88 | 1.12 8.10 | 0.62

~hoO
N
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Ill. Commercial Repair Data

Vehi cl e I nfornation Arizona |/ M Test I M40 Scor es ASM
Loaded Mde I dl e Mode Conposi te Bag 2 Score Conposi te Scores
CR#t Veh# Run#  Test Dat e O der HC CO HC CO HC CO NOX HC2 O |ASM HC ASM COASM NOx
11 13084 3084 TST17 930120 |M40.2nd] 15 0.02 | 1517 0.01 | 1.16 7.8 0.20 | 1.13 7.50 | 0.19 3.0 0.35
11 13084 3104 TST19 930121 |M40.2nd] 13 0 370 4.7 0.12 2.2 0.60 | 0.09 1.90 | 0.30 3.5 0.83
14 13124 3124 TST17 930122 | M40.2nd] 111 1.42 17 0 0.41 11.1 0.52 | 0.44 12.80] 0.29 7.8 1.04
14 13124 3181 TST19 930127 | M40. 2nd 6 0.01 12 0 0.13 2.4 1.44 | 0.14 2.80 | 0.28 3.2 2.45
12 13125 3125 TST17 930122 | M40.1st| 110 0.34 853 0.09 | 1.06 10.7 1.77 | 0.93 9.70 | 0.48 4.3 1.21
12 13125 3129 TST19 930122 | M40. 1st 74 0.41 16 0 1.08 15.1 1.26 | 0.81 10.60] 0.29 3.5 0. 82
13 13146 3146 TST17 930126 | M40.2nd| 117 1.91 84 0.14 | 3.25 50.7 1.51 | 2.87 46.50| 1.03 42.2 1.64
13 13146 3156 TST19 930126 |M40.2nd| 40 0. 16 26 0 0.80 13.5 0.89 | 0.66 11.40]| 0.38 6.2 0. 96
15 13202 3202 TST17 930128 |M40.2nd] 129 0. 97 712 10 1.33 16.8 3.50 | 1.22 8.40 | 0.62 6.3 3.32
15 13202 3231 TST19 930129 | M40.1st| 112 0. 36 178 0.63 | 1.11 6.3 3.55 | 1.08 6.00 | 0.52 5.4 3.16
21 13263 3263 TST17 930201 | M40.1st] 172 0.99 673 2.49 | 6.02 21.4 1.68 | 5.42 20.00}] 1.52 12.8 1.01
21 13263 3379 TST19 930205 | M40. 1st 93 0.5 601 0.75 | 5.74 17.5 1.65 | 5.20 16.10] 1.01 9.2 1.15
21 13263 3561 TST20 930219 | M40.1st] 303 1.24 46 0.02 | 5.87 25.5 1.69 | 5.35 23.60}] 1.71 16.3 1.08
16 13306 3306 TST17 930203 |M40.2nd|] 191 0. 45 428 1.84 ]| 3.42 19.6 4.25 | 2.89 16.00]| 1.35 4.8 3.16
16 13306 3310 TST19 930203 |M40.2nd|] 73 0. 26 75 0.58 | 1.34 4.9 2.40 | 1.24 3.60 | 0.61 4.0 1.72
22 13349 3349 TST17 930204 |M40.1st] 251 8. 68 115 3.28 | 5.88 162.5 0.20 | 5.22 141.30f 1.90 100.4 0.39
22 13349 3381 TST19 930205 |M40.1st| 194 6. 97 125 3.22 | 4.85 145.7 0.25 | 4.25 121.10f 1.12 73.2 0.38
22 13349 3453 TST20 930211 | M40. 1st 71 1.89 54 0.36 | 1.84 25,9 1.13 | 1.48 22.90| 0.45 17.8 0.77
22 13349 3548 TST21 930218 | M40.1st] 261 9.51 185 3.89 | 8.48 224.2 0.12 | 7.44 199.50{ 1.89 118.2 0.32
23 13375 3375 TST17 930205 | M40.1st] 136 0. 38 132 2.81 ]| 0.09 1.2 0.78 | 0.07 1.00 | 0.20 3.5 0.45
23 13375 3388 TST19 930208 | M40.2nd 7 0 2 0 0. 03 0.3 0.84 | 0.02 0.30] 0.22 3.7 0.53
27 13471 3471 TST17 930212 | M40. 1st 10 1.61 1 0 0.24 350 0.21 | 0.22 37.00] 0.14 7.2 0.34
27 13471 3757 TST19 930316 | M40. 1st 12 0.01 4 0 0.17 3.3 1.33 [ 0.17 4.50 | 0.18 3.1 0. 45
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Ill. Commercial Repair Data

Vehi cl e I nfornation Arizona |/ M Test I M40 Scor es ASM
Loaded Mde I dl e Mode Conposi te Bag 2 Score Conposi te Scores
CR#t Veh# Run#  Test Dat e O der HC CO HC CO HC CO NOX HC2 O |ASM HC ASM COASM NOx

5,73 | 0.33 4.30 | 0.31 19.3 4.44
5.04 | 0.13 0.20 | 0.19 2.9 3.54

25 13504 3504 TST17 930216 |M40.2nd] 49 0.01 150 3.02 | 0.41 6.7
25 13504 3511 TST19 930216 | M40. 1st 23 0 5 0 0.13 0.2
26 13616 3616 TST17 930224 |M40.2nd] 189 0.19 349 10 2.77 44.8 0.37 | 2.58 37.30] 0.50 18.7 0.41
26 13616 3680 TST19 930301 |M40.2nd] 25 0. 04 11 0 0.22 3.9 1.15 ] 0.18 3.80 ] 0.38 3.9 1.16

TST17 - Initial Test

TST19 - After 1st Repair
TST20 - After 2nd Repair
TST21 - After 3rd Repair
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NOTE!
The final page of Appendix B (page B-13) is not included in this electronic version.  It is the "ASM/IM240 Phoenix Lane Data Request," which simply provides blanks for a requestor's mailing address and selection of desired disk and file format.  It also gives the mailing address to send the request to:
William M. Pidgeon
U.S. EPA
2565 Plymouth Road
Ann Arbor, MI 48105-2425
(313) 668-4416



Appendi x C
QC Steps for ASM Anal ysi s Dat abase



The Phoeni x | ane data used in these anal yses were reported to EPA by the testing
contractor as total values (concentrations, mass, or flow for the entire test
node as well as in second-by-second form The followi ng automated quality
control (QC) checks were performed by EPA on the data. Tests that were fl agged
by one (or nore) of these C checks were then manual ly verified.

Second by Second ASM Tol er ance Checks:

e Speed Tol erance - + 15%of nom nal speed for Mddes 1,2,3. Al owed
tol erance to be exceeded for |less than 3 seconds in duration. A so checked
Ildle for Mdes 4,5

« Mbdde Length - Checked to ensure that each node contained at |east 20 and
not nore than 30 "stabl e" seconds.

e Hp/ Torque Tol erance - Conpared required and actual horsepower (Hp) and
Torque and flagged differences > +10%for at |east 5 seconds.

Al vehicles with test weights above 4000 pounds exceeded this tol erance
because of the capacity of the dynanmoneter. These cars were not renoved
fromthese anal yses. Smaller vehicles exceeding this tol erance were
renoved.

e Calcul ated average concentrations and cumul ative purge for all ASM nodes.
Aver age concentrati ons were cal cul ated as the average concentrati on from
second 10 to second 39 of each node. The first 10 seconds of each node
were ignored to allow for the dynanoneter stabilization and exhaust
transport tinme. Vehicles with |less than 30 seconds per node were noted
and vehicles with I ess than 20 seconds per node were excluded. Purge
val ues were calculated as the total purge in liters over the entire ASM
i ncl udi ng transi ent accel erati ons.

Second by Second | M40 Tol erance Checks:

e Speed Tol erance - + 4 nph at + 1 sec of nomnal speed. Allowed tolerance
to be exceeded for |less than 3 seconds in duration. A so speeds exceeding
70 mph, and less than O nph were fl agged.

» Background Concentration Tol erances - Fl agged background readi ngs outside
the foll owi ng ranges:

1.8 <HC < 10.0 (ppm
-10.0 < O < 30.0 (ppmM
- 0.5 < NOx < 1.25 (ppm
0.0 < 002 < 0.15 (percent)

e Test Length - Checked to ensure that the full 240 seconds were present.
« D stance Tol erance - Flagged distance > + 5% of nomi nal distance

Bag 1: 0.532 < dist 1 < 0.588
Bag 2: 1.393 < dist 2 < 1.469
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Pur ge

Fuel Econony Tol erance - Fl agged fuel economes < 10 npg and >50 npg

Sanmple Continuity and Integrity - Ensured that the sanpling was continuous
(i.e., sec(l) =1 for I =1 to 240) and that gramand concentration
val ues were non-zero (HC, CO and GO 2 cannot all be zero for fuel econony

calculations or dilution factors).

Non-zero concentrati ons were not mandatory for the Phoeni x data because
second by second concentrations received were cal cul ated, not measured.
The cal cul ated concentrations were based on the reported grans per second
results. These vehicles were still flagged for | ow concentrations but
were not renoved fromthe anal yses for this reason

Conpari son of c onposite and bag results cal cul ated fromthe second by
second data with conposite and bags results received from ATL.
D fferences of > 10% were fl agged.

Fl ow Data QC

Conpari son of second-by-second purge flowto the reported cunul ative purge
flow and pass/fail status reported by ATL. Al significant differences
were flagged.

Vehi cl es exhibiting a non-zero constant purge rate for nore than 20
seconds and at various speeds were flagged. Purge data was rounded to
nearest 0.01 liter/second prior to processing.

Bag FTP Tol erance Checks:

The ratios of corresponding emssions (HC, CO and NO ) and fuel econony

for each of the three bags that were not w thin expected ranges were
f1 agged.

The tenperatures, baronetric pressures, and distances that were not within
expected ranges were fl agged.

Bag | M240 Tol erance Checks:

Bag-1 enmissions (HC, GO and NO x) and fuel econony were conpared to the

correspondi ng Bag-2 results (based on regressi on anal yses previously
performed on the Indiana data). Al significant differences were flagged.

The Bag-1 and Bag-2 fuel economes were al so conpared to the test weight.
Al fuel econony values that were not within an expected range (based on
test weight) were flagged.

The Bag-1 and Bag-2 distances not with the followi ng ranges were flagged:
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Bag 1: 0.545 2 dist 1 2 0.586
Bag 2: 1.365 2 dist 2 2 1.435

Bag | M40/ FTP Tol er ance Checks:

e For the laboratory recruited vehicles, the conposite | M40 em ssions (HC
CO and NOyx) and fuel econony were conpared to the correspondi ng FTP

results (based on regression anal yses previously perforned on the Indiana
data). Al significant differences were fl agged.

Dynamonet er Loadi ng Tol erance Checks:

« The test weights and horsepower settings had to be within 10%for all
tests perforned on each vehicle.

Excl uded Data Summary

This section of Appendix C details the vehicles excluded fromthe various
dat abases.

Purge Analysis - 1725 of the 1758 | ane tests contai ned the necessary data to
be included into this analysis. O these 153 were renoved because of a
mal functioning purge neter, 184 tests were repeat tests for vehicles previously
tested and were renmoved, 5 cars had purge flow status fields which indicated
m ssing data, 95 additional vehicles had no indication of test order and were
removed, and 118 of the remnai ni ng vehicl es exhi bited non-zero constant purge
rates over varied vehicle speeds and were renoved. The result was a dat abase of
1170 | ane tested vehicles.

Cutpoint Table Analysis - This analysis required | aboratory FTP dat a.
Therefore, only lab recruited vehicles were considered for this analysis. O
the 127 recruited vehicles, 17 did not receive initial ASMtests and one (veh#
3258) did not receive an as-received FTP. O the remai ning 109 vehicl es one
vehi cl e (veh# 2177) was renoved because the anbi ent FTP tenperature exceeded
al | onabl e tol erances, one vehicle (veh# 3253) was renmoved due to extrenely | ow
HC em ssions at the |ane caused by a flane-out in the FID HC anal yzer, and veh#
3164 was renoved due to unacceptabl e speed deviations on its initial ASMtest.
The resul ting dat abase contained 106 | ab recruited vehicles.

Conmercial Repair Analysis - O the 27 vehicles recruited for this program
only 23 had conpleted after repair tests at the tine of this analysis. Gne
vehi cl e, #13239 (CR# 24) was renoved fromthe dat abase due to unacceptabl e speed
deviations on its initial ASMtest, |eaving 22 vehicles avail able for analysis.
For the analysis of Section 5.6.2, 5 vehicles failed to pass the Arizona state
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test on the subsequent retest and were renoved. The resulting database used for
this anal ysis consisted of 17 vehicles which received "successful" commerci al
repairs. For the commercial repair analysis of Section 5.6.3, only vehicles
initially failing ASM cut points were included. The result was 17 vehicles.
Commercial repairs did not have to be successful for this analysis and the two
data sets contained slightly different cars.

Regression Coefficient Analysis - For this analysis all lab recruited
vehi cl es and comrercial repair vehicles were renoved fromthe analysis to
prevent the application of coefficients to data used to devel op those
coefficients. Therefore, 1422 of the 1758 vehicles were considered for
inclusion into this analysis. Ten vehicles were renoved because the conposite
| M40 data was not available. The follow ng vehicles were renoved because there
was insufficient second by second data to cal cul ate conposite | M40 results:

Run # Reason for Renoval

1027 Test has only 93 seconds
1855 M ssi ng second by second
2231 Test has only 93 seconds
3066 Sanpling Discontinuity
3077 Sanpling Discontinuity
3079 Sanpling Discontinuity
3081 Sanpling Discontinuity

O the 1405 remai ning vehicles, 1192 passed all QC tol erances. Purge
tol erances were not considered for this analysis. The following table lists the
QC tol erances checks for which vehicles were renmoved fromthis anal ysis.

Tol erance Fl agged Nunmber of Vehicl es
ASM Speed 8

Short ASM Mbde 2

ASM Hor sepower 10

| M40 Speed 14

| M40 Fuel Econony 4

| M40 Background 163

| M40 Sanpl e 18

Note: 1405 m nus the above vehicles does not equal 1192 because sone
vehi cl es exceeded nore than one tol erance

Si x hundred and eight (608) of the 1192 tests renaining received the | M40
second and were chosen for this anal ysis.
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Appendi x D
| M40 Cut poi nt Tabl es



Appendix D: 1M240 Cutpoint Tables

IM240 Cutpoints Excess Emissions Identified | Identification Rates Errors of Discrepant Probable
Failure Rate Composite + Mode 2 HC CcO NOx HC CcO NOx | Fails Commissior Ec Rate* Failures Ec Rate
12% L.20 / 20.0/ 2.5 + 0.75 / 16.( 343 5286 253 86.2%61.5% 74.0% 257 0 0. 0% 0 0. 0%
13% L.00/ 20.0/ 2.4 + 0.62 / 16.( 351 5419 262 88.2%63.1% 76.5% 275 0 0. 0% 0 0. 0%
13% L.00 / 20.0/ 2.5 + 0.62 / 16.( 348 5342 257 87.4%62.2% 74.9% 263 0 0. 0% 0 0. 0%
13% L.20/ 18.0/ 2.5 + 0.75 / 14.: 347 5422 258 87.2%63.1% 75.5% 275 0 0. 0% 0 0. 0%
13% L.20/ 15.0/ 2.5 + 0.75 / 12.( 347 5422 258 87.2%63.1% 75.5% 275 0 0. 0% 0 0. 0%
13% L.20/ 20.0/ 2.4 + 0.75 / 16.( 347 5363 258 87.0%62.4% 75.5% 269 0 0. 0% 0 0. 0%
14% ).80/ 20.0/ 2.5 + 0.50 / 16.( 362 5627 263 90.9%65.5% 76.8% 293 0 0. 0% 0 0. 0%
14% L.00 / 12.0/ 2.4 + 0.62 / 9.¢ 357 5548 262 89.6%64.6% 76.5% 293 0 0. 0% 0 0. 0%
14% L1.20/ 12.0/ 2.4 + 0.75/ 9.¢ 357 5548 262 89.6%64.6% 76.5% 293 0 0. 0% 0 0. 0%
14% L.00 / 12.0/ 2.5 + 0.62 / 9.¢ 356 5548 262 89.3%64.6% 76.5% 287 0 0. 0% 0 0. 0%
14% L1.20/ 12.0/ 2.5 + 0.75/ 9.¢ 356 5548 262 89.3%64.6% 76.5% 287 0 0. 0% 0 0. 0%
14% L.00 / 18.0/ 2.4 + 0.62 / 14.: 353 5478 262 88.7%63.8% 76.5% 287 0 0. 0% 0 0. 0%
14% L.00 / 15.0/ 2.4 + 0.62 / 12.( 353 5478 262 88.7%63.8% 76.5% 287 0 0. 0% 0 0. 0%
14% L.00 / 18.0/ 2.5 + 0.62 / 14.: 352 5478 262 88.4%63.8% 76.5% 281 0 0. 0% 0 0. 0%
14% L1L.00 / 15.0/ 2.5 + 0.62 / 12.( 352 5478 262 88.4%63.8% 76.5% 281 0 0. 0% 0 0. 0%
14% L.00 / 20.0/ 2.3 + 0.62 / 16.( 351 5429 266 88.2%63.2% 77.7% 293 12 0. 6% 0 0. 6%
14% L.20/ 18.0/ 2.3 + 0.75 / 14.: 348 5432 263 87.4%63.2% 76. 7% 298 12 0. 6% 0 0. 6%
14% L1.20/ 15.0/ 2.3 + 0.75 / 12.( 348 5432 263 87.4%63.2% 76. 7% 298 12 0. 6% 0 0. 6%
14% L.20/ 18.0/ 2.4 + 0.75 / 14.: 348 5422 258 87.4%63.1% 75.5% 281 0 0. 0% 0 0. 0%
14% L1.20/ 15.0/ 2.4 + 0.75 / 12.( 348 5422 258 87.4%63.1% 75.5% 281 0 0. 0% 0 0. 0%
14% L1.20/ 20.0/ 2.3 + 0.75 / 16.( 347 5373 263 87.0%62.6% 76. 7% 287 12 0. 6% 0 0. 6%
15% ).60 / 20.0/ 2.4 + 0.37 / 16.( 365 5707 268 91.6%66.5% 78.3% 316 6 0.3% 0 0.3%
15% ).80/ 20.0/ 2.4 + 0.50 / 16.( 365 5704 268 91.6%66.4% 78.3% 304 0 0. 0% 0 0. 0%
15% ).80/ 18.0/ 2.4 + 0.50 / 14.: 365 5709 268 91.6%66.5% 78.3% 310 0 0. 0% 0 0. 0%
15% ).80/ 15.0/ 2.4 + 0.50 / 12.( 365 5709 268 91.6%66.5% 78.3% 310 0 0. 0% 0 0. 0%
15% ).80/ 12.0/ 2.4 + 0.50 / 9.¢ 365 5709 268 91.6%66.5% 78.3% 310 0 0. 0% 0 0. 0%
15% ).60 / 20.0/ 2.5 + 0.37 / 16.( 364 5707 268 91.3%66.5% 78.3% 310 6 0.3% 0 0.3%
15% ).60 / 18.0/ 2.5 + 0.37 / 14.: 364 5713 268 91.3%66.5% 78.3% 316 6 0.3% 0 0.3%
15% ).80/ 18.0/ 2.5 + 0.50 / 14.: 364 5709 268 91.3%66.5% 78.3% 304 0 0. 0% 0 0. 0%
15% ).60 / 15.0/ 2.5 + 0.37 / 12.( 364 5713 268 91.3%66.5% 78.3% 316 6 0.3% 0 0.3%
15% ).80/ 15.0/ 2.5 + 0.50 / 12.( 364 5709 268 91.3%66.5% 78.3% 304 0 0. 0% 0 0. 0%
15% ).60 / 12.0/ 2.5 + 0.37/ 9.¢ 364 5713 268 91.3%66.5% 78.3% 316 6 0.3% 0 0.3%
15% ).80/ 12.0/ 2.5 + 0.50 / 9.¢ 364 5709 268 91.3%66.5% 78.3% 304 0 0. 0% 0 0. 0%
15% L.00/ 12.0/ 2.3 + 0.62 / 9.¢ 357 5558 266 89.6%64.7% 77.7% 310 12 0. 6% 0 0. 6%
15% L.20/ 12.0/ 2.3 + 0.75/ 9.¢ 357 5558 266 89.6%64.7% 77.7% 310 12 0. 6% 0 0. 6%
15% L.00/ 18.0/ 2.3 + 0.62 / 14.: 353 5489 266 88.7%63.9% 77.7% 304 12 0. 6% 0 0. 6%

