I.   INPUT FACTORS FOR LARGE CI ENGINE EMISSION INVENTORY 

A.   BACKGROUND

Large CI engines are defined as engines greater than or equal to 25 horsepower, fueled by Diesel and are included in the following categories in the OFFROAD model:

· Agricultural

· Construction and Mining

· Light Commercial

· Industrial

· Logging

· Airport Ground Support

· Transport Refrigeration Units

· Lawn and Garden

· Dredging

· Oil Drilling

· Military Tactical Support

· Other Portable Equipment

Equipment in each category is further classified by the following horsepower groups: 25-50, 51-120, 121-175, 176-250, 251-500, 501-750, >750. Diesel engines used in locomotives, marine and pleasure craft applications (with the exception of equipment that are portable and included in the light-commercial and industrial category) are treated separately in the OFFROAD model, and are not included in this mailout.  A detailed description of the OFFROAD model structure is included in Appendix A, along with a list of equipment by category in Table A-1 and the horsepower groups in Table B-2 of this Appendix.

B.   EMISSIONS ESTIMATES 

The emission inventory for off-road large compression-ignited engines includes total emissions for the entire state, subtotals for each of the air basins and subtotals for each county, or portion of a county, in each air basin.  The data in Tables 3A and 3B summarize the statewide inventory of reactive organic gases (ROG), carbon monoxide (CO), oxides of nitrogen (NOx), and particulate matter (PM) for 1990 and 2010 by category. 

Table 3A: Off-Road Large CI Engine Emissions Inventory

1990 Statewide (tpd)

Category
1990 population
ROG
CO
NOX
PM








Agricultural
161652
23
82
189
13

Commercial
34996
5
16
34
3

Construction
153729
49
224
449
32

Dredging
130
0
1
1
0

Drilling
1500
2
13
16
1

Ground Support Equipment
1492
0
2
4
0

Industrial
11473
4
11
26
2

Lawn and Garden
102
0
0
0
0

Logging
4834
3
12
29
2

Military Tactical Support
2298
0
1
2
0

Misc. Portable Equipment
89
0
0
0
0

Transport Refrigeration
33810
5
14
30
3

Grand Total
406105
90
377
779
58

Table 3B: Off-Road Large CI Engine Emissions Inventory 

2010 Statewide (tpd)

Category
2010 population
ROG
CO
NOX
PM








Agricultural
167296
13
50
101
8

Commercial
40126
3
11
20
2

Construction
179880
22
113
229
16

Dredging
130
0
0
1
0

Drilling
1500
1
3
8
0

Ground Support Equipment
2425
0
2
2
0

Industrial
12765
2
8
14
1

Lawn and Garden
152
0
0
0
0

Logging
2780
1
3
7
0

Military Tactical Support
2298
0
0
1
0

Misc. Portable Equipment
89
0
0
0
0

Transport Refrigeration
42509
4
13
20
2

Grand Total
451950
46
203
403
29


*Note: 2010 estimates include the effect of standards adopted by the Air Resources Board and the USEPA as of 12/1/99

From the data used to produce the basic annual average emission inventory, other types of inventory products are constructed.  Some examples are: future year forecasts used to judge attainment prospects, trends to show historical patterns, seasonal inventories for planning purposes, day-specific inventories for use in ambient air quality models, and updated, prior-year inventories used in trend and progress assessments.  These other estimates are based on the annual average emission inventory data and additional data needed to produce the specific estimate.  Some of the other data sets required include temporal data, growth and control assumptions, spatial data, and historical assumptions.

C. INPUT FACTORS 

Population

Population estimates for most of the equipment in various categories were obtained from various sources as shown in Table 4. 

Table 4: Population Data Sources 

Category
Source of Data




Agricultural
USDA, PSR 

Construction
MacKay & Company, PSR, Portable Equipment Database

Light Commercial
PSR, Portable Equipment Database

Industrial
PSR, BAH for forklifts

Logging
PSR

Lawn and Garden
Portable Equipment Database

Airport Ground Support
ATA, EEA

Transport Refrigeration Units
PSR

Dredging
Portable Equipment Database

Oil Drilling
Portable Equipment Database

Tactical Support Equipment
Portable Equipment Database

Other Portable Engines
Portable Equipment Database

The various sources and their description are as follows:

PSR – Power Systems Research/Compass International’s 1996 Database contained engine data compiled over the last 7 years, and included engine sales records for every engine installed in North America, as well as imported engine-driven products.  PSR is an independent research firm with more than 15 years of experience in research and development related to engine product life cycles. 

BAH – Booz Allen-Hamilton’s 1992 report entitled, “Off-Road Mobile Equipment Emission Inventory Estimate” contained data that was used for the industrial forklift population.

USDA – United States Department of Agriculture’s 1997 Census of Agriculture data was used for the population of agricultural tractors, balers and combines.  The USDA’s 1994 Farm and Ranch Irrigation Survey was used to determine the population of irrigation sets in California.

MacKay – MacKay & Company has conducted surveys in 1991, 1995 and 1999 to estimate nationwide construction equipment population and usage.  This work was sponsored by Construction Equipment Magazine.  MacKay & Company’s 1999 Construction Equipment population analysis was used to obtain populations for those construction equipment contained in the analysis.  Since data in MacKay’s analysis are nationwide, staff used a factor of 10% in order to estimate California’s statewide population.  USEPA staff estimated that 10% of the total nationwide dollar amount spent on construction-related activities occurs in California.  For the construction equipment not found in MacKay’s analysis, 10% of PSR’s nationwide data was used.

ATA – In 1997, the Air Transport Association sponsored a survey of ground support equipment and its usage in the South Coast Air Basin (SCAB).  Equipment population estimates for SCAB were used from this survey.   ATA's 1997 GSE survey contained data used for ground support equipment.  This data was obtained through various surveys of ATA members.

Portable Equipment Database – The Portable Equipment Database is managed by the Stationary Sources Division of the Air Resources Board.  Data is obtained through a voluntary registration program with the state of California as an alternate method of obtaining an operational permit for off-road non-propulsion engines.  Equipment populations for dredging, oil drilling, lawn and garden, military tactical support and other portable equipment categories were obtained directly from the Portable Equipment Database. In order to avoid double counting, the population of generators, pumps and compressors found in the drilling, dredging, tactical support and other portable equipment, were subtracted from the industrial and light-commercial categories.  Staff acknowledges that due to voluntary nature of this program, this database may under estimate equipment population for dredging, oil drilling, lawn and garden, military tactical support and other portable equipment categories that exist in the state of California.  However, staff believes that this is the only good source of information available directly from the users of the equipment in these categories.  In addition, contribution of equipment population from these categories compared to agricultural and construction is small, thus should not significantly compromise the accuracy of the total emissions inventory.  As the statewide portable equipment database program expands and additional information becomes available, the population of above mentioned equipment categories will be updated in the OFFROAD model. 

EEA - Ground support equipment populations for all areas in the state except for SCAB were based on the methodology described in a report published by Energy & Environmental Analysis (EEA) entitled, "Documentation of Input Factors for the New Off-Road Mobile Source Emissions Inventory Model", dated June 1995.

Population estimates of equipment in the light-commercial category obtained from PSR and the irrigation pump estimate obtained through USDA, were not designated as mobile or stationary equipment.  The 1992 report by Booz Allen & Hamilton (BAH), entitled “Off-Road Mobile Equipment Emission Inventory Estimate”, stated “interviews with engine manufacturers (DDC, Caterpillar, Cummins, and Deutz) and equipment manufacturers (Stewart & Stevenson and Valley Diesel) suggest that the majority of equipment in these categories over 100 hp is in fact stationary.”   The report provides the split between mobile and stationary engines by horsepower as shown in Table 5.  Using this table, the PSR’s estimates for compressors, generators, welders, pumps and pressure washers, along with the USDA's estimate for irrigation pumps were modified.  In the ground-support equipment category, the population estimates for forklifts were obtained directly from surveys performed by the airline operators.  Therefore, the population of forklifts utilized as ground-support equipment was subtracted from the total forklift population given under the light-duty industrial category.

Table 5: Light-Duty Commercial Equipment Breakdown Percentages


PERCENT
PERCENT

HP 
MOBILE
STATIONARY





25-50
90
10

51-120
70
30

121-175
20
80

176-250
15
85

251-500
10
90

Other input factors (average horsepower, useful life, activity, load)

Other input factors such as maximum fleet average horsepower, useful life, activity and load factors incorporated into the new OFFROAD model were obtained from the1996 edition of the Power Systems Research (PSR) database, with the exception of the following categories: ground-support equipment data was obtained from ATA;   dredging, oil drilling, military tactical support and miscellaneous portable equipment data was obtained from the Portable Equipment Database where available;  industrial forklift data was obtained from the report by BAH; and construction activity data was obtained from MacKay where available.  All input factors are shown in Appendix B. 

Fleet average rated horsepower was assumed to be constant by calendar year based on the assumption that the power demand for this equipment has not changed over time.  This data was obtained from PSR, with the exception for ground support equipment.  Average horsepower values for ground support equipment were obtained from ATA.

The activity used for large CI engines is measured in annual average use hours.  Main sources of activity data were PSR, ATA and MacKay study.  For example, in the construction category where most of the data was obtained from MacKay study, off-highway trucks have the highest activity of 1641 hours/year or 4.5 hours/day.  Tractors/loaders/backhoes have the highest population in the construction category and have an activity of 1135 hours/year or 3.1 hours/day.

The load factor is the average operation level in a given application as a percent of the engine manufacturer’s maximum horsepower rating.  Each engine in a specific application is assumed to operate for the average annual number of hours at the average load factor.  In the OFFROAD model, the load factor is used to adjust the maximum rated horsepower to normal operative horsepower levels.  Load factors were obtained from PSR or from the Portable Engine Database when available.

D.   PREEMPTED/ NON-PREEMPTED CLASSIFICATION

In the OFFROAD model, each equipment type is classified as preempted (P) or non-preempted (N).  The USEPA has the sole authority to adopt emissions control standards for preempted equipment.  This includes all farm, logging and construction equipment less than 175 hp, along with some equipment under the industrial, light commercial and airport ground support categories.  Appendix B shows the P and N status of each equipment type negotiated between USEPA, ARB and engine manufacturers. 

E.   GROWTH FACTORS

The growth factors contained in the OFFROAD model were obtained from the 1994 study by California State University, Fullerton (CSUF) entitled “A Study to Develop Projected Activity for Non-Road Mobile Categories in California, 1970-2020”.   The growth factors were derived based on economic indicator data, such as fuel expenditures, employment, sales and inventory of equipment.  Table 6 contains the category specific growth indicators and the percent increase in population from 1990 to 2010.  The CSUF study growth factor values were used for all air basins, except for the San Francisco Bay Area and South Coast air basins, in which the districts provided their own growth factors.

Table 6: Growth Indicators by Category


1990 Pop
2010 Pop
% Increase from 1990
Source

Agricultural
161652
167296
3
US Bureau of Economic Analysis, US Dept of Agriculture,





 "Census of Agriculture", "Statistical Abstract of the US"

Construction
153729
179880
17
DRI/McGraw-Hill employment data

Dredging
130
130
0
No growth assumed

Drilling
1500
1500
0
No growth assumed

Ground Support
1492
2425
63
Flight operation data, U.S. Dept. of Transportation Federal Aviation Admin.

Industrial
11473
12765
11
DRI/McGraw-Hill employment data

Lawn & Garden
102
152
49
Same as for gasoline-powered lawn & garden equipment

Light-Commercial
34996
40126
15
DRI/McGraw-Hill employment data

Logging
4834
2780
-42
CA State Board of Equalization Timber Harvest data

Military Tactical Support
2298
2298
0
No growth assumed

Other Portable Equipment
89
89
0
No growth assumed

Transport Refrigeration
33810
42509
26
DRI/McGraw-Hill employment data

The CSUF study does not contain growth factors for logging as a separate category and timber harvest data was available from the California State Board of Equalization.  The growth factors for logging equipment were derived from the volume of timber harvested expressed in million board feet (MBF) between 1990 and 1996.  This data is shown in Table 7.  Pre-1990 growth factors for logging equipment were set equal to the 1990 value; post-1996 growth factors were set equal to the 1996 value. 
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Table 7: Logging Population Growth Trend
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F.   EMISSION FACTORS

Emission factors are composed of zero-hour emissions and deterioration rates.  The emission factors can be expressed by the following equation:





EF = ZH + DR * CHrs 

Where:    EF = emission factor, in grams per horsepower-hour (g/hp-hr)


    ZH = zero-hour emission rate, or when the equipment is new (g/hp-hr)

DR = deterioration rate, or the increase in ZH emissions as the equipment is

  used  (g/hp-hr2)

    CHrs = cumulative hours, or total number of hours accumulated on the 

                             equipment

Emissions per day are calculated by the following equation:

P = EF*HP*LF*Activity*CF

Where:    P = amount of pollutant in tons per day (tons/day)

    
   HP = Maximum rated average horsepower


   LF = Load factor


   Activity = annual activity in hours per year (hr/yr)


   EF = emission factor in grams per horsepower-hour (g/hp-hr)


   CF = conversion factor to convert units of grams per year to tons per day

The emission factors vary by horsepower group and model year as described in the following paragraphs.

G.   ZERO-HOUR EMISSION RATE

Pre-1988, Uncontrolled
Pre-1988, or uncontrolled engine emission rates for all engines (25 hp were obtained from the Energy and Environmental Analysis, Inc. (EEA) in a 1995 report entitled “Documentation of Input Factors for the New OFFROAD Mobile Source Emissions Inventory Model”.  These emission rates were derived from emissions data provided by engine manufacturers, which included Yanmar, Deutz, Perkins, Deere, Kubota, Caterpillar, and DDC.  Table 8 contains the zero-hour emission rates by technology type and Table 9 shows the technology fractions broken down into the horsepower groups utilized by the OFFROAD model. 

Table 8: Zero-Hour Emission Rates (g/hp-hr)

Hp
Year
Tech Type
HC
CO
NOX
PM









25 - 50
uncontrolled
DI
1.3
5
11
0.90



IDI
2.1
5
5
0.70

51 - 125
uncontrolled
Turbo
1.2
4
13
0.70



Nat. Asp
1.8
6
13
1.05

> 125
1969
Turbo
1.2
4
14
0.70



Nat. Asp
1.8
6
14
1.05


1971
Turbo
1.0
4
13
0.60



Nat. Asp
1.5
6
13
0.90


1979
Turbo
0.9
4
12
0.50



Nat. Asp
1.4
6
12
0.75


1984
Turbo
0.85
4
11
0.50



Nat. Asp
1.3
5.5
11
0.75


1988
Turbo
0.8
4
11
0.50



Nat. Asp
1.2
5
11
0.75

Table 9: Technology Fractions Breakdown by Horsepower Group

Hp
Tech 1
Tech 2
Class






50
0.32
0.68
1=DI, 2=IDI

120
0.60
0.40
  1=Turbo, 2=Nat. Asp

175
0.80
0.20
1=Turbo, 2= Nat. Asp

250
0.80
0.20
1=Turbo, 2= Nat. Asp

> 250
0.90
0.10
1=Turbo, 2= Nat. Asp

· Tech – Technology Fraction

· DI – Direct Injection

· IDI -  Indirect Injection

· Nat. Asp – Natural Aspirated

· Turbo – Turbo-charged

Based on the information provided in Tables 8 and 9, Table 10 shows the composite uncontrolled emission factors included in the OFFROAD model.

