Appendix D

Emission Reductions for Lake and Porter Counties
Vehicle Emissions Testing
The Office of Air Quality was asked by agency management to evaluate the emission reduction benefits of the vehicle emissions and testing program in Lake and Porter counties, (referred to as the Clean Air Car Check program), to determine the reductions for pre-1996 model year vehicles. Specifically, the Office of Air Quality was tasked to compare the reduction benefits of testing pre-1996 model year vehicles (non-OBD) and 1996 model year and newer vehicles (OBD equipped). Due to limitations associated with the MOBILE emissions factor model, the Office of Air Quality’s approach to this analysis was to quantify actual emission reductions to the extent possible. In order to accomplish this, the Office of Air Quality secured the technical assistance of our contractor for the program, Envirotest Systems Corporation, and its technical consultant, Dr. Peter McClintock.
This report is structured to first provide a summary of the analysis, and then provide a detailed explanation of how the analysis was conducted. A description of the key assumptions, limitations, and caveats associated with the analysis is also provided following the summary of results.
The following summarizes the results of the analysis:
	Lake/Porter I/M Reductions
	HC Tons
	CO Tons
	NOx Tons

	
	2006
	2007
	2008
	2006
	2007
	2008
	2006
	2007
	2008

	OBD Exhaust
	48
	46
	44
	662
	669
	655
	40
	40
	41

	OBD Evap
	79
	156
	140
	0
	0
	0
	0
	0
	0

	 
	
	
	
	
	
	
	
	
	 

	Pre-OBD Exhaust
	341
	267
	191
	3,626
	2,510
	1,990
	186
	269
	196

	Pre-OBD Evap
	65
	136
	130
	0
	0
	0
	0
	0
	0

	 
	
	
	
	
	
	
	
	
	 

	OBD from Prior Years I/M
	152
	181
	265
	794
	943
	1,000
	48
	57
	60

	Pre-OBD from Prior Years I/M
	721
	640
	606
	6,436
	5,711
	4,323
	329
	292
	362

	 
	
	
	
	
	
	
	
	
	 

	Total
	1,406
	1,425
	1,376
	11,518
	9,833
	7,967
	603
	659
	659
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Reduction Calculation and Methodology
The general approach to this analysis was to calculate emission reductions for the vehicle emissions testing program through the use of actual test data specific to the program in place within Lake and Porter counties. However, due to the fact that little tailpipe data is collected for 1996 and newer vehicles, and actual vehicle use data (vehicle miles traveled by vehicle type and age) is unknown, some key assumptions and data from other programs was necessary to complete this analysis. Nevertheless, the results based on real world data should be more representative than those produced from a standard MOBILE model-based estimation.
Pre-1996 Vehicles:
Vehicle exhaust reductions for pre-1996 vehicles were calculated based on the difference between initial total failures and the final test (post repair) for the portion of the fleet that initially failed. This difference represents the actual reductions achieved through vehicle repairs made in conjunction with failed tailpipe testing (either IM 240 or BAR 90). In most cases, the final test represents a passing test, but in some cases, the needed repairs may be unresolved (most likely minimum expenditure waiver). The majority (80%) of unresolved vehicles are assumed to leave the jurisdiction following the unresolved test cycle and credit is taken for the removal of these vehicles from I/M area.  MOBILE6 does not assume benefit for the removal or retirement of vehicles – the modeler would have to adjust the input registration fractions in I/M and no-I/M scenarios.
Owners of high emitting vehicles are often aware there is a problem in advance of the I/M inspection. This is obviously true in the case of OBD vehicles that have a malfunction indicator light specifically related to monitoring emissions controls.  But many earlier models also had various malfunction indicators. Pre-inspection repairs of more than 50% were reported by Wenzel
 and the percentages of measured exhaust emissions reductions within each OBD model year in Colorado were observed to be progressing at half the rate by age of the percentages of measured reductions within each pre-OBD model year
. For this assessment of emissions reductions in Indiana, for 1995 and older models, pre-inspection repairs were assumed to be an incremental 50% of the measured reductions described above. For 1996 and newer OBD models, pre-inspection repairs were assumed to be an incremental 100% of the measured exhaust reductions and 50% of the evaporative reductions. The lower percentage was used for evaporative emissions since most liquid leaks are not detected by OBD.     
Since the test cycle is once every two years, and repairs made as a result of previous failures provide a residual benefit, reductions from previous year repairs have been accounted for. For vehicles repaired within the current test cycle (2007-2008), the assumed reduction benefit is 100%. For those repairs made in the year prior to the current two-year test cycle, e.g. repairs in 2006 for the 2007-2008 test cycle, the assumed residual benefit is 50%.
Tailpipe emissions data are collected in a grams per mile unit. In order to convert this to a tons per summer day or annual tons unit, the grams per mile factor for a vehicle classification is multiplied by the annual vehicle miles traveled for the same vehicle classification. The vehicle miles traveled assumptions made for this analysis derive from a study conducted and published by the Eastern Research Group for the State of Colorado in June of 2008. This showed higher annual mileage by older models than MOBILE6 default assumptions.
Evaporative emission reductions were calculated based on the total number of gas caps replaced within the Clean Air Car Check program for Lake and Porter counties. The emission factor for evaporative system leaks derive from two separate studies: 1) Amlin D, Carlisle R, Kishan S, Klausmeier R, Haskew H  “Evaporative Emissions Impact of Smog Check” California Bureau of Automotive Repair, ERG, dKC, August 2001; 2) Martin Reineman, “Effectiveness of OBD II Evaporative Emission Monitors - 30 Vehicle Study”, EPA420-R-00-012, August 2000.
Clean Air Car Check did not initiate a liquid leak inspection procedure until mid-2007. Therefore, evaporative leak reductions are only quantified for 2008. Liquid leak reductions for 2008 were calculated based on an emission factor specific to the volume of leak detected. The assumptions were as follows:   1) <100pmm equivalent to leaky gas cap 3.5 g/mi; 2) 100-499 ppm equivalent to 7g/mi; 3) 500 & up equivalent to 15g/mi.
The following tables outline the results of the pre-1996 vehicle analysis for Lake and Porter counties:
	2008: 1995 & Older Models