D-2 * see text in Section 5 for explanation



Appendix D: 1M240 Cutpoint Tables

IM240 Cutpoints Excess Emissions Identified | Identification Rates Errors of Discrepant Probable
Failure Rate Composite + Mode 2 HC CcoO NOx HC CcoO NOx | Fails Commissior Ec Rate* Failures Ec Rate
15% L.00 / 15.0/ 2.3 + 0.62 / 12.( 353 5489 266 88.7%63.9% 77.7% 304 12 0. 6% 0 0. 6%
15% L.00/ 20.0/ 2.2 + 0.62 / 16.( 351 5431 273 88.2%63.2% 79.7% 310 12 0. 6% 0 0. 6%
15% L.20/ 20.0/ 2.1 + 0.75 / 16.( 349 5429 276 87.6%63.2% 80.5% 316 12 0. 6% 0 0. 6%
15% L.20/ 18.0/ 2.2 + 0.75 / 14.: 348 5434 269 87.4%63.3% 78.7% 316 12 0. 6% 0 0. 6%
15% L.20/ 15.0/ 2.2 + 0.75 / 12.( 348 5434 269 87.4%63.3% 78.7% 316 12 0. 6% 0 0. 6%
15% L.20/ 20.0/ 2.2 + 0.75 / 16.( 347 5375 269 87.0%62.6% 78.7% 304 12 0. 6% 0 0. 6%
16% ).80/ 20.0/ 2.2 + 0.50 / 16.( 365 5716 279 91.6%66.6% 81.5% 340 12 0. 6% 0 0. 6%
16% ).60 / 20.0/ 2.3 + 0.37 / 16.( 365 5718 272 91.6%66.6% 79.5% 334 18 0. 9% 0 0. 9%
16% ).80/ 20.0/ 2.3 + 0.50 / 16.( 365 5714 272 91.6%66.5% 79.5% 322 12 0. 6% 0 0. 6%
16% ).60 / 18.0/ 2.3 + 0.37 / 14.: 365 5723 272 91.6%66.6% 79.5% 340 18 0. 9% 0 0. 9%
16% ).80/ 18.0/ 2.3 + 0.50 / 14.: 365 5719 272 91.6%66.6% 79.5% 328 12 0. 6% 0 0. 6%
16% ).60 / 15.0/ 2.3 + 0.37 / 12.( 365 5723 272 91.6%66.6% 79.5% 340 18 0. 9% 0 0. 9%
16% ).80/ 15.0/ 2.3 + 0.50 / 12.( 365 5719 272 91.6%66.6% 79.5% 328 12 0. 6% 0 0. 6%
16% ).60 / 12.0/ 2.3 + 0.37/ 9.¢ 365 5723 272 91.6%66.6% 79.5% 340 18 0. 9% 0 0. 9%
16% ).80/ 12.0/ 2.3 + 0.50 / 9.¢ 365 5719 272 91.6%66.6% 79.5% 328 12 0. 6% 0 0. 6%
16% ).60 / 18.0/ 2.4 + 0.37 / 14.: 365 5713 268 91.6%66.5% 78.3% 322 6 0.3% 0 0.3%
16% ).60 / 15.0/ 2.4 + 0.37 / 12.( 365 5713 268 91.6%66.5% 78.3% 322 6 0.3% 0 0.3%
16% ).60 / 12.0/ 2.4 + 0.37/ 9.¢ 365 5713 268 91.6%66.5% 78.3% 322 6 0.3% 0 0.3%
16% L.00/ 12.0/ 2.1 + 0.62 / 9.¢ 359 5614 279 90.2%65.4% 81.5% 340 12 0. 6% 0 0. 6%
16% L.20/ 12.0/ 2.1 + 0.75/ 9.¢ 359 5614 279 90.2%65.4% 81.5% 340 12 0. 6% 0 0. 6%
16% L.00/ 12.0/ 2.2 + 0.62 / 9.¢ 357 5560 273 89.6%64.7% 79. 7% 328 12 0. 6% 0 0. 6%
16% L.20/ 12.0/ 2.2 + 0.75/ 9.¢ 357 5560 273 89.6%64.7% 79. 7% 328 12 0. 6% 0 0. 6%
16% L.00/ 10.0/ 2.4 + 0.62 / 8.( 357 5579 264 89.6%65.0% 77.0% 340 42 2. 0% 0 2. 0%
16% L.20/ 10.0/ 2.4 + 0.75/ 8.( 357 5579 264 89.6%65.0% 77.0% 340 42 2. 0% 0 2. 0%
16% L.00/ 10.0/ 2.5 + 0.62 / 8.( 356 5579 264 89.3%65.0% 77.0% 334 42 2. 0% 0 2. 0%
16% L.20/ 10.0/ 2.5 + 0.75/ 8.( 356 5579 264 89.3%65.0% 77.0% 334 42 2. 0% 0 2. 0%
16% L.00/ 18.0/ 2.0 + 0.62 / 14.: 356 5565 279 89.2%64.8% 81.6% 340 12 0. 6% 0 0. 6%
16% L.00/ 15.0/ 2.0 + 0.62 / 12.( 356 5565 279 89.2%64.8% 81.6% 340 12 0. 6% 0 0. 6%
16% L.00/ 18.0/ 2.1 + 0.62 / 14.: 356 5545 279 89.2%64.6% 81.5% 334 12 0. 6% 0 0. 6%
16% L.00 / 15.0/ 2.1 + 0.62 / 12.( 356 5545 279 89.2%64.6% 81.5% 334 12 0. 6% 0 0. 6%
16% L.00/ 20.0/ 1.9 + 0.62 / 16.( 354 5559 282 88.8%64.7% 82.4% 340 12 0. 6% 0 0. 6%
16% L.00/ 20.0/ 2.0 + 0.62 / 16.( 354 5505 279 88.8%64.1% 81.6% 328 12 0. 6% 0 0. 6%
16% L.00 / 20.0/ 2.1 + 0.62 / 16.( 354 5485 279 88.8%63.9% 81.5% 322 12 0. 6% 0 0. 6%
16% L.00/ 18.0/ 2.2 + 0.62 / 14.: 353 5491 273 88.7%63.9% 79. 7% 322 12 0. 6% 0 0. 6%
16% L.00/ 15.0/ 2.2 + 0.62 / 12.( 353 5491 273 88.7%63.9% 79. 7% 322 12 0. 6% 0 0. 6%
16% L.20/ 18.0/ 2.0 + 0.75/ 14.: 351 5508 276 88.0%64.1% 80.6% 334 12 0. 6% 0 0. 6%

D-3 * see text in Section 5 for explanation
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16% L.20/ 15.0/ 2.0 + 0.75 / 12.( 351 5508 276 88.0%64.1% 80.6% 334 12 0. 6% 0 0. 6%
16% L.20/ 18.0/ 2.1 + 0.75/ 14.: 351 5488 276 88.0%63.9% 80.5% 328 12 0. 6% 0 0. 6%
16% L.20/ 15.0/ 2.1 + 0.75/ 12.( 351 5488 276 88.0%63.9% 80.5% 328 12 0. 6% 0 0. 6%
16% L.20/ 20.0/ 1.9 + 0.75 / 16.( 349 5502 279 87.6%64.1% 81.4% 334 12 0. 6% 0 0. 6%
16% L.20/ 20.0/ 2.0 + 0.75 / 16.( 349 5449 276 87.6%63.4% 80.6% 322 12 0. 6% 0 0. 6%
17% ).80/ 20.0/ 2.0 + 0.50 / 16.( 367 5790 286 92.2%67.4% 83.4% 358 12 0. 6% 0 0. 6%
17% ).80 / 20.0/ 2.1 + 0.50 / 16.( 367 5770 285 92.2%67.2% 83.3% 352 12 0. 6% 0 0. 6%
17% ).80 / 18.0/ 2.1 + 0.50 / 14.: 367 5776 285 92.2%67.2% 83.3% 358 12 0. 6% 0 0. 6%
17% ).80 / 15.0/ 2.1 + 0.50 / 12.( 367 5776 285 92.2%67.2% 83.3% 358 12 0. 6% 0 0. 6%
17% ).80 / 12.0/ 2.1 + 0.50 / 9.¢ 367 5776 285 92.2%67.2% 83.3% 358 12 0. 6% 0 0. 6%
17% ).60 / 20.0/ 2.2 + 0.37 / 16.( 365 5720 279 91.6%66.6% 81.5% 352 18 0. 9% 0 0. 9%
17% ).60 / 18.0/ 2.2 + 0.37 / 14.: 365 5725 279 91.6%66.7% 81.5% 358 18 0. 9% 0 0. 9%
17% ).80 / 18.0/ 2.2 + 0.50 / 14.: 365 5721 279 91.6%66.6% 81.5% 346 12 0. 6% 0 0. 6%
17% ).60 / 15.0/ 2.2 + 0.37 / 12.( 365 5725 279 91.6%66.7% 81.5% 358 18 0. 9% 0 0. 9%
17% ).80 / 15.0/ 2.2 + 0.50 / 12.( 365 5721 279 91.6%66.6% 81.5% 346 12 0. 6% 0 0. 6%
17% ).60 / 12.0/ 2.2 + 0.37/ 9.¢ 365 5725 279 91.6%66.7% 81.5% 358 18 0. 9% 0 0. 9%
17% ).80 / 12.0/ 2.2 + 0.50 / 9.¢ 365 5721 279 91.6%66.6% 81.5% 346 12 0. 6% 0 0. 6%
17% ).80/ 10.0/ 2.4 + 0.50 / 8.( 365 5740 270 91.6%66.8% 78.8% 358 42 2. 0% 0 2. 0%
17% ).80 / 10.0/ 2.5 + 0.50 / 8.( 364 5740 270 91.3%66.8% 78.8% 352 42 2. 0% 0 2. 0%
17% L.00 / 12.0/ 1.9 + 0.62 / 9.¢ 359 5688 282 90.2%66.2% 82.4% 358 12 0. 6% 0 0. 6%
17% L.20/ 12.0/ 1.9 + 0.75/ 9.¢ 359 5688 282 90.2%66.2% 82.4% 358 12 0. 6% 0 0. 6%
17% L.00 / 12.0/ 2.0 + 0.62 / 9.¢ 359 5634 279 90.2%65.6% 81.6% 346 12 0. 6% 0 0. 6%
17% L.20/ 12.0/ 2.0 + 0.75/ 9.¢ 359 5634 279 90.2%65.6% 81.6% 346 12 0. 6% 0 0. 6%
17% L.00 / 10.0/ 2.3 + 0.62 / 8.( 357 5589 268 89.6%65.1% 78.2% 358 54 2. 6% 0 2. 6%
17% L.20/ 10.0/ 2.3 + 0.75/ 8.( 357 5589 268 89.6%65.1% 78.2% 358 54 2. 6% 0 2. 6%
17% L.00 / 18.0/ 1.9 + 0.62 / 14.: 356 5618 282 89.3%65.4% 82.4% 352 12 0. 6% 0 0. 6%
17% L.00 / 15.0/ 1.9 + 0.62 / 12.( 356 5618 282 89.3%65.4% 82.4% 352 12 0. 6% 0 0. 6%
17% L.20/ 18.0/ 1.9 + 0.75/ 14.: 351 5562 279 88.0%64.8% 81.4% 346 12 0. 6% 0 0. 6%
17% L1.20/ 15.0/ 1.9 + 0.75 / 12.( 351 5562 279 88.0%64.8% 81.4% 346 12 0. 6% 0 0. 6%
18% ).40 / 20.0/ 2.4 + 0.25/ 16.( 371 5923 276 93.0%69.0% 80. 7% 382 6 0.3% 0 0.3%
18% ).40 / 18.0/ 2.4 + 0.25/ 14.: 371 5923 276 93.0%69.0% 80. 7% 382 6 0.3% 0 0.3%
18% ).40 / 15.0/ 2.4 + 0.25 / 12.( 371 5923 276 93.0%69.0% 80. 7% 382 6 0.3% 0 0.3%
18% ).40 / 12.0/ 2.4 + 0.25/ 9.¢ 371 5923 276 93.0%69.0% 80. 7% 382 6 0.3% 0 0.3%
18% ).40 / 20.0/ 2.5 + 0.25 / 16.( 370 5923 276 92.8%69.0% 80. 7% 376 6 0.3% 0 0.3%
18% ).40 / 18.0/ 2.5 + 0.25 / 14.: 370 5923 276 92.8%69.0% 80. 7% 376 6 0.3% 0 0.3%
18% ).40 / 15.0/ 2.5 + 0.25 / 12.( 370 5923 276 92.8%69.0% 80. 7% 376 6 0.3% 0 0.3%

D-4 * see text in Section 5 for explanation
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18% ).40 / 12.0/ 2.5 + 0.25/ 9.¢ 370 5923 276 92.8%69.0% 80. 7% 376 6 0.3% 0 0.3%
18% ).60 / 20.0/ 1.9 + 0.37 / 16.( 367 5847 288 92.2%68.1% 84.2% 382 18 0. 9% 0 0. 9%
18% ).80/ 20.0/ 1.9 + 0.50 / 16.( 367 5844 288 92.2%68.0% 84.2% 370 12 0. 6% 0 0. 6%
18% ).80/ 18.0/ 1.9 + 0.50 / 14.: 367 5849 288 92.2%68.1% 84.2% 376 12 0. 6% 0 0. 6%
18% ).80/ 15.0/ 1.9 + 0.50 / 12.( 367 5849 288 92.2%68.1% 84.2% 376 12 0. 6% 0 0. 6%
18% ).80/ 12.0/ 1.9 + 0.50 / 9.¢ 367 5849 288 92.2%68.1% 84.2% 376 12 0. 6% 0 0. 6%
18% .50/ 12.0/ 2.0 + 0.31 / 10.0 367 5799 286 92.2%67.5% 83.4% 376 18 0. 9% 0 0. 9%
18% .60/ 12.0/ 2.0 + 0.38 / 10.0 367 5799 286 92.2%67.5% 83.4% 376 18 0. 9% 0 0. 9%
18% ).60 / 20.0/ 2.0 + 0.37 / 16.( 367 5794 286 92.2%67.5% 83.4% 370 18 0. 9% 0 0. 9%
18% ).60 / 18.0/ 2.0 + 0.37 / 14.: 367 5799 286 92.2%67.5% 83.4% 376 18 0. 9% 0 0. 9%
18% ).80/ 18.0/ 2.0 + 0.50 / 14.: 367 5796 286 92.2%67.5% 83.4% 364 12 0. 6% 0 0. 6%
18% ).60 / 15.0/ 2.0 + 0.37 / 12.(C 367 5799 286 92.2%67.5% 83.4% 376 18 0. 9% 0 0. 9%
18% ).80 / 15.0/ 2.0 + 0.50 / 12.C 367 5796 286  92.2%67.5% 83. 4% 364 12 0. 6% 0 0. 6%
18% ).60 / 12.0/ 2.0 + 0.37 / 9.¢ 367 5799 286 92.2%67.5% 83.4% 376 18 0. 9% 0 0. 9%
18% ).80/ 12.0/ 2.0 + 0.50 / 9.¢ 367 5796 286 92.2%67.5% 83.4% 364 12 0. 6% 0 0. 6%
18% .50/ 12.0/ 2.1 + 0.31/ 10.0 367 5779 285 92.2%67.3% 83.3% 370 18 0. 9% 0 0. 9%
18% .60/ 12.0/ 2.1 + 0.38 / 10.0 367 5779 285 92.2%67.3% 83.3% 370 18 0. 9% 0 0. 9%
18% ).60 / 20.0/ 2.1 + 0.37 / 16.( 367 5774 285 92.2%67.2% 83.3% 364 18 0. 9% 0 0. 9%
18% ).60 / 18.0/ 2.1 + 0.37 / 14.: 367 5779 285 92.2%67.3% 83.3% 370 18 0. 9% 0 0. 9%
18% ).60 / 15.0/ 2.1 + 0.37 / 12.( 367 5779 285 92.2%67.3% 83.3% 370 18 0. 9% 0 0. 9%
18% ).60 / 12.0/ 2.1 + 0.37/ 9.¢ 367 5779 285 92.2%67.3% 83.3% 370 18 0. 9% 0 0. 9%
18% ).80/ 10.0/ 2.3 + 0.50 / 8.( 365 5750 274 91.6%66.9% 80.0% 376 54 2. 6% 0 2. 6%
18% ).60 / 10.0/ 2.4 + 0.37 / 8.( 365 5744 270 91.6%66.9% 78.8% 370 48 2.3% 0 2.3%
18% ).60 / 10.0/ 2.5 + 0.37 / 8.( 364 5744 270 91.3%66.9% 78.8% 364 48 2.3% 0 2.3%
18% L.00/ 10.0/ 2.2 + 0.62 / 8.( 357 5591 274 89.6%65.1% 80.2% 376 54 2. 6% 0 2. 6%
18% L.20/ 10.0/ 2.2 + 0.75/ 8.( 357 5591 274 89.6%65.1% 80.2% 376 54 2. 6% 0 2. 6%
19% ).40/ 20.0/ 2.3 + 0.25/ 16.( 371 5933 281 93.0%69.1% 81.9% 400 18 0. 9% 0 0. 9%
19% ).40/ 18.0/ 2.3 + 0.25/ 14.: 371 5933 281 93.0%69.1% 81.9% 400 18 0. 9% 0 0. 9%
19% ).40 / 15.0/ 2.3 + 0.25/ 12.( 371 5933 281 93.0%69.1% 81.9% 400 18 0. 9% 0 0. 9%
19% ).40/ 12.0/ 2.3 + 0.25/ 9.¢ 371 5933 281 93.0%69.1% 81.9% 400 18 0. 9% 0 0. 9%
19% .50/ 12.0/ 1.9 + 0.31/ 10.0 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%
19% .60/ 12.0/ 1.9 + 0.38 / 10.0 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%
19% .50/ 12.0/ 1.8 + 0.31/ 10.0 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%
19% .60/ 12.0/ 1.8 + 0.38 / 10.0 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%
19% ).60/ 18.0/ 1.9 + 0.37 / 14.: 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%
19% ).60 / 15.0/ 1.9 + 0.37 / 12.( 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%

D-5 * see text in Section 5 for explanation
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19% ).60 / 12.0/ 1.9 + 0.37 / 9.¢ 367 5853 288 92.2%68.1% 84.2% 388 18 0. 9% 0 0. 9%
19% ).80/ 10.0/ 2.2 + 0.50 / 8.( 365 5752 281 91.6%67.0% 82.0% 394 54 2. 6% 0 2. 6%
19% ).60 / 10.0/ 2.3 + 0.37/ 8.( 365 5754 274 91.6%67.0% 80.0% 388 60 2. 9% 0 2. 9%
19% L.00/ 10.0/ 1.9 + 0.62 / 8.( 359 5688 282 90.2%66.2% 82.4% 400 54 2. 6% 0 2. 6%
19% L1.20/ 10.0/ 1.9 + 0.75/ 8.( 359 5688 282 90.2%66.2% 82.4% 400 54 2. 6% 0 2. 6%
19% L.00/ 10.0/ 2.0 + 0.62 / 8.( 359 5665 281 90.2%66.0% 82. 1% 394 54 2. 6% 0 2. 6%
19% L.20/ 10.0/ 2.0 + 0.75/ 8.( 359 5665 281 90.2%66.0% 82. 1% 394 54 2. 6% 0 2. 6%
19% L.00/ 10.0/ 2.1 + 0.62 / 8.( 359 5645 281 90.2%65.7% 82.0% 388 54 2. 6% 0 2. 6%
19% L1.20/ 10.0/ 2.1 + 0.75/ 8.( 359 5645 281 90.2%65.7% 82.0% 388 54 2. 6% 0 2. 6%
20% .40/ 12.0/ 2.1 + 0.25/ 10.0 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% .40/ 12.0/ 2.0 + 0.25 / 10.0 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 20.0/ 2.2 + 0.25/ 16.( 371 5935 287 93.0%69.1% 83.9% 418 18 0. 9% 0 0. 9%
20% ).40/ 18.0/ 2.2 + 0.25/ 14.: 371 5935 287 93.0%69.1% 83.9% 418 18 0. 9% 0 0. 9%
20% ).40/ 15.0/ 2.2 + 0.25/ 12.( 371 5935 287 93.0%69.1% 83.9% 418 18 0. 9% 0 0. 9%
20% ).40/ 12.0/ 2.2 + 0.25/ 9.¢ 371 5935 287 93.0%69.1% 83.9% 418 18 0. 9% 0 0. 9%
20% ).40/ 20.0/ 2.1 + 0.25/ 16.( 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 18.0/ 2.1 + 0.25/ 14.: 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% J).40/ 15.0/ 2.1 + 0.25/ 12.( 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 12.0/ 2.1 + 0.25/ 9.¢ 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 20.0/ 2.0 + 0.25/ 16.( 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 18.0/ 2.0 + 0.25/ 14.: 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 15.0/ 2.0 + 0.25 / 12.( 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 12.0/ 2.0 + 0.25/ 9.¢ 371 5952 287 93.0%69.3% 83.9% 424 18 0. 9% 0 0. 9%
20% ).40/ 10.0/ 2.4 + 0.25/ 8.( 371 5923 276 93.0%69.0% 80. 7% 424 48 2.3% 0 2.3%
20% ).40/ 10.0/ 2.5 + 0.25/ 8.( 370 5923 276 92.8%69.0% 80. 7% 418 48 2.3% 0 2.3%
20% ).80/ 10.0/ 1.9 + 0.50 / 8.( 367 5849 288 92.2%68.1% 84.2% 418 54 2. 6% 0 2. 6%
20% .50/ 11.0/ 2.0 + 0.31/ 9.0 367 5830 287 92.2%67.9% 83.9% 424 60 2. 9% 0 2. 9%
20% .60/ 11.0/ 2.0 + 0.38/ 9.0 367 5830 287 92.2%67.9% 83.9% 424 60 2. 9% 0 2. 9%
20% .50/ 10.0/ 2.0 + 0.31/ 8.0 367 5830 287 92.2%67.9% 83.9% 424 60 2. 9% 0 2. 9%
20% .60/ 10.0/ 2.0 + 0.38/ 8.0 367 5830 287 92.2%67.9% 83.9% 424 60 2. 9% 0 2. 9%
20% )J).60 / 10.0/ 2.0 + 0.37 / 8.( 367 5830 287 92.2%67.9% 83.9% 424 60 2. 9% 0 2. 9%
20% ).80/ 10.0/ 2.0 + 0.50 / 8.( 367 5826 287 92.2%67.8% 83.9% 412 54 2. 6% 0 2. 6%
20% .50/ 11.0/ 2.1 + 0.31/ 9.0 367 5810 287 92.2%67.6% 83.8% 418 60 2. 9% 0 2. 9%
20% .60/ 11.0/ 2.1 + 0.38/ 9.0 367 5810 287 92.2%67.6% 83.8% 418 60 2. 9% 0 2. 9%
20% .50/ 10.0/ 2.1 + 0.31/ 8.0 367 5810 287 92.2%67.6% 83.8% 418 60 2. 9% 0 2. 9%
20% .60 / 10.0/ 2.1 + 0.38/ 8.0 367 5810 287 92.2%67.6% 83.8% 418 60 2. 9% 0 2. 9%