Table 10: Uncontrolled Emission Factors for Pre-1988 Model Years (g/hp-hr)

hp
year
HC
CO
NOX
PM








25-50

1.84
5.0
7
0.76

51-120

1.44
4.8
13
0.84

121-175
1969
1.32
4.4
14
0.77


1971
1.10
4.4
13
0.66


1979
1.00
4.4
12
0.55


1984
0.94
4.3
11
0.55


1988
0.88
4.2
11
0.55

176-250
1969
1.32
4.4
14
0.77


1971
1.10
4.4
13
0.66


1979
1.00
4.4
12
0.55


1984
0.94
4.3
11
0.55


1988
0.88
4.2
11
0.55

251-500
1969
1.26
4.2
14
0.74


1971
1.05
4.2
13
0.63


1979
0.95
4.2
12
0.53


1984
0.90
4.2
11
0.53


1988
0.84
4.1
11
0.53

501-750
1969
1.26
4.2
14
0.74


1971
1.05
4.2
13
0.63


1979
0.95
4.2
12
0.53


1984
0.90
4.2
11
0.53


1988
0.84
4.1
11
0.53

>750
1969
1.26
4.2
14
0.74


1971
1.05
4.2
13
0.63


1979
0.95
4.2
12
0.53


1984
0.90
4.2
11
0.53


1988
0.84
4.1
11
0.53

The emission factors in Table 10 are based on pre-1993 diesel fuel with a sulfur content of .30% by weight or greater.  These data are corrected to reflect emissions using the cleaner diesel fuel used by off-road equipment in California as described later in this report.   

Post-1987, Uncontrolled
Although off-road CI engines were not regulated until 1996, manufacturers applied some of the advanced technology used in 1998 and newer on-road diesel-powered engines to off-road engines.  Uncontrolled emission factors for all engines (25 hp for years post-1987, were obtained from a report numbered: NR-009A, published by the United States Environmental Protection Agency (USEPA) entitled “Exhaust Emission Factors for Non-Road Engine Modeling-Compression-Ignition”.  These emission factors are based on the latest data currently available to the USEPA.  Engines from 7 different manufacturers, with model years between 1988-1995, were tested on the ISO-C1 cycle (8-mode, steady state cycle) with fuels of various sulfur contents.  

Table 10 contains the actual emissions test data, engine model year, horsepower, and sulfur content.  Five of the engine types were tested on low-sulfur fuel (0.03-0.05 wt.%) only.  In order to maintain uniformity, emission factors for all uncontrolled engines in the OFFROAD model are based on pre-1993 diesel fuel (high-sulfur content).  The ratio of PM emissions, from tests using both the low-sulfur (0.03-0.05 wt.%) and the high-sulfur (0.26-0.28 wt.%) fuel, was found to be 0.69 for engines <120 hp and 0.38 for engines >120 hp.  This relationship was applied to the low-sulfur PM emissions for five engine types, to derive the high-sulfur PM emissions, as shown in the last column of Table 11.  

An average of emissions test data by horsepower was calculated to derive the post-1987 uncontrolled emission factors currently utilized by the OFFROAD model.  These emission factors are shown in Table 12.  

Per Table 11, no test data were available for engines in the 25-50 horsepower group, therefore, uncontrolled post-1987 emission factors were assumed to be the same as the pre-1988 emission factors.
Table 11: USEPA’s Test Data

Engine
Model Year
Hp
Sulfur (wt.%)
Emissions (g/hp-hr)





HC
CO
NOx
PM
High Sulfur PM











Ford NH (2)
1991
127
0.26
1.02
7.70
7.48
1.10


JD 7068T (2)
1990
139
0.26
0.45
2.98
11.74
0.41


Volvo TD71G (3)
1984
144
0.05
0.47
1.64
12.68
0.15
0.18

Volvo TD73KBE (3)
1992
139
0.05
0.64
0.85
4.52
0.12
0.14

Weterbeke 32BEDA (2)
1995
95
0.03
1.95
7.43
7.99
1.50
1.80

Cat 3176B (4)
1995
451
0.03
0.09
2.94
6.37
0.21
0.26

Cummins KTA19 (4)
1995
599
0.03
0.68
3.26
8.78
0.26
0.31

Cat3306 (5)
1990
285
0.26
1.10
1.40
6.50
0.18


Cummins 4BT (5)
1990
100
0.26
0.80
2.10
11.00
0.39


JD 4039D (6)
1991
72
0.25
0.60
3.50
7.20
0.59


Cat 3116 (7)
1991
201
0.28
0.07
2.51
9.38
0.41





0.04



0.35


Cat 3054 (7)
1991
85
0.28
0.66
1.00
7.53
0.39





0.04



0.34


JD 4039 (7)
1994
86
0.28
0.41
2.17
11.22
0.38





0.04



0.26


JD 7076 (7)
1993
174
0.28
0.53
2.05
10.22
0.25





0.04



0.21


Consolid. 6TA-830 (7)
1990
226
0.28
0.86
1.50
6.53
0.40





0.04



0.34


JD 6619 (7)
1993
275
0.28
0.82
4.69
7.29
0.66





0.04



0.56


Consolid. 4039 (7)
1988
71
0.28
1.32
3.37
7.57
0.58





0.04



0.48


Cat 3306 (7)
1990
278
0.28
1.27
1.46
6.52
0.25





0.04



0.25


Table 12: Uncontrolled Emission Factors for Post-1987 Model Years

Hp
Model Year
(lb/hp-hr)

BSFC
Emfacs (g/hp-hr)




HC
CO
NOx
PM









25-50
88-98
0.408
1.8
5.0
6.90
0.76

51-120
88-97
0.408
0.99
3.49
8.75
0.69

121-175
88-96
0.367
0.68
2.7
8.17
0.38

176-250
88-95
0.367
0.68
2.7
8.17
0.38

251-500
88-95
0.367
0.68
2.7
8.17
0.38

501-750
88-95
0.367
0.68
2.7
8.17
0.38

>750
88-99
0.367
0.68
2.7
8.17
0.38

Post-1995, Regulated
USEPA and the Air Resources Board (ARB) have adopted regulations that mandate emissions standards for CI engines in one, two or three tiers.  Appendix C contains the adopted federal and California emission standards.

Tier I, <175 hp

Post-1996 engines, less than 175 hp, have a zero-hour emission rate for NOx that is the same as California’s Tier I standard.  Zero-hour emission rates for HC, CO and PM are assumed to be the same as the uncontrolled emission rates, with the exception of the 25-50 hp category, which has a Tier I standard based on USEPA’s recently adopted emissions standards.

Tier I, >175 hp

For engines 176-750 hp, the Tier I emission rate was derived from the new engine audit data for each horsepower category.  These emission rates were based on the average of 1996 and 1997 emissions data provided to the ARB by various engine manufacturers as a part of the new engine audit test requirement.  Since the Tier I standards are the same for all CI engines >175 hp, the averages of all horsepower groups were used to derive the Tier I emission rates and are shown in Table 13.  For engines >750 hp, the Tier I emission rate is equal to the emission rate derived from the new engine audit data for the 501-750 hp category, since no test data was available for engines >750 hp.  The data was obtained from tests conducted using federal on-highway diesel fuel. 

Table 13: New Vehicle Audit Emissions Data and Tier I Emission Rates (>175 hp)

 (g/hp-hr)


Average of 1996 and 1997
Tier I

Hp
HC
CO
NOx
PM
HC
CO
NOx
PM











176-250
0.35
0.67
6.12
0.15
0.32
0.92
6.25
0.15

251-500
0.30
0.79
6.15
0.13
0.32
0.92
6.25
0.15

501-750
0.32
1.30
6.47
0.16
0.32
0.92
6.25
0.15

>750
-
-
-
-
0.32
0.92
6.25
0.15

Tier II and III, (25hp

The Tier II and III emission rates for each horsepower group were based on USEPA's adopted Tier II and III standards with the addition of an exemption for a cumulative total of 80%.  The exemption flexibility schedule is shown in Table 14A. The Tier II and III emission standards also contain durability hours that are shown in Table 14B.  The Tier II and III emission and deterioration rates were adjusted in accordance with the exemption and durability hours.

Table 14A: Exemption Flexibility Schedule 

Year
% Exemption




1
40

2
20

3
10

4
10

Table 14B: Durability Standard for Tier II and III 

Hp
Durability Standard




25-50
5000 hrs/ 7 yrs

>50
8000 hrs/ 10 yrs

All emission rates used in the OFFROAD model are shown in Appendix D. 

H.   FUEL CORRECTION FACTOR

California implemented diesel fuel regulations beginning in 1993, which lowered the limits of aromatic and sulfur content of the fuel to 10% by volume and 0.05% by weight, respectively.  On-road diesel fuel correction factors are used for the off-road CI engines.  Table 15 contains the on-road fuel correction factors.

Table 15: On-Road Diesel Fuel Correction Factors


NOX
PM





PRE-'91
0.9425
0.8012

91-93
0.8749
0.6943

94+
0.8749
0.8972

The on-road fuel correction factors are based on emissions tests performed on two on-road CI engines representing both pre-1991 and post-1991 model year technologies.  In Table 16, the fuel correction factor for 1991-1993 models are different from that for 1994+ because engine manufacturers are certifying 1994+ models on-road CI engines using the federal diesel fuel (which contains a lower sulfur content of 0.05 wt. %, but no restrictions on aromatics).  Therefore, the 1994+ model year engines when operated using California certified fuel, receive NOx and PM benefits due to lower aromatic content in California.  

The off-road CI engine fuel correction factors were derived based upon the assumption that the uncontrolled (pre-Tier I) and controlled (Tier I +) off-road CI engine technologies were similar to on-road pre-1991 and post-1991 CI engine technologies, respectively.  The fuel correction factors for off-road CI engines are shown in Table 16.

The uncontrolled (pre-Tier I) off-road CI engines were assumed to have been tested using California’s pre-1993 fuel.  Therefore, these engines receive fuel benefits after 1992, due to a lower aromatic and sulfur content in the fuel.

The controlled (Tier I +) off-road CI engines are certified using current federal fuel, which contains the same sulfur content as California’s pre-1993 fuel, but no mandated lower specification for aromatic content.  Therefore, in California, these engines will receive additional emission benefits due to the lower aromatic content present in the California fuel.

Table 16: Statewide Off-Road Fuel Correction Factors

(Uncontrolled and Controlled)

For Calendar Years 1993+

Model Year
NOX
PM





Pre-Tier I
0.9425
0.8012


NOX
PM





Post-Tier I
0.8749
0.8972

To maintain consistency, the USEPA’s uncontrolled engine data in Table 10 were corrected, using the fuel correction factors, to pre-1993 California fuel emission levels.  Since 1985, the Air Resources Board has mandated lower sulfur content (0.05%) in diesel fuel to be sold in the South Coast Air Quality Management District (SCAQMD) and the Ventura Air Quality Management District.  Therefore, all off-road engines in SCAB and Ventura for calendar years 1985 to 1993, receive a PM benefit of 31%.  This benefit is the same as discussed in Section G, entitled “Zero-Hour Emission Rates”.

I.   DETERIORATION RATES

Deterioration rates are defined as the change in emissions as a function of usage, and are derived using the methodology outlined in the EEA report.  Off-road CI engine deterioration rates are based on the deterioration factors of on-highway diesel-powered engines with similar horsepower ratings.  Emission rates (HC, CO, NOx, PM) for on-highway diesel vehicles change over time as a result of malfunction or tampering of emissions related components, over the useful life of the engines.  Similar adjustments are made for off-road CI engines.  On-road deterioration rates were expressed as the percent increase in emissions over the percent of useful life consumed, as shown in Table 17.  These were obtained from the on-road emissions inventory model, MVEI 7G 1.1.

The on-road deterioration factors were converted from percent increase per percent useful life consumed, to off-road deterioration rates with units of g/bhp-hr2 through linear interpolation between the zero-hour emission rate and the emission rate at the end of the useful life.  Since the useful life of on-highway vehicles is expressed in miles, a method was needed to convert the miles traveled into equivalent hours consumed.  Using the average speed of on-road diesel vehicles, the useful life in miles was converted to useful hours.  Table 18 shows the on-road engine data used to estimate the deterioration rates. 

Table 17: Deterioration Rates for Diesel Engines

 (% increase per % useful life consumed)

HP
Deterioration Factor
On-Road Equivalent


HC
CO
NOX
PM









25-50
0.51
0.41
0.06
0.31
LDDT

51-120
0.28
0.16
0.14
0.44
MHDT

121-250
0.28
0.16
0.14
0.44
MHDT

>250
0.44
0.25
0.21
0.67
HHDT









LDDT
- Compared to pre-1980 light-duty diesel trucks





MHDT
- Compared to pre-1984 medium-heavy-duty diesel trucks





HHDT
- Compared to pre-1984 heavy-heavy-duty diesel trucks




Table 18: On-Road Diesel Engine Average Speed and Useful Life


Avg Speed

(mph)
Useful Life

(mi)
Useful Hours

(hr)

LHDD
30.00
120000
4000

MHDD
30.57
185000
6052

HHDD
22.97
290000
12625






LHDD
- Light-heavy-duty diesel



MHDD
- Medium-heavy-duty diesel



HHDD
- Heavy-heavy-duty diesel



The following is an example of how to calculate the HC deterioration rate for uncontrolled 1987 engines between 121-175 hp:

DR121-175 = (ZH1987 *0.28) / 6052

Since ZH1987 = 0.88 gm/hp-hr, the DR for 1987 model year engines is calculated to equal 4.07E-5 gm/hp-hr2  .

The percent increase per percent useful life for Tier I and II was assumed to be the same as for uncontrolled engines.

III.   COMPARISON OF OFFROAD vs. 1994 SIP INVENTORY

The BAH report contains input factors such as equipment population, average horsepower, and activity in hours per year.  The 1994 SIP estimates were derived from the input factors described in the BAH report.  

Until now, the emissions estimates included in the 1994 SIP were the latest available emissions inventory for off-road large CI engines.  Table 19 compares the 1994 SIP inventory with the proposed OFFROAD inventory, for calendar years1990 and 2010, statewide.  Two major reasons for the increase in the inventory, is the inclusion of equipment greater than 500 hp and 61 new equipment types, which were not included in the 1994 SIP.  The inclusion of deterioration rates, which were not part of the 1994 SIP inventory, accounts for the remainder of the difference.  In addition to above mentioned changes, the differences in proposed OFFROAD and 1994 SIP inventory in calendar year 2010 reflects revisions to growth factors and changes in proposed SIP standards versus adopted emission standards.  ARB will use the proposed OFFROAD inventory in the next revisions of the statewide control strategy in the 2000-2001 timeframe.  