	
	
	
	
	Tons Per Year Reduction
	

	
	
	Initial Fails
	Total VMT 'M
	HC
	CO
	NOx
	Notes

	IM240 Tested Vehicles
	
	 
	
	
	 
	 

	  Repaired
	
	4,875
	33.8 
	56.0 
	607 
	61.7 
	1

	  Unresolved
	
	3,903
	26.9 
	67.3 
	689 
	69.0 
	1, 2

	BAR90 Tested Vehicles
	
	 
	
	
	 
	

	  Repaired
	
	44
	0.2 
	1.5 
	12 
	 
	1, 8

	  Unresolved
	
	56
	0.3 
	2.3 
	18 
	 
	1, 2, 8

	Total Measured Exhaust
	8,878
	61.2 
	127.1 
	1,327 
	130.7 
	

	 
	
	
	 
	
	
	 
	

	Evaporative Emissions 1995 & Older:
	
	
	 
	

	   Gas Cap Repairs
	1,036
	7.3 
	28.4 
	
	 
	1,3

	   Leaks Identified
	1,795
	12.1 
	58.4 
	
	 
	1,4

	Subtotal Evap
	 
	 
	19.3 
	86.8 
	          -   
	          -   
	

	Exhaust + evap
	 
	 
	 
	213.8 
	1,326.6 
	130.7 
	

	 
	
	
	 
	
	
	 
	

	Pre-inspection repairs
	
	50%
	106.9 
	663.3 
	65.4 
	5

	Total new 2008
	 
	 
	 
	320.7 
	1,989.9 
	196.1 
	

	 
	
	
	 
	
	
	 
	

	Continuing Reductions from previous years repairs and retirements:
	
	
	 
	

	From 2007
	
	100%
	 
	402.9 
	2,510.0 
	269.1 
	6

	From 2006 & before
	50%
	 
	203.1 
	1,813.0 
	92.8 
	7

	Total effective in 2008
	 
	 
	926.7 
	6,312.9 
	557.9 
	 


	2007: 1995 & Older Models

	
	
	
	
	Tons Per Year Reduction
	

	
	
	Initial Fails
	Total VMT 'M
	HC
	CO
	NOx
	Notes

	IM240 Tested Vehicles
	
	 
	
	
	 
	 