D-6 * see text in Section 5 for explanation
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20% )J).60 / 10.0/ 2.1 + 0.37 / 8.( 367 5810 287 92.2%67.6% 83.8% 418 60 2. 9% 0 2. 9%
20% ).80/ 10.0/ 2.1 + 0.50/ 8.( 367 5807 287 92.2%67.6% 83.8% 406 54 2. 6% 0 2. 6%
20% ).60 / 10.0/ 2.2 + 0.37 / 8.( 365 5756 281 91.6%67.0% 82.0% 406 60 2. 9% 0 2. 9%
21% .40/ 12.0/ 1.9 + 0.25 / 10.0 371 5975 288 93.1%69.6% 84.2% 430 18 0. 9% 0 0. 9%
21% .40/ 12.0/ 1.8 + 0.25 / 10.0 371 5975 288 93.1%69.6% 84.2% 430 18 0. 9% 0 0. 9%
21% .40/ 20.0/ 1.9 + 0.25/ 16.( 371 5975 288 93.1%69.6% 84.2% 430 18 0. 9% 0 0. 9%
21% .40/ 18.0/ 1.9 + 0.25/ 14.: 371 5975 288 93.1%69.6% 84.2% 430 18 0. 9% 0 0. 9%
21% .40/ 15.0/ 1.9 + 0.25 / 12.( 371 5975 288 93.1%69.6% 84.2% 430 18 0. 9% 0 0. 9%
21% .40/ 12.0/ 1.9 + 0.25/ 9.¢ 371 5975 288 93.1%69.6% 84.2% 430 18 0. 9% 0 0. 9%
21% ).40/ 10.0/ 2.3 + 0.25/ 8.( 371 5933 281 93.0%69.1% 81.9% 442 60 2. 9% 0 2. 9%
21% .50/ 12.0/ 1.7 + 0.31/ 10.0 368 6029 299 92.3%70.2% 87.3% 430 18 0. 9% 0 0. 9%
21% .60/ 12.0/ 1.7 + 0.38 / 10.0 368 6029 299 92.3%70.2% 87.3% 430 18 0. 9% 0 0. 9%
21% .50/ 12.0/ 1.6 + 0.31 / 10.0 368 6029 299 92.3%70.2% 87.3% 430 18 0. 9% 0 0. 9%
21% .60/ 12.0/ 1.6 + 0.38 / 10.0 368 6029 299 92.3%70.2% 87.3% 430 18 0. 9% 0 0. 9%
21% .50/ 11.0/ 1.9 + 0.31/ 9.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .60/ 11.0/ 1.9 + 0.38/ 9.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .50/ 10.0/ 1.9 + 0.31/ 8.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .60/ 10.0/ 1.9 + 0.38/ 8.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .50/ 11.0/ 1.8 + 0.31/ 9.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .60/ 11.0/ 1.8 + 0.38/ 9.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .50/ 10.0/ 1.8 + 0.31/ 8.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% .60/ 10.0/ 1.8 + 0.38/ 8.0 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
21% ).60/ 10.0/ 1.9 + 0.37 / 8.( 367 5853 288 92.2%68.1% 84.2% 430 60 2. 9% 0 2. 9%
22% .50/ 9.0/ 2.1 +0.31/ 7.0 372 6124 309 93.5%71.3% 90.3% 460 60 2. 9% 0 2. 9%
22% .60/ 9.0/ 2.1 +0.38/ 7.0 372 6124 309 93.5%71.3%90.3% 460 60 2. 9% 0 2. 9%
22% ).40/ 10.0/ 2.2 + 0.25/ 8.( 371 5935 287 93.0%69.1% 83.9% 460 60 2. 9% 0 2. 9%
23% .50/ 9.0/ 1.9 +0.31/ 7.0 372 6167 310 93.5%71.8% 90.7% 472 60 2. 9% 0 2. 9%
23% .60/ 9.0/ 1.9 +0.38/ 7.0 372 6167 310 93.5%71.8% 90.7% 472 60 2. 9% 0 2. 9%
23% .50/ 9.0/ 1.8 +0.31/ 7.0 372 6167 310 93.5%71.8% 90.7% 472 60 2. 9% 0 2. 9%
23% .60/ 9.0/ 1.8 +0.38/ 7.0 372 6167 310 93.5%71.8% 90.7% 472 60 2. 9% 0 2. 9%
23% .50/ 9.0/ 2.0+ 0.31/ 7.0 372 6144 310 93.5%71.5% 90.4% 466 60 2. 9% 0 2. 9%
23% .60/ 9.0/ 2.0+ 0.38/ 7.0 372 6144 310 93.5%71.5% 90.4% 466 60 2. 9% 0 2. 9%
23% .40/ 12.0/ 1.7 + 0.25/ 10.0 371 6151 299 93.2%71.6% 87.3% 472 18 0. 9% 0 0. 9%
23% .40/ 12.0/ 1.6 + 0.25/ 10.0 371 6151 299 93.2%71.6% 87.3% 472 18 0. 9% 0 0. 9%
23% .40/ 11.0/ 1.9 + 0.25/ 9.0 371 5975 288 93.1%69.6% 84.2% 472 60 2. 9% 0 2. 9%
23% .40/ 10.0/ 1.9 + 0.25/ 8.0 371 5975 288 93.1%69.6% 84.2% 472 60 2. 9% 0 2. 9%

D-7 * see text in Section 5 for explanation



Appendix D: 1M240 Cutpoint Tables

IM240 Cutpoints Excess Emissions Identified | Identification Rates Errors of Discrepant Probable
Failure Rate Composite + Mode 2 HC CcoO NOx HC CcoO NOx | Fails Commissior Ec Rate* Failures Ec Rate
23% .40/ 11.0/ 1.8 + 0.25/ 9.0 371 5975 288 93.1%69.6% 84.2% 472 60 2. 9% 0 2. 9%
23% .40/ 10.0/ 1.8 + 0.25/ 8.0 371 5975 288 93.1%69.6% 84.2% 472 60 2. 9% 0 2. 9%
23% ).40/ 10.0/ 1.9 + 0.25/ 8.( 371 5975 288 93.1%69.6% 84.2% 472 60 2. 9% 0 2. 9%
23% .40/ 11.0/ 2.1 + 0.25/ 9.0 371 5952 287 93.0%69.3% 83.9% 466 60 2. 9% 0 2. 9%
23% .40/ 10.0/ 2.1 + 0.25/ 8.0 371 5952 287 93.0%69.3% 83.9% 466 60 2. 9% 0 2. 9%
23% .40/ 11.0/ 2.0 + 0.25/ 9.0 371 5952 287 93.0%69.3% 83.9% 466 60 2. 9% 0 2. 9%
23% .40/ 10.0/ 2.0 + 0.25/ 8.0 371 5952 287 93.0%69.3% 83.9% 466 60 2. 9% 0 2. 9%
23% J).40/ 10.0/ 2.1 + 0.25/ 8.( 371 5952 287 93.0%69.3% 83.9% 466 60 2. 9% 0 2. 9%
23% ).40/ 10.0/ 2.0 + 0.25/ 8.( 371 5952 287 93.0%69.3% 83.9% 466 60 2. 9% 0 2. 9%
23% .50/ 11.0/ 1.7 + 0.31/ 9.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .60/ 11.0/ 1.7 + 0.38/ 9.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .50/ 10.0/ 1.7 + 0.31/ 8.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .60/ 10.0/ 1.7 + 0.38/ 8.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .50/ 11.0/ 1.6 + 0.31/ 9.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .60/ 11.0/ 1.6 + 0.38/ 9.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .50/ 10.0/ 1.6 + 0.31/ 8.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .60/ 10.0/ 1.6 + 0.38/ 8.0 368 6029 299 92.3%70.2% 87.3% 472 60 2. 9% 0 2. 9%
23% .50/ 12.0/ 1.5 + 0.31 / 10.0 368 6041 299 92.3%70.3% 87.3% 472 18 0. 9% 48 3.2%
23% .60/ 12.0/ 1.5 + 0.38 / 10.0 368 6041 299 92.3%70.3% 87.3% 472 18 0. 9% 48 3. 2%
24% .50/ 8.0/ 2.1 +0.31/ 6.0 376 6246 309 94.3%72.7% 90.3% 502 60 2. 9% 0 2. 9%
24% .60/ 8.0/ 2.1 +0.38/ 6.0 376 6246 309 94.3%72.7% 90.3% 502 60 2. 9% 0 2. 9%
25% .40/ 9.0/ 1.9 +0.25/ 7.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .40/ 8.0/ 1.9 +0.25/ 6.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .50/ 8.0/ 1.9 +0.31/ 6.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .60/ 8.0/ 1.9 +0.38/ 6.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .40/ 9.0/ 1.8 +0.25/ 7.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .40/ 8.0/ 1.8 +0.25/ 6.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .50/ 8.0/ 1.8 +0.31/ 6.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .60/ 8.0/ 1.8 +0.38/ 6.0 376 6289 310 94.3%73.2%90.7% 514 60 2. 9% 0 2. 9%
25% .40/ 9.0/ 2.1 +0.25/ 7.0 376 6266 310 94.3%73.0% 90.4% 508 60 2. 9% 0 2. 9%
25% .40/ 8.0/ 2.1 +0.25/ 6.0 376 6266 310 94.3%73.0% 90.4% 508 60 2. 9% 0 2. 9%
25% .40/ 9.0/ 2.0+ 0.25/ 7.0 376 6266 310 94.3%73.0% 90.4% 508 60 2. 9% 0 2. 9%
25% .40/ 8.0/ 2.0+ 0.25/ 6.0 376 6266 310 94.3%73.0% 90.4% 508 60 2. 9% 0 2. 9%
25% .50/ 8.0/ 2.0+ 0.31/ 6.0 376 6266 310 94.3%73.0% 90.4% 508 60 2. 9% 0 2. 9%
25% .60/ 8.0/ 2.0+ 0.38/ 6.0 376 6266 310 94.3%73.0% 90.4% 508 60 2. 9% 0 2. 9%
25% .50/ 9.0/ 1.7 +0.31/ 7.0 373 6343 321 93.6%73.9%93.8% 514 60 2. 9% 0 2. 9%

D-8 * see text in Section 5 for explanation
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IM240 Cutpoints Excess Emissions Identified | Identification Rates Errors of Discrepant Probable
Failure Rate Composite + Mode 2 HC CcoO NOx HC CcoO NOx | Fails Commissior Ec Rate* Failures Ec Rate
25% .60/ 9.0/ 1.7 +0.38/ 7.0 373 6343 321 93.6%73.9% 93.8% 514 60 2. 9% 0 2. 9%
25% .50/ 9.0/ 1.6 +0.31/ 7.0 373 6343 321 93.6%73.9% 93.8% 514 60 2. 9% 0 2. 9%
25% .60/ 9.0/ 1.6 + 0.38/ 7.0 373 6343 321 93.6%73.9% 93.8% 514 60 2. 9% 0 2. 9%
25% .40/ 11.0/ 1.7 + 0.25/ 9.0 371 6151 299 93.2%71.6% 87.3% 514 60 2. 9% 0 2. 9%
25% .40/ 10.0/ 1.7 + 0.25/ 8.0 371 6151 299 93.2%71.6% 87.3% 514 60 2. 9% 0 2. 9%
25% .40/ 11.0/ 1.6 + 0.25/ 9.0 371 6151 299 93.2%71.6% 87.3% 514 60 2. 9% 0 2. 9%
25% .40/ 10.0/ 1.6 + 0.25/ 8.0 371 6151 299 93.2%71.6% 87.3% 514 60 2. 9% 0 2. 9%
25% .40/ 12.0/ 1.5 + 0.25 / 10.0 371 6163 299 93.2%71.8% 87.3% 514 18 0. 9% 48 3. 2%
25% .50/ 11.0/ 1.5 + 0.31/ 9.0 368 6041 299 92.3%70.3% 87.3% 514 60 2. 9% 48 5.2%
25% .60/ 11.0/ 1.5 + 0.38/ 9.0 368 6041 299 92.3%70.3% 87.3% 514 60 2. 9% 48 5.2%
25% .50/ 10.0/ 1.5 + 0.31/ 8.0 368 6041 299 92.3%70.3% 87.3% 514 60 2. 9% 42 4. 9%
25% .60 / 10.0/ 1.5 + 0.38/ 8.0 368 6041 299 92.3%70.3% 87.3% 514 60 2. 9% 42 4. 9%
27% .40/ 9.0/ 1.7 + 0.25/ 7.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .40/ 8.0/ 1.7 + 0.25/ 6.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .50/ 8.0/ 1.7 +0.31/ 6.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .60/ 8.0/ 1.7 + 0.38/ 6.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .40/ 9.0/ 1.6 + 0.25/ 7.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .40/ 8.0/ 1.6 + 0.25/ 6.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .50/ 8.0/ 1.6 + 0.31/ 6.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .60/ 8.0/ 1.6 + 0.38/ 6.0 376 6465 321 94.4%75.3% 93.8% 556 60 2. 9% 0 2. 9%
27% .50/ 9.0/ 1.5+ 0.31/ 7.0 373 6355 321 93.6%74.0% 93.8% 556 60 2. 9% 42 4. 9%
27% .60/ 9.0/ 1.5 +0.38/ 7.0 373 6355 321 93.6%74.0% 93.8% 556 60 2. 9% 42 4. 9%
27% .40/ 11.0/ 1.5 + 0.25/ 9.0 371 6163 299 93.2%71.8% 87.3% 556 60 2. 9% 48 5.2%
27% .40 / 10.0/ 1.5 + 0.25/ 8.0 371 6163 299 93.2%71.8% 87.3% 556 60 2. 9% 42 4. 9%
29% .30/ 12.0/ 2.1 + 0.19 / 10.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 11.0/ 2.1 + 0.19/ 9.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 10.0/ 2.1 + 0.19/ 8.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 12.0/ 2.0 + 0.19 / 10.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 11.0/ 2.0 + 0.19/ 9.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 10.0/ 2.0 + 0.19/ 8.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 12.0/ 1.9 + 0.19 / 10.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 11.0/ 1.9 + 0.19/ 9.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 10.0/ 1.9 + 0.19/ 8.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 12.0/ 1.8 + 0.19 / 10.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 11.0/ 1.8 + 0.19/ 9.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%
29% .30/ 10.0/ 1.8 + 0.19/ 8.0 377 6228 300 94.5%72.5% 87.5% 598 60 2. 9% 0 2. 9%

D-9 * see text in Section 5 for explanation



Appendix D: 1M240 Cutpoint Tables

IM240 Cutpoints Excess Emissions Identified | Identification Rates Errors of Discrepant Probable
Failure Rate Composite + Mode 2 HC CcoO NOx HC CcoO NOx | Fails Commissior Ec Rate* Failures Ec Rate
29% .40/ 9.0/ 1.5+ 0.25/ 7.0 376 6477 321 94.4%75.4% 93.8% 598 60 2. 9% 42 4. 9%
29% .40/ 8.0/ 1.5+ 0.25/ 6.0 376 6477 321 94.4%75.4% 93.8% 598 60 2. 9% 42 4. 9%
29% .50/ 8.0/ 1.5+ 0.31/ 6.0 376 6477 321 94.4%75.4% 93.8% 598 60 2. 9% 42 4. 9%
29% .60/ 8.0/ 1.5+ 0.38/ 6.0 376 6477 321 94.4%75.4% 93.8% 598 60 2. 9% 42 4. 9%
31% .30/ 9.0/ 2.1 +0.19/ 7.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 80/ 2.1 +0.19/ 6.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 9.0/ 2.0+ 0.19/ 7.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 8.0/ 2.0+ 0.19/ 6.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 9.0/ 1.9 +0.19/ 7.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 8.0/ 1.9 +0.19/ 6.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 9.0/ 1.8 +0.19/ 7.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 8.0/ 1.8 +0.19/ 6.0 382 6543 322 95.8%76.2% 94.0% 639 60 2. 9% 0 2. 9%
31% .30/ 12.0/ 1.7 + 0.19 / 10.0 377 6405 310 94.6%74.6% 90.6% 639 60 2. 9% 0 2. 9%
31% .30/ 11.0/ 1.7 + 0.19/ 9.0 377 6405 310 94.6%74.6% 90.6% 639 60 2. 9% 0 2. 9%
31% .30/ 10.0/ 1.7 + 0.19/ 8.0 377 6405 310 94.6%74.6% 90.6% 639 60 2. 9% 0 2. 9%
31% .30/ 12.0/ 1.6 + 0.19 / 10.0 377 6405 310 94.6%74.6% 90.6% 639 60 2. 9% 0 2. 9%
31% .30/ 11.0/ 1.6 + 0.19/ 9.0 377 6405 310 94.6%74.6% 90.6% 639 60 2. 9% 0 2. 9%
31% .30/ 10.0/ 1.6 + 0.19/ 8.0 377 6405 310 94.6%74.6% 90.6% 639 60 2. 9% 0 2. 9%
33% .30/ 9.0/ 1.7 +0.19/ 7.0 382 6719 332 95.9%78.2% 97.1% 681 60 2. 9% 0 2. 9%
33% .30/ 80/ 1.7 +0.19/ 6.0 382 6719 332 95.9%78.2% 97.1% 681 60 2. 9% 0 2. 9%
33% .30/ 9.0/ 1.6 +0.19/ 7.0 382 6719 332 95.9%78.2% 97.1% 681 60 2. 9% 0 2. 9%
33% .30/ 8.0/ 1.6 +0.19/ 6.0 382 6719 332 95.9%78.2% 97.1% 681 60 2. 9% 0 2. 9%
33% .30/ 12.0/ 1.5 + 0.19 / 10.0 377 6417 310 94.6%74.7% 90.6% 681 60 2. 9% 48 5.2%
33% .30/ 11.0/ 1.5 +0.19/ 9.0 377 6417 310 94.6%74.7% 90.6% 681 60 2. 9% 48 5.2%
33% .30/ 10.0/ 1.5 + 0.19/ 8.0 377 6417 310 94.6%74.7% 90.6% 681 60 2. 9% 42 4. 9%
35% .30/ 9.0/ 1.5+ 0.19/ 7.0 382 6731 332 95.9%78.4% 97.1% 723 60 2. 9% 42 4. 9%
35% .30/ 8.0/ 1.5+ 0.19/ 6.0 382 6731 332 95.9%78.4% 97.1% 723 60 2. 9% 42 4. 9%
47% .20/ 12.0/ 2.1 + 0.13 / 10.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 11.0/ 2.1 +0.13/ 9.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 10.0/ 2.1 + 0.13/ 8.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 9.0/ 2.1 +0.13/ 7.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 8.0/ 2.1 +0.13/ 6.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 12.0/ 2.0 + 0.13 / 10.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 11.0/ 2.0 + 0.13/ 9.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 10.0/ 2.0 + 0.13/ 8.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 9.0/ 2.0 +0.13/ 7.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%

D-10 * see text in Section 5 for explanation



Appendix D: 1M240 Cutpoint Tables

IM240 Cutpoints Excess Emissions Identified | Identification Rates Errors of Discrepant Probable
Failure Rate Composite + Mode 2 HC CcoO NOx HC CcoO NOx | Fails Commissior Ec Rate* Failures Ec Rate
47% .20/ 8.0/ 2.0 +0.13/ 6.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 12.0/ 1.9 + 0.13 / 10.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 11.0/ 1.9 + 0.13/ 9.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 10.0/ 1.9 + 0.13/ 8.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 9.0/ 1.9 +0.13/ 7.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 8.0/ 1.9 +0.13/ 6.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 12.0/ 1.8 + 0.13 / 10.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 11.0/ 1.8 + 0.13/ 9.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 10.0/ 1.8 + 0.13/ 8.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 9.0/ 1.8 + 0.13/ 7.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 8.0/ 1.8 + 0.13/ 6.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 12.0/ 1.7 + 0.13 / 10.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 11.0/ 1.7 + 0.13/ 9.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 10.0/ 1.7 + 0.13/ 8.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 9.0/ 1.7 +0.13/ 7.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 8.0/ 1.7 + 0.13/ 6.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 12.0/ 1.6 + 0.13 / 10.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 11.0/ 1.6 + 0.13/ 9.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 10.0/ 1.6 + 0.13/ 8.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 9.0/ 1.6 + 0.13/ 7.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
47% .20/ 8.0/ 1.6 + 0.13/ 6.0 390 7126 332 98.0%83.0% 97.1% 975 227 11. 0% 0 11. 0%
49% .20/ 12.0/ 1.5 + 0.13 / 10.0 390 7138 332 98.0%83.1% 97.1% 1017 227 11. 0% 48 13. 3%
49% .20/ 11.0/ 1.5+ 0.13/ 9.0 390 7138 332 98.0%83.1% 97.1% 1017 227 11. 0% 48 13. 3%
49% .20/ 10.0/ 1.5+ 0.13/ 8.0 390 7138 332 98.0%83.1% 97.1% 1017 227 11. 0% 42 13. 0%
49% .20/ 9.0/ 1.5+ 0.13/ 7.0 390 7138 332 98.0%83.1% 97.1% 1017 227 11. 0% 42 13. 0%
49% .20/ 8.0/ 1.5+ 0.13/ 6.0 390 7138 332 98.0%83.1% 97.1% 1017 227 11. 0% 42 13. 0%

D-11 * see text in Section 5 for explanation
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Appendix E: ASM Cutpoint Tables
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* see Section 5 for explanation
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Appendix E: ASM Cutpoint Tables

HC
271
271
297
297
289
289
289
285
285
285
285
285
285
281
281
281
281
281
281
281
281
281
281
279
279
279
279
279
279
279
279
279
279
279
279
279

Cco
4648
4648
4851
4851
4853
4853
4853
4784
4784
4784
4784
4784
4784
4743
4743
4743
4743
4743
4743
4743
4743
4743
4743
4689
4689
4689
4689
4689
4689
4689
4689
4689
4689
4689
4689
4689

Excess Emissions Identified

NOx
218
218
267
267
263
263
263
263
263
263
263
263
263
222
222
222
222
222
222
222
222
222
222
225
225
225
225
225
222
222
222
222
222
222
222
222

Identification Rates
HC

68.
68.
74.
74.
72.
72.
72.
71.
71.
71.
71.
71.
71.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.
70.