Table 19: Comparison of Proposed OFFROAD vs. 1994 SIP Statewide Inventories for Calendar Years 1990 & 2010 (tpd)

Calendar Year
Proposed

OFFROAD model
1994 SIP Inventory


ROG
CO
NOx
PM
ROG
CO
NOx
PM











1990
90
377
779
58
53
171
553
35

2010
46
203
403
29
45
226
258
44

Table 20 shows a comparison between the 1990 statewide emissions inventory from the OFFROAD model, without the additional equipment types, and the 1994 SIP.

Table 20: Proposed OFFROAD (w/o additional equip. types) vs. SIP Statewide Inventories for Calendar Year 1990 (tpd)


Proposed

OFFROAD model
1994 SIP Inventory

Year
ROG
CO
NOx
PM
ROG
CO
NOx
PM











1990
68
261
586
43
53
171
553
35

In order to evaluate the major factors that contribute to changes in the OFFROAD model inventory as compared to the 1994 SIP inventory, Table 21 shows a step-by-step analysis along with the impact.

Table 21: Proposed OFFROAD (w/o additional equip. types) vs. 1994 SIP Inventory Step Analysis


1994 SIP
Proposed OFFROAD
%DIFF from SIP






1990 Population
338758
322164
-5

Pop*Activ (hr/yr)
2.37E+08
2.32E+08
-2

Pop*Activ*AvgHp (hr-hp/yr)
2.53E+10
2.54E+10
0

Pop*Activ*AvgHp*Load (hr-hp/yr)
1.34E+10
1.54E+10
15

Pop*Activ*AvgHp*Load*( ROG+NOx in gm/bhp-hr)  (tpd)
606
654
8

According to Table 21, there is a 8% difference in ROG+NOx tons per day emissions estimates between the 1994 SIP and the OFFROAD model for those equipment types included in both the 1994 SIP and OFFROAD inventories.  This increase in emissions is due primarily to updates in zero-hour emission rates and the inclusion of deterioration rates.  

The additional equipment types included in the OFFROAD model are shown in Table 22.  

Table 22: Additional Equipment Types Found in OFFROAD and  Not Included in 1994 SIP

Category
Equipment
OFFROAD 1990 population





Agricultural
 Hydro Power Units           
210


 Irrigation Pumps            
3850


 Sprayers                    
1204


 Tillers >5 HP               
4

Commercial
 Pressure Washers            
148


 Welders                     
8037

Construction
 Bore/Drill Rigs             
1027


 Concrete/Industrial Saws    
93


 Crushing/Proc. Equipment    
894


 Graders                     
6216


 Off-Highway Trucks          
1965


 Pavers                      
2484


 Paving Equipment            
3510


 Rough Terrain Forklifts     
5519


 Rubber Tired Dozers         
726


 Scrapers                    
1760


 Signal Boards               
397


 Surfacing Equipment         
106


 Trenchers                   
6771

Dredging
 Deck/door engine            
4


 Dredger                     
4


 Hoist/swing/winch           
55


 Other (Dredging)            
10

Drilling
 Lift (Drilling)             
61


 Other Drilling Equipment    
243


 Other Workover Equipment    
266


 Snubbing                    
2


 Swivel                      
74

Ground Support Equipment
 A/C Tug Narrow Body 
171


 A/C Tug Wide Body 
42


 Air Start Unit 
89


 Belt Loader 
175


 Bobtail 
13


 Cargo Loader 
213


 Catering Truck 
6


 Fuel Truck 
16


 Hydrant Truck 
8


 Lav Truck 
4


 Lift 
14


 Other 
36


 Passenger Stand 
6


 Service Truck 
25

Industrial
 Aerial Lifts                
1111


 Other Material Handling Equi
259

Lawn and Garden
 Leaf Blowers/Vacuums        
6


 Snowblowers                 
53

Military Tactical Support
 A/C unit                    
162


 Aircraft Support            
68


 Cart                        
23


 Communications              
9


 Deicer                      
4


 Hydraulic unit              
67


 Lift (Military)             
2


 Light                       
5


 Other tactical support equip
41


 Pressure Washer             
2


 Start Cart                  
2


 Test Stand                  
77


 Welder                      
78

Misc. Portable Equipment
 Misc Portable Equipment     
89

Transport Refrigeration
 Transport Refrigeration Unit
33810


SUBTOTAL:
82326


Equipment >500 hp
OFFROAD 1990 Pop


Compressor
33


Cranes
57


Crawler tractor
242


Excavator
31


Fellers/bunchers
17


Generator
236


Off-highway tractor
479


Other general industrial equip
35


Pump
369


Rubber tired loader
116


SUBTOTAL:
1615


GRAND TOTAL:
83941

Table 23 shows the step-by-step analysis of the OFFROAD model inventory in its entirety, as compared to the 1994 SIP inventory.

Table 23: Proposed OFFROAD (w/ additional equip. types) vs. 1994 SIP Inventory Step Analysis for Calendar Year 1990


1994 SIP
Proposed OFFROAD
%DIFF from SIP






1990 Population
338758
406105
20%

Pop*Activ (hr/yr)
2.37E+08
3.18E+08
34%

Pop*Activ*AvgHp (hr-hp/yr)
2.53E+10
3.50E+10
38%

Pop*Activ*AvgHp*Load (hr-hp/yr)
1.34E+10
2.05E+10
53%

Pop*Activ*AvgHp*Load*( ROG+NOx in gm/bhp-hr)  (tpd)
606
869
43%
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		From activity .dat (4/30/98)																								Calc Det rates:								SIP comparisons:

																												life*activ div by		sum of each		det rate																		junk*hcemfac		junk*noxemfac		hand calcs

		Category		Equipment		Fuel		HP		Avg HP		Load		BSFC		Activity		Life		1990pop		2010pop		P/N		life*activ		weight pop		wt. Hp group		check		pop*activ		col18*avghp		col19*load		ROG		NOX		ROG+NOX		COL20*EMISSION				hc(tpd)		nox (tpd)		hc		nox

		Agricultural		Agricultural Mowers		D		120		65		0.43		0.49		363		16		65		103		P		5808		9.9583223424						23595		1533675		659480.25		0.99		8.83		9.82		6476096.055				652885.4475		5823210.6075		0.0019699639		0.0175704864

		Agricultural		Agricultural Tractors		D		50		39		0.7		0.54		475		16		107,178		171,229		P		7600		1971.3663381672						50909550		1985472450		1389830715		1.8		6.9		8.7		12091527220.5				2501695287		9589831933.5		7.548413756		28.9355860645

		Agricultural		Agricultural Tractors		D		120		83		0.7		0.49		475		16		124,720		199,254		P		7600		25003.2181482458						59242000		4917086000		3441960200		0.99		8.83		9.82		33800049164				3407540598		30392508566		10.2816383984		91.7039061191

		Agricultural		Agricultural Tractors		D		175		142		0.7		0.47		475		16		69,914		111,695		P		7600		18742.3774250441						33209150		4715699300		3300989510		0.68		8.83		9.51		31392410240.1				2244672866.8		29147737373.3		6.7728950178		87.9480338341

		Agricultural		Agricultural Tractors		D		250		203		0.7		0.47		475		16		45,091		72,038		N		7600		4388.8119052803						21418225		4347899675		3043529772.5		0.68		8.83		9.51		28943968136.475				2069600245.3		26874367891.175		6.2446449982		81.0885519618

		Agricultural		Agricultural Tractors		D		500		332		0.7		0.41		475		16		8,716		13,924		N		7600		1875.629300337						4140100		1374513200		962159240		0.68		8.83		9.51		9150134372.4				654268283.2		8495866089.2		1.9741363925		25.6347416849

		Agricultural		Agricultural Tractors		D		750		543		0.7		0.42		475		16		241		385		N		7600		101.3277273733						114475		62159925		43511947.5		0.68		8.83		9.51		413798620.725				29588124.3		384210496.425		0.0892768219		1.1592857897

		Agricultural		Balers		D		50		50		0.58		0.54		95		16		27		43		P		1520		0.0993242851						2565		128250		74385		1.8		6.9		8.7		647149.5				133893		513256.5		0.0004039979		0.0015486588

		Agricultural		Balers		D		120		75		0.58		0.49		95		16		535		854		P		1520		21.4508045371						50825		3811875		2210887.5		0.99		8.83		9.82		21710915.25				2188778.625		19522136.625		0.0066042442		0.0589045218

		Agricultural		Combines		D		120		108		0.7		0.49		150		16		10,812		177,273		P		2400		684.4843049327						1621800		175154400		122608080		0.99		8.83		9.82		1204011345.6				121381999.2		1082629346.4		0.3662482626		3.2666385444

		Agricultural		Combines		D		175		142		0.7		0.47		150		16		15,866		25,357		P		2400		1343.1534391534						2379900		337945800		236562060		0.68		8.83		9.51		2249705190.6				160862200.8		2088842989.8		0.4853726414		6.3027065047

		Agricultural		Combines		D		250		200		0.7		0.47		150		16		16,862		26,939		N		2400		518.2792669339						2529300		505860000		354102000		0.68		8.83		9.51		3367510020				240789360		3126720660		0.7265384105		9.4343149478

		Agricultural		Combines		D		500		275		0.7		0.41		150		16		677		1081		N		2400		46.0061726647						101550		27926250		19548375		0.68		8.83		9.51		185905046.25				13292895		172612151.25		0.0401089101		0.520825995

		Agricultural		Hydro Power Units		D		50		35		0.48		0.54		790		16		192		306		P		12640		5.8734922264						151680		5308800		2548224		1.8		6.9		8.7		22169548.8				4586803.2		17582745.6		0.0138398503		0.0530527596

		Agricultural		Hydro Power Units		D		120		70		0.48		0.49		790		16		18		28		P		12640		6.0015826959						14220		995400		477792		0.99		8.83		9.82		4691917.44				473014.08		4218903.36		0.0014272346		0.012729779

		Agricultural		Other Agricultural Equipment		D		50		40		0.51		0.54		381		16		506		808		P		6096		7.4652365002						192786		7711440		3932834.4		1.8		6.9		8.7		34215659.28				7079101.92		27136557.36		0.0213599117		0.0818796613

		Agricultural		Other Agricultural Equipment		D		120		80		0.51		0.49		381		16		1,708		2,728		P		6096		274.6496438934						650748		52059840		26550518.4		0.99		8.83		9.82		260726090.688				26285013.216		234441077.472		0.0793102807		0.7073836144

		Agricultural		Other Agricultural Equipment		D		175		145		0.51		0.47		381		16		142		236		P		6096		30.5337566138						54102		7844790		4000842.9		0.68		8.83		9.51		38048015.979				2720573.172		35327442.807		0.0082088382		0.106594179

		Agricultural		Other Agricultural Equipment		D		250		210		0.51		0.47		381		16		142		226		N		6096		11.0860494602						54102		11361420		5794324.2		0.68		8.83		9.51		55104023.142				3940140.456		51163882.686		0.0118886623		0.1543777765

		Agricultural		Other Agricultural Equipment		D		500		302		0.51		0.41		381		16		34		54		N		6096		5.8686751423						12954		3912108		1995175.08		0.68		8.83		9.51		18974115.0108				1356719.0544		17617395.9564		0.0040936547		0.0531573108

		Agricultural		Sprayers		D		50		36		0.5		0.54		90		16		69		110		P		1440		0.2404693218						6210		223560		111780		1.8		6.9		8.7		972486				201204		771282		0.0006070967		0.0023272042

		Agricultural		Sprayers		D		120		91		0.5		0.49		90		16		657		1049		P		1440		24.9559482986						59130		5380830		2690415		0.99		8.83		9.82		26419875.3				2663510.85		23756364.45		0.008036663		0.0716805396

		Agricultural		Sprayers		D		175		151		0.5		0.47		90		16		276		440		P		1440		14.019047619						24840		3750840		1875420		0.68		8.83		9.51		17835244.2				1275285.6		16559958.6		0.003847944		0.0499666846

		Agricultural		Sprayers		D		250		248		0.5		0.47		90		16		173		276		N		1440		3.1904511866						15570		3861360		1930680		0.68		8.83		9.51		18360766.8				1312862.4		17047904.4		0.0039613252		0.0514389729

		Agricultural		Sprayers		D		500		271		0.5		0.41		90		16		29		46		N		1440		1.182433389						2610		707310		353655		0.68		8.83		9.51		3363259.05				240485.4		3122773.65		0.0007256213		0.0094224056

		Agricultural		Swathers		D		120		78		0.55		0.49		110		16		7,464		11,924		P		1760		346.5217620681						821040		64041120		35222616		0.99		8.83		9.82		345886089.12				34870389.84		311015699.28		0.1052151042		0.9384337073

		Agricultural		Swathers		D		175		150		0.55		0.47		110		16		67		107		P		1760		4.1594356261						7370		1105500		608025		0.68		8.83		9.51		5782317.75				413457		5368860.75		0.0012475318		0.0161995678

		Agricultural		Tillers >5 HP		D		250		245		0.78		0.47		172		16		1		1		N		2752		0.0352445475						172		42140		32869.2		0.68		8.83		9.51		312586.092				22351.056		290235.036		0.0000674403		0.0008757318

		Agricultural		Tillers >5 HP		D		500		437		0.78		0.41		172		16		3		4		N		2752		0.2337684401						516		225492		175883.76		0.68		8.83		9.51		1672654.5576				119600.9568		1553053.6008		0.0003608743		0.0046860588

		Airport Ground		Air Conditioner		D		500		300		0.75		0.41		22		16		22		31		N		352		0.2192711725		782.2424408661				484		145200		108900		0.68		8.83		9.51		1035639				74052		961587		0.0002234385		0.0029014151

		Airport Ground		Air Start Unit		D		750		600		0.9		0.42		135		16		58		99		N		2160		6.9307368887		723.8266936676				7830		4698000		4228200		0.68		8.83		9.51		40210182				2875176		37335006		0.0086753244		0.1126516384

		Airport Ground		Baggage Tug		D		120		78		0.55		0.49		876		8		390		620		N		7008		72.0949617515						341640		26647920		14656356		0.99		8.83		9.82		143925415.92				14509792.44		129415623.48		0.0437806784		0.3904882731

		Airport Ground		Belt Loader		D		50		45		0.5		0.54		810		6		165		241		N		4860		1.9407442545						133650		6014250		3007125		1.8		6.9		8.7		26161987.5				5412825		20749162.5		0.016332222		0.0626068508

		Airport Ground		Cargo Loader		D		120		76		0.5		0.49		719		11		148		259		N		7909		30.8766024796						106412		8087312		4043656		0.99		8.83		9.82		39708701.92				4003219.44		35705482.48		0.0120789917		0.1077348455

		Airport Ground		Forklift		D		120		52		0.3		0.49		726		16		10		13		N		11616		3.0640991823						7260		377520		113256		0.99		8.83		9.82		1112173.92				112123.44		1000050.48		0.0003383122		0.0030174717