	  Repaired
	
	7,002
	52.2 
	86.1 
	847 
	89.6 
	1

	  Unresolved
	
	4,958
	36.4 
	90.0 
	814 
	89.8 
	1, 2

	BAR90 Tested Vehicles
	
	 
	
	
	 
	 

	  Repaired
	
	15
	0.1 
	0.6 
	5.3 
	 
	1, 8

	  Unresolved
	
	34
	0.2 
	1.6 
	6.9 
	 
	1, 2, 8

	Total Measured Exhaust
	12,009
	88.9 
	178.3 
	1,673.2 
	179.4 
	 

	 
	
	
	 
	
	
	 
	 

	Evaporative Emissions 1995 & Older:
	
	
	 
	 

	   Gas Cap Repairs
	3,300
	23.1 
	90.4 
	
	 
	1,3

	   Leaks Identified
	
	 
	
	
	 
	 

	Subtotal Evap
	 
	 
	23.1 
	90.4 
	 
	   
	 

	Exhaust + evap
	 
	 
	 
	268.7 
	1,673.2 
	179.4 
	 

	 
	
	
	 
	
	
	 
	 

	Pre-inspection repairs
	
	50%
	134.3 
	836.7 
	89.7 
	5

	Total new 2007
	 
	 
	 
	402.9 
	2,510.0 
	269.1 
	 

	
	
	
	
	
	
	
	

	Continuing Reductions from previous years repairs and retirements:
	
	
	
	

	From 2006 & before
	100%
	 
	406.1 
	3,625.9 
	185.5 
	6

	From 2005 & before
	50%
	 
	233.5 
	2,084.9 
	106.7 
	7, 9

	Total effective in 2007
	 
	 
	1,042.5 
	8,220.8 
	561.3 
	 


	2006: 1995 & Older Models

	
	
	
	
	Tons Per Year Reduction
	

	
	
	Initial Fails
	Total VMT 'M
	HC
	CO
	NOx
	Notes

	IM240 Tested Vehicles
	
	 
	
	
	 
	 

	  Repaired
	
	6,219
	47.6 
	105.6 
	1,185 
	53.5 
	1

	  Unresolved
	
	4,876
	36.6 
	118.6 
	1,196 
	70.2 
	1, 2

	BAR90 Tested Vehicles
	
	 
	
	
	 
	 

	  Repaired
	
	74
	0.4 
	2.0 
	21.8 
	 
	1, 8

	  Unresolved
	
	51
	0.3 
	1.2 
	14.1 
	 
	1, 2, 8

	Total Measured Exhaust
	11,220
	84.9 
	227.4 
	2,416.9 
	123.7 
	 

	 
	
	
	 
	
	
	 
	 

	Evaporative Emissions 1995 & Older:
	
	
	 
	 

	   Gas Cap Repairs
	1,582
	11.1 
	43.3 
	
	 
	1,3

	   Leaks Identified
	
	 
	
	
	 
	 

	Subtotal Evap
	 
	 
	11.1 
	43.3 
	          -   
	          -   
	 

	Exhaust + evap
	 
	 
	 
	270.7 
	2,416.9 
	123.7 
	 

	 
	
	
	 
	
	
	 
	 

	Pre-inspection repairs
	
	50%
	135.4 
	1,208.6 
	61.8 
	5

	Total new 2006
	 
	 
	 
	406.1 
	3,625.9 
	185.5 
	 

	 
	
	
	 
	
	
	 
	 

	Continuing Reductions from previous years repairs and retirements:
	
	
	 
	 

	From 2005 & before
	100%
	 
	467.0 
	4,169.8 
	213.4 
	6, 9

	From 2004 & before
	50%
	 
	253.8 
	2,266.2 
	116.0 
	7, 9

	Total effective in 2006
	 
	 
	1,126.9 
	10,061.9 
	514.9 
	 


Notes and assumptions legend:
1. VMT from Colorado 2007 Estimate by ERG, split 50/50 LDGV/LDGT.  “Colorado Mileage Accumulation Rates from VID Odometer Readings Draft Report” for CDPHE by Eastern Research Group, Inc. June 30, 2008.
2. 80% of unresolved vehicles retire or leave the area as a result of registration enforcement.
3. Gas Cap Reductions: a) 1995 & older: 3.5 g/mi.