0%
0%
4%
4%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
5%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

E-4

Cco
54.
54.
56.
56.
56.
56.
56.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
55.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.

NOx
1% 63.
1% 63.
5% 77.
5% 77.
5% 76.
5% 76.
5% 76.
7% 76.
7% 76.
7% 76.
7% 76.
7% 76.
7% 76.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.
6% 65.

6%
6%
9%
9%
8%
8%
8%
8%
8%
8%
8%
8%
8%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
9%
9%
9%
9%
9%
0%
0%
0%
0%
0%
0%
0%
0%

Fails Commission Ec Rate*
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%

257
257
275
275
269
269
269
263
263
263
263
263
263
269
269
269
269
275
275
275
275
275
275
275
275
275
275
275
263
263
263
263
269
269
269
269

Errors of

42

Ccoocoocoocooocood

N

NNNNNNNNNNNNNNNNNNNNNNNNNOOOOOOOOOOON

Discrepant Probable

Failures Ec Rate
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%

(o2}
N

[elNe e e Mo Nl Mol Mo N NN NN NN NN NN Mo Mo MM NN NN N>R e )Mo ) RN o))
NNNDNNDNNNNNNNNNNNNNNNNNNOOOOOOOODOOON

* see Section 5 for explanation



ASM
Failure Rate
13%
13%
13%
13%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%
14%

POPRPORO

©C00000000000000RERER

Cutpoints
00 / 12.0 /
20 / 12.0/
00 / 10.0 /
20 / 10.0 /
60 / 15.0 /
60 / 11.0 /
60 / 10.0 /
60 / 9.0/
60 / 10.0 /
60 / 10.0 /
60 / 10.0 /
60 / 10.0 /
60 / 10.0 /
60 / 12.0 /
60 / 12.0 /
60 / 12.0 /
60 / 12.0 /
60 / 12.0 /
60 / 12.0 /
80 / 11.0 /
00 / 11.0 /
80 / 10.0 /
00 / 10.0 /
80/ 9.0/
00/ 9.0/
80 / 10.0 /
00 / 10.0 /
20 / 10.0 /
80 / 12.0 /
00 / 12.0 /
80 / 12.0 /
00 / 12.0 /
20 / 12.0/
80 / 11.0 /
00 / 11.0/
80 / 10.0 /

PR RPP PP

e
© ©

(IR

NN EE.

NN NDNDNDNDNDNDEDNDN
PR UIOORNMNAMUIOOOONUIU R
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249
249
249
263
263
263
267
267
263
263
263
233
233
241
241
241
237
237
237
237
237
237
237
237
237
237
237

Identification Rates
HC

70.
70.
70.
70.
70.
70.
74.
74.
74.
74.
74.
74.
72.
72.
72.
75.
75.
72.
72.
72.
74.
74.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.

5%
5%
5%
5%
5%
5%
8%
8%
8%
8%
3%
3%
5%
5%
5%
8%
4%
9%
9%
9%
7%
7%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%

E-6

Cco
55.
55.
55.
55.
55.
55.
56.
56.
56.
56.
56.
56.
57.
57.
57.
58.
58.
57.
57.
57.
61.
61.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.
59.

NOx
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
2% 65.
8% 72.
8% 72.
8% 72.
8% 72.
1% 72.
1% 72.
2% 76.
2% 76.
2% 76.
6% 77.
0% 77.
8% 76.
8% 76.
8% 76.
1% 68.
1% 68.
4% 70.
4% 70.
4% 70.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.
4% 69.

9%
9%
9%
9%
9%
9%
8%
8%
8%
8%
8%
8%
8%
8%
8%
9%
9%
8%
8%
8%
0%
0%
3%
3%
3%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%
4%

Fails Commission Ec Rate*
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%

281
281
281
281
281
281
311
311
311
311
305
305
317
317
317
335
329
323
323
323
377
377
400
400
400
388
388
388
388
388
388
394
394
394
394
394

Errors of

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

G)CDO@@CDCD@@CDO)O’O’O)I%

N

O OO OO OOOOOOOOONNNDNNDPNNPNNPNNNNNNNNNNDNDN

Discrepant Probable

Failures Ec Rate
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
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. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
. 6%
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* see Section 5 for explanation



ASM
Failure Rate
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
19%
20%
20%
20%
20%
21%
21%
21%
21%
21%
21%
21%
21%
21%
22%
22%
22%
22%
22%
22%
22%

Cutpoints
0.40 / 15.0 /
0.60/ 8.0/

0.60 / 11.0 /
0.60 / 10.0 /
0.60 / 9.0/
0.60 / 12.0 /
0.80 / 11.0 /
1.00/ 11.0/
0.80 / 10.0 /
1.00 / 10.0 /
0.80/ 9.0/
1.00/ 9.0/
0.80 / 12.0 /
1.00/ 12.0 /
0.80/ 8.0/
1.00/ 8.0/
0.40 / 20.0 /
0.40 / 18.0 /
0.40 / 15.0 /
0.60 / 8.0/
0.40 / 20.0 /
0.40 / 18.0 /
0.40 / 15.0 /
0.40 / 10.0 /
0.40 / 10.0 /
0.40 / 12.0 /
0.40 / 12.0 /
0.40 / 12.0 /
0.40 / 12.0 /
0.40 / 11.0 /
0.40 / 10.0 /
0.40/ 9.0/
0.40 / 10.0 /
0.40 / 10.0 /
0.40 / 10.0 /

0.40 / 12.0 /
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Appendix E: ASM Cutpoint Tables

Excess Emissions Identified

HC
316
314
313
313
313
311
306
306
306
306
306
306
304
304
303
303
317
317
317
315
321
321
321
318
318
316
316
316
316
318
318
318
318
318
318
317

Cco
5100
5375
5282
5282
5282
5228
5272
5272
5272
5272
5272
5272
5218
5218
5318
5318
5110
5110
5110
5385
5266
5266
5266
5212
5212
5158
5158
5158
5158
5212
5212
5212
5212
5212
5212
5168

NOx
237
245
274
274
274
274
274
274
274
274
274
274
274
274
253
253
252
252
252
257
269
269
269
237
237
237
237
237
237
241
241
241
241
237
237
252

Identification Rates
HC

79.
78.
78.
78.
78.
78.
76.
76.
76.
76.
76.
76.
76.
76.
76.
76.
79.
79.
79.
78.
80.
80.
80.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.
79.

4%
7%
5%
5%
5%
0%
8%
8%
8%
8%
8%
8%
3%
3%
0%
0%
6%
6%
6%
9%
7%
7%
7%
8%
8%
4%
4%
4%
4%
8%
8%
8%
8%
8%
8%
6%

E-7

Cco
59.
62.
61.
61.
61.
60.
61.
61.
61.
61.
61.
61.
60.
60.
61.
61.
59.
59.
59.
62.
61.
61.
61.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.

4% 69.
6% 71.
5% 80.
5% 80.
5% 80.
9% 80.
4% 80.
4% 80.
4% 80.
4% 80.
4% 80.
4% 80.
8% 80.
8% 80.
9% 73.
9% 73.
5% 73.
5% 73.
5% 73.
7% 75.
3% 78.
3% 78.
3% 78.
7% 69.
7% 69.
1% 69.
1% 69.
1% 69.
1% 69.
7% 70.
7% 70.
7% 70.
7% 70.
7% 69.
7% 69.
2% 73.

NOx

4%
7%
1%
1%
1%
1%
0%
0%
0%
0%
0%
0%
0%
0%
9%
9%
5%
5%
5%
0%
6%
6%
6%
4%
4%
4%
4%
4%
4%
3%
3%
3%
3%
4%
4%
5%

Fails Commission Ec Rate*
. 3%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 3%
. 3%
. 3%
. 0%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%

394
394
400
400
400
394
394
394
394
394
394
394
388
388
394
394
412
412
412
406
436
436
436
442
442
436
436
442
442
454
454
454
454
448
448
460

Errors of

6
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
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Discrepant Probable
Failures Ec Rate
. 6%
. 3%
. 3%
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. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
. 3%
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. 3%
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. 6%
. 3%
. 6%
. 6%
. 6%
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. 6%
. 6%
. 6%
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. 6%
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. 6%
. 6%
. 6%
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* see Section 5 for explanation



ASM

Failure Rate

22%
22%
22%
23%
23%
23%
23%
23%
23%
23%
23%
24%
24%
24%
24%
24%
24%
24%
24%
24%
24%
24%
24%
24%
24%
25%
26%
26%
26%
26%
26%
26%
26%
26%
26%
26%

Appendix E: ASM Cutpoint Tables

Cutpoints
0.40/ 12.0/ 1.9
0.40/ 12.0/ 2.0
0.40/ 12.0/ 2.0
0.60/ 8.0/ 1.50
0.40/ 12.0/ 1.7
0.40 / 11.0/ 1.80
0.40 / 10.0 / 1.80
0.40/ 9.0/ 1.80
0.40 / 10.0/ 1.9
0.80/ 8.0/ 1.50
1.00/ 8.0/ 1.50
0.60 / 11.0 / 1.40
0.60 / 10.0 / 1.40
0.60/ 9.0/ 1.40
0.60 / 12.0 / 1.40
0.40/ 8.0/ 2.0
0.40/ 10.0/ 1.7
0.80/ 11.0/ 1.40
1.00 / 11.0/ 1.40
0.80/ 10.0 / 1.40
1.00 / 10.0 / 1.40
0.80/ 9.0/ 1.40
1.00 / 9.0/ 1.40
0.80/ 12.0/ 1.40
1.00 / 12.0/ 1.40
0.40/ 8.0/ 1.80
0.60 / 11.0/ 1.30
0.60 / 10.0 / 1.30
0.60/ 9.0/ 1.30
0.60 / 12.0/ 1.30
0.40 / 11.0/ 1.50
0.40 / 10.0 / 1.50
0.40/ 9.0/ 1.50
0.40 / 12.0/ 1.50
0.80/ 11.0/ 1.30
1.00 / 11.0/ 1.30

Excess Emissions Identified

HC
317
316
316
324
321
319
319
319
319
317
317
327
327
327
325
324
323
320
320
320
320
320
320
318
318
325
327
327
327
325
324
324
324
323
320
320

Cco
5168
5158
5158
5659
5323
5222
5222
5222
5222
5649
5649
5694
5694
5694
5640
5572
5377
5684
5684
5684
5684
5684
5684
5630
5630
5582
5706
5706
5706
5652
5472
5472
5472
5418
5696
5696

NOx
252
241
241
274
269
252
252
252
252
274
274
306
306
306
306
246
269
306
306
306
306
306
306
306
306
257
306
306
306
306
274
274
274
274
306
306

Identification Rates
HC

79.
79.
79.
81.
80.
80.
80.
80.
80.
79.
79.
82.
82.
82.
81.
81.
81.
80.
80.
80.
80.
80.
80.
79.
79.
81.
82.
82.
82.
81.
81.
81.
81.
80.
80.
80.

6%
4%
4%
2%
7%
1%
1%
1%
1%
5%
5%
1%
1%
1%
6%
4%
1%
4%
4%
4%
4%
4%
4%
9%
9%
6%
1%
1%
1%
6%
4%
4%
4%
9%
4%
4%

E-8

Cco
60.
60.
60.
65.
62.
60.
60.
60.
60.
65.
65.
66.
66.
66.
65.
64.
62.
66.
66.
66.
66.
66.
66.
65.
65.
65.
66.
66.
66.
65.
63.
63.
63.
63.
66.
66.

2% 73.
1% 70.
1% 70.
9% 80.
0% 78.
8% 73.
8% 73.
8% 73.
8% 73.
8% 80.
8% 80.
3% 89.
3% 89.
3% 89.
7% 89.
9% 71.
6% 78.
2% 89.
2% 89.
2% 89.
2% 89.
2% 89.
2% 89.
5% 89.
5% 89.
0% 75.
4% 89.
4% 89.
4% 89.
8% 89.
7% 80.
7% 80.
7% 80.
1% 80.
3% 89.
3% 89.

NOx

5%
3%
3%
1%
6%
5%
5%
5%
5%
0%
0%
5%
5%
5%
5%
8%
6%
4%
4%
4%
4%
4%
4%
4%
4%
1%
5%
5%
5%
5%
1%
1%
1%
1%
4%
4%

Fails Commission Ec Rate*
. 3%
. 3%
. 3%
. 0%
. 3%
. 3%
. 3%
. 3%
. 3%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 3%
. 3%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 0%
. 3%
. 0%
. 0%
. 0%
. 0%
. 3%
. 3%
. 3%
. 3%
. 0%
. 0%

460
448
448
484
484
466
466
466
466
478
478
502
502
502
496
502
490
496
496
496
496
496
496
490
490
514
544
544
544
538
544
544
544
538
538
538

Errors of

48
48
48
42
48
48
48
48
48
42
42
84
84
84
84
48
48
84
84
84
84
84
84
84
84
48
84
84
84
84
48
48
48
48
84
84

N
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Discrepant Probable

Failures Ec Rate
. 6%
. 6%
. 6%
. 3%
. 6%
. 6%
. 6%
. 6%
. 6%
. 3%
. 3%
. 4%
. 4%
. 4%
. 4%
. 6%
. 6%
. 4%
. 4%
. 4%
. 4%
. 4%
. 4%
. 4%
. 4%
. 6%
. 4%
. 4%
. 4%
. 4%
. 6%
. 6%
. 6%
. 6%
. 4%
. 4%

(o2}
N

N
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* see Section 5 for explanation



Appendix E: ASM Cutpoint Tables

ASM Excess Emissions ldentified Identification Rates Errors of Discrepant Probable
Failure Rate Cutpoints HC Cco NOx HC CcoO NOx [ Fails Commission Ec Rate* Failures Ec Rate
26% 0.80/ 10.0 / 1.30 320 5696 306 80.4% 66. 3% 89.4% 538 84 4. 0% 90 8. 4%
26% 1.00 / 10.0 / 1.30 320 5696 306 80.4% 66. 3% 89. 4% 538 84 4. 0% 90 8. 4%
26% 0.80/ 9.0/ 1.30 320 5696 306 80.4% 66. 3% 89.4% 538 84 4. 0% 90 8. 4%
26% 1.00/ 9.0/ 1.30 320 5696 306 80.4% 66. 3% 89.4% 538 84 4. 0% 90 8. 4%
26% 0.80/ 12.0/ 1.30 318 5642 306 79.9% 65. 7% 89. 4% 532 84 4. 0% 90 8. 4%
26% 1.00 / 12.0/ 1.30 318 5642 306 79.9% 65. 7% 89. 4% 532 84 4. 0% 90 8. 4%
27% 0.30 / 12.0/ 1.80 345 5594 262 86.6% 65.1% 76. 7% 568 90 4. 3% 0 4.3%
27% 0.30/ 11.0/ 1.80 345 5594 262 86.6% 65.1% 76. 7% 568 90 4. 3% 0 4. 3%
27% 0.30 / 10.0 / 1.80 345 5594 262 86.6% 65.1% 76. 7% 568 90 4. 3% 0 4. 3%
27% 0.30/ 9.0/ 1.80 345 5594 262 86.6% 65.1% 76. 7% 568 90 4. 3% 0 4.3%
27% 0.30/ 12.0/ 2.0 344 5584 251  86.4% 65.0% 73. 4% 556 90 4. 3% 0 4. 3%
27% 0.30/ 11.0/ 2.0 344 5584 251  86.4% 65.0% 73.4% 556 90 4. 3% 0 4. 3%
27% 0.30/ 10.0/ 2.0 344 5584 251  86.4% 65.0% 73.4% 556 90 4. 3% 0 4. 3%
27% 0.30/ 9.0/ 2.0 344 5584 251  86.4% 65.0% 73.4% 556 90 4. 3% 0 4. 3%
28% 0.60/ 8.0/ 1.40 338 6071 306 84.8% 70.7% 89.5% 586 84 4. 0% 48 6. 4%
28% 0.80/ 8.0/ 1.40 331 6061 306 83.1% 70.6% 89.4% 580 84 4. 0% 48 6. 4%
28% 1.00/ 8.0/ 1.40 331 6061 306 83.1% 70.6% 89.4% 580 84 4. 0% 48 6. 4%
28% 0.60 / 12.0/ 1.20 329 5753 308 82.7% 67.0% 89. 9% 586 84 4. 0% 132 10. 4%
28% 0.40/ 8.0/ 1.50 329 5755 274  82.5% 67.0% 80.1% 586 48 2.3% 48 4.6%
28% 0.80/ 11.0/ 1.20 324 5797 308 81.4% 67.5% 89.8% 586 84 4. 0% 132 10. 4%
28% 1.00/ 11.0/ 1.20 324 5797 308 81.4% 67.5% 89.8% 586 84 4. 0% 132 10. 4%
28% 0.80/ 10.0/ 1.20 324 5797 308 81.4% 67.5% 89.8% 586 84 4. 0% 132 10. 4%
28% 1.00 / 10.0 / 1.20 324 5797 308 81.4% 67.5% 89.8% 586 84 4. 0% 132 10. 4%
28% 0.80/ 9.0/ 1.20 324 5797 308 81.4% 67.5% 89.8% 586 84 4. 0% 132 10. 4%
28% 1.00/ 9.0/ 1.20 324 5797 308 81.4% 67.5% 89.8% 586 84 4. 0% 132 10. 4%
28% 0.80/ 12.0/ 1.20 323 5743 308 80.9% 66. 9% 89. 8% 580 84 4. 0% 132 10. 4%
28% 1.00 / 12.0/ 1.20 323 5743 308 80.9% 66. 9% 89. 8% 580 84 4. 0% 132 10. 4%
29% 0.30/ 8.0/ 2.0 351 5943 256  88.0% 69.2% 74.9% 604 90 4. 3% 0 4.3%
29% 0.60 / 11.0/ 1.20 331 5807 308 83.1% 67.6% 89. 9% 592 84 4. 0% 132 10. 4%
29% 0.60 / 10.0/ 1.20 331 5807 308 83.1% 67.6% 89. 9% 592 84 4. 0% 132 10. 4%
29% 0.60/ 9.0/ 1.20 331 5807 308 83.1% 67.6% 89. 9% 592 84 4. 0% 132 10. 4%
30% 0.30/ 8.0/ 1.80 351 5953 268  88.2% 69.3% 78.2% 616 90 4. 3% 0 4. 3%
30% 0.60/ 8.0/ 1.30 338 6083 306 84.8% 70.8% 89.5% 628 84 4. 0% 90 8. 4%
30% 0.80/ 8.0/ 1.30 331 6073 306 83.1% 70.7% 89.4% 622 84 4. 0% 90 8. 4%
30% 1.00/ 8.0/ 1.30 331 6073 306 83.1% 70.7% 89.4% 622 84 4. 0% 90 8. 4%
31% 0.30/ 12.0/ 1.50 351 5813 283 88.0% 67. 7% 82. 7% 640 90 4. 3% 42 6. 4%