		Airport Ground		Fuel Truck		D		250		180		0.25		0.47		22		16		18		32		N		352		0.0811444232						396		71280		17820		0.68		8.83		9.51		169468.2				12117.6		157350.6		0.0000365627		0.000474777

		Airport Ground		Ground Power Unit		D		175		145		0.75		0.47		796		6		196		321		P		4776		33.0192592593						156016		22622320		16966740		0.68		8.83		9.51		161353697.4				11537383.2		149816314.2		0.0348119703		0.4520436733

		Airport Ground		Lift		D		250		160		0.5		0.47		376		16		5		8		N		6016		0.3852311002		53609.466866328				1880		300800		150400		0.68		8.83		9.51		1430304				102272		1328032		0.0003085873		0.0040070967

		Airport Ground		Other		D		50		50		0.5		0.54		183		16		23		24		N		2928		0.1629847625						4209		210450		105225		1.8		6.9		8.7		915457.5				189405		726052.5		0.0005714954		0.0021907323

		Airport Ground		Service Truck		D		175		170		0.2		0.47		1,299		15		17		32		N		19485		11.6841269841		55602.6386385843				22083		3754110		750822		0.68		8.83		9.51		7140317.22				510558.96		6629758.26		0.0015405195		0.0200040983

		Construction		Asphalt Pavers		D		50		36		0.62		0.54		821		16		560		654		P		13136		17.8032488528						459760		16551360		10261843.2		1.8		6.9		8.7		89278035.84				18471317.76		70806718.08		0.0557338657		0.2136464851

		Construction		Asphalt Pavers		D		120		89		0.62		0.49		821		16		298		348		P		13136		103.2584542337						244658		21774562		13500228.44		0.99		8.83		9.82		132572243.2808				13365226.1556		119207017.1252		0.0403271563		0.359685647

		Construction		Asphalt Pavers		D		175		165		0.62		0.47		821		16		433		505		P		13136		200.6309700176						355493		58656345		36366933.9		0.68		8.83		9.51		345849541.389				24729515.052		321120026.337		0.0746168459		0.9689216895

		Construction		Asphalt Pavers		D		250		250		0.62		0.47		821		16		22		25		N		13136		3.7010873045						18062		4515500		2799610		0.68		8.83		9.51		26624291.1				1903734.8		24720556.3		0.005744176		0.0745898144

		Construction		Bore/Drill Rigs		D		50		33		0.75		0.54		466		16		92		107		P		7456		1.6601289473						42872		1414776		1061082		1.8		6.9		8.7		9231413.4				1909947.6		7321465.8		0.005762922		0.0220912009

		Construction		Bore/Drill Rigs		D		120		82		0.75		0.49		466		16		283		330		P		7456		55.6594038512						131878		10813996		8110497		0.99		8.83		9.82		79645080.54				8029392.03		71615688.51		0.0242272405		0.2160874072

		Construction		Bore/Drill Rigs		D		175		157		0.75		0.47		466		16		52		60		P		7456		13.6759082892						24232		3804424		2853318		0.68		8.83		9.51		27135054.18				1940256.24		25194797.94		0.0058543728		0.0760207529

		Construction		Bore/Drill Rigs		D		250		234		0.75		0.47		466		16		48		56		N		7456		4.5834304522						22368		5234112		3925584		0.68		8.83		9.51		37332303.84				2669397.12		34662906.72		0.0080544238		0.1045890614

		Construction		Bore/Drill Rigs		D		500		331		0.75		0.41		466		16		125		146		N		7456		26.3895574369						58250		19280750		14460562.5		0.68		8.83		9.51		137519949.375				9833182.5		127686766.875		0.0296698525		0.3852717605

		Construction		Bore/Drill Rigs		D		750		604		0.75		0.42		466		16		14		18		N		7456		5.7747289223						6524		3940496		2955372		0.68		8.83		9.51		28105587.72				2009652.96		26095934.76		0.0060637649		0.0787397706

		Construction		Bore/Drill Rigs		D		9999		811		0.75		0.42		466		16		46		60		N		7456		39.1703974418						21436		17384596		13038447		0.68		8.83		9.51		123995630.97				8866143.96		115129487.01		0.0267519883		0.3473824362

		Construction		Concrete Pavers		D		50		36		0.68		0.54		821		16		207		241		P		13136		6.5808437724						169947		6118092		4160302.56		1.8		6.9		8.7		36194632.272				7488544.608		28706087.664		0.022595331		0.0866154356

		Construction		Concrete Pavers		D		120		89		0.68		0.49		821		16		605		706		P		13136		209.6354523872						496705		44206745		30060586.6		0.99		8.83		9.82		295194960.412				29759980.734		265434979.678		0.0897953676		0.8009021172

		Construction		Concrete Pavers		D		175		165		0.68		0.47		821		16		129		150		P		13136		59.7722751323						105909		17474985		11882989.8		0.68		8.83		9.51		113007232.998				8080433.064		104926799.934		0.0243812476		0.3165976704

		Construction		Concrete Pavers		D		250		250		0.68		0.47		821		16		44		51		N		13136		7.4021746091						36124		9031000		6141080		0.68		8.83		9.51		58401670.8				4175934.4		54225736.4		0.0126001279		0.1636163671

		Construction		Concrete Pavers		D		500		300		0.68		0.41		821		16		69		80		N		13136		25.6642410171						56649		16994700		11556396		0.68		8.83		9.51		109901325.96				7858349.28		102042976.68		0.0237111498		0.3078962545

		Construction		Concrete/Industrial Saws		D		50		33		0.73		0.54		580		16		16		18		P		9280		0.3593486805						9280		306240		223555.2		1.8		6.9		8.7		1944930.24				402399.36		1542530.88		0.0012141674		0.0046543084

		Construction		Concrete/Industrial Saws		D		120		81		0.73		0.49		580		16		28		32		P		9280		6.8541281984						16240		1315440		960271.2		0.99		8.83		9.82		9429863.184				950668.488		8479194.696		0.0028684705		0.0255844388

		Construction		Concrete/Industrial Saws		D		175		175		0.73		0.47		580		16		1		1		P		9280		0.3273368607						580		101500		74095		0.68		8.83		9.51		704643.45				50384.6		654258.85		0.0001520264		0.0019741079

		Construction		Cranes		D		50		43		0.43		0.54		806		16		106		123		P		12896		3.3083312358						85436		3673748		1579711.64		1.8		6.9		8.7		13743491.268				2843480.952		10900010.316		0.0085796903		0.0328888127

		Construction		Cranes		D		120		93		0.43		0.49		806		16		1,403		1,639		P		12896		477.2642574519						1130818		105166074		45221411.82		0.99		8.83		9.82		444074264.0724				44769197.7018		399305066.3706		0.1350829693		1.2048309286

		Construction		Cranes		D		175		149		0.43		0.47		806		16		2,486		2,904		P		12896		1130.8450088183						2003716		298553684		128378084.12		0.68		8.83		9.51		1220875579.9812				87297097.2016		1133578482.7796		0.2634032261		3.4203683627

		Construction		Cranes		D		250		208		0.43		0.47		806		16		2,277		2,660		N		12896		376.0638295147						1835262		381734496		164145833.28		0.68		8.83		9.51		1561026874.4928				111619166.6304		1449407707.8624		0.3367906784		4.3733260149

		Construction		Cranes		D		500		334		0.43		0.41		806		16		845		987		N		12896		308.5516889883						681070		227477380		97815273.4		0.68		8.83		9.51		930223250.034				66514385.912		863708864.122		0.2006951479		2.6060855233

		Construction		Cranes		D		750		562		0.43		0.42		806		16		182		239		N		12896		129.8446558973						146692		82440904		35449588.72		0.68		8.83		9.51		337125588.7272				24105720.3296		313019868.3976		0.0727346579		0.9444809257

		Construction		Crawler Tractors		D		50		31		0.64		0.54		936		16		19		22		P		14976		0.6886483765						17784		551304		352834.56		1.8		6.9		8.7		3069660.672				635102.208		2434558.464		0.0019163062		0.0073458405

		Construction		Crawler Tractors		D		120		82		0.64		0.49		936		16		10,846		12,670		P		14976		4284.6134529148						10151856		832452192		532769402.88		0.99		8.83		9.82		5231795536.2816				527441708.8512		4704353827.4304		1.5914601076		14.1945381312

		Construction		Crawler Tractors		D		175		151		0.64		0.47		936		16		3,670		4,287		P		14976		1938.6920634921						3435120		518703120		331969996.8		0.68		8.83		9.51		3157034669.568				225739597.824		2931295071.744		0.6811284709		8.8446535265

		Construction		Crawler Tractors		D		250		207		0.64		0.47		936		16		3,155		3,685		N		14976		605.1160944124						2953080		611287560		391224038.4		0.68		8.83		9.51		3720540605.184				266032346.112		3454508259.072		0.8027045625		10.423354834

		Construction		Crawler Tractors		D		500		323		0.64		0.41		936		16		2,161		2,524		N		14976		916.361412351						2022696		653330808		418131717.12		0.68		8.83		9.51		3976432629.8112				284329567.6416		3692103062.1696		0.8579131243		11.1402542459

		Construction		Crawler Tractors		D		750		579		0.64		0.42		936		16		101		132		N		14976		83.6786899757						94536		54736344		35031260.16		0.68		8.83		9.51		333147284.1216				23821256.9088		309326027.2128		0.0718763409		0.933335427

		Construction		Crawler Tractors		D		9999		820		0.64		0.42		936		16		101		132		N		14976		172.7473732298						94536		77519520		49612492.8		0.68		8.83		9.51		471814806.528				33736495.104		438078311.424		0.1017937816		1.3218221937

		Construction		Crushing/Proc. Equipment		D		50		45		0.78		0.54		955		16		96		112		P		15280		3.5501171368						91680		4125600		3217968		1.8		6.9		8.7		27996321.6				5792342.4		22203979.2		0.0174773472		0.0669964975

		Construction		Crushing/Proc. Equipment		D		120		85		0.78		0.49		955		16		270		315		P		15280		108.8261672382						257850		21917250		17095455		0.99		8.83		9.82		167877368.1				16924500.45		150952867.65		0.0510666238		0.4554730181

		Construction		Crushing/Proc. Equipment		D		175		171		0.78		0.47		955		16		114		133		P		15280		61.4433862434						108870		18616770		14521080.6		0.68		8.83		9.51		138095476.506				9874334.808		128221141.698		0.0297940221		0.3868841401

		Construction		Crushing/Proc. Equipment		D		250		250		0.78		0.47		955		16		11		12		N		15280		2.1525812277						10505		2626250		2048475		0.68		8.83		9.51		19480997.25				1392963		18088034.25		0.0042030143		0.0545773769

		Construction		Crushing/Proc. Equipment		D		500		382		0.78		0.41		955		16		64		74		N		15280		27.6897811252						61120		23347840		18211315.2		0.68		8.83		9.51		173189607.552				12383694.336		160805913.216		0.0373655613		0.4852028037

		Construction		Excavators		D		50		35		0.57		0.54		859		16		544		635		P		13744		18.0950647641						467296		16355360		9322555.2		1.8		6.9		8.7		81106230.24				16780599.36		64325630.88		0.0506324282		0.1940909748

		Construction		Excavators		D		120		103		0.57		0.49		859		16		1,480		1,728		P		13744		536.5634397257						1271320		130945960		74639197.2		0.99		8.83		9.82		732956916.504				73892805.228		659064111.276		0.2229581957		1.9886069377

		Construction		Excavators		D		175		157		0.57		0.47		859		16		2,854		3,334		P		13744		1383.6111463845						2451586		384899002		219392431.14		0.68		8.83		9.51		2086422020.1414				149186853.1752		1937235166.9662		0.4501443883		5.8452572777

		Construction		Excavators		D		250		222		0.57		0.47		859		16		1,163		1,358		N		13744		204.7087330149						999017		221781774		126415611.18		0.68		8.83		9.51		1202212462.3218				85962615.6024		1116249846.7194		0.2593766689		3.3680823327

		Construction		Excavators		D		500		327		0.57		0.41		859		16		845		987		N		13744		328.8410680409						725855		237354585		135292113.45		0.68		8.83		9.51		1286627998.9095				91998637.146		1194629361.7635		0.2775892739		3.6045783651

		Construction		Excavators		D		750		542		0.57		0.42		859		16		18		23		N		13744		13.6862137641						15462		8380404		4776830.28		0.68		8.83		9.51		45427655.9628				3248244.5904		42179411.3724		0.0098009915		0.1272687568

		Construction		Graders		D		50		36		0.61		0.54		821		16		13		15		P		13136		0.4132897055						10673		384228		234379.08		1.8		6.9		8.7		2039097.996				421882.344		1617215.652		0.0012729538		0.0048796562

		Construction		Graders		D		120		98		0.61		0.49		821		16		967		1129		P		13136		335.0702189396						793907		77802886		47459760.46		0.99		8.83		9.82		466054847.7172				46985162.8554		419069684.8618		0.141769244		1.2644670957

		Construction		Graders		D		175		162		0.61		0.47		821		16		3,301		3,856		P		13136		1529.5215520282						2710121		439039602		267814157.22		0.68		8.83		9.51		2546912635.1622				182113626.9096		2364799008.2526		0.5494949819		7.1353539565

		Construction		Graders		D		250		225		0.61		0.47		821		16		2,048		2,392		N		13136		344.537581804						1681408		378316800		230773248		0.68		8.83		9.51		2194653588.48				156925808.64		2037727779.84		0.4734952889		6.1484755894

		Construction		Graders		D		500		300		0.61		0.41		821		16		57		66		N		13136		21.2008947532						46797		14039100		8563851		0.68		8.83		9.51		81442223.01				5823418.68		75618804.33		0.0175711142		0.2281660863

		Construction		Graders		D		750		635		0.61		0.42		821		16		3		3		N		13136		2.180128347						2463		1564005		954043.05		0.68		8.83		9.51		9072949.4055				648749.274		8424200.1315		0.0019574838		0.0254185026

		Construction		Off-Highway Tractors		D		120		115		0.65		0.49		855		16		1		1		P		13680		0.3608546558						855		98325		63911.25		0.99		8.83		9.82		627608.475				63272.1375		564336.3375		0.0001909122		0.001702783

		Construction		Off-Highway Tractors		D		175		160		0.65		0.47		855		16		931		1087		P		13680		449.2444444444						796005		127360800		82784520		0.68		8.83		9.51		787280785.2				56293473.6		730987311.6		0.1698553907		2.2056222063

		Construction		Off-Highway Tractors		D		250		160		0.65		0.47		855		16		880		1028		N		13680		154.1744041597						752400		120384000		78249600		0.68		8.83		9.51		744153696				53209728		690943968		0.1605507453		2.0847986482

		Construction		Off-Highway Tractors		D		750		697		0.65		0.42		855		16		346		455		N		13680		261.8543925647						295830		206193510		134025781.5		0.68		8.83		9.51		1274585182.065				91137531.42		1183447650.645		0.2749910428		3.5708395711