a. 1996 & newer: 3.24 g/mi.
b. Amlin D, Carlisle R, Kishan S, Klausmeier R, Haskew H  “Evaporative Emissions Impact of Smog Check” California Bureau of Automotive Repair, ERG, dKC, August 2001.
c. Martin Reineman, “Effectiveness of OBD II Evaporative Emission Monitors - 30 Vehicle Study”, EPA420-R-00-012, August 2000.
4. Reductions per leak as identified in Leaks tab:
a. <100pmm equivalent to leaky gas cap 3.5 g/mi.
b. 100-499 ppm equivalent to 7g/mi.
c. 500 & up equivalent to 15g/mi
5. Pre-inspection repairs assumed to be 50%.  Wenzel T, “Human Behavior in I/M Programs”, 15th Annual Mobile Sources/Clean Air Conference, Sept 1999.
6. Half the fleet is tested each year.  Repairs from last year are assumed 100% effective in the current year.
7. Many repairs have a life greater than two years.  Average life 3 years.  Residual benefit from 2 year ago repairs assumed at 50%.
8. Idle test to IM240 conversions per Colorado via RSD  (see BAR90 tab).
9. 1995 & older model  original  2005 benefits assumed to be 115% of 2006,  original 2004 benefits assumed to be 125% of 2006.  The increased %’s are because more of these older model vehicles existed in previous years.

1996 and Newer Vehicles:
The Clean Air Car Check program initiated a fall-back test procedure for OBD-equipped vehicles that have failed the OBD test procedure more than three times in 2007. This has resulted in tailpipe test data for some 1996 and newer vehicles registered in Lake and Porter counties, but the sample set is too small to calculate total exhaust emission reductions for OBD vehicles. British Columbia is the only OBD I/M vehicle emissions testing program
 that tests measurable emissions from a robust sample of OBD vehicles. Therefore, data was acquired from British Columbia to generate reduction factors specific to vehicle model years and classifications. These reduction factors were then applied to the fleet for Lake and Porter counties. This methodology, though not ideal, results in a more reliable estimate than that produced through MOBILE-based methodology and is more comparable to the reduction estimates for the pre-1996 fleet. 
Since British Columbia only implemented OBD I/M testing at the start of 2007, the 2006 test year gram per mile reductions were assumed to be the same as those observed in 2007.  This could be an overestimate of reductions since the OBD models were newer and presumably would have had a lower percentage of fails in 2006. On the other hand, British Columbia exempts the newest seven model years from inspection, which is three years longer than Indiana, and no reductions were included for 5 to 7-year old models.
As noted earlier, pre-inspection repairs for 1996 and newer OBD models were assumed to be an incremental 100% of the measured exhaust reductions and 50% of the evaporative reductions.  The lower percentage was used for evaporative emissions since most liquid leaks are not detected by OBD.     
Since the test cycle is once every two years, and repairs made as a result of previous failures provide a residual benefit, reductions from previous year repairs have been accounted for. For vehicles repaired within the current test cycle (2007-2008), the assumed reduction benefit is 100%. For those repairs made in the year prior to the current two-year test cycle, e.g. repairs in 2006 for the 2007-2008 test cycle, the assumed residual benefit is 50%.
Tailpipe emissions data are collected in grams per mile units. In order to develop tons per summer day or annual tons, the grams per mile factor for a vehicle classification is multiplied by the vehicle miles traveled for the same vehicle classification. The vehicle miles traveled assumptions made for this analysis derive from a study conducted and published by the Eastern Research Group for the State of Colorado in June of 2008 and the number of vehicles inspected in Indiana. 
Evaporative emission reductions were calculated based on the total number of gas caps replaced within the Clean Air Car Check program for Lake and Porter counties. The emission factor for evaporative system leaks derive from two separate studies: 1) Amlin D, Carlisle R, Kishan S, Klausmeier R, Haskew H  “Evaporative Emissions Impact of Smog Check” California Bureau of Automotive Repair, ERG, dKC, August 2001; 2) Martin Reineman, “Effectiveness of OBD II Evaporative Emission Monitors - 30 Vehicle Study”, EPA420-R-00-012, August 2000.
Clean Air Car Check initiated a liquid lead test procedure in mid-2007.  However, since the procedure results from a flag established within the IM 240 software, only vehicles subject to the IM 240 test are subjected to the liquid leak test procedure. This results in 1996 and newer vehicles being exempt from liquid leak inspection. 
The following tables outline the results of the 1996 and newer model year vehicle analysis for Lake and Porter counties:
2008 British Columbia Data
	