E-9 * see Section 5 for explanation



Appendix E: ASM Cutpoint Tables

ASM Excess Emissions ldentified Identification Rates Errors of Discrepant Probable
Failure Rate Cutpoints HC Cco NOx HC CcoO NOx [ Fails Commission Ec Rate* Failures Ec Rate
31% 0.30/ 11.0/ 1.50 351 5813 283 88.0% 67.7% 82. 7% 640 90 4. 3% 42 6. 4%
31% 0.30/ 10.0/ 1.50 351 5813 283 88.0% 67.7% 82. 7% 640 90 4. 3% 42 6. 4%
31% 0.30/ 9.0/ 1.50 351 5813 283 88.0% 67.7% 82. 7% 640 90 4. 3% 42 6. 4%
31% 0.40 / 11.0 / 1.40 339 5885 306 85.0% 68.5% 89.5% 646 90 4. 3% 48 6. 6%
31% 0.40 / 10.0 / 1.40 339 5885 306 85.0% 68.5% 89.5% 646 90 4. 3% 48 6. 6%
31% 0.40/ 9.0/ 1.40 339 5885 306 85.0% 68.5% 89.5% 646 90 4. 3% 48 6. 6%
31% 0.40 / 12.0/ 1.40 337 5830 306 84.5% 67.9% 89.5% 640 90 4. 3% 48 6. 6%
32% 0.80/ 8.0/ 1.20 335 6174 308 84.1% 71.9% 89.8% 670 84 4. 0% 132 10. 4%
32% 1.00/ 8.0/ 1.20 335 6174 308 84.1% 71.9% 89.8% 670 84 4. 0% 132 10. 4%
33% 0.30/ 8.0/ 1.50 355 6096 283 89.0% 71.0% 82. 7% 682 90 4. 3% 42 6. 4%
33% 0.40/ 8.0/ 1.40 343 6167 306 86.1% 71.8% 89.5% 688 90 4. 3% 48 6. 6%
33% 0.60/ 8.0/ 1.20 342 6184 308 85.8% 72.0% 89.9% 676 84 4. 0% 132 10. 4%
33% 0.40 / 11.0/ 1.30 339 5897 306 85.0% 68.7% 89.5% 688 90 4. 3% 90 8. 7%
33% 0.40 / 10.0 / 1.30 339 5897 306 85.0% 68.7% 89.5% 688 90 4. 3% 90 8. 7%
33% 0.40/ 9.0/ 1.30 339 5897 306 85.0% 68.7% 89.5% 688 90 4. 3% 90 8. 7%
33% 0.40 / 12.0/ 1.30 337 5843 306 84.5% 68.0% 89.5% 682 90 4. 3% 90 8. 7%
35% 0.40/ 8.0/ 1.30 343 6180 306 86.1% 71.9% 89.5% 729 90 4. 3% 90 8. 7%
35% 0.40 / 12.0/ 1.20 341 5943 308 85.6% 69.2% 89.9% 729 90 4. 3% 132 10. 7%
36% 0.30/ 12.0/ 1.40 356 6167 306 89.3% 71.8% 89.5% 735 132 6.4% 42 8. 4%
36% 0.30/ 11.0/ 1.40 356 6167 306 89.3% 71.8% 89.5% 735 132 6.4% 42 8. 4%
36% 0.30/ 10.0 / 1.40 356 6167 306 89.3% 71.8% 89.5% 735 132 6.4% 42 8. 4%
36% 0.30/ 9.0/ 1.40 356 6167 306 89.3% 71.8% 89.5% 735 132 6.4% 42 8. 4%
36% 0.40 / 11.0/ 1.20 343 5997 308 86.1% 69.8% 89.9% 735 90 4. 3% 132 10. 7%
36% 0.40 / 10.0 / 1.20 343 5997 308 86.1% 69.8% 89.9% 735 90 4. 3% 132 10. 7%
36% 0.40/ 9.0/ 1.20 343 5997 308 86.1% 69.8% 89.9% 735 90 4. 3% 132 10. 7%
38% 0.30/ 8.0/ 1.40 360 6450 306 90.3% 75.1% 89.5% 777 132 6.4% 42 8. 4%
38% 0.30/ 12.0/ 1.30 356 6179 306 89.3% 71.9% 89.5% 777 132 6.4% 84 10. 4%
38% 0.30/ 11.0/ 1.30 356 6179 306 89.3% 71.9% 89.5% 777 132 6.4% 84 10. 4%
38% 0.30/ 10.0/ 1.30 356 6179 306 89.3% 71.9% 89.5% 777 132 6.4% 84 10. 4%
38% 0.30/ 9.0/ 1.30 356 6179 306 89.3% 71.9% 89.5% 777 132 6.4% 84 10. 4%
38% 0.40/ 8.0/ 1.20 347 6280 308 87.1% 73.1% 89.9% 777 90 4. 3% 132 10. 7%
40% 0.60/ 11.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 0.80/ 11.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 1.00/ 11.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 0.60 / 10.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 0.80/ 10.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%

E-10 * see Section 5 for explanation



Appendix E: ASM Cutpoint Tables

ASM Excess Emissions ldentified Identification Rates Errors of Discrepant Probable
Failure Rate Cutpoints HC Cco NOx HC CcoO NOx [ Fails Commission Ec Rate* Failures Ec Rate
40% 1.00 / 10.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 0.60/ 9.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 0.80/ 9.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 1.00/ 9.0/ 1.0 364 6429 325 91.3% 74.9% 95. 0% 837 174 8. 4% 221 19. 1%
40% 0.60 / 12.0/ 1.0 362 6375 325 90.9% 74.2% 95. 0% 831 174 8. 4% 221 19. 1%
40% 0.80/ 12.0/ 1.0 362 6375 325 90.9% 74.2% 95. 0% 831 174 8. 4% 221 19. 1%
40% 1.00/ 12.0/ 1.0 362 6375 325 90.9% 74.2% 95. 0% 831 174 8. 4% 221 19. 1%
40% 0.30 / 12.0/ 1.20 360 6280 308 90.3% 73.1% 89. 9% 825 132 6.4% 126 12. 4%
40% 0.30 / 11.0/ 1.20 360 6280 308 90.3% 73.1% 89. 9% 825 132 6.4% 126 12. 4%
40% 0.30 / 10.0/ 1.20 360 6280 308 90.3% 73.1% 89. 9% 825 132 6.4% 126 12. 4%
40% 0.30/ 9.0/ 1.20 360 6280 308 90.3% 73.1% 89. 9% 825 132 6.4% 126 12. 4%
40% 0.30/ 8.0/ 1.30 360 6462 306 90.3% 75.2% 89.5% 819 132 6.4% 84 10. 4%
42% 0.60/ 8.0/ 1.0 368 6712 325 92.4% 78. 1% 95. 0% 879 174 8. 4% 180 17. 1%
42% 0.80/ 8.0/ 1.0 368 6712 325 92.4% 78. 1% 95. 0% 879 174 8. 4% 180 17. 1%
42% 1.00/ 8.0/ 1.0 368 6712 325 92.4% 78. 1% 95. 0% 879 174 8. 4% 180 17. 1%
42% 0.30/ 8.0/ 1.20 364 6562 308 91.4% 76.4% 89. 9% 867 132 6.4% 126 12. 4%
43% 0.40/ 11.0/ 1.0 364 6485 325 91.3% 75.5% 95. 0% 897 180 8. 7% 138 15. 3%
43% 0.40/ 10.0/ 1.0 364 6485 325 91.3% 75.5% 95. 0% 897 180 8. 7% 138 15. 3%
43% 0.40/ 9.0/ 1.0 364 6485 325 91.3% 75.5% 95. 0% 897 180 8. 7% 138 15. 3%
43% 0.40/ 12.0/ 1.0 362 6431 325 90.9% 74.9% 95. 0% 891 180 8. 7% 138 15. 3%
45% 0.40/ 8.0/ 1.0 368 6768 325 92.4% 78.8% 95. 0% 939 180 8. 7% 138 15. 3%
46% 0.30/ 12.0/ 1.0 381 6767 325 95.6% 78.8% 95. 0% 945 180 8. 7% 132 15. 0%
46% 0.30/ 11.0/ 1.0 381 6767 325 95.6% 78.8% 95. 0% 945 180 8. 7% 132 15. 0%
46% 0.30/ 10.0/ 1.0 381 6767 325 95.6% 78.8% 95. 0% 945 180 8. 7% 132 15. 0%
46% 0.30/ 9.0/ 1.0 381 6767 325 95.6% 78.8% 95. 0% 945 180 8. 7% 132 15. 0%
48% 0.30/ 8.0/ 1.0 385 7050 325 96.6% 82.1% 95. 0% 987 180 8. 7% 132 15. 0%

E-11 * see Section 5 for explanation



Appendi x F

Scatter Plots and Regression Tabl es



Table F-1
Regr essi on Tabl es

Al Vehicles

Dependent Variable is: HC FTP Dependent Variable is: HC FTP

R*2 = 81l. 9% R*2 = 73.4%
s = 0.6266 with 106 - 2 = 104 DOF s = 0.7602 with 106 - 2 = 104 DOF
Standard Error: 0.62 g/m Standard Error: 0.76 g/m
Sour ce am of Squares Sour ce am of Squares
Regression 184.815 Regression 165. 550
Resi dual 40. 839 Resi dual 60. 103
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant -0.118 0.078 Const ant -0. 056 0. 094
HC 1 M40 1.318 0. 061 HC ASM 2.264 0.134
Dependent Variable is: CO FTP Dependent Variable is: CO FTP

R*2 = 54.2% R*2 = 67.9%
s = 13.47 wth 106 - 2 = 104 DOF s = 11.27 wth 106 - 2 = 104 DOF
Standard Error: 13.4 g/ nm Standard Error: 11.2 g/m
Sour ce am of Squares Sour ce am of Squares
Regressi on 22318. 900 Regr essi on 27959. 200
Resi dual 18857. 200 Resi dual 13216. 900
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant 2.625 1. 609 Const ant 3. 358 1.274
CO | M40 0. 929 0. 084 CO ASM 0.970 0. 065
Dependent Variable is: NOXx FTP Dependent Variable is: NOx FTP

R*2 = 69. 7% R*2 = 71.4%
s = 0.6570 with 106 - 2 = 104 DOF s = 0.6386 with 106 - 2 = 104 DOF
Standard Error: 0.65 g/m Standard Error: 0.64 g/m
Sour ce am of Squares Sour ce am of Squares
Regression 103. 202 Regression 105. 685
Resi dual 44. 889 Resi dual 42. 406
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant -0. 046 0.104 Const ant -0.002 0. 098
NOx | M40 0.724 0. 047 NOx ASM 0. 831 0. 052
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Figure F-1
HC Scatterplots
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Figure F-2
CO Scatterplots
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Figure F-3
NOx Scatterplots
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Table F-2

Regr essi on Tabl es
Vehi cl e 3211 Renoved

Dependent Variable is: HC FTP Dependent Variable is: HC FTP

R*2 = 82.6% R*2 = 73.8%
s = 0.6169 with 105 - 2 = 103 DOF s = 0.7578 wth 105 - 2 = 105 DOF
Standard Error: 0.61 g/m Standard Error: 0.75 g/m
Sour ce am of Squares Sour ce am of Squares
Regression 186. 255 Regression 166.299
Resi dual 39.194 Resi dual 59. 149
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant -0.112 0.077 Const ant -0. 050 0. 094
HC 1 M40 1.326 0. 060 HC ASM 2.271 0.133
Dependent Variable is: CO FTP Dependent Variable is: CO FTP

R2 = 74.6% R*2 = 80.2%
s = 10.08 wth 105 - 2 = 103 DOF s =8.892 wth 105 - 2 = 103 DOF
Standard Error: 10.0 g/ m Standard Error: 8.9 g/m
Sour ce am of Squares Sour ce am of Squares
Regr essi on 30708. 400 Regr essi on 33027. 000
Resi dual 10462. 600 Resi dual 8144. 000
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant -0.164 1. 243 Const ant 2.394 1.012
CO | M40 1.269 0.073 CO ASM 1.140 0. 056
Dependent Variable is: NOXx FTP Dependent Variable is: NOx FTP

R*2 = 69.6% R*2 = 71.4%
s = 0.6598 with 105 - 2 = 103 DOF s = 0.6386 with 105 - 2 = 103 DOF
Standard Error: 0.66 g/ m Standard Error: 0.64 g/m
Sour ce am of Squares Sour ce am of Squares
Regression 102.819 Regression 105. 685
Resi dual 44,834 Resi dual 42. 406
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant -0.051 0. 106 Const ant -0.002 0. 098
NOx | M40 0. 725 0. 047 NOx ASM 0. 831 0. 052
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Figure F-4
HC Scatterplots
Vehi cl e 3211 Renoved
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Figure F-5
CO Scatterplots
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Figure F-6
NOx Scatterplots
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Table F-3
Regr essi on Tabl es

Vehi cl es Near

St andar ds

Dependent Variable is: HC FTP Dependent Variable is: HC FTP

R*2 = 63.0% R*2 = 17.6%
s = 0.1953 with 43 - 2 =41 DOF s = 0.2915 wth 43 - 2 =41 DOF
Standard Error: 0.19 g/ m Standard Error: 0.28 g/m
Sour ce am of Squares Sour ce am of Squares
Regr essi on 2.662 Regr essi on 0.742
Resi dual 1. 563 Resi dual 3.483
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant 0.271 0. 048 Const ant 0. 342 0. 092
HC 1 M40 0.531 0. 064 HC ASM 0.818 0. 277
Dependent Variable is: CO FTP Dependent Variable is: CO FTP

Rr2 = 24.8% R*2 = 13.3%
s = 4.360 with 43 - 2 = 41 DOF s = 4.683 with 43 - 2 =41 DOF
Standard Error: 4.3 g/m Standard Error: 4.6 g/m
Sour ce am of Squares Sour ce am of Squares
Regression 257.268 Regression 137.732
Resi dual 779. 566 Resi dual 899. 102
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant 4. 308 1. 243 Const ant 4.622 1. 586
CO | M40 0. 490 0.133 CO ASM 0. 684 0.273
Dependent Variable is: NOXx FTP Dependent Variable is: NOx FTP

R*2 = 45.6% R*2 = 26. 0%
s = 0.3349 with 43 - 2 =41 DOF s = 0.3904 with 43 - 2 = 41 DOF
Standard Error: 0.34 g/nm Standard Error: 0.39 g/m
Sour ce am of Squares Sour ce am of Squares
Regr essi on 3. 848 Regr essi on 2.200
Resi dual 4.599 Resi dual 6. 248
Variable Coefficient s.e. of Coeff Variable Coefficient s.e. of Coeff
Const ant 0.670 0.103 Const ant 0.792 0.121
NOx | M40 0.276 0. 047 NOx ASM 0. 266 0.070
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Figure F-7
HC Scatterplots
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Figure F-8
CO Scatterplots
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Vehi cl es Near Standards

Figure F-9
NOx Scatterplots
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Appendi x G
ARCO Sierra, Environnment Canada Data Anal ysis



1.0 I ntroduction

The objective of this report is to respond to the pilot ASMtest prograns
performed by Sierra Research, Inc., ARCO Products Conpany, and Environment
Canada. Sierra and ARCO both previously published papers praising the
capabilities of the ASM and both concl uded that sonme formof the ASM could
repl ace the 1 M40 as an enhanced I/ Mtest.

EPA has concl uded that the ARCO and Sierra reports are incorrect in
claimng the ASMas equal to the 1 M40. Based on a conparison with a simlar
dat abase of |1 M40 vehicles, the ASMis inferior to the I M40 at identifying
excess em ssions without coomtting false failures. Mreover, a series of
regressions were run for both the ASM and the |1 M40 versus the FTP. The
scatterplots for these regressions, contained in the Appendix to this report,
show significant variability for the ASMat predicting FTP val ues, conpared to
t he | M240.

A contractor for EPAis currently testing a nunber of vehicles at a state
I[/Mlane in Mesa, Arizona on both the 1M240, and a 4 node steady state test,
whi ch includes two ASMs, the ASMP525 and the ASMb015. A sanple of vehicles is
being recruited to the contractor's lab for further FTP testing. The data from
that programw || give EPA a chance to determne, with greater confidence, if
sonme formof the ASMis as effective as the | M240.

This report focuses on a snall dataset of vehicles, therefore the
conclusions nmade in this report are subject to change when nore data is
avail able to EPA. However, fromthe data that has been presented to EPA to date
on the ASMs, the IM240 remains the only enhanced I/ Mtest.

2.0 Dat abase Descripti on

There are 31 vehicles in the ASM dat abase EPA used for this analysis. The
data were gathered from prograns perforned by three different organizations:
Envi ronment Canada 1, Sierra Research 2, and ARCO Products 3. EPA started

1 Ballantyne, Vera F. Draft, Steady State Testing Report and Data |,
Envi ronnent Canada, August 28, 1992.

2 Austin, Thomas C., Sherwood, Larry, Devel opnent of | nproved Loaded- Mbde Test

Procedures for |nspection and Miintenance Prograns , Sierra Research, Inc. and
California Bureau of Autonotive Repair, SAE Paper No. 891120,
Covernnent /I ndustry Meeting and Exposition, My 2-4, 1989.
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performng ASMtests in Mesa Arizona on Septenber 10, 1992. These data will be
the topic of a separate analysis.

A nunber of vehicles in the ASM dat abase were tested with and w thout
i mpl anted defects, so 51 test configurations were used for this analysis. A
the vehicles tested by the three different organizations received the ASM5015
and the FTP, but ARCO did not performthe ASM2525. This left 39 test
configurations receiving multiple-node ASMtests and FTPs.

2.1 ASM Vehi cl es Renoved from Dat abase

There were originally 55 vehicles tested in the three prograns, resulting in
117 test configurations, broken down as follows: Environment Canada (32
vehicles or 36 configurations); Sierra Research (18 vehicles or 51
configurations), and ARCO Products (5 vehicles or 30 configurations). Vehicles
were renoved fromthe database for reasons which are di scussed bel ow.

First, all pre-1983 vehicles were renoved to focus on newer technol ogy
vehicles. So 3 Canadian vehicles and 5 Sierra vehicles were renoved, |eaving 29
Canadi an vehicles with 33 configurations and 13 Sierra vehicles also with 33
configurations.

Next all pre-1988 Canadi an vehicles were renoved. Canadi an vehicle
standards were not lowered to 0.41/3.4/1.0 until the 1988 nodel year, so the
prior nodel years could not be used. So 13 Canadi an vehicles were renoved,
| eavi ng 16 Canadi an vehicles with 20 configurations.

Next, all ARCO vehicles that were not certified to the 50-state standards of
0.41/3.4/1.0 were renoved. Three ARCO vehicles were certified to California-
only standards, so they were renoved, |eaving 2 ARCO vehicles with 12
configurations.

Finally, all Sierra configurations that received hot-start FTPs instead of
col d-start FTPs were renoved. Because the normal cold-start FTP is nore
variabl e than hot-start FTPs, short test conparisons shoul d be made using col d-
start FTPs. A so, vehicles are certified using cold-start FTPs, so the results
are nore relevant. So 14 Sierra configurations were renoved, leaving 13 Sierra
vehicles with 19 configurations.

3 Boekhaus Kenneth L., et al. Evaluation of Enhanced |nspection Techni ques on

State-of-the-Art Autonmobiles . ARCO Products Conpany Report, MNay 8, 1992
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2.2 Sel ection of |1 M40 Vehicles Used in Database
In order to conpare the ASMto the |M40,
on a set of vehicles that have received both tests. However, none of the ASM
vehicl es received the IM40, therefore 39 vehicles were randomy selected from
the I ndiana | aboratory | M40 dat abase. These vehicl es were chosen fromthose
used in the 1 M40 cutpoint table analysis in EPA s I/M Costs, Benefits, and
| npacts Anal ysis , which included 274 vehicles with both I M40 and FTP results.
In order to nake the I M240 database simlar to the ASM dat abase, the fol |l ow ng
process was used.

the anal ysis shoul d be perforned

First, the ASMvehicles were categorized by emssion | evels according to the
foll owi ng table:

Table 1. Nunber of Vehicles in Database per Enmittant Category.
HC/ CO NOX HC 60 NOX #1in
Cat egory Cat egory Range* Range* Range Dat aset

Nor nal Nor nal 02 HC<0. 82 02C0x10. 2 02 NOx<2 29
Nor nal H gh 02 HC<0. 82 02C0x10. 2 22 NOk<4 1
H gh Nor nal 0. 822HC<1. 64 |10.2200<13.6 02 NOx<2 2
Very H gh | Nornal 1. 642 HC<10. 0 |13.6200<150 02 NOx<2 4
Very Hgh |H gh 1. 642 HC<10. 0 | 13. 6200<150 22 NOk<4 3
* These are the same categories as those used in the I/M Techni cal Support

Docunent

Second, the Lab | M240 dat abase was broken down into these sane categories.

Al vehicles were 1983+ nodel years, and only vehicles that received the |ab

I M40 after the FTP were kept in the database. This kept the | M40 dat abase as
simlar as possible to the ASM dat abase. Fromthe remai ni ng vehicles, a random
sanpl e was chosen from each category so that both databases had the sane nunber
of vehicles in each category.