		Construction		Off-Highway Tractors		D		9999		999		0.65		0.42		855		16		38		50		N		13680		59.3695751485		927.1837993201				32490		32457510		21097381.5		0.68		8.83		9.51		200636098.065				14346219.42		186289878.645		0.0432871264		0.5620960674

		Construction		Off-Highway Trucks		D		175		175		0.57		0.47		1641		10		35		40		P		16410		20.2592592593						57435		10051125		5729141.25		0.68		8.83		9.51		54484133.2875				3895816.05		50588317.2375		0.0117549214		0.1526411117

		Construction		Off-Highway Trucks		D		250		233		0.57		0.47		1641		10		257		300		N		16410		54.0113725139						421737		98264721		56010890.97		0.68		8.83		9.51		532663573.1247				38087405.8596		494576167.2651		0.1149218691		1.4922942709

		Construction		Off-Highway Trucks		D		500		381		0.57		0.41		1641		10		364		425		N		16410		169.132145992						597324		227580444		129720853.08		0.68		8.83		9.51		1233645312.7908				88210180.0944		1145435132.6964		0.2661582889		3.4561436627

		Construction		Off-Highway Trucks		D		750		618		0.57		0.42		1641		10		305		401		N		16410		276.8892454083						500505		309312090		176307891.3		0.68		8.83		9.51		1676688046.263				119889366.084		1556798680.179		0.3617445117		4.6973588805

		Construction		Off-Highway Trucks		D		9999		874		0.57		0.42		1641		10		143		188		N		16410		268.0025125628						234663		205095462		116904413.34		0.68		8.83		9.51		1111760970.8634				79495001.0712		1032265969.7922		0.23986181		3.1146761505

		Construction		Other Construction Equipment		D		50		36		0.62		0.54		606		16		71		82		P		9696		1.6660922767						43026		1548936		960340.32		1.8		6.9		8.7		8354960.784				1728612.576		6626348.208		0.0052157763		0.0199938091

		Construction		Other Construction Equipment		D		120		104		0.62		0.49		606		16		117		136		P		9696		29.924347138						70902		7373808		4571760.96		0.99		8.83		9.82		44894692.6272				4526043.3504		40368649.2768		0.0136565185		0.1218051092

		Construction		Other Construction Equipment		D		175		137		0.62		0.47		606		16		161		188		P		9696		55.0637037037						97566		13366542		8287256.04		0.68		8.83		9.51		78811804.9404				5635334.1072		73176470.8332		0.017003603		0.2207967861

		Construction		Other Construction Equipment		D		500		327		0.62		0.41		606		16		375		438		N		9696		102.953251975						227250		74310750		46072665		0.68		8.83		9.51		438151044.15				31329412.2		406821631.95		0.0945308436		1.2275108079

		Construction		Paving Equipment		D		50		36		0.53		0.54		622		16		150		175		P		9952		3.6128482642						93300		3358800		1780164		1.8		6.9		8.7		15487426.8				3204295.2		12283131.6		0.0096683821		0.0370621314

		Construction		Paving Equipment		D		120		82		0.53		0.49		622		16		2,153		2,515		P		9952		565.1979952519						1339166		109811612		58200154.36		0.99		8.83		9.82		571525515.8152				57618152.8164		513907362.9988		0.1738523711		1.5506226631

		Construction		Paving Equipment		D		175		152		0.53		0.47		622		16		1,010		1,179		P		9952		354.5509700176						628220		95489440		50609403.2		0.68		8.83		9.51		481295424.432				34414394.176		446881030.256		0.1038392196		1.3483828081

		Construction		Paving Equipment		D		250		184		0.53		0.47		622		16		286		334		N		9952		36.4518781297						177892		32732128		17348027.84		0.68		8.83		9.51		164979744.7584				11796658.9312		153183085.8272		0.035594288		0.4622022987

		Construction		Rollers		D		50		37		0.56		0.54		745		16		915		1068		P		11920		26.3964452361						681675		25221975		14124306		1.8		6.9		8.7		122881462.2				25423750.8		97457711.4		0.0767115769		0.2940610446

		Construction		Rollers		D		120		84		0.56		0.49		745		16		4,912		5,738		P		11920		1544.4748087576						3659440		307392960		172140057.6		0.99		8.83		9.82		1690415365.632				170418657.024		1519996708.608		0.5142075222		4.5863155772

		Construction		Rollers		D		175		154		0.56		0.47		745		16		1,975		2,307		P		11920		830.405643739						1471375		226591750		126891380		0.68		8.83		9.51		1206737023.8				86286138.4		1120450885.4		0.2603528405		3.3807582083

		Construction		Rollers		D		250		218		0.56		0.47		745		16		279		325		N		11920		42.5916012448						207855		45312390		25374938.4		0.68		8.83		9.51		241315664.184				17254958.112		224060706.072		0.0520637201		0.6760627182

		Construction		Rollers		D		500		312		0.56		0.41		745		16		196		228		N		11920		66.1528442393						146020		45558240		25512614.4		0.68		8.83		9.51		242624962.944				17348577.792		225276385.152		0.0523462006		0.6797308103

		Construction		Rough Terrain Forklifts		D		50		45		0.6		0.54		662		16		101		117		P		10592		2.589091754						66862		3008790		1805274		1.8		6.9		8.7		15705883.8				3249493.2		12456390.6		0.0098047589		0.0375849092

		Construction		Rough Terrain Forklifts		D		120		83		0.6		0.49		662		16		4,881		5,702		P		10592		1363.7444473754						3231222		268191426		160914855.6		0.99		8.83		9.82		1580183881.992				159305707.044		1420878174.948		0.4806762025		4.2872433014

		Construction		Rough Terrain Forklifts		D		175		166		0.6		0.47		662		16		625		730		P		10592		233.5097001764						413750		68682500		41209500		0.68		8.83		9.51		391902345				28022460		363879885		0.0845527126		1.0979418412

		Construction		Rough Terrain Forklifts		D		250		227		0.6		0.47		662		16		34		39		N		10592		4.6121178746						22508		5109316		3065589.6		0.68		8.83		9.51		29153757.096				2084600.928		27069156.168		0.0062899068		0.0816762904

		Construction		Rough Terrain Forklifts		D		500		341		0.6		0.41		662		16		22		25		N		10592		6.5980689187						14564		4966324		2979794.4		0.68		8.83		9.51		28337844.744				2026260.192		26311584.552		0.0061138742		0.0793904549

		Construction		Rubber Tired Dozers		D		175		175		0.59		0.47		899		16		5		5		P		14384		2.5368606702						4495		786625		464108.75		0.68		8.83		9.51		4413674.2125				315593.95		4098080.2625		0.0009522478		0.0123652171

		Construction		Rubber Tired Dozers		D		250		248		0.59		0.47		899		16		122		142		N		14384		22.4741364958						109678		27200144		16048084.96		0.68		8.83		9.51		152617287.9696				10912697.7728		141704590.1968		0.0329270948		0.427568011

		Construction		Rubber Tired Dozers		D		500		358		0.59		0.41		899		16		188		219		N		14384		76.5691310134						169012		60506296		35698714.64		0.68		8.83		9.51		339494776.2264				24275125.9552		315219650.2712		0.0732458088		0.9511183703

		Construction		Rubber Tired Dozers		D		750		539		0.59		0.42		899		16		61		80		N		14384		48.5408276167						54839		29558221		17439350.39		0.68		8.83		9.51		165848222.2089				11858758.2652		153989463.9437		0.0357816615		0.464635399

		Construction		Rubber Tired Dozers		D		9999		800		0.59		0.42		899		16		4		5		N		14384		6.5710370032						3596		2876800		1697312		0.68		8.83		9.51		16141437.12				1154172.16		14987264.96		0.0034825061		0.0452213655

		Construction		Rubber Tired Loaders		D		50		46		0.54		0.54		761		16		319		372		P		12176		9.4003368894						242759		11166914		6030133.56		1.8		6.9		8.7		52462161.972				10854240.408		41607921.564		0.0327507103		0.1255443895

		Construction		Rubber Tired Loaders		D		120		87		0.54		0.49		761		16		8,706		10,170		P		12176		2796.208282775						6625266		576398142		311254996.68		0.99		8.83		9.82		3056524067.3976				308142446.7132		2748381620.6844		0.9297641866		8.2927452196

		Construction		Rubber Tired Loaders		D		175		157		0.54		0.47		761		16		4,907		5,732		P		12176		2107.5002469136						3734227		586273639		316587765.06		0.68		8.83		9.51		3010749645.7206				215279680.2408		2795469965.4798		0.6495675585		8.4348257965

		Construction		Rubber Tired Loaders		D		250		220		0.54		0.47		761		16		4,880		5,700		N		12176		760.9707618816						3713680		817009600		441185184		0.68		8.83		9.51		4195671099.84				300005925.12		3895665174.72		0.905213702		11.7544661599

		Construction		Rubber Tired Loaders		D		500		350		0.54		0.41		761		16		2,030		2,371		N		12176		699.8691848118						1544830		540690500		291972870		0.68		8.83		9.51		2776661993.7				198541551.6		2578120442.1		0.599063278		7.7790128601

		Construction		Rubber Tired Loaders		D		750		717		0.54		0.42		761		16		142		186		N		12176		95.6512502766						108062		77480454		41839445.16		0.68		8.83		9.51		397893123.4716				28450822.7088		369442300.7628		0.0858452197		1.1147254262

		Construction		Rubber Tired Loaders		D		9999		877		0.54		0.42		761		16		14		18		N		12176		19.4682503426						10654		9343558		5045521.32		0.68		8.83		9.51		47982907.7532				3430954.4976		44551953.2556		0.0103522856		0.1344274735

		Construction		Scrapers		D		120		104		0.72		0.49		914		16		67		78		P		14624		25.8456343973						61238		6368752		4585501.44		0.99		8.83		9.82		45029624.1408				4539646.4256		40489977.7152		0.0136975633		0.1221711958

		Construction		Scrapers		D		175		164		0.72		0.47		914		16		618		712		P		14624		318.7877248677						564852		92635728		66697724.16		0.68		8.83		9.51		634295356.7616				45354452.4288		588940904.3328		0.1368488698		1.777022824

		Construction		Scrapers		D		250		232		0.72		0.47		914		16		601		702		N		14624		112.5600194665						549314		127440848		91757410.56		0.68		8.83		9.51		872612974.4256				62395039.1808		810217935.2448		0.188265763		2.4446863051

		Construction		Scrapers		D		500		356		0.72		0.41		914		16		1,659		1,938		N		14624		686.9557436928						1516326		539812056		388664680.32		0.68		8.83		9.51		3696201109.8432				264291982.6176		3431909127.2256		0.79745333		10.3551660347

		Construction		Scrapers		D		750		615		0.72		0.42		914		16		265		348		N		14624		214.3925647267						242210		148959150		107250588		0.68		8.83		9.51		1019953091.88				72930399.84		947022692.04		0.2200543113		2.8574699537

		Construction		Signal Boards		D		50		37		0.78		0.54		535		16		10		11		P		8560		0.2071676122						5350		197950		154401		1.8		6.9		8.7		1343288.7				277921.8		1065366.9		0.0008385788		0.0032145522

		Construction		Signal Boards		D		120		82		0.78		0.49		535		16		172		200		P		8560		38.8372461092						92020		7545640		5885599.2		0.99		8.83		9.82		57796584.144				5826743.208		51969840.936		0.0175811454		0.15680961

		Construction		Signal Boards		D		175		158		0.78		0.47		535		16		107		125		P		8560		32.3075837743						57245		9044710		7054873.8		0.68		8.83		9.51		67091849.838				4797314.184		62294535.654		0.0144750292		0.1879625118

		Construction		Signal Boards		D		250		216		0.78		0.47		535		16		23		26		N		8560		2.5214195151						12305		2657880		2073146.4		0.68		8.83		9.51		19715622.264				1409739.552		18305882.712		0.0042536345		0.0552346953

		Construction		Skid Steer Loaders		D		50		37		0.55		0.54		818		16		10,025		11,711		P		13088		317.5453542179						8200450		303416650		166879157.5		1.8		6.9		8.7		1451848670.25				300382483.5		1151466186.75		0.9063498989		3.4743412792

		Construction		Skid Steer Loaders		D		120		62		0.55		0.49		818		16		5,252		6,135		P		13088		1813.1937747296						4296136		266360432		146498237.6		0.99		8.83		9.82		1438612693.232				145033255.224		1293579438.008		0.4376116566		3.9031423511

		Construction		Surfacing Equipment		D		50		25		0.45		0.54		561		16		13		15		P		8976		0.2824062421						7293		182325		82046.25		1.8		6.9		8.7		713802.375				147683.25		566119.125		0.0004456075		0.0017081622

		Construction		Surfacing Equipment		D		120		113		0.45		0.49		561		16		3		3		P		8976		0.7103139013						1683		190179		85580.55		0.99		8.83		9.82		840401.001				84724.7445		755676.2565		0.0002556416		0.0022801166

		Construction		Surfacing Equipment		D		175		152		0.45		0.47		561		16		2		2		P		8976		0.6332275132						1122		170544		76744.8		0.68		8.83		9.51		729843.048				52186.464		677656.584		0.0001574632		0.0020447064

		Construction		Surfacing Equipment		D		250		239		0.45		0.47		561		16		4		4		N		8976		0.4598183984						2244		536316		241342.2		0.68		8.83		9.51		2295164.322				164112.696		2131051.626		0.0004951804		0.0064300634

		Construction		Surfacing Equipment		D		500		392		0.45		0.41		561		16		33		38		N		8976		8.387122349						18513		7257096		3265693.2		0.68		8.83		9.51		31056742.332				2220671.376		28836070.956		0.0067004749		0.0870076367

		Construction		Surfacing Equipment		D		750		615		0.45		0.42		561		16		19		25		N		8976		9.4348307148						10659		6555285		2949878.25		0.68		8.83		9.51		28053342.1575				2005917.21		26047424.9475		0.0060524929		0.078593401

		Construction		Tractors/Loaders/Backhoes		D		50		44		0.55		0.54		1135		16		1,842		2,151		P		18160		80.9568433077						2090670		91989480		50594214		1.8		6.9		8.7		440169661.8				91069585.2		349100076.6		0.2747860274		1.0533464384

		Construction		Tractors/Loaders/Backhoes		D		120		75		0.55		0.49		1135		16		28,596		33,406		P		18160		13698.3212872593						32456460		2434234500		1338828975		0.99		8.83		9.82		13147300534.5				1325440685.25		11821859849.25		3.999277911		35.670327226

		Construction		Tractors/Loaders/Backhoes		D		175		147		0.55		0.47		1135		13		1,888		2,205		P		14755		982.6257495591						2142880		315003360		173251848		0.68		8.83		9.51		1647625074.48				117811256.64		1529813817.84		0.3554741918		4.6159369315

		Construction		Tractors/Loaders/Backhoes		D		250		249		0.55		0.47		1135		16		6		7		N		18160		1.3954381876						6810		1695690		932629.5		0.68		8.83		9.51		8869306.545				634188.06		8235118.485		0.0019135479		0.0248479829