	
	
	BC  Initial Emissions g/mi
	BC Reductions g/mi
	BC Reductions RFUAF

	Model Years
	Initial Tests
	VMT'M
	HC
	CO
	NOx
	HC
	CO
	NOx
	HC
	CO
	NOx

	1996-1997
	17,702
	156
	0.62
	10.35
	1.13
	0.063
	0.87
	0.050
	0.022
	0.26
	0.017

	1998-2001
	53,860
	559
	0.34
	6.06
	0.63
	0.009
	0.17
	0.010
	0.003
	0.05
	0.004

	2002 & newer
	63,834
	777
	0.31
	5.90
	0.51
	0.000
	0.00
	0.000
	0.000
	0.00
	0.000

	Total
	135,396
	1,492
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	
	BC Reductions (tons) 
	BC Reductions RFUAF 

	 Model Years 
	 
	 
	 
	 
	 
	HC
	CO
	NOx
	HC
	CO
	NOx

	1996-1997
	
	
	
	
	 
	10.9
	148.6
	8.6
	3.8
	43.8
	2.9

	1998-2001
	
	
	
	
	 
	5.6
	105.3
	6.3
	1.7
	29.7
	2.7

	2002 & newer
	
	
	
	
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Total
	 
	 
	 
	 
	 
	16.5
	253.9
	14.9
	5.5
	73.5
	5.6


	2008: 1996 & Newer Models-Lake and Porter

	 
	 
	 
	 
	Tons Per Year Reduction
	 

	 
	 
	 Initial Tests 
	 Total VMT 'M 
	 HC 
	 CO 
	 NOx
	 Notes 

	OBD Tested Vehicles
	135,396
	1,492 
	
	
	 
	

	  Repaired
	
	
	 
	16.5 
	253.9 
	14.9 
	1, 8

	  Removed from Use After Failure
	 
	5.5 
	73.5 
	5.6 
	1, 2, 8

	Subtotal Exhaust reductions
	 
	21.9 
	327.4 
	20.5 
	

	Pre-inspection exhaust repairs
	100%
	21.9 
	327.4 
	20.5 
	9

	Total Exhaust
	 
	 
	43.8 
	654.8 
	41.0 
	

	 
	
	
	 
	
	
	 
	

	Evaporative Emissions 1996 & Newer:
	
	
	 
	

	   Gas Cap Repairs
	2,375
	26.1 
	93.3 
	
	 
	1,3

	   Leaks Identified
	
	 
	
	
	 
	1,4

	Subtotal Evap
	 
	26.1 
	93.3 
	          -   
	          -   
	

	Pre-inspection evap repairs
	50%
	46.7 
	          -   
	          -   
	5

	Total evap
	 
	 
	 
	140.0 
	          -   
	          -   
	

	 
	
	
	 
	
	
	 
	

	Total new 2008
	 
	 
	183.9 
	654.9 
	41.0 
	

	 
	
	
	 
	
	
	 
	

	Continuing Reductions from previous years repairs and retirements:
	
	
	 
	

	From 2007
	
	100%
	 
	201.8 
	668.7 
	40.1 
	6

	From 2006 & before
	50%
	 
	63.4 
	331.0 
	20.1 
	7

	Total effective in 2008
	 
	449.1 
	1,654.6 
	101.2 
	


2007 British Columbia Data
	
	
	
	BC  Initial Emissions g/mi
	BC Reductions g/mi
	BC Reductions RFUAF

	Model Years
	Initial Tests
	VMT'M
	HC
	CO
	NOx
	HC
	CO
	NOx
	HC
	CO
	NOx

	1996-1997
	24,128
	235
	0.62
	10.28
	1.12
	0.056
	0.816
	0.045
	0.015
	0.163
	0.012

	1998-2001
	60,212
	677
	0.33
	6.02
	0.62
	0.004
	0.084
	0.005
	0.001
	0.024
	0.002

	2002 & newer
	32,700
	412
	0.31
	5.90
	0.51
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	Total
	117,040
	1,324
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	
	 