By selecting the sane nunber of vehicles fromeach enmttant range, it
prevents one test fromgetting an unfair advantage in achieving identification
rates. For exanple, if the I M40 dat abase included consi derably hi gher FTP
scores, it would have identified mich nore excess em ssions, thus making its
Identification Rates (IDRs) higher.
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3.0 Cal cul ati ng ASM Mass Em ssi ons

Sierra indicated (SAE Paper No. 891120) that cal cul ated ASM nass em ssi ons
correlate better to the FTP than concentrati on neasurenents, so their method of
converting ASM NOx concentration neasurenents to “nass” em ssions was applied to
this ASM dat abase for HC and CO as well as NOx. This was done by nultiplying
the em ssion concentrations (ppmfor HC and NOx, and %for GO by the vehicles’
Inertia Wights (I1W, yielding the following units: kiloton-ppmfor HC (IW*
ppm103), ton-%for CO (IW* %, and megaton-ppmfor N (IW* ppm 10 6). These
are the val ues EPA used for the regressions in this report.

3.1 EPA Equations Versus Sierra Equations

In their test program Sierra nmeasured the ASM em ssions on both a
concentration basis and nmass basis. This allowed themto regress Concentration
* Inertia Wight (IW versus mass enissions for the same test, and devel op
equations that convert [Concentration * IW to Mass. As expected, these mass
calculations correlated very well with the measured nass em ssions.

Sierra’s next step was to regress the neasured steady state mass enissions
agai nst the FTP emi ssions and report r 25 for these regressions. They did not
actual ly use the cal cul ated nass em ssions to predict FTP scores. This is where
EPA s anal ysis of the ASMs was slightly different. EPA regressed the
[Concentration * W val ues against the FTP em ssions for each vehicle. This
was done because EPA did not have neasured mass emissions fromall three test
prograns conpiled in this report. However, the major benefit of the ASM,
according to Sierra and ARCO, is the ability to use the | ess expensi ve BARIO
type anal yzers when neasuring the exhaust concentrations. Since this is a
clained benefit of the ASMs, the readings fromthese | ess expensive anal yzers
shoul d be used when conparing the ASMto the | M40.

4.0 Mul tiple Linear Regressions for the ASM

Using data fromall three previously mentioned prograns, EPA cal cul ated the
I W* Concentration for each emttant. Then a multiple |linear regression was
performed, using the calculated (IWConcentration) ASM2525 and ASMb015 scores as
two separate variables vs neasured FTP em ssions. FEquations were devel oped from
these regressions that predict an FTP score froma conbi nation of the ASM2525
and ASMb015 concentrations * | Wscores:
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Table 2. Equations Devel oped to Predict FTP from ASM Mbdes.

Predicted FTP = [ W( A*ASMR525 + B*ASM5015) + (]

Em ttant A B C r2
HC (ppm) -3.96x10° 7 4.60x10" 7 0. 523520 49. 2%
0 (% 2.64x10°3 5.10x10° 9 4. 222840 43.5%

NOX ( ppm) 1.13x10" 7 1.30x10" 7 0. 515531 71. 4%

4.1 Si npl e Li near Regressions

Aside fromthose already nentioned, regressions were also run for each
i ndi vi dual ASM node vs the FTP, and for the I M40 vs the FTP. Since the | M40

is atransient test, like the FTP, it correlates nmuch better to the FTP than the
ASM nodes.

4.1.1 Coefficient of Determ nation (r2)

The r 2 may be interpreted as the proportion of the total FTP variability
that was predicted by the short test. For exanple, if ther 2 equal | ed 100% the
short test would have perfectly predicted the FTP scores for these cars. |If the
r2 for these vehicles was zero, the short test woul d not have any | i near
relati onship to the FTP.

The r2 data, listed in table bel ow, show that the I M40 is consi derably
better than the ASMtests in predicting FTP HC, CO and NOx scores. For HC and
CO less than half of the FTP variation is explained by the ASM scores.

Table 3. Statistical Conparison of the FTP Versus I/ M Tests

| HC | co | NOX
| M40 5015 2525 | M40 5015 2525 | M240 5015 2525
r2 95% 36% 20% 92% 45% 44% 84% 62% 70%
4.2 Scatterplots

For an I/Mtest, nore inportant than the r 2is the ability to identify
hi gh proportions of dirty cars without falsely failing vehicles. The I M40 al so
has a significant advantage at identifying nore of the dirty cars while failing
less of the clean cars. The scatterplots in the appendi x show this clearly.
When viewi ng the plots, consider the followi ng chart for a reference.
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Figure 1. Sanple Scatterplot Used to Define Terns
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The short test cutpoint under consideration is the vertical line, and the
FTP standard is the horizontal line. The intersection of these lines splits the

chart into quadrants. The goal of the short test is to maximze the nunber of
FTP failing vehicles into the upper right quadrant, while mnimzing the fal se
failures in the lower right quadrant.

The nore vehicles that appear in the upper |eft quadrant, the |ess
effective the test becomes, because these are all dirty cars that are not
identified by the short test. Fromthis perspective, the advantages of the | M40
is clear. Every IM40 chart shows that an x-axis val ue (cutpoint) can be
selected that clearly places the vast majority of dirty cars in the upper-right
quadrant, without errors of commssion. The ASMtests do not display this trait
nearly as well. Only the 2-node ASMtests and the | M240 scatterplots have the
hori zontal and vertical lines on them so the reader can exam ne different
cut poi nt scenari os.
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4.2.1 Scatterplot Statistics
Each of the regression scatterplots contains the follow ng information

* The best-fit regression |ine showi ng predicted FTP for a continuum of
short test scores, devel oped froma regression of the actual data.

e ‘Boundary Lines’ at + 2 and - 2 standard error fromthe predicted

val ue.

A horizontal dotted line at the FTP standard.

A box contai ning descriptive statistics.

On each Regression plot, a box in the upper-left corner provides the
followi ng statistics: 1) The equation of the line used to predict FTP val ues
fromthe short test’'s score. 2) r 2 discussed above. 3) The standard error
a statistic that describes the variability of the FTP score predicted fromthe
sel ected short test. The next section discusses standard error in nore detail.

4.3 Standard Error as a Measure of Variability

The weakness of the ASMtests regarding r 2 and the | ow proportion of cars
that can be identified as dirty while simultaneously avoiding false failures, is
related to test variability. The standard error is an objective neasurenent of
test variability. The follow ng shows that the ASMtests are significantly nore

variabl e than the 1 M40, using the standard error as an objective neasure of
variability.

4.3.1 Assunpti ons Made for Using Standard Error

The foll owi ng assunptions were nmade in order to use standard error as it is
used in this report:

e Linear relationship between the FTP and the short tests.

e Nornally distributed data.

* Honoscedastic distribution (i.e., the standard deviation of FTP values is
constant for all short test val ues).

What is referred to in this report is formally termed standard error of
estinmate, but for conveni ence purposes, will sinply be called standard error
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The standard error is simlar to standard devi ati on because a bandw dt h of
+1 std. error includes A68% of the data and +2 std. error includes A95% of the
dat a.

4.3.2 Exanpl e Usi ng Standard Error

Consider a 3000 | b. vehicle that emts 1500 ppm NOx on both the ASM5015 and
ASMP525. Pl uggi ng these nunbers into the equation for predicting FTP val ues
(Table 2) yields 1.61 g/m. However, because the standard error for ASM NOX (see
Table 4) is 0.36 g/mle, roughly 5%of the FTP scores predicted by the ASMresult
will be greater than 2.33 g/mle (1.61 + 2¥*0.36) or less than 0.89 g/mle (1.61 -
2*0.36). Since half of these will err on the lowside, it is probable that A2.5%
of the vehicles identified as failures by an ASM cutpoint of 1.61 g/m would be
fal se failures.

4.3.3 Ef fect of Standard Error on "Safe FTP Predictions”

In order to be confident the false failure rate would be | ess than 2.5%the
sel ected cutpoint should predict an FTP value of 2 standard errors greater than the
FTP standard. This ensures that the | ow values (FTP prediction - 2 std. error) are
still failing the FTP.

For exanpl e,

FTP NOx standard is 1.0 g/m

The ASM NOx std. error is 0.36 g/m
FTPstandard + 2 std. errors = 1.72 g/m

So, the sel ected ASM cut poi nt shoul d predict an FTP of no |less than 1.72
g/m. Applying the same logic to the | M40, whose standard error is 0.28 g/m, a
predi cted FTP score of 1.56 g/m (1.0 + 2¥0.28) will also yield an error of
commi ssion rate less than 2.5% But because the “safe” predicted FTP score is nore
stringent, the excess enmissions identified will be higher. The standard errors and
predicted FTP level s that are expected to limt false failures to approxinately
2.5%are conpared in Table 4 bel ow
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Table 4. Conparison of ASMand | M40 Standard errors And Their Effect on
Predicted FTP Stringency at a 2.5% Fal se Failure Rate

HC Co NOX
| | M40 ASM | M40 ASM | M40 ASM
1 std. error (g/m) 0.24 0. 60 3.8 4.8 0.28 0. 36
Predi cted FTP Level 0. 89 1.61 11.0 13.0 1.56 1.72

@A2.5% Ec (g/ m)

5.0 Cut poi nt Tabl es

Anot her way to assess the effectiveness of [/Mtests is to evaluate the
followi ng factors, which were discussed in detail in Section 4.2.1 of EPA's I/'M
Costs, Benefits, and Inpacts Analysis : excess emssion identification rates,
failure rates, error-of-commssion rate, the failure rate anong vehicl es that
pass FTP standards, and the failure rate for so-called “normal emtters,” which
may fail an FTP standard (nornal emtters are defined as vehicles whose FTP HC <
0.82 g/m and FTP CO < 10.2 g/m), but are clean enough to nake the cost
effectiveness of repairs an issue. These factors are highly interactive, for
exanpl e, high IDRs can be achieved with stringent cutpoints, but this wll
adversely affect failure rates.

Cutpoint tables for the ASMtests and the 1 M40 in the appendi x all ow t hese
factors to be conpared. The cutpoints for the tables were chosen using an
iterative process. The goal was to select cutpoints that woul d gi ve reasonabl e
identification rates while limting errors of comm ssion. The goal was to keep
the Ec rate at 0% for both procedures.

For both cutpoint tables, four different cutpoints were selected for each of
the three emttants, resulting in 64 different cutpoint conbinations. For the
| M40, the “"Two Ways to Pass Criteria” was used, as described in Section 4.2.3.2
of EPA's I/M Costs, Benefits, and Inpacts Analysis . This is a nethod of
conbi ning the conposite HC and CO scores with the bag 2 HC and CO scores in
order to mnimze Errors of Conm ssion on vehicles with cold start probl ens,
whil e mai ntaining high Identification Rates.

5.1 Sel ecting ASM Cut poi nts
Scatterplots were done plotting Measured FTP vs. Cal cul ated FTP fromthe ASM

scores. Fromthese scatterplots, EPA determined a range of cutpoints to use
for the cutpoint tables. For exanple, |ooking at Chart x, FTP CO vs ASM
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Prediction CO it can be determ ned that an ASM Prediction between 6 and 10
grans/mle wuld identify nost dirty vehicles (those above the standard of 3.4
g/m) without failing the clean vehicles. It is also obvious that a cutpoint of
5 would falsely fail at |east one vehicle while achieving no added benefit.
Consequently, the chosen QO cutpoints for the ASMrange from6 to 20. The range
of cutpoints for HC and NOx were chosen the sane way.

5.1.1 Using Standard error to Predict Reasonabl e Cutpoints

Al t hough the cutpoint tables do include a wi de range of cutpoints, there is
still a concern that the errors of conm ssion are not representative of what they
mght be in a real world scenario. For this reason, the cutpoints shaded at the
end of each table were selected using the standard error.

The ASM cut points used are identical to the "safe FTP predictions” in Table
4. This is because the values are obtained fromcal cul ati ons usi ng both ASM
scores. Each node has a "sliding scale" of cutpoints, dependent on the other node
results. 1In other words, no single ASMb015 or ASMP525 val ue can be used for a
cut poi nt since a vehicle mght be clean on one node and very dirty on the ot her.
The cutpoints for the I M40, on the other hand, are direct | M40 scores, in grans
per mle. The "safe cutpoints” for the M40 were determned by calculating the
| M40 score that woul d predict the "safe FTP Level A 2.5%Ec" (see Table 4), using
the equations on each respective | M40 scatterplot.

For exanple, the I M240 HC FTP Level A 2.5%Ec is 0.89 g/m. The regression
equation on the I M40 vs FTP scatterplot is:

FTPpred = 1.429 * | M40 + 0. 04;

Since we want to predict an FTP of no less than 0.89 g/m, setting FTP pr ed.

equal to 0.89 yields an I M40 score of 0.60 g/m. This was done to cal cul ate each
"safe cutpoint” for the | M40.

5.2 Limtations of Cutpoint Tables

It is inportant to recogni ze several limtations in these tables. Mst
important is that the database is very snall and does not represent the in use
fleet. Additionally, the vehicles were preconditioned by the FTP before the ASM
test and before the 1 M40 tests, so the correl ation between these short tests
wi Il be much better than can be expected for vehicles tested in an I/M]Iane,
because of all the uncontrolled variables associated with /Ml ane tests |ike
tenperature, fuel RVP, distance driven prior to the test, catal yst tenperature,
etc. Because all of these variables were controlled for the vehicles in the ASM
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and | M240 dat abases, the cutpoints can be very stringent while still avoiding
false failures. For exanple, the M40 table shows that cutpoints of 0.4/6/1.0
yield IDRs of 97% 93% and 100% for HC, CO and NOX, respectively, without
errors of commssion. |If cutpoints this stringent were used for random vehicl es
tested in I/Mlanes, the error of comm ssion rate woul d be unacceptably hi gh.
Simlarly, because of the introduced nmal functions, the failure rates are not
representative of the in-use fleet failure rates for an acceptable I/ M program
So, while it is valid to use these cutpoint tables to conpare the ASMto the
M40, it is not valid to assunme that the rates are representative of those that
will be realized in areal I/Mprogram The ASMand | M40 testing that EPA is
currently sponsoring in Mesa will provide the actual in-use fleet rates.

5.3 | M40 Identifies Much More Excess Em ssions

Using the cutpoint tables to conpare the two procedures, the I M40 did
consi derably better than the Two- Mode ASM at each tests' optinal cutpoints * . The
I M40 identified 97% of excess HC, 93% of excess GO and 100% of excess NXx at
cutpoints of 0.4/6/1.0 (HZ GO NX). The Two-Mde ASMidentified 87% 80% and
75% of HC, GO and NX, respectively at cutpoints of 0.6/6/1.50.

As discussed in the Variability section, using the standard error of
estimate to choose cutpoints that should prevent exceeding an error of conm ssion
rate of 2.5%can help in assessing the performance of I/Mtests. The shaded
cutpoints at the end of each test’s cutpoint table suggest that the I M40's
performance is significantly better than the two-node ASMs. Using the “safe”
cutpoints, the IM240 identifies 92% 84% and 71% excess of the excess HC, CO
and NOx, respectively - the Two-Mde ASMonly identifies 75% 63% and 64%

6.0 Summary

The ASMtests were considerably nore variable than the | M40 under
controlled |l aboratory conditions, as evidenced by subjective anal yses of the
scatter plots and objective measurenents using the standard error statistic.
Testing at real-world I/Mlanes will add considerably nmore variability to both
tests, because conditions known to affect em ssions such as tenperature,
hum dity, and vehicle operating conditions prior to the test. These uncontrolled
variabl es are expected to add proportionally nore variability to a steady state
test like the ASM but data are not available to evaluate the validity of the
hypot hesi s.

" "Optimal Qutpoints', as used here, is the |owest cutpoints the test could go
to and still have zero errors of commi ssion.
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On the other hand, the increased variability associated with actual /M
testing will be somewhat offset for the ASM by adding two additiona

nodes; a 50
nph steady node at road-|oad horsepower, and an idle node. This four-nmode ASM
procedure is now being perforned by EPA in a Mesa Arizona |/ M| ane.

The result of these offsetting effects on variability will determne the
viability of the ASMas a |l ower cost substitute for the I1M240. A fina
concl usi on shoul d be postponed until enough Mesa data can gathered for a valid
eval uat i on.
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Figure B-1

HC Em ssions | M40 vs FTP
(39 1983 & Newer Vehicl es)
Wth 95% Confi dence Bands
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Figure B-2

CO Em ssions | M40 vs FTP
(39 1983 & Newer Vehicl es)
Wth 95% Confi dence Bands

Y = 1.17(1 M240) - 0.60
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Std. Error = 3.84 g/m
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Figure B-3

NOx Em ssions | M40 vs FTP
(39 1983 & Newer Vehicl es)
Wth 95% Confi dence Bands
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Figure B-4

HC Em ssi ons ASM 2- Mode vs FTP
(39 1983 & Newer Vehicl es)
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Figure B-5

CO Em ssions ASM 2- Mode vs FTP
(39 1983 & Newer Vehicl es)

Y = IW[2. 64 E-03(ASM2525) + 5.10 E-05(ASMB015)] + 4. 22
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Figure B-6

NOx Em ssi ons ASM 2- Mode vs FTP
(39 1983 & Newer Vehicl es)
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Figure B-7

HC Emi ssions ASMb015 vs FTP
(69 1983 & Newer Vehicles - Including CA Certified
Vehi cl es)
Wth 95% Confidence |nterval
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Figure B-8

CO Emi ssions ASMb015 vs FTP
(69 1983 & Newer Vehicles - Including CA Certified
Vehi cl es)
Wth 95% Confidence I nterval
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Figure B-9

NOx Em ssi ons ASMb015 vs FTP

(67 1983 & Newer Vehicles - Including CA Certified Vehicles)

Wth 95% Confi dence |nterval
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Fi gure B-10

HC Em ssi ons ASMR525 vs FTP
(39 1983 & Newer Vehicl es)
Wth 95% Confi dence |nterval
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Figure B-11

CO Em ssi ons ASMP525 vs FTP
(39 1983 & Newer Vehi cl es)
Wth 95% Confi dence |nterval
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Figure B-12

NOx Em ssi ons ASMP525 vs FTP
(39 1983 & Newer Vehi cl es)
Wth 95% Confi dence |nterval

4,50 —
4.00 —+
y = 0.250x + 0.52
rr2 = 70.3%
3.50 —+ Std. Error = 0.37 g/m
3.00
E2.50
(@]
a 2.00
|_
LL
1.50
1.00
0.50
0.00 - | | | | | | | | | |
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
ASMR525 NOx (I Wppm/ 1076)
1 4 FTP Val ues Pr edi ct ed + Std. - Std.
Val ues Error Error




Appendi x H:
Esti mated Cost of H gh-Tech |/ M Testing



5.2.1 Ceneral Met hodol ogy

EPA' s estimates of the costs of high-tech test procedures are driven by
a nunber of assunptions. Costs in conventional centralized and decentralized
test-and-repair prograns were derived using current inspection costs in |/M
prograns as they are reported to EPA as the starting point. For decentralized
test-only networks costs are nmodelled in a manner simlar to centralized
prograns, since all current test-only prograns are centralized, however, costs
are estimated using a range of test volunes and a higher |evel of state
oversight is assuned since the network i s conposed of independent operators and
may have a hi gher nunber of test sites than in centralized prograns.

Anot her key assunption is that adding the newtests wll increase
i nspection costs in prograns that are now efficiently designed and operated. In
prograns that are not now well designed, current costs are likely to be higher
than necessary and the cost increase less if efficiency inprovenments are made
simul taneously. In order to performthe high-tech tests new equi prent will have
to be acquired and additional inspector time will be required for sone test
procedures. The anount of the cost increase will be determned to a |large
degree by the costs of acquiring new equi prent and the inpact of the |onger test
on throughput in a high volune operation. Average test volune in decentralized
prograns is | ow enough to easily absorb the additional test tine involved
(although at a cost in labor tine). Equipnent costs are analyzed in terns of
the additional cost to equip each inspection site (i.e., each inspection lane in
centralized inspection networks, and each licensed inspection station in
decentral i zed networks).

By focusing on the inspection | ane or station as the basic unit of
anal ysis, the resulting cost estimates are equally applicable in |arge prograns,
wi th many subject vehicles and inspection sites, or small prograns, with few
subj ect vehicles and inspection sites. Previous EPA anal yses of costs in |I/M
prograns have found that the major determ nants of inspection costs are test
vol ume and the | evel of sophistication of the inspection equipnent. Costs of
operating prograns were not found to be neasurably affected by the size of the
program (for further information the reader may refer to EPA's report entitled,
"1/ M Network Type: Effects on Em ssion Reductions, Cost, and Conveni ence").
Fi gures on inspection vol unmes at inspection stations and | anes are avail abl e
froml/Mprogramoperating data. This information enabl es the equi pment cost
per vehicle and the additional staff cost per vehicle to be cal culated for each
test procedure.

The equi prrent cost figures presented in this paper are based on the
costs of the equipnent EPA believes is best suited for high-tech testing. They
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are current prices quoted by manufacturers, and do not reflect what the per unit
prices mght be if this equi pnent were purchased in volume. Staff costs are
based on prevailing wage rates for inspectors in both types of prograns as
reported in conversations with state |I/M program personnel. Construction costs
in centralized prograns are based on estinates supplied by centralized
contractors. Qher site costs and nmanagenent overhead in centralized prograns
are back calculated fromcurrent inspection costs. For decentralized networks,
it is assuned that |onger test tinmes could be absorbed with no increase in
sites. The current average volune in decentralized stations is 1,025 vehicles
per year (between 3 and 4 vehicles per day, depending upon the nunber of days
per year the station is open). GConsequently, increasing the |length of the test,
to the degree that the new procedures would, is not expected to inpact the
nunber of inspections that can be perforned.