		Construction		Trenchers		D		50		35		0.75		0.54		593		16		1,908		2,228		P		9488		43.8128134136						1131444		39600540		29700405		1.8		6.9		8.7		258393523.5				53460729		204932794.5		0.1613080955		0.6183476993

		Construction		Trenchers		D		120		69		0.75		0.49		593		16		2,585		3,019		P		9488		646.965972039						1532905		105770445		79327833.75		0.99		8.83		9.82		778999327.425				78534555.4125		700464772.0125		0.2369638387		2.113525955

		Construction		Trenchers		D		175		153		0.75		0.47		593		16		282		329		P		9488		94.377989418						167226		25585578		19189183.5		0.68		8.83		9.51		182489135.085				13048644.78		169440490.305		0.0393719292		0.5112560808

		Construction		Trenchers		D		250		237		0.75		0.47		593		16		24		28		N		9488		2.9162813929						14232		3372984		2529738		0.68		8.83		9.51		24057808.38				1720221.84		22337586.54		0.0051904588		0.0673996335

		Construction		Trenchers		D		500		331		0.75		0.41		593		16		31		36		N		9488		8.3282271994						18383		6084773		4563579.75		0.68		8.83		9.51		43399643.4225				3103234.23		40296409.1925		0.0093634489		0.1215871377

		Construction		Trenchers		D		750		624		0.75		0.42		593		16		3		3		N		9488		1.5746846647						1779		1110096		832572		0.68		8.83		9.51		7917759.72				566148.96		7351610.76		0.0017082522		0.0221821579

		Industrial		Aerial Lifts		D		50		34		0.46		0.54		384		16		555		616		P		6144		8.2526283181						213120		7246080		3333196.8		1.8		6.9		8.7		28998812.16				5999754.24		22999057.92		0.0181031749		0.069395504

		Industrial		Aerial Lifts		D		120		66		0.46		0.49		384		16		492		546		P		6144		79.7374835136						188928		12469248		5735854.08		0.99		8.83		9.82		56326087.0656				5678495.5392		50647591.5264		0.0171338348		0.1528199612

		Industrial		Forklifts		D		50		39		0.3		0.54		1700		16		2,495		2,772		P		27200		164.2432573719				3.69584		4241500		165418500		49625550		1.8		6.9		8.7		431742285				89325990		342416295		0.2695250438		1.0331793344

		Industrial		Forklifts		D		120		83		0.3		0.49		1700		16		11,075		12,305		P		27200		7946.1883408072						18827500		1562682500		468804750		0.99		8.83		9.82		4603662645				464116702.5		4139545942.5		1.4003883366		12.4903323351

		Industrial		Forklifts		D		175		149		0.3		0.47		1700		16		1,053		1,170		P		27200		1010.2857142857						1790100		266724900		80017470		0.68		8.83		9.51		760966139.7				54411879.6		706554260.1		0.1641780206		2.1318998856

		Industrial		Forklifts		D		250		205		0.3		0.47		1700		16		376		417		N		27200		130.9785740814						639200		131036000		39310800		0.68		8.83		9.51		373845708				26731344		347114364		0.0806570032		1.0473549092

		Industrial		Forklifts		D		500		295		0.3		0.41		1700		16		81		90		N		27200		62.3835546621						137700		40621500		12186450		0.68		8.83		9.51		115893139.5				8286786		107606353.5		0.0250038803		0.3246827394

		Industrial		Other General Industrial Equipme		n D		50		34		0.51		0.54		878		16		218		242		N		14048		7.4117214273						191404		6507736		3318945.36		1.8		6.9		8.7		28874824.632				5974101.648		22900722.984		0.0180257729		0.069098796

		Industrial		Other General Industrial Equipme		n D		120		97		0.51		0.49		878		16		937		1041		N		14048		347.2164600369						822686		79800542		40698276.42		0.99		8.83		9.82		399657074.4444				40291293.6558		359365780.7886		0.1215717025		1.0843213469

		Industrial		Other General Industrial Equipme		n D		175		150		0.51		0.47		878		16		105		116		N		14048		52.0296296296						92190		13828500		7052535		0.68		8.83		9.51		67069607.85				4795723.8		62273884.05		0.0144702305		0.1879001993

		Industrial		Other General Industrial Equipme		n D		250		212		0.51		0.47		878		16		13		14		N		14048		2.3388445628						11414		2419768		1234081.68		0.68		8.83		9.51		11736116.7768				839175.5424		10896941.2344		0.0025320607		0.0328795523

		Industrial		Other General Industrial Equipme		n D		500		370		0.51		0.41		878		16		1		1		N		14048		0.3977687799						878		324860		165678.6		0.68		8.83		9.51		1575603.486				112661.448		1462942.038		0.0003399356		0.0044141634

		Industrial		Other Material Handling Equipmen		t D		50		41		0.59		0.54		421		16		16		17		N		6736		0.2608375767						6736		276176		162943.84		1.8		6.9		8.7		1417611.408				293298.912		1124312.496		0.0008849765		0.0033924099

		Industrial		Other Material Handling Equipmen		t D		120		82		0.59		0.49		421		16		223		247		N		6736		39.6235294118						93883		7698406		4542059.54		0.99		8.83		9.82		44603024.6828				4496638.9446		40106385.7382		0.013567796		0.1210137763

		Industrial		Other Material Handling Equipmen		t D		175		165		0.59		0.47		421		16		17		18		N		6736		4.0392239859						7157		1180905		696733.95		0.68		8.83		9.51		6625939.8645				473779.086		6152160.7785		0.0014295428		0.0185630342

		Industrial		Other Material Handling Equipmen		t D		250		196		0.59		0.47		421		16		6		6		N		6736		0.5176030634						2526		495096		292106.64		0.68		8.83		9.51		2777934.1464				198632.5152		2579301.6312		0.0005993377		0.0077825769

		Industrial		Other Material Handling Equipmen		t D		500		259		0.59		0.41		421		16		2		2		N		6736		0.3814593539						842		218078		128666.02		0.68		8.83		9.51		1223613.8502				87492.8936		1136120.9566		0.000263994		0.0034280398

		Industrial		Sweepers/Scrubbers		D		50		37		0.68		0.54		1220		13		1,084		1,204		N		15860		41.6083564057						1322480		48931760		33273596.8		1.8		6.9		8.7		289480292.16				59892474.24		229587817.92		0.1807147252		0.6927397801

		Industrial		Sweepers/Scrubbers		D		120		88		0.68		0.49		1220		13		1,795		1,994		N		15860		750.954893168						2189900		192711200		131043616		0.99		8.83		9.82		1286848309.12				129733179.84		1157115129.28		0.3914464421		3.4913859432

		Industrial		Sweepers/Scrubbers		D		175		163		0.68		0.47		1220		13		828		920		N		15860		463.2126984127						1010160		164656080		111966134.4		0.68		8.83		9.51		1064797938.144				76136971.392		988660966.752		0.2297295619		2.9831059283

		Industrial		Sweepers/Scrubbers		D		250		190		0.68		0.47		1220		13		137		152		N		15860		27.8270558252						167140		31756600		21594488		0.68		8.83		9.51		205363580.88				14684251.84		190679329.04		0.0443070781		0.5753404413

		Light Commercial		Air Compressors <=50 HP		D		50		37		0.48		0.54		815		16		905		1037		N		13040		28.5610563612						737575		27290275		13099332		1.8		6.9		8.7		113964188.4				23578797.6		90385390.8		0.0711447637		0.2727215944

		Light Commercial		Air Compressors <=50 HP		D		120		78		0.48		0.49		815		16		6208		7118		N		13040		2135.3816934846						5059520		394642560		189428428.8		0.99		8.83		9.82		1860187170.816				187534144.512		1672653026.304		0.5658504149		5.0469284482

		Light Commercial		Air Compressors <=50 HP		D		175		147		0.48		0.47		815		16		246		282		P		13040		113.1513227513						200490		29472030		14146574.4		0.68		8.83		9.51		134533922.544				9619670.592		124914251.952		0.0290256188		0.3769061974

		Light Commercial		Air Compressors <=50 HP		D		250		218		0.48		0.47		815		16		338		387		P		13040		56.4466016931						275470		60052460		28825180.8		0.68		8.83		9.51		274127469.408				19601122.944		254526346.464		0.0591428488		0.7679872864

		Light Commercial		Air Compressors <=50 HP		D		500		334		0.48		0.41		815		16		89		102		P		13040		32.8612283036						72535		24226690		11628811.2		0.68		8.83		9.51		110589994.512				7907591.616		102682402.896		0.0238597297		0.3098256077

		Light Commercial		Generator Sets <=50 HP		D		50		33		0.74		0.54		338		16		4414		5061		N		5408		57.771960735						1491932		49233756		36432979.44		1.8		6.9		8.7		316966921.128				65579362.992		251387558.136		0.1978738851		0.7585165595

		Light Commercial		Generator Sets <=50 HP		D		120		84		0.74		0.49		338		16		754		864		N		5408		107.5608546558						254852		21407568		15841600.32		0.99		8.83		9.82		155564515.1424				15683184.3168		139881330.8256		0.0473211765		0.4220666551

		Light Commercial		Generator Sets <=50 HP		D		175		153		0.74		0.47		338		16		861		987		N		5408		164.242962963						291018		44525754		32949057.96		0.68		8.83		9.51		313345541.1996				22405359.4128		290940181.7868		0.0676041259		0.8778594587

		Light Commercial		Generator Sets <=50 HP		D		250		229		0.74		0.47		338		16		472		541		N		5408		32.6905472382						159536		36533744		27034970.56		0.68		8.83		9.51		257102570.0256				18383779.9808		238718790.0448		0.0554697362		0.7202908396

		Light Commercial		Generator Sets <=50 HP		D		500		363		0.74		0.41		338		16		463		530		N		5408		70.8979811422						156494		56807322		42037418.28		0.68		8.83		9.51		399775847.8428				28585444.4304		371190403.4124		0.0862514164		1.1200000103

		Light Commercial		Pressure Washers <=50 HP		D		50		38		0.3		0.54		145		16		105		120		N		2320		0.589556429						15225		578550		173565		1.8		6.9		8.7		1510015.5				312417		1197598.5		0.0009426619		0.0036135372

		Light Commercial		Pressure Washers <=50 HP		D		120		64		0.3		0.49		145		16		43		49		P		2320		2.6314956476						6235		399040		119712		0.99		8.83		9.82		1175571.84				118514.88		1057056.96		0.0003575972		0.0031894785

		Light Commercial		Pumps <=50 HP		D		50		37		0.74		0.54		403		16		1,977		2,266		P		6448		30.8517493078						796731		29479047		21814494.78		1.8		6.9		8.7		189786104.586				39266090.604		150520013.982		0.1184783375		0.4541669603

		Light Commercial		Pumps <=50 HP		D		120		84		0.74		0.49		403		16		3889		4459		N		6448		661.4685307307						1567267		131650428		97421316.72		0.99		8.83		9.82		956677330.1904				96447103.5528		860230226.6376		0.2910117179		2.5955893629

		Light Commercial		Pumps <=50 HP		D		175		151		0.74		0.47		403		16		495		567		N		6448		112.5841269841						199485		30122235		22290453.9		0.68		8.83		9.51		211982216.589				15157508.652		196824707.937		0.0457350451		0.5938830123

		Light Commercial		Pumps <=50 HP		D		250		213		0.74		0.47		403		16		183		209		P		6448		15.1119193679						73749		15708537		11624317.38		0.68		8.83		9.51		110547258.2838				7904535.8184		102642722.4654		0.0238505094		0.3097058791

		Light Commercial		Pumps <=50 HP		D		500		354		0.74		0.41		403		16		51		58		P		6448		9.3113231588						20553		7275762		5384063.88		0.68		8.83		9.51		51202447.4988				3661163.4384		47541284.0604		0.0110468995		0.1434472393

		Light Commercial		Welders <=50 HP		D		50		46		0.45		0.54		643		16		4535		5199		N		10288		112.9162229666						2916005		134136230		60361303.5		1.8		6.9		8.7		525143340.45				108650346.3		416492994.15		0.3278327992		1.2566923968

		Light Commercial		Welders <=50 HP		D		120		70		0.45		0.49		643		16		3564		4086		P		10288		967.1968346083						2291652		160415640		72187038		0.99		8.83		9.82		708876713.16				71465167.62		637411545.54		0.2156332376		1.9232742307

		Light Commercial		Welders <=50 HP		D		175		174		0.45		0.47		643		16		17		19		P		10288		6.1691710758						10931		1901994		855897.3		0.68		8.83		9.51		8139583.323				582010.164		7557573.159		0.0017561106		0.0228036122

		Logging		Fellers/Bunchers		D		120		103		0.71		0.49		1276		10		1027		1306		P		12760		345.6744922184						1310452		134976556		95833354.76		0.99		8.83		9.82		941083543.7432				94875021.2124		846208522.5308		0.2862682434		2.5532814028

		Logging		Fellers/Bunchers		D		175		152		0.71		0.47		1276		10		1272		1617		P		12760		572.5121693122						1623072		246706944		175161930.24		0.68		8.83		9.51		1665789956.5824				119110112.5632		1546679844.0192		0.359393255		4.6668271197

		Logging		Fellers/Bunchers		D		250		219		0.71		0.47		1276		10		776		986		N		12760		126.8107014331						990176		216848544		153962466.24		0.68		8.83		9.51		1464183053.9424				104694477.0432		1359488576.8992		0.3158966781		4.1020112754

		Logging		Fellers/Bunchers		D		500		329		0.71		0.41		1276		10		228		289		N		12760		82.3761927684						290928		95715312		67957871.52		0.68		8.83		9.51		646279358.1552				46211352.6336		600068005.5216		0.1394344114		1.8105968424

		Logging		Fellers/Bunchers		D		750		653		0.71		0.42		1276		10		18		22		N		12760		12.7063509626						22968		14998104		10648653.84		0.68		8.83		9.51		101268698.0184				7241084.6112		94027613.4072		0.0218486652		0.2837113433

		Logging		Shredders >5 HP		D		175		140		0.4		0.47		120		16		1		1		P		1920		0.0677248677						120		16800		6720		0.68		8.83		9.51		63907.2				4569.6		59337.6		0.0000137879		0.0001790405

		Logging		Skidders		D		120		102		0.74		0.49		1,442		10		473		601		P		14420		179.9171722501						682066		69570732		51482341.68		0.99		8.83		9.82		505556595.2976				50967518.2632		454589077.0344		0.1537852823		1.3716404473

		Logging		Skidders		D		175		151		0.74		0.47		1,442		10		756		961		P		14420		384.5333333333						1090152		164612952		121813584.48		0.68		8.83		9.51		1158447188.4048				82833237.4464		1075613950.9584		0.2499343354		3.2454708556

		Logging		Skidders		D		250		227		0.74		0.47		1,442		10		278		353		N		14420		51.3397282379						400876		90998852		67339150.48		0.68		8.83		9.51		640395321.0648				45790622.3264		594604698.7384		0.1381649337		1.7941123008