	BC Reductions (tons)
	BC Reductions RFUAF

	 Model Years 
	 
	 
	 
	 
	 
	HC
	CO
	NOx
	HC
	CO
	NOx

	1996-1997
	
	
	
	
	 
	14.6
	211.3
	11.7
	4.0
	42.1
	3.2

	1998-2001
	
	
	
	
	 
	3.3
	62.6
	3.6
	1.0
	18.3
	1.6

	2002 & newer
	
	
	
	
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Total
	 
	 
	 
	 
	 
	17.9
	273.9
	15.3
	5.0
	60.4
	4.8


	2007: 1996 & Newer Models-Lake and Porter

	 
	 
	 
	 
	Tons Per Year Reduction
	 

	 
	 
	 Initial Fails 
	 Total VMT 'M 
	 HC 
	 CO 
	 NOx
	 Notes 

	OBD Tested Vehicles
	117,040
	1,325 
	
	
	 
	 

	  Repaired
	
	
	 
	17.9 
	273.9 
	15.3 
	1, 8

	  Unresolved
	
	
	 
	5.0 
	60.4 
	4.7 
	1, 2, 8

	Subtotal Exhaust reductions
	 
	22.9 
	334.3
	20.1 
	 

	Pre-inspection exhaust repairs
	100%
	22.9 
	334.3 
	20.1 
	9

	Total Exhaust
	 
	 
	45.8 
	668.6 
	40.2 
	 

	 
	
	
	 
	
	
	 
	 

	Evaporative Emissions 1996 & Newer:
	
	
	 
	 

	   Gas Cap Repairs
	2,650
	29.2 
	104.1 
	
	 
	1,3

	   Leaks Identified
	
	 
	
	
	 
	 

	Subtotal Evap
	 
	29.2 
	104.1 
	          -   
	          -   
	 

	Pre-inspection evap repairs
	50%
	52.1 
	          -   
	          -   
	5

	Total evap
	 
	 
	 
	156.2 
	          -   
	          -   
	 

	 
	
	
	 
	
	
	 
	 

	Total new 2007
	 
	 
	201.9 
	668.6 
	40.2 
	 

	 
	
	
	 
	
	
	 
	 

	Continuing Reductions from previous years repairs and retirements:
	
	
	 
	 

	From 2006 & before
	100%
	 
	126.9 
	662.0 
	40.1 
	6

	From 2005 & before
	50%
	 
	53.9 
	281.3 
	17.0 
	7, 10

	Total effective in 2007
	 
	382.7 
	1,611.9 
	97.3 
	 


2006* British Columbia Data
	 
	 
	 
	BC  Initial Emissions g/mi
	BC Reductions g/mi
	BC Reductions RFUAF

	 Model Years 
	 Initial Tests 
	 VMT'M 
	 HC 
	 CO 
	 NOx
	 HC 
	 CO 
	 NOx
	 HC 
	 CO 
	 NOx

	1996-1997
	29,018
	284
	0.62
	10.28
	1.12
	0.06
	0.82
	0.05
	0.02
	0.16
	0.01

	1998-2001
	80,063
	906
	0.33
	6.02
	0.62
	0.00
	0.08
	0.00
	0.00
	0.02
	0.00

	2002 & newer
	43,268
	546
	0.31
	5.90
	0.51
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Total
	152,349
	1,737
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	
	
	
	
	 
	BC Reductions tons
	BC Reductions RFUAF

	 Model Years 
	 
	 
	 
	 
	 
	 HC 
	 CO 
	 NOx
	 HC 
	 CO 
	 NOx

	1996-2001
	
	
	
	
	 
	17.6
	255.6
	14.1
	4.8
	50.9
	3.8

	 
	
	
	
	
	 
	4.4
	83.8
	4.9
	1.3
	24.5
	2.1

	 
	
	
	
	
	 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Total
	 
	 
	 
	 
	 
	22.0
	339.4
	19.0
	6.1
	75.4
	5.9


*Assumes same gram/mile values as for 2007 due to unavailable OBD I/M data for 2006.
	2006: 1996 & Newer Models

	 
	 
	 
	 
	Tons Per Year Reduction
	 

	 
	 
	 Initial Fails 
	 Total VMT 'M 
	 HC 
	 CO 
	 NOx
	 Notes 

	OBD Tested Vehicles
	29,018
	284 
	
	
	 