5.2.2 Equi prrent Needs and Costs

A pressure netering system conposed of a cylinder of nitrogen gas with
a regul ator, and hoses connecting the tank to a pressure nmeter, and to the
vehicle's evaporative systemis needed to perform evaporative system pressure
testing. Hardware to interface the netering systemwth a conputerized anal yzer
is also needed and is included in the cost estimate. Purge testing can be
performed by adding a flow sensor with a conputer interface, a dynanmoneter, and
a Video Driver's Ald. Wth the further addition of a Constant Vol ume Sanpl er

(CvS) and a flame ionization detector (FID) for HC analysis, two nondi spersive
infrared (NDIR) anal yzers for GO and carbon nonoxide (CO 2), and a

chem | um nescent (C) analyzer for NO x, transient testing can be perforned.

The anal yzers used for the transient test are | aboratory grade
equi pnent. They are designed to higher accuracy and repeatability
specifications than the NDIR anal yzers used to performthe current I/Mtests.
Tabl e 5-4 shows the estinated cost of equi prent for conducting high-tech tests.
This quality of technology is essential for accurate instantaneous measurenents
of | ow concentrati on mass em ssion |evels.
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Tabl e 5-4
Equi prrent Costs for New Tests

Test Equi prent Price

Pressure Met eri ng System $600

Pur ge Fl ow Sensor $500
Dynanonet er $45, 000
Video Drivers Aid $3, 000

Tr ansi ent CVS & Anal yzers $95, 000
TOTAL $144, 100

The figures in Table 5-4 do not include the costs of expendabl e
materials. Ntrogen gas is used up in performng the pressure test.
Additionally, the FID burns hydrogen fuel. Calibration gases are needed for
each of the analyzers used in the transient test. Because the analyzers used in
the transient test are designed to nore stringent specifications than the
anal yzers currently used in the field, bi-blends, gaseous m xtures conposed of
one interest gas in a diluent (usually nitrogen) are used to calibrate them
Mil ti-bl end gases, such as are typically used to calibrate current 1/ M
equi pnent, are not suitable. Qurrent estimates for expendabl es are shown in
Tabl e 5-5. The replacenent intervals are estinated based on the usage rates
observed in the EPA Indiana pilot programand typical inspection volunes as
presented later in this section. Calculations of per vehicle equipment costs
presented throughout this report include per vehicle costs of these expendabl es
as well.

Table 5-5
Expendabl es for New Tests
Repl acenent | nt erval

Test Mat eri al Cost Centralized Decentral i zed

Pressure N2 Gas $30 250 tests 250 tests

Tr ansi ent H2 Fuel $60 2 nont hs 1000 tests
HC Cal Gas $60 2 nont hs 1000 tests
00 Cal Gas $60 2 nont hs 1000 tests
0> Cal Gas $60 2 nont hs 1000 tests

Staff costs have been found to vary between centralized and
decentralized prograns, as does the effect on the nunber of sites in the network
infrastructure. Therefore, the follow ng sections are devoted to separate cost
anal yses for each network type.
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5.2.3 Cost to Upgrade Centralized Networks
5.2.3.1 Basi ¢ Assunpti ons

The starting point in this analysis is the current average per vehicle
i nspection cost in centralized prograns. A figure of $8.50 was used based upon
data fromoperating prograns. This figure includes the cost of one or nore
retests and network oversight costs. The key variables to consider in
estimating the costs in centralized networks are throughput, equiprent, and
staff costs. Data on these variables were obtained by contacting program
managers in a nunber of these prograns, and by surveying programcontracts and
Requests for Proposal

Throughput refers to the nunber of vehicles per hour that can be tested
in alane. The higher the throughput rate, the greater the nunber of vehicles
over which costs are spread, and the | ower the per vehicle cost. EPA contacted
program nanagers and consulted the contracts in a nunber of centralized prograns
to determ ne peak period throughput rates in the different systens. Rates were
as reported in Table 5-6.

Tabl e 5-6
Peak Period Throughput Rates in Centralized I/M Prograns

Pr ogram Vehi cl es Tested per Hour

Ari zona 20

Connect i cut 25-30

Illinois 25

Mar yl and 25-35

W sconsin 25-30

On the basis of this informat ion, 25 vehicles per hour was assuned to
represent the typical peak period throughput rate or design capacity in
centralized I/Mprograns. During off-peak hours and days, throughput is |ower
since there is not a constant streamof arriving vehicles. Conversations with
individuals in the centralized inspection service industry indicate that
i nspectors start at mnimumwage or slightly higher, that by the end of the
first year they earn $5.50 to $6 per hour, and that they generally stay with the
job for one to three years. Thus, $6 per hour was used to estinate the average
i nspector's hourly wage.

Estimates of the costs of adding pressure testing, purge testing, and
transient tail pipe testing were derived by taking the current costs for the new
equi pnent to performthe newtests, dividing it by the nunber of inspections
expected to be performed in the | ane over a five year period and adding it to
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the current $8.50 per vehicle cost, with a further adjustment for the inpact of
test time on throughput, and thus on the nunber of sites and site costs. The
sane is done to estinmate additional personnel costs associated with adding the
new tests. Wen independent prograns were surveyed to determne the length of a
typical contract, it was discovered that Illinois, Florida, and M nnesota al
have five year contracts, Arizona has a seven year contract, and the programin
the State of Washington is operating under a three year contract, resulting in
an average contract length of five years anmong the five prograns surveyed. Five
years was therefore chosen as the typical contract |ength.

The nunber of inspections expected to be perforned over the five year
contract period was derived by calculating the total nunber of hours of |ane
operation, estimating the average nunber of vehicles per |lane and multiplying
the two. A lane is assuned to operate for 60 hours a week (lane operation tines
were found to vary from54 to 64 hours per week), 52 weeks a year for five years
for a total of 15,600 hours. Lanes are assunmed to have a peak throughput
capacity of 25 vehicles per hour. Mbdern centralized inspection networks are
desi gned so that they can accommdat e peak dermand periods with all |anes
operating at this throughput rate. Networks are usually designed so that
average throughput is 50-65% of peak capacity or 13-15 vehicles per hour. Wen
operating for 15,600 hours over the life of a contract, a centralized inspection
lane is estimated to performa total of 195,000 inspections, or about 39,000 per
year.

5.2.3.2 The Effect of Changi ng Thr oughput

The addition of evaporative systempressure testing to a centralized
programwoul d result in a slight decrease in the throughput capacity. The
addition of purge and transient testing, along with pressure testing, would
result in a further decrease.

Assum ng the same test frequency (i.e., annual or biennial) the reduced
t hroughput rate neans that the nunber of |anes needed to test a given nunber of
vehi cl es woul d i ncrease accordingly, as would the size of the network
infrastructure needed to support the test program The result is an increase in
the cost per vehicle. Actual consuner cost depends on the test frequency; EPA
woul d encourage states to adopt biennial prograns to reduce the costs and
i mposition of the program Less frequent testing only slightly reduces the
em ssi on reduction benefits while cutting test costs alnost in half.

One way to estinmate the cost would be to simulate an actual network of

stations and lanes in a given city. One could attenpt to assess |and costs,
bui I ding costs, staff and equi pnent costs, costs for all necessary support
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systens, and other cost factors. However, this approach would be very time
consumi ng and would rely on information which is proprietary to the private
contractors that operate the prograns and is, therefore, unavailable. Instead,
the cost of the increased nunber of |anes and stations is derived by anal yzi ng
current costs and subtracting out equi pnent, direct personnel, construction, and
state agency oversight costs. The remainder is adjusted by the change in
throughput in the new system Then, new estimates of equi pnent, personnel
construction, and oversight costs are added back in to obtain the estinated
total cost.

As discussed previously, the typical high volune station can test 25
vehi cl es per hour, performng (in nost cases) a test consisting of 30 seconds of
hi gh speed preconditioning or testing, followd by 30 seconds of idle testing.
In addition, a short tine is spent getting the vehicle into position and
preparing it for testing. This leads to a two to three mnute test tinme on
average, dependi ng upon what short test is perforned. EPA recently issued
alternative test procedures for steady-state tests that reduce various problens
associ ated with those tests, especially false failures, but at a cost of |onger
average per test tine.

Current costs were estinmated by contacting operating program personnel
equi pnent vendors and contractors. The nost sophisticated equi prent
installation (i.e., the equipnent for | oaded steady-state testing) was used to
estimate current equi pment costs.

The cost to acquire and install a single curve dynanmometer and an
anal yzer in existing networks is about $40,000 or 21¢ per vehicle using the
basi ¢ test volume assunptions. As indicated previously, a staff person is
assurmed to earn $6.00 per hour. Wien this figure is nultiplied by 15,600 tota
contract hours and divided by 195,000 vehicles, direct staff costs are estimated
at 48¢ per vehicle. Existing centralized networks typically have two staff per
[ane. Thus, total staff costs work out to 96¢ per vehicle. Total average
construction costs are estinated at $800,000 for a five lane station, yielding
an average per vehicle cost of 82¢. In this analysis a figure of $1.25 is used
to estimate the anount of the state retainer. This reflects EPA's best estinate
of the per vehicle expense for a good state quality assurance programin a
centralized network. Equipnent, staff, construction, and state costs add up to
$3. 24 per vehicle. Subtracting this amount fromthe current average of $8.50
| eaves $5.26 in infrastructure costs and other overhead expenses incl udi ng
enpl oyee benefits and enpl oyer taxes as shown in Table 5-7. This anmount is then
factored by the change in the throughput rate and the equi pnent, oversight, and
staff costs for the new tests are then added.
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Table 5-7
Current Program Costs
Total Cost Less

I ncrenent s Per Vehi cl e Cost I ncrenent s

CQurrent $8. 50

Equi prent $0. 21 $8. 29

St af f $0. 96 $7. 33

Const ruction $0. 82 $6. 51

St at e Ret ai ner $1. 25 $5. 26
5.2.3.2 Costs of New Tests

Most centralized prograns use a two position test queue; em ssion test
are done in one position while em ssion control devices are checked in the
other, along with other functions such as fee collection. In this type of
systemthe throughput rate is determined by the length of time required to
performthe | ongest step in the sequence, not by length of the entire test
sequence. The new tests would likely be perforned in a three position test
gqueue, with one position dedicated to fee collection and other adm nistrative
functions, one to perfornming the pressure test, and the third to performng the
transient and purge tests. The transient/purge test is a |onger test procedure
than the ones currently used in nost I/Mprograns and is the | ongest single
procedure in the whol e inspection process. Thus, it is the determning factor
in lane throughput and will therefore influence the nunber of test sites
required

The transient test takes a maximu mof four mnutes to perform An
additional mnute is assunmed to prepare the vehicle for testing, for a naxi mum
total of five mnutes. The pressure test would take approxi mately two m nutes,
and coul d be shortened through such potential strategies as conputerized
monitoring of the rate of pressure drop. EPAis in the process of |ooking at
potential fast-pass and fast-fail strategies, and prelimnary results suggest
that roughly 33% of the vehicles tested could be fast passed or fail ed based
upon anal ysis of data gathered during the first 93 seconds of the 1 M40 (i.e.
Bag 1) using separate fast-pass and fast-fail cutpoints. Hence, EPA estimates
that the average total test time could be shortened to at |east four minutes per
vehicle. This translates into a throughput capacity of 15 vehicles per hour
To accommodat e peak dermand periods and maintain short wait times, a design
throughput rate of half of capacity is assumed, for a typical throughput rate of
7.5 vehicles per hour. Assunmng the sane nunber of hours of |ane operation as
previously, the total nunmber of tests per lane in a transient lane is estinated
to be 117,000 over the five year contract period.
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State quality assurance program costs woul d i ncrease given the
conplexity and diversity of the test system an estimate of an additional 50¢ is
used here but the anount could vary depending upon the intensity of the
oversight function the state chooses. Staff costs per vehicle are cal cul ated
usi ng the same assunptions for wages and hours of operation as shown in Table 5-
7; however, the cost is spread over 117,000 tests over the life of the contract
rather than 195,000. The result is staff costs of 80¢ per staff per vehicle.
Three staff per lane are assumed to performthe tests. The additional tasks
performed by inspectors in conducting the newtests - i.e., disconnecting vapor
lines and connecting themto anal ytical equipment for the evaporative tests and
driving the vehicle through the transient driving cycle - do not require that
i nspectors have higher levels of skill than they do presently. Rather, these
tasks can be performed by conparably skilled individuals trained to these
specific tasks. Total staff costs work out to $2.40 per vehicle. Equipnent
costs for each test procedure are derived by taking the equi pnent costs from
Tabl e 5-4 and calculating the costs of five years worth of expendabl es using the
figures in Table 5-5 and dividing by 117,000. GConstruction costs for a five
| ane station are assunmed to rise to $1,000,000. This is due to the fact that
slightly longer |anes may be needed in order to acconmodate test equi pnent and
facilitate faster throughput. Dividing this figure by 117,000 vehicl es per |ane
yields a per vehicle cost of $1.71. The resulting costs estimates are shown in
Table 5-8. Table 5-8 shows the result of factoring the figure of $5.26, from
Table 5-7, by the change in the throughput rate and addi ng in the equipnent,
staff, construction and state costs associated with the new test procedures.

The figure of $5.26 is nultiplied by 12.5/7.5, i.e., the ratio of the design
throughput rate in the current programto the design throughput rate in a
program conducti ng pressure purge and transient testing.
Table 5-8
Costs to Add Proposed Tests to Centralized Prograns

Runni ng Tot al

I ncrement s Per Vehi cl e Cost Cost per Vehicle
Adj ust for Throughput $5.26 * 12.5/7.5 $9. 12

St af f $2. 40 $11. 52

Const ruction $1.71 $13. 23

Over si ght $1.75 $14. 98

Pressure Test $0. 13 $15. 11

Purge Test $0. 41 $15. 52

Transi ent Test $0. 87 $16. 40

Thus, the cost of adding the newtests to centralized networks is found
to be about double the current average cost. The cost of centralized test
systens has been dropping in the past few years as a result of conpetitive
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pressures and efficiency inprovenents. These factors nay drive down the costs
of the newtests as well, especially as they relate to equi pnent costs. @ ven
that conservative assunptions were nmade regardi ng equi pment costs of $144, 000
per |lane, and | ow throughput rates, the cost estimate presented here can be
fairly viewed as a worst case assunption. As discussed earlier, the inportant
issue is the quality of the test, not the frequency, so doing these tests on a
bi enni al basis would of fset the increased per test cost.

5.2.4 Cost to Upgrade Decentralized Prograns
5.2.4.1 Basi ¢ Assunpti ons

The net hodol ogy used to estimate costs in decentralized prograns is
simlar to that described above for centralized prograns. Equipment and | abor
costs are key variables as they were in determning costs for centralized
prograns. However, estimates of costs for decentralized prograns presented here
do not include estimates of |and costs and overhead. Wile inspections in
decentralized prograns are generally conducted in pre-existing facilities rather
than newWy built ones, there are nonethel ess a variety of overhead expenses as
wel | as opportunity costs associated with naki ng space avail able for inspections
inafacility that provides a nunber of other services as well. Dat a on these
costs are not avail abl e and they cannot be deduced fromreported inspection fees
since, in nost prograns, fees are capped by | aw and, hence, do not reflect the
actual cost of providing an inspection.

Total test volune rather than throughput and test time are the critica
factors affecting cost in decentralized prograns. Licensed inspection stations
at present only perform on the average, about 1,025 inspections per year, as
shown in Table 5-9 (note that this nunber is a station-weighted average). Test
vol umes anong stations in a single programcan vary widely as shown in Section
7.0. It should also be noted that all decentralized prograns in enhanced |/ M
areas, except for California, Virginia, and Col orado (which tests vehicles five
years old and newer biennially, and vehicles older than five years annually) are
annual prograns. In this analysis the effect on per vehicle costs of swi tching
froman annual inspection frequency to biennial, as well the effect of varying
i nspection volure, will be exam ned.
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Tabl e 5-9

I nspecti on Volunes in Licensed I nspection Stations

Pr ogram Vehi cl es per Year Vehi cl es per Station
California 6, 180, 093 799
Col or ado 1, 655, 897 1,104
Dal | as/Ft. Wrth 1,948, 333 1,624
El Paso 278, 540 1,161
CGeorgi a 1,118, 448 1,729
Houst on 1,482, 349 1, 348
Loui si ana 145, 175 1, 037
Massachusetts 3, 700, 000 1,321
Nevada 523, 098 1, 260
New Hanpshire 137, 137 564
New Yor k 4, 605, 158 1,071
Pennsyl vani a 3, 202, 450 834
Rhode I sl and 650, 000 684
Virginia 481, 305 1,301
\%i ght ed Aver age 1, 025

Annual tests of 1,025 vehicle s per station is equivalent to between
three and four inspections per day dependi ng upon the nunber of days per week
the facility is open and inspections are available. This is far below the 75
i nspections per day projected in a multi-position high volume lane with three
i nspectors conducting high-tech tests, and significantly bel ow the 16
i nspections per day that could be done in a single position inspection bay with
only one inspector (the derivation of this figure is detailed below). Two
concl usions can be drawn fromthis. The first is that the additional tine
requi renents of the newtests will not force a reduction in the total nunber of
i nspections that nost stations can perform The second is that, because costs
are spread over a smaller nunber of vehicles than in the case of high-vol une,
centralized stations, the cost per vehicle for the newtests will be larger in
this type of inspection network.

The hi gher costs for high-tech testing equi prent have pronpted questions
of whether all current inspection stations would choose to stay in the
i nspecti on business with the inplementati on of an enhanced program and how hi gh
a drop-out rate prograns woul d experience if some did not. EPA knows of no data
or reasonabl e assunptions by which a station drop-out rate could be reliably
estimated. In this analysis inspection costs for high-tech testing are
estimated for three scenarios: one where all stations remain in the inspection
busi ness, one where 50% of the stations drop out, and one where enough stations
drop out such that those that remain are operating at maxi mum possi bl e vol unme
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assum ng that each has one inspection bay which has not been inproved for high
t hr oughput and one inspector performing all parts of the inspection. In all
three scenarios a biennial inspection frequency is assuned.

The current average test fee for vehicle inspection in decentralized
prograns is about $17.70 (again, the derivation of this figure can be found in
EPA' s technical information docunent, "I/M Network Type: Effects on Em ssion
Reducti ons, Cost, and Convenience"). Note that this figure may substantially
underestimate actual costs since nost states limt the inspection fee that a

station may charge. |In nany cases, the actual fee is likely to be bel ow cost;
stations presunmably obtain sufficient revenue to stay in business by providing
ot her services, which may include repair. 1t should also be noted that the

intensity of the inspection and the sophistication and cost of the anal yzer vary
significantly anong prograns. Average inspection costs and revenues by program
taking these factors into account, are estimated in Section 7.4.1.

The costs for adding high-tech tests are derived by estimating the per
vehi cl e costs of the key conponents: |abor; equipment, including expendabl es;
and support, i.e., service contracts and annual updates. Per vehicle costs are
estinmated by deriving total costs for each conponent and dividing by the nunber
of vehicle inspections expected to be performed in a year, again, taking into
account variations in inspection volunes and changes in frequency. Equi pnent
costs are spread over the useful life of the equipnent. Wile a piece of
equi pnent's useful life can vary considerably in actual practice, a five year
equi pnent life is assumed.

Wi | e | arge busi nesses, such as deal erships, nay be able to afford to
purchase current anal yzer equi pnent outright, the smaller gas stations and
garages typically have to finance these purchases (although in some cases they
may | ease equi prent). The higher cost of the equi pment needed to perform purge
and transient testing ($144,000 for the dynanoneter, CVS, analyzers, etc., as
opposed to $12,000 to $15,000 for the nmost sophisticated of the current NDI R
based anal yzers) makes it even nore likely that these purchases will have to be
financed for nost inspection stations. FEquipnent costs are anortized over five
years at 12%interest in the analysis in this report.

Program personnel in decentralized prograns were contacted to determ ne
i nspector wage rates. In nmany cases, inspectors are professional nechanics
earni ng about $25 per hour. However, nost states do not require inspectors to
be mechani cs, and inspections nay be perforned by | ess skilled individuals who
typically earn $6 or $7 per hour. The preval ence of different wage rates anmong
i nspectors i s unknown. Therefore, EPA assunmed an average wage of $15 per hour
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for this analysis. An overhead rate of 40%is assumed, for a total |abor cost
of $21 an hour.

5.2.4.3 Cost Components and Scenari 0s

The ful | test, including data entry on the conputer, preparing the
vehicle for the different steps in the test procedure and conducting them is
estimated to take 30 mnutes with only one inspector performng all tasks in a
repair bay that is not configured specifically for inspection throughput. Wth
| abor costs at $21 per hour, as described above, this works out to $11.50 per
vehicle. Equipment costs are taken from Table 5-4 and are anortized over a five
year period at 12 percent annual interest (changing the assunmed interest rate
does not significantly affect the total per vehicle cost). This brings the
total cost for the equi pment package over the five year period to $192, 325.
These costs are divided by five years worth of inspections. The costs of
expendabl es from Tabl e 5-5 are added in according to the usage rates assuned for
decentralized progranms. Two ot her expenses typically encountered in
decentral i zed prograns are service contracts and software updates. Based on
information fromstates, service contracts are estimated at $200 per nonth and
annual software updates are assuned to cost $1, 500.