		Logging		Skidders		D		500		270		0.74		0.41		1,442		10		15		19		N		14420		6.1245292635						21630		5840100		4321674		0.68		8.83		9.51		41099119.74				2938738.32		38160381.42		0.0088671122		0.1151420597

		Transport Ref. Units		Transport Refrigeration Units		D		50		39		0.28		0.54		1,341		16		7,234		9,095		N		21456		375.6430521404		8140.0870495576				9700794		378330966		105932670.48		1.8		6.9		8.7		921614233.176				190678806.864		730935426.312		0.5753388657		2.2054656518

		Transport Ref. Units		Transport Refrigeration Units		D		120		56		0.28		0.49		1,341		16		26,576		33,414		N		21456		15041.2729095226		23280.5673960903				35638416		1995751296		558810362.88		0.99		8.83		9.82		5487517763.4816				553222259.2512		4934295504.2304		1.6692482628		14.8883456165

		TOTALS:																		646260		1094243												405359477		42149822850		25511073844.96								243581232833.91				22235701414.0906		221345531419.82		67.092213548		667.8701690297
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&"Arial,Bold"Timber Harvest (MBF) from 1990-1996
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		HP		Year		ROG		ROG det		CO		CO det		Nox		Nox det		PM		PM det

		50		1987		1.84		2.35E-04		5.00		5.13E-04		7.00		1.05E-04		0.76		5.89E-05

		50		2020		1.80		2.30E-04		5.00		5.13E-04		6.90		1.04E-04		0.76		5.89E-05

		120		1987		1.44		6.66E-05		4.80		1.27E-04		13.00		3.01E-04		0.84		6.11E-05

		120		1997		0.99		4.58E-05		3.49		9.23E-05		8.83		2.04E-04		0.70		5.09E-05

		120		2020		0.99		4.58E-05		3.49		9.23E-05		6.90		1.60E-04		0.70		5.09E-05

		175		1969		1.32		6.11E-05		4.40		1.16E-04		14.00		3.24E-04		0.77		5.60E-05

		175		1971		1.10		5.09E-05		4.40		1.16E-04		13.00		3.01E-04		0.66		4.80E-05

		175		1979		1.00		4.63E-05		4.40		1.16E-04		12.00		2.78E-04		0.55		4.00E-05

		175		1984		0.94		4.35E-05		4.30		1.14E-04		11.00		2.54E-04		0.55		4.00E-05

		175		1987		0.88		4.07E-05		4.20		1.11E-04		11.00		2.54E-04		0.55		4.00E-05

		175		1996		0.68		3.15E-05		2.70		7.14E-05		8.33		1.93E-04		0.38		2.76E-05

		175		2020		0.68		3.15E-05		2.70		7.14E-05		6.90		1.60E-04		0.38		2.76E-05

		250		1969		1.32		6.11E-05		4.40		1.16E-04		14.00		3.24E-04		0.77		5.60E-05

		250		1971		1.10		5.09E-05		4.40		1.16E-04		13.00		3.01E-04		0.66		4.80E-05

		250		1979		1.00		4.63E-05		4.40		1.16E-04		12.00		2.78E-04		0.55		4.00E-05

		250		1984		0.94		4.35E-05		4.30		1.14E-04		11.00		2.54E-04		0.55		4.00E-05

		250		1987		0.88		4.07E-05		4.20		1.11E-04		11.00		2.54E-04		0.55		4.00E-05

		250		1995		0.68		3.15E-05		2.70		7.14E-05		8.33		1.93E-04		0.38		2.76E-05

		250		2000		0.35		1.62E-05		0.67		1.77E-05		6.12		1.42E-04		0.15		1.09E-05

		250		2020		0.35		1.62E-05		0.67		1.77E-05		5.14		1.19E-04		0.15		1.09E-05

		500		1969		1.26		4.39E-05		4.20		8.32E-05		14.00		2.33E-04		0.74		3.93E-05

		500		1971		1.05		3.66E-05		4.20		8.32E-05		13.00		2.16E-04		0.63		3.34E-05

		500		1979		0.95		3.31E-05		4.20		8.32E-05		12.00		2.00E-04		0.53		2.81E-05

		500		1984		0.90		3.14E-05		4.20		8.32E-05		11.00		1.83E-04		0.53		2.81E-05

		500		1987		0.84		2.93E-05		4.10		8.12E-05		11.00		1.83E-04		0.53		2.81E-05

		500		1995		0.68		2.37E-05		2.70		5.35E-05		8.33		1.39E-04		0.38		2.02E-05

		500		2000		0.30		1.05E-05		0.79		1.56E-05		6.15		1.02E-04		0.13		6.90E-06

		500		2020		0.30		1.05E-05		0.79		1.56E-05		5.14		8.55E-05		0.13		6.90E-06

		750		1969		1.26		4.39E-05		4.20		8.32E-05		14.00		2.33E-04		0.74		3.93E-05

		750		1971		1.05		3.66E-05		4.20		8.32E-05		13.00		2.16E-04		0.63		3.34E-05

		750		1979		0.95		3.31E-05		4.20		8.32E-05		12.00		2.00E-04		0.53		2.81E-05

		750		1984		0.90		3.14E-05		4.20		8.32E-05		11.00		1.83E-04		0.53		2.81E-05

		750		1987		0.84		2.93E-05		4.10		8.12E-05		11.00		1.83E-04		0.53		2.81E-05

		750		1995		0.68		2.37E-05		2.70		5.35E-05		8.33		1.39E-04		0.38		2.02E-05

		750		2000		0.32		1.12E-05		1.30		2.57E-05		6.47		1.08E-04		0.16		8.49E-06

		750		2020		0.32		1.12E-05		1.30		2.57E-05		5.14		8.55E-05		0.16		8.49E-06

		9999		1969		1.26		4.39E-05		4.20		8.32E-05		14.00		2.33E-04		0.74		3.93E-05

		9999		1971		1.05		3.66E-05		4.20		8.32E-05		13.00		2.16E-04		0.63		3.34E-05

		9999		1979		0.95		3.31E-05		4.20		8.32E-05		12.00		2.00E-04		0.53		2.81E-05

		9999		1984		0.90		3.14E-05		4.20		8.32E-05		11.00		1.83E-04		0.53		2.81E-05

		9999		1987		0.84		2.93E-05		4.10		8.12E-05		11.00		1.83E-04		0.53		2.81E-05

		9999		1999		0.68		2.37E-05		2.70		5.35E-05		8.33		1.39E-04		0.40		2.12E-05

		9999		2020		0.68		2.37E-05		2.70		5.35E-05		6.47		1.08E-04		0.40		2.12E-05

				*NOTE:		50		- Implies 25-50 hp				250		- Implies 176-250 hp				999		- Implies >751 hp

						120		- Implies 51-120 hp				500		- Implies 251-500 hp

						175		- Implies 121-175 hp				750		- Implies 501-750 hp

		** THE DETERIORATION RATES IN THIS ATTACH. WAS CALCULATE DIFFERENTLY

						Deterioration Factor

				HP		HC		CO		NOX		PM

				25-50		0.51		0.41		0.06		0.31

				51-120		0.28		0.16		0.14		0.44

				121-250		0.28		0.16		0.14		0.44

				>250		0.44		0.25		0.21		0.67

						Average hours				Average speed						Average deterioration over 120K mi in hrs

						Y						mi/hr

				50		4000				LHDD		30				=120000/average speed

				120		6052				MHDD		30.57				hrs

				175		6052				HHDD		22.97		LHDD		4000

				250		6052								MHDD		6052

				500		12625								HHDD		12625

				750		12625				Useful life

				9999		12625						miles

										LHDD		120000

										MHDD		185000

										HHDD		290000

										*based on on-road diesel from emfac7G

				Double Checking USEPA's Appendix B:

				hp		hc		co		nox		pm

				71		1.32		3.37		7.57		0.581

				72		0.6		3.5		7.2		0.59

				85		0.66		1		7.53		0.387

				86		0.41		2.17		11.22		0.384

		<100		95		1.95		7.43		7.99		1.5

		average				0.99		3.49		8.30		0.69

				100		0.8		2.1		11		0.39

				127		1.02		7.7		7.48		1.1

				139		0.45		2.98		11.74		0.41

				139		0.64		0.85		4.52		0.12

				144		0.47		1.64		12.68		0.149

				174		0.53		2.05		10.22		0.25

				201		0.07		2.51		9.38		0.406

				226		0.86		1.5		6.53		0.397

				275		0.82		4.69		7.29		0.662

				278		1.27		1.46		6.52		0.248

				285		1.1		1.4		6.5		0.18

				451		0.09		2.94		6.37		0.213

		>100		599		0.68		3.26		8.78		0.257

		average				0.68		2.70		8.39		0.37

				**Note: PM does NOT contain USEPA's correction factor for sulfur
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&"Arial,Bold"OFFROAD Model Emission Factors (Diesel, >=25 hp)
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						Federal Diesel Standards (g/bhp-hr)

						HP		YEAR		HC		CO		NOX		PM

						50-120		1998		-		-		6.9		-

						121-175		1997		-		-		6.9		-

						176-750		1996		1.0		8.5		6.9		0.4

						>750		2000		1.0		8.5		6.9		0.4

						California Diesel Standards (g/bhp-hr)

						HP		YEAR		HC		CO		NOX		PM

						176-750		1996		1.0		8.5		6.9		0.4

								2001		1.0		8.5		5.8		0.16

						>750		2000		1.0		8.5		6.9		0.4
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&"Arial,Bold"California and Federal Standards
 for Diesel Equipment
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				Deterioration Factors for Diesel Engines (>25 hp)

				(% increase per % of useful life)

						Deterioration Factor

				HP		HC		CO		NOX		PM		On-Highway Equivalent

				25-50		0.51		0.41		0.06		0.31		LDDT

				51-120		0.28		0.16		0.14		0.44		N/A

				121-250		0.28		0.16		0.14		0.44		MHDT

				>250		0.44		0.25		0.21		0.67		HHDT

						LDDT		- Compared to pre-1980 light-duty diesel trucks

						N/A		- No market equivalent, assumed same factors as 121-250 hp range

						MHDT		- Compared to pre-1984 medium-heavy-duty diesel trucks

						HHDT		- Compared to pre-1984 heavy-heavy-duty diesel trucks

				On-Highway Diesel Engine Average Speed and Useful Life

								Avg Speed		Useful Life		Useful Hours

								(mph)		(mi)		(hr)

						LHDD		30.00		120000		4000

						MHDD		30.57		185000		6052

						HHDD		22.97		290000		12625



&C&"Arial,Bold"&12Attachment 6
&"Arial,Regular"&10
&"Arial,Bold"OFFROAD Deterioration Factors



SIPcomp1

		

				Statewide Inventory (tpd) Comparison (Diesel)

						OFFROAD Model								SIP Inventory								BAH Inventory

				Year		ROG		CO		NOx		PM		ROG		CO		NOx		PM		ROG		CO		NOx		PM

				1990		117.84		454.68		986.22		73.21		53.21		171.26		552.81		35.10		44.57		138.10		456.38		28.56

				2010		111.14		345.07		799.62		60.00		61.20		225.96		408.88		45.86
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&"Arial,Bold"OFFROAD vs. SIP Inventory



SIPcomp2

		

		1990 Uncontrolled Zero-Mile Emission Factors (g/bhp-hr) Comparison (Diesel)

						OFFROAD Model								SIP/BAH								% Diff. From SIP

				HP		ROG		CO		NOx		PM		HC		CO		NOx		PM		HC		CO		NOx		PM

				25 - 50		1.80		5.00		6.90		0.80		1.30		4.50		10.00		0.80		0.38		0.11		-0.31		0.00

				51 - 120		0.99		3.50		8.83		0.70		1.20		4.00		11.00		0.80		-0.18		-0.13		-0.20		-0.13

				121 - 175		0.68		2.70		8.33		0.38		1.10		3.40		11.00		0.70		-0.38		-0.21		-0.24		-0.46

				176 - 250		0.68		2.70		8.33		0.38		1.00		2.80		12.00		0.60		-0.32		-0.04		-0.31		-0.37

				251 - 500		0.68		2.70		8.33		0.38		0.90		2.20		13.00		0.60		-0.24		0.23		-0.36		-0.37

				501 - 750		0.68		2.70		8.33		0.38		0.90		2.20		13.00		0.60		-0.24		0.23		-0.36		-0.37

				>750		0.68		2.70		8.33		0.38		0.90		2.20		13.00		0.60		-0.24		0.23		-0.36		-0.37
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&"Arial,Bold"Emission Factors Comparison (OFFROAD vs. SIP)
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				Differences in various activity factors between the OFFROAD Model and BAH (1990)

						BAH		OFFROAD		%DIFF from BAH

				1990 Population		338758		646357		90.80%

				Pop*Activ (hr/yr)		2.37E+08		4.05E+08		71.32%

				Pop*Activ*AvgHp (hr-hp/yr)		2.53E+10		4.22E+10		66.65%

				Pop*Activ*AvgHp*Load (hr-hp/yr)		1.34E+10		2.55E+10		90.92%

				Pop*Activ*AvgHp*Load*(Emfacs HC+NOx)  (tpd)		500.95		1104.06		120.39%
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&"Arial,Bold"Step-Analysis between OFFROAD and BAH
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		The following equipment are included in the OFFROAD model inventory, but not in the SIP inventory:

				Agricultural		Construction		Ground Support		Industrial		Logging		Transport Refrigeration Units

				Hydro-power units		Asphalt pavers		A/C tugs		Material handling equipment		Fellers/Bunchers		Transport refrigeration  units

				Sprayers		Bore/Drill rigs		Air conditioners		Pressure washers		Shredders >5hp

				Tillers >5 hp		Concrete pavers		Air start units				Skidders

						Concrete/Industrial saws		Belt loaders

						Crushing/Processing equipment		Cargo loaders

						Graders		Forklifts

						Off-highway tractors		Fuel trucks

						Off-highway trucks		Lifts

						Paving equipment		Service trucks

						Rough terrain forklifts

						Rubber tired dozers

						Scrapers

						Signal boards

						Surfacing equipment

						Trenchers
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&"Arial,Bold"Additional OFFROAD Equipment



AdlTables

		

		Table 3: Asphalt vs. Concrete Pavers % Breakdown

				Hp		% Asphalt		% Concrete

				50		0.73		0.27

				120		0.33		0.67

				175		0.77		0.23

				250		0.33		0.67

				500		0.00		1.00

		Table 7:EPA's emission factors

										(lb/hp-hr)		Emfacs (g/hp-hr)