	 

	  Repaired
	
	
	 
	17.6 
	255.6 
	14.1 
	1, 8

	  Unresolved
	
	
	 
	6.1 
	75.4 
	5.9 
	1, 2, 8

	Subtotal Exhaust reductions
	 
	23.8 
	331 
	20.1 
	 

	Pre-inspection exhaust repairs
	100%
	23.8 
	331.0 
	20.1 
	9

	Total Exhaust
	 
	 
	47.6 
	662.0 
	40.2 
	 

	 
	
	
	 
	
	
	 
	 

	Evaporative Emissions 1996 & Newer:
	
	
	 
	 

	   Gas Cap Repairs
	1,346
	14.8 
	52.9 
	
	 
	1,3

	   Leaks Identified
	
	 
	
	
	 
	 

	Subtotal Evap
	 
	14.8 
	52.9 
	          -   
	          -   
	 

	Pre-inspection evap repairs
	50%
	26.4 
	          -   
	          -   
	5

	Total evap
	 
	 
	 
	79.3 
	          -   
	          -   
	 

	 
	
	
	 
	
	
	 
	 

	Total new 2006
	 
	 
	126.9 
	662.0 
	40.1 
	 

	 
	
	
	 
	
	
	 
	 

	Continuing Reductions from previous years repairs and retirements:
	
	
	 
	 

	From 2005 & before
	100%
	 
	107.8 
	562.7 
	34.1 
	6, 10

	From 2004 & before
	50%
	 
	44.4 
	231.7 
	14.0 
	7, 10

	Total effective in 2006
	 
	279.1 
	1,456.4 
	88.2 
	 


Notes and assumptions:

1. VMT from Colorado 2007 Estimate by ERG, split 50/50 LDGV/LDGT.  “Colorado Mileage Accumulation Rates from VID Odometer Readings Draft Report” for CDPHE by Eastern Research Group, Inc. June 30, 2008.
2. Average per vehicle repair values from British Columbia.
3. RFUAF - Removal from Use After Failure - emissions of vehicles that cease operating after failing their I/M inspection.

4. Gas Cap Reductions: a) 1995 & older: 3.5 g/mi, b) 1996 & newer: 3.24 g/mi.

a. Amlin D, Carlisle R, Kishan S, Klausmeier R, Haskew H  “Evaporative Emissions Impact of Smog Check” California Bureau of Automotive Repair, ERG, dKC, August 2001.

b. Martin Reineman, “Effectiveness of OBD II Evaporative Emission Monitors - 30 Vehicle Study”, EPA420-R-00-012, August 2000.

5. Reductions per leak as identified in Leaks tab:
a. <100pmm equivalent to leaky gas cap 3.5 g/mi.

b. 100-499 ppm equivalent to 7g/mi.

c. 500 & up equivalent to15g/mi.

6. Pre-inspection repairs assumed to be 50%.  Wenzel T, “Human Behavior in I/M Programs”, 15th Annual Mobile Sources/Clean Air Conference, Sept 1999.

7. Half the fleet is tested each year.  Repairs from last year are assumed 100% effective in the current year.
8. Many repairs have a life greater than two years.  Average life 3 years.  Residual benefit from 2 year ago repairs assumed at 50%.
9. OBD vehicle emissions levels and reductions assumed to the same as those measured in British Columbia.  Emissions levels are applied by model year ranges: 1996-1997, 1998-2001, 2002 & newer.
10. Pre-inspection exhaust repairs for OBD assumed to be 100%.
11. Trends in Vehicle Emissions Testing, Presentation to AirCare Steering Committee, April 2009 Slides 21-23.
12. 2005 original OBD benefits assumed to be 85% of 2006, and 2004 original OBD benefits assumed to be 70% of 2006 because of the fewer numbers of OBD models in those years.
� Wenzel T, “Human Behavior in I/M Programs”, 15th Annual Mobile Sources/Clean Air Conference, Sept 1999.


� McClintock P.  “Trends in Vehicle Emissions Testing, Presentation to BC AirCare Steering Committee”, April 2009.





� Colorado tests 1996 and newer model vehicles using IM240 but OBD status is not part of the pass/fail determination.  Therefore, emissions reductions in the Colorado program might not be representative of an OBD I/M program, 
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