Per vehicle costs are estimated for three scenarios, biennial testing is
assuned in all three. In the first, all stations remain in the inspection
program In the second, 50 percent of the stations drop out of the program and
inthird there are only the m ni num nunber of stations in the programto enable
each to inspect at full volune with one inspector performng all parts of the
i nspection and a service station bay that has not been inproved for high
t hr oughput .

In the first scenario, the switch to biennial would nean that annua
volume is cut in half, or 513 vehicles per year. 1In the second scenario the 50
percent reduction in the nunber of stations brings the annual inspection vol une
back to 1,025. 1In the fourth scenario, it is assumed that each station inspects
at maxi numcapacity, i.e., one vehicle every thirty mnutes, and that an
i nspector is available 50 hours per week. This results in an annual vol une of
5, 200 vehicl es.
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Tabl e 5-10
Costs to Conduct H gh-Tech Testing in Decentralized Prograns

Scenari o Annual Vol une Cost per Vehicle
No Dr op- out 513 $106
50% Dr op- out 1,025 $58
72% Dr op- out 5, 200 $32

(Maxi mum vol une)

Not e that while reducing inspection frequency to biennial cuts
notorists' costs in centralized prograns, in decentralized prograns such cost
reductions are only achi eved by reduci ng opportunities for stations to
participate. 1In the scenario in which 50 percent of the stations drop out and
testing is biennial, annual station volume is the same as if testing were annua
and no stations dropped out. Hence, the estinmated per vehicle cost in a
bi ennial programw th a 50 percent station drop-out rate is the same as would be
derived for an annual programwith no stations dropping out. Reducing
i nspection frequency to biennial, while naintaining the same nunber of stations,
has the effect of al nost doubling the per vehicle cost since operating costs are
spread over half as many vehicles. Note also that the per vehicle cost far
exceeds the per vehicle cost in centralized prograns except in the scenario
where 72 percent of the stations drop-out.

5.3 Costs of Four-Mde, Purge and Pressure Testing

It has been proposed that a series of sinpler, |oaded node and ot her
steady-state tests woul d provi de equival ent em ssion reductions to the | M40 at
a lower cost. The emssion reduction potential of this approach is currently
bei ng evaluated at EPA's test |ane in Phoenix, Arizona. The information needed
to do a cost analysis can be approxinated at this time based upon the test
process.

The test procedure being evaluated is a series of emssion tests
referred to as the four-mode test: A 40 second 5015 node (15 nph at a | oad
equivalent to ETW/ 250), a 40 second 2525 nmode (25 nph at | oad equivalent to
ETW/ 300), a 40 second nmode at 50 nph and normal road |oad, and a 40 second
idle node. EPA anticipates a 30-60 second preconditioning node woul d be needed
to insure proper warmup and cani ster purge down. Allow ng also for necessary
tine to transition between test nodes (5-10 seconds), the four-node test woul d
require a total of approximately four mnutes. As wth the | M40-based test
scenario, purge testing is assumed to occur sinultaneously with the tail pipe
test and pressure testing woul d be done separately. It should be noted,
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however, that some vehicles may not purge during this test and nay require a
short transient retest to activate purge

5.3.1 Equi prrent and Expendabl es

The equi prrent used for the four-node test is sinpler than for the I M40
test. The dynanonmeter may not need inertia weights, and a raw gas anal yzer
like the ones used in the current I/Mtests, is upgraded with a NOx anal yzer and
an anenoneter, to enable nmass concentration cal culations, for this test. The
equi pnrent for the purge and pressure test are the sane as described previously.
The estimated costs are shown in Table 5-11

Tabl e 5-11
Equi prrent and Costs for the ASM Test
Pressure System $600
Fl ow Sensor $500
Dynanonet er $20, 000
Anenorret er $2, 000
BARI0O w NOX Anal yzer $16, 900
Tot al $40, 000

Expendabl es for this test are nitrogen gas for the pressure test and
calibration gases for the anal yzer. The cost of nitrogen gas is the sane as in
the previous analysis on | M40 costs (the pressure test procedure is the sane
regardl ess of the type of tailpipe test used). CQurrent calibration gases are
nul ti-bl ends consisting of propane, GO and C2. A cost of $45 per bottle is
used here. In this analysis, it is assuned that mnulti-blend gases that include
NOw Il be available at the sane cost. Aternatively, one could assune that two
bottles of calibration gas, one current standard rnulti-blend and a bottle of NO
wi Il be needed, however, the additional cost per test is insignificant (less
than 5¢, even in a | ow vol une situation).

5.3.2 Central i zed Prograns

The total test time per vehicle would be about 11 m nutes, including
adm ni strative processing in an efficiently run testing lane. 1In a multi-
position | ane the throughput would be governed by test time at the |ongest
position, which would be four minutes. This translates into a peak throughput
rate of 15 vehicles per hour and, using the standard design criteria for
centralized prograns described earlier, an average throughput of 7.5 vehicles
per hour. Using the [ane operation assunptions detailed earlier, this
translates into 23,400 vehicles per |ane per year and 117,000 vehicl es over an
assuned five year contract period. Three staff per |ane would be needed to
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performthe entire test sequence including inputting vehicle identification
i nformation, conducting the tests and presenting and explaining the results to
the notorist.

The per vehicle cost of the four-node test in centralized prograns is
estimated by the sane met hodol ogy as was used to estimate | M240 costs. Qurrent
costs for test equipnent, staff, state oversight, and construction are
subtracted fromthe current average per vehicle cost, this amount is factored by
the change in throughput, and estimated costs for equi pment, staff,
construction, and state oversight in a four-nmode test programare added to
obtain an estinated total cost.

Tabl e 5-12
Costs to Add Proposed Tests to Centralized Prograns
Runni ng Tot al
I ncrement s Per Vehi cl e Cost Cost per Vehicle
Adj ust for Throughput $5.26 * 12.5/7.5 $9. 12
St af f $2.40 $11. 52
Const ruction $1.71 $13. 23
Over si ght $1.75 $14. 98
Pressure Test $0. 13 $15. 11
Purge Test $0. 18 $15. 29
Four - node Test $0. 35 $15. 64

5.3.3 Decentral i zed Prograns

The same met hodol ogy used t o estinmate costs of IM40 testing is used
here. Mbst assunptions are unchanged. Total test tine is thirty mnutes
equi pnent is anortized over a five year period. Two paraneters are changed in
this anal ysis: equi pnent costs total $40,000 instead of $144,100, and state
costs include a cost for state mass enission testing.

Tabl e 5-13
Costs to Conduct Four-Mde Testing in Decentralized Prograns
Scenari o Annual Vol une Cost per Vehicle
No Dr op- out 513 $51
50% Dr op- out 1,025 $31
72% Dr op- out 5, 200 $25
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Appendi x | :
ASM and | M40 Credits for State | nplenentation

Pl ans Wth MOBI LE5 Runs


NOTE!
Appendix I (MOBILE5a output files) pages G-1 to G-11 are not included because the only originals were very poor quality hardcopy.
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Appendi x K
Centrifugal Blower Price Quotation
from Conbi ned Fluid Products Conpany
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Appendi x L:
Average | M40 Test Tinme UWilizing

Prelimnary Fast-Pass and Fast-Fail Al gorithns



Average M 240 Test Time Utilizing
Preliminary Fast-Pass and Fast-Fail Algorithms

The objective of this analysis was to estimate the average | M40 test time
using algorithns that allow vehicles with very | ow em ssions to fast-pass and
vehicles with very high emssions to fast-fail. This reduces the average tine
required for the I M40, allow ng higher throughput, which reduces the nunber of
i nspection lanes required. The reduced nunber of |anes |owers equipment and
personnel costs, having the potential to significantly inprove the cost
effectiveness of the 1I/M program

This anal ysis describes the fast-pass and fast-fail algorithns used to
estinmate the average 1 M40 test tinme. The results are prelimnary, representing
what coul d be achieved in time to conply with the court ordered deadline for
this rul emaki ng. Devel opi ng these al gorithns requires using second-by-second
data for HC, CO NX, and purge, which is very tine consum ng, given the huge
amount of data per vehicle.

The ideal fast-pass/fast-fail algorithmconsists of two continuous
functions. One function represents em ssion | evels at each second of the I M40
that reliably predict a passing result while the other function represents
emssion levels that reliably predict a failing result. Because this requires
evaluating the results at each second of the test for each of the vehicles, we
determned that this could not be achieved under the time constraint. Instead,
we eval uated nine segnents (nodes) of the I M40, which significantly reduces the
burden, but gives a less than optimal result.

So, additional fast-pass and fast-fail algorithnms will be evaluated in the
future, and additional vehicles will be available for those anal yses, so these
results should be regarded as prelimnary. For exanple, very lowemtters or
extrenely high entters can be fast-passed or fast-failed early in the | M40
cycle, while vehicles near the certification emssion levels will require nore
tinme to accurately predict a passing or failing result. The em ssion reduction
benefits, obtained fromrepairing vehicles whose enmission levels are slightly
dirtier than their certification standards, are not very cost effective.

Simlarly, it also may not be cost effective to run the full | M40 as required
to accurately distinguish nmarginal enitters that pass the full 1M40 from
marginal emtters that fail. This can be evaluated by conmparing IDRs, failure

rates, and error of comm ssion rates for each second of the | M40 to determ ne
t he best tradeoff.

Anot her consideration is the 1 M40 reversed. The | M40 was designed as a
two-node test. The second node includes the naxi mum speed of 56.7 nph. The
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| M40-reversed starts with this high speed node, then is followed by the | ow
speed node. This may further reduce the average test tine required to

di stingui sh mal functioning cars fromproperly functioning cars. 1t should be
especially helpful in rapidly determning whether the purge systemis performng
adequatel y.

The algorithmused in this anal ysis was conparatively crude due to tine and
data handling constraints. Several discrete nodes of the | M40 were sel ected
for determning passing and failing emssion |levels. These nodes were sel ected
to avoid ending the test during an accel erati on or deceleration and to provide a
reasonabl e duration for each of the nine nodes. The average | M40 test tine was
cal cul ated as the average of the selected node tines wei ghted by the nunber of
vehi cl es passing or failing at each mode. A nore detailed description of the
data and met hodol ogy used as well as the results are included in the foll ow ng
secti ons.

The dat abase used for this analysis conformed to the nodel 1/M program so
it was limted to 1986 and newer vehicles wth second-by-second | M40 results -
494 vehicles. These vehicles were tested between June 4, 1992 and August 4,
1992. Data were only used if the conposite results cal cul ated fromthe second-
by-second data had passed EPA's quality control neasures. Due to the volune of
second- by- second data and the tinme constraints invol ved, the second-by-second
data were not QC d separately.

The following nine nodes were selected for pass/fail determnations:

Modes For Evaluating Fast-Pass And Fast-Fail

M 240 Speed
Mode IM 240 Mode @ End of Mode

(#) (secs.) (mph)

1 0-34 22.6

2 0-60 30.4

3 0-74 29.8

4 0-93 0.0

5 0-113 27.2

6 0-154 26.0

7 0-173 47.2

8 0- 206 51.6

9 0-239 0.0

To determne the passing and failing emssion | evels for each node, the
sanpl e was divided into passing and failing vehicles. The pass/fai
determ nati on was nmade based on the "two ways to pass"” criteria with 0.8 g/m



HC, 15.0 g¢/m CO and 2.0 g/m NX as conposite I M40 cutpoints and, 0.5 g/m HC
and 12.0 g/m QO bag 2 cutpoints. One liter of purge volune was used as the
cutpoint for purge flow These criteria are illustrated bel ow

Pass/Fail Decisions Based On Two-Ways-To-Pass-Criteria

Decision 1M240 1M240 Bag2 Bag2 [IM240 Purge Comments
HC CoO HC CoO NOx
o/mi o/mi o/mi o/mi o/mi liters
Fail >0.8 2150 >05 2120 220 21.0  Must fail HC on both
Composite & Bag 2 to fail.
Fail 20.8 >150 205 >120 220 21.0  Must fail CO on both
Composite & Bag 2 to fail.
Fail 20.8 2150 205 2120 >2.0 2.0  Only 1 way to Pass:
Composite NOx 2 2.0 to
pass.
Fail 20.8 215.0 20.5 212.0 220 31.0
Pass 20.8 2150 205 2120 220 21.0
Pass >0.8 >150 205 2120 220 21.0
Pass 20.8 2150 >05 >120 220 21.0
Pass >0.8 2150 205 2120 220 21.0
Pass 20.8 2150 >05 2120 220 21.0
Pass 20.8 >150 205 2120 220 21.0
Pass 20.8 2150 205 >12.0 22.0 21.0

The m ni mum eni ssion | evel s and nmaxi num purge volume for failing vehicles at
each node were used as fast-pass cutpoints. Conversely, the naxi mum em ssion
| evel s for passing vehicles at each node were used as fast-fail cutpoints.
Vehi cl es were not fast-failed based on purge results since many vehicles purge
late in the 1 M40 cycle. As nentioned, the | M40-reversed may help rapidly
determine if the purge systemis functioning adequately.

The nodal cutpoint |evels, the nunber of vehicles fast-passing or fast-
failing at each node and the average | M240 test time as a result of the
application of this fast-pass/fast-fail algorithmare displayed in the foll ow ng
tabl e.



Number Time*

Number Numbe of Number
Fast-pass Cutpoints of r of Vehicles of
Time <HC/CO/NOx Vehicles Vehicl Fast- Vehicles
Mode  (sec) >Purge Fast- Fast-fail Cutpoints esFast- passing with Fast
# passing >HC/CO/NOx failing andFast- Result
failing
1 0-34 <0.479/1.02/0.99 16 >3.405/56.72/7.30 15 31 1054
>0.1
2 0-60 <0.487/0.89/0.99 2 >1.891/47.30/4.63 22 24 1440
>0.3
3 0-74  <0.429/0.929/0.90 1 >1.648/38.09/3.58 7 8 592
>0.3
4 0-93  <0.377/0.921/0.84 0 >1.536/41.09/3.19 9 9 837
>0.4
5 0-113 <0.460/0.932/0.89 3 >1.518/36.78/3.02 6 9 1017
>0.5
6 0-154 <0.567/1.088/0.96 3 >1.296/30.34/2.57 11 14 2156
>0.6
7 0-173  <0.697/3.52/1.33 65 >1.120/25.22/2.65 11 76 13148
>0.7
8 0-206 <0.916/14.99/1.77 210 >0.915/18.06/2.33 35 245 50470
>0.8
9 0-239  20.805/15.05/2.05 45 >0.805/15.05/2.05 33 78 18642
31.0
Weighted Sum with Weighted
Fast-pass Only 102410 Sum 89356
Average IM240 Average
Test Time with IM240
Fast-pass Only = 207 sec Test
Time= 180 sec

These results indicate that the test time for the 1 M40 can be reduced by
25% when fast-pass/fast-fail criteria are applied and a reduction of over half a
m nute occurs when only fast-pass criteria are applied. Using only fast-pass
criteria allows for the collection of diagnostic data so that failing cars may
be repaired nore effectively.

Because Hammond cars with second-by-second data were typically shut off for
10 mnutes, catal yst cool down coul d have caused high em ssions during the early
parts of the test and adversely affected fast-pass and fast-fail. Simlarly,
vehicles that drive a short distance to an I/Mstation nay not be fully warnmed
up when they start the test. Therefore, additional anal yses were perforned



without integrating over the first part of the IMA40.
first segment of the | M40 as preconditioning.
starting points were used.
catal yst light-off,
of the I M40 cycl e.

test.

Mode

Time
(sec)

17-34
17-60
17-74
17-93

17-
113
17-
154
17-
173

206
17-
239

Number
Fast-pass of
Cutpoints Vehicles
<HC/CO/NOx Fast-
>Purge passing

<0.525/0.95/1.33 11
>0.1
<0.504/0.54/1.10 1
>0.3
<0.465/0.90/0.96 4
>0.3
<0.400/0.90/0.88 0
>04
<0.486/0.91/0.93 5
>0.5
<0.593/1.09/1.00 3
>0.6
<0.641/3.08/1.38 56
>0.7
<0.826/15.33/1.82
>0.8
20.805/15.05/2.05 48
31.0
Weighted Sum
with Fast-pass
Only
Average IM240
Test Time with
Fast-pass Only

217

103230

209 sec

Fast-fail Cutpoints

>HC/CO/NOx

>2.643/76.94/10.33

>1.892/53.86/5.11

>1.615/41.40/3.77

>1.498/45.64/3.27

>1.484/40.16/3.08

>1.265/32.27/2.66

>1.080/26.48/2.71

>0.936/18.44/2.32

>0.805/15.05/2.05

In effect,
Three different
Since the accel erations contribute the nost toward
these starting points followthe first three accel erations
The integrations begin after 17, 35 and 47 seconds of the
The results of these anal yses are displ ayed here.

Number
of
Vehicle
s Fast-
failing
19
11
11

10

10
10
37

34

Number
of
Vehicles
Fast-
passing
and Fast-
failing
30

12
15
10
12
13
66
254
82

Weighted
Sum

Average
IM240
Test
Time

utilizing the
i ntegration

Time*

Number

of

Vehicles

with Fast

Result

1020

720

1110

930

1356

2002

11418

52324

19598

90478

183 sec



Mode

Time
(sec)

N/A
35-60

35-74
35-93

35-
113
35-
154
35-
173
35-
206
35-
239

Fast-pass
Cutpoints
<HC/CO/NOx
>Purge

N/A
<0.493/0.79/0.90
>0.3
<0.403/0.73/0.79
>0.3
<0.340/0.69/0.75
>04
<0.454/0.91/0.82
>0.5
<0.585/1.10/0.93
>0.6
<0.575/2.85/1.37
>0.7
<0.795/15.17/1.84
>0.8
20.805/15.05/2.05
31.0
Weighted Sum
with Fast-pass
Only
Average IM240
Test Time with
Fast-pass Only

Number
of
Vehicles
Fast-
passing

N/A
19

48
221
44

102452

207 sec

Fast-fail Cutpoints
>HC/CO/NOx

N/A
>1.983/41.71/3.71

>1.499/31.32/3.08
>1.450/55.71/3.09
>1.406/47.21/3.07
>1.299/35.99/2.59
>1.061/28.83/2.81
>0.966/19.48/2.37

>0.805/15.05/2.05

Number
of
Vehicle
s Fast-
failing

N/A
41

35

43

Number Time*
of Number
Vehicles of
Fast- Vehicles
passing  with Fast
and Fast- Result
failing
N/A N/A
60 3600
12 888
7 651
8 904
9 1386
55 9515
256 52736
87 20793
Weighted 90473
Sum
Average
IM 240
Test 183 sec
Time



Number Time*

Number Number of Number
Fast-pass of of Vehicles of
Time Cutpoints Vehicles Vehicle Fast- Vehicles
Mode  (sec) <HC/CO/NOx Fast- Fast-fail Cutpoints sFast- passing  with Fast
# >Purge passing >HC/CO/NOx failing and Fast- Result
failing
1 N/A N/A N/A N/A N/A N/A N/A
2 47-60 <0.458/0.40/1.05 6 >2.089/37.20/3.67 41 47 2820
>0.3
3 47-74  <0.375/0.46/0.83 9 >1.282/33.21/2.99 14 23 1702
>0.3
4 47-93  <0.310/0.52/0.76 5 >1.737/67.22/3.10 0 5 465
>0.4
5 47- <0.434/0.94/0.85 15 >1.619/54.68/3.08 2 17 1921
113 >0.5
6 47- <0.594/1.14/0.96 4 >1.355/39.55/2.55 8 12 1848
154 >0.6
7 47- <0.550/2.88/1.43 48 >1.095/30.98/2.82 4 52 8996
173 >0.7
8 47-  <0.751/14.82/1.91 220 >1.004/20.39/2.42 35 255 52530
206 >0.8
9 47-  20.805/15.05/2.05 38 >0.805/15.05/2.05 45 83 19837
239 31.0
Weighted Sum Weighted
with Fast-pass 102119 Sum 90119
Only
Average IM240 Average
Test Time with IM240
Fast-pass Only 207 sec Test 182 sec
Time

These results indicate, that for the data used in this analysis,
preconditioning has little effect on the average test time of the fast-
pass/fast-fail algorithmused. 1In spite of this, these estimates are considered
conservative for several reasons. First, older cars are excluded fromthe
anal ysis. Since nost grossly emtting vehicles are ol der vehicles, the
i ncl usi on of these cars woul d be expected to increase the nunber of fast-failing
vehi cles and reduce the test tine further. However, this reduction may be
of fset by a reduction in the percentage of vehicles fast-passing. Mre
i mportant than the vehicle sanple is the algorithmused. |If a continuous
function were used, actual test tinmes could be used to cal cul ate the average.



This should lead to significant tine savings conpared to using the |ast second
of a particular node as the required test time for all vehicles that pass or
fail during that nmode. It is unlikely that all the vehicles failing or passing
a particul ar node woul d have required the full node to determi ne their outcone.
Therefore, average test tines for vehicles passing the | M40 at second 60 woul d
be significantly |l ess than 60 seconds. Likew se, this would be true for each
node. (On-going anal yses are being perforned to investigate this and other
alternatives such as the | M40-reversed. Finally, EPAw Il continue to devel op
alternative algorithnms which are al so expected to reduce the average test time
for the | MA40.
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