				Hp		Model Year		Regulation		BSFC		HC		CO		NOx		PM

				50		pre-88		-		0.408		1.8		5		6.9		0.8

						88-98		-				1.8		5		6.9		0.8

						99-03		Tier I				0.8		2.5		5.5		0.6

						04-		Tier II				0.6		2.5		5		0.6

				100		pre-88		-		0.408		Vary by application- NEVES

						88-97		-				0.99		3.49		8.3		0.72

						98-03		Tier I				0.7		1		6.9		0.72

						04-07		Tier II				0.4		1		5.2		0.72

						08-		Tier III				0.2		1		3.3		0.72

				175		pre-88		-		0.367		Vary by application- NEVES

						88-96		-				0.68		2.7		8.38		0.4

						97-02		Tier I				0.4		1		6.9		0.4

						03-06		Tier II				0.4		1		4.5		0.4

						07-		Tier III				0.2		1		2.8		0.4

				300		pre-88		-		0.367		Vary by application- NEVES

						88-95		-				0.68		2.7		8.38		0.4

						96-02		Tier I				0.4		1		6.9		0.4

						03-05		Tier II				0.4		1		4.5		0.4

						06-		Tier III				0.2		1		2.8		0.4

				600		pre-88		-		0.367		Vary by application- NEVES

						88-95		-				0.68		2.7		8.38		0.4

						96-00		Tier I				0.3		1		6.9		0.4

						01-05		Tier II				0.3		1		4.5		0.4

						06-		Tier III				0.2		1		2.8		0.4

				750		pre-88		-		0.367		Vary by application- NEVES

						88-95		-				0.68		2.7		8.38		0.4

						96-01		Tier I				0.3		1		6.9		0.4

						02-05		Tier II				0.3		1		4.5		0.4

						06-		Tier III				0.2		1		2.8		0.4

				>750		pre-88		-		0.367		Vary by application- NEVES

						88-99		-				0.68		2.7		8.38		0.4

						00-05		Tier I				0.3		1		6.9		0.4

						06-		Tier II				0.3		1		4.5		0.4

		Table 8: NVA's data

				1996 Average Emissions (g/hp-hr)								1997								Final

		Hp		HC		CO		NOx		PM		HC		CO		NOx		PM		HC		CO		NOx		PM

		120.00		-		-		-		-		0.47		0.67		6.19		0.17		0.47		0.67		6.19		0.17

		175.00		-		-		-		-		0.46		0.61		6.18		0.15		0.46		0.61		6.18		0.15

		250.00		0.35		0.69		6.23		0.16		0.34		0.65		6.00		0.15		0.35		0.67		6.12		0.15

		500.00		0.30		0.88		6.16		0.12		0.29		0.70		6.15		0.13		0.30		0.79		6.15		0.13

		750.00		0.30		1.34		6.37		0.15		0.34		1.26		6.58		0.17		0.32		1.30		6.47		0.16





scenario

		

		Base 2010 (SCAB)

		YEAR		HP		P/N		Population		Activity		HC (tpd)		NOX (tpd)

		2010		50		P		23259		42827.83		2.467		7.004

		2010		50		N		6167		16879		0.970		1.933

		2010		120		P		71958		184309		13.104		52.080

		2010		120		N		2406		6000		0.604		2.403

		2010		175		P		20880		38789		4.131		25.576

		2010		175		N		1207		2627		0.334		2.139

		2010		250		N		14146		24837		3.472		20.834

		2010		500		N		5310		11290		2.663		16.539

		2010		750		N		212		419		0.182		1.109

		2010		9999		N		31		99		0.058		0.412

		Scenario 2010 (SCAB)

		YEAR		HP		P/N		Population		Activity		HC (tpd)		NOX (tpd)

		2010		50		P		23259		42828		0.3351		5.3042

		2010		50		N		6167		16879		0.419		1.579

		2010		120		P		71958		184309		5.8956		39.7161

		2010		120		N		2406		6000		0.1829		1.6029

		2010		175		P		20880		38789		1.8539		15.9404

		2010		175		N		1207		2627		0.129		1.18

		2010		250		N		14146		24837		1.5871		14.2125

		2010		500		N		5310		11290		1.2299		11.7992

		2010		750		N		212		419		0.0792		0.7457

		2010		9999		N		31		99		0.0318		0.3216
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logging

		CREATION OF LOGGING GROWTH FACTORS:

		YEAR		MBF		%change MBF		Multiplier

		1990		4000000				1

		1991		3200000		0.2		0.8

		1992		3000000		0.25		0.75

		1993		2900000		0.275		0.725

		1994		2300000		0.425		0.575

		1995		2300000		0.425		0.575

		1996		2300000		0.425		0.575
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DieselComp

		

		Diesel Deterioration

				hp		hours by wt. Pop		hours calculated

				50		9320		4000

				120		11450		6052

				175		8445		6052

				250		7813		6052

				500		10283		12625

				750		12858		12625

				999		14308		12625
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PMNOXADJ

		(ALL data was taken from epa's report: NR-009-A, revised 6/15/98, Appendix B)

		THIS IS TO RECALC THE EMISSION  FACTORS FOR THE UNCONTROLLED FROM EPA'S

		SINCE THEY WERE RETARDED AND MIXED IN TWO DIFF FUELS WITH TWO DIFF SULFUR%

				*NOTE: THIS ONLY AFFECTS NOX AND PM

		This adjustment were only for those engines tested with lower sulfer fuel:														FUEL CORRECTION FACTORS:

				OLD				ADJUSTED								PRE-'91		NOX		PM

		ENGINE		NOx		PM		NOx		PM								0.9425		0.8012

		ford new holland		7.48		1.1		7.48		1.10

		john deere 7068t		11.74		0.41		11.74		0.41						*red is adjusted

		volvo td 71g		12.68		0.149		13.45		0.19						** blue is original

		volvo td 73		4.52		0.12		4.80		0.15

		weterbeke		7.99		1.5						8.48		1.87

		caterpillar		6.37		0.213		6.76		0.27

		cummins		8.78		0.257		9.32		0.32

		caterpillar		6.5		0.18		6.50		0.18

		cummins		11		0.39						11.00		0.39

		john deere		7.2		0.59						7.20		0.59

		caterpillar		9.38		0.406		9.38		0.41

		caterpillar		7.53		0.387						7.53		0.39

		john deere		11.22		0.384						11.22		0.38

		john deere		10.22		0.25		10.22		0.25

		consolidated		6.53		0.397		6.53		0.40

		john deere		7.29		0.662		7.29		0.66

		consolidated		7.57		0.581						7.57		0.58

		caterpillar		6.52		0.248		6.52		0.25

		average:						8.33		0.38		8.83		0.70

								greater than 120				less than 120





Pre88emf

		9/29/98

		THIS IS TO CALC THE PRE-1988 EMISSION FACTORS:

		From EEA:

				(Table 6-3)		ZERO-HOUR EMISSION FACTORS

																		UNCONT. EMFACS ADJUSTED FOR TECH BREAKDOWN:

		hp		year				HC		CO		NOX		PM

		50				DI		1.3		5		11		0.9				hp		year		HC		CO		NOX		PM

						IDI		2.1		5		5		0.7				50				1.84		5.0		7		0.76

		120				Turbo		1.2		4		13		0.7				120				1.44		4.8		13		0.84

						Nat. Asp		1.8		6		13		1.05				175		1969		1.32		4.4		14		0.77

		> 125		1969		Turbo		1.2		4		14		0.7						1971		1.10		4.4		13		0.66

						Nat. Asp		1.8		6		14		1.05						1979		1.00		4.4		12		0.55

				1971		Turbo		1		4		13		0.6						1984		0.94		4.3		11		0.55

						Nat. Asp		1.5		6		13		0.9						1988		0.88		4.2		11		0.55

				1979		Turbo		0.9		4		12		0.5				250		1969		1.32		4.4		14		0.77

						Nat. Asp		1.4		6		12		0.75						1971		1.10		4.4		13		0.66

				1984		Turbo		0.85		4		11		0.5						1979		1.00		4.4		12		0.55

						Nat. Asp		1.3		5.5		11		0.75						1984		0.94		4.3		11		0.55

				1988		Turbo		0.8		4		11		0.5						1988		0.88		4.2		11		0.55

						Nat. Asp		1.2		5		11		0.75				500		1969		1.26		4.2		14		0.74

																				1971		1.05		4.2		13		0.63

																				1979		0.95		4.2		12		0.53

				(Table 6-8)		TECH BREAKDOWN FOR DIESEL														1984		0.90		4.2		11		0.53

																				1988		0.84		4.1		11		0.53

				hp		Turbo		Nasp

				50		0.32		0.68

				120		0.6		0.4

				175		0.8		0.2

				250		0.8		0.2

				500		0.9		0.1
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Activity

		From activity .dat (4/30/98)																								Calc Det rates:								SIP comparisons:

																												life*activ div by		sum of each		det rate																		junk*hcemfac		junk*noxemfac		hand calcs

		Category		Equipment		Fuel		HP		Avg HP		Load		BSFC		Activity		Life		1990pop		2010pop		P/N		life*activ		weight pop		wt. Hp group		check		pop*activ		col18*avghp		col19*load		ROG		NOX		ROG+NOX		COL20*EMISSION				hc(tpd)		nox (tpd)		hc		nox

		Agricultural		Agricultural Mowers		D		120		65		0.43		0.49		363		16		65		103		P		5808		9.9583223424						23595		1533675		659480.25		0.99		8.83		9.82		6476096.055				652885.4475		5823210.6075		0.0019699639		0.0175704864

		Agricultural		Agricultural Tractors		D		50		39		0.7		0.54		475		16		107,178		171,229		P		7600		1971.3663381672						50909550		1985472450		1389830715		1.8		6.9		8.7		12091527220.5				2501695287		9589831933.5		7.548413756		28.9355860645

		Agricultural		Agricultural Tractors		D		120		83		0.7		0.49		475		16		124,720		199,254		P		7600		25003.2181482458						59242000		4917086000		3441960200		0.99		8.83		9.82		33800049164				3407540598		30392508566		10.2816383984		91.7039061191

		Agricultural		Agricultural Tractors		D		175		142		0.7		0.47		475		16		69,914		111,695		P		7600		18742.3774250441						33209150		4715699300		3300989510		0.68		8.83		9.51		31392410240.1				2244672866.8		29147737373.3		6.7728950178		87.9480338341

		Agricultural		Agricultural Tractors		D		250		203		0.7		0.47		475		16		45,091		72,038		N		7600		4388.8119052803						21418225		4347899675		3043529772.5		0.68		8.83		9.51		28943968136.475				2069600245.3		26874367891.175		6.2446449982		81.0885519618

		Agricultural		Agricultural Tractors		D		500		332		0.7		0.41		475		16		8,716		13,924		N		7600		1875.629300337						4140100		1374513200		962159240		0.68		8.83		9.51		9150134372.4				654268283.2		8495866089.2		1.9741363925		25.6347416849

		Agricultural		Agricultural Tractors		D		750		543		0.7		0.42		475		16		241		385		N		7600		101.3277273733						114475		62159925		43511947.5		0.68		8.83		9.51		413798620.725				29588124.3		384210496.425		0.0892768219		1.1592857897

		Agricultural		Balers		D		50		50		0.58		0.54		95		16		27		43		P		1520		0.0993242851						2565		128250		74385		1.8		6.9		8.7		647149.5				133893		513256.5		0.0004039979		0.0015486588

		Agricultural		Balers		D		120		75		0.58		0.49		95		16		535		854		P		1520		21.4508045371						50825		3811875		2210887.5		0.99		8.83		9.82		21710915.25				2188778.625		19522136.625		0.0066042442		0.0589045218

		Agricultural		Combines		D		120		108		0.7		0.49		150		16		10,812		177,273		P		2400		684.4843049327						1621800		175154400		122608080		0.99		8.83		9.82		1204011345.6				121381999.2		1082629346.4		0.3662482626		3.2666385444

		Agricultural		Combines		D		175		142		0.7		0.47		150		16		15,866		25,357		P		2400		1343.1534391534						2379900		337945800		236562060		0.68		8.83		9.51		2249705190.6				160862200.8		2088842989.8		0.4853726414		6.3027065047

		Agricultural		Combines		D		250		200		0.7		0.47		150		16		16,862		26,939		N		2400		518.2792669339						2529300		505860000		354102000		0.68		8.83		9.51		3367510020				240789360		3126720660		0.7265384105		9.4343149478

		Agricultural		Combines		D		500		275		0.7		0.41		150		16		677		1081		N		2400		46.0061726647						101550		27926250		19548375		0.68		8.83		9.51		185905046.25				13292895		172612151.25		0.0401089101		0.520825995

		Agricultural		Hydro Power Units		D		50		35		0.48		0.54		790		16		192		306		P		12640		5.8734922264						151680		5308800		2548224		1.8		6.9		8.7		22169548.8				4586803.2		17582745.6		0.0138398503		0.0530527596

		Agricultural		Hydro Power Units		D		120		70		0.48		0.49		790		16		18		28		P		12640		6.0015826959						14220		995400		477792		0.99		8.83		9.82		4691917.44				473014.08		4218903.36		0.0014272346		0.012729779

		Agricultural		Other Agricultural Equipment		D		50		40		0.51		0.54		381		16		506		808		P		6096		7.4652365002						192786		7711440		3932834.4		1.8		6.9		8.7		34215659.28				7079101.92		27136557.36		0.0213599117		0.0818796613

		Agricultural		Other Agricultural Equipment		D		120		80		0.51		0.49		381		16		1,708		2,728		P		6096		274.6496438934						650748		52059840		26550518.4		0.99		8.83		9.82		260726090.688				26285013.216		234441077.472		0.0793102807		0.7073836144

		Agricultural		Other Agricultural Equipment		D		175		145		0.51		0.47		381		16		142		236		P		6096		30.5337566138						54102		7844790		4000842.9		0.68		8.83		9.51		38048015.979				2720573.172		35327442.807		0.0082088382		0.106594179

		Agricultural		Other Agricultural Equipment		D		250		210		0.51		0.47		381		16		142		226		N		6096		11.0860494602						54102		11361420		5794324.2		0.68		8.83		9.51		55104023.142				3940140.456		51163882.686		0.0118886623		0.1543777765

		Agricultural		Other Agricultural Equipment		D		500		302		0.51		0.41		381		16		34		54		N		6096		5.8686751423						12954		3912108		1995175.08		0.68		8.83		9.51		18974115.0108				1356719.0544		17617395.9564		0.0040936547		0.0531573108

		Agricultural		Sprayers		D		50		36		0.5		0.54		90		16		69		110		P		1440		0.2404693218						6210		223560		111780		1.8		6.9		8.7		972486				201204		771282		0.0006070967		0.0023272042

		Agricultural		Sprayers		D		120		91		0.5		0.49		90		16		657		1049		P		1440		24.9559482986						59130		5380830		2690415		0.99		8.83		9.82		26419875.3				2663510.85		23756364.45		0.008036663		0.0716805396

		Agricultural		Sprayers		D		175		151		0.5		0.47		90		16		276		440		P		1440		14.019047619						24840		3750840		1875420		0.68		8.83		9.51		17835244.2				1275285.6		16559958.6		0.003847944		0.0499666846

		Agricultural		Sprayers		D		250		248		0.5		0.47		90		16		173		276		N		1440		3.1904511866						15570		3861360		1930680		0.68		8.83		9.51		18360766.8				1312862.4		17047904.4		0.0039613252		0.0514389729

		Agricultural		Sprayers		D		500		271		0.5		0.41		90		16		29		46		N		1440		1.182433389						2610		707310		353655		0.68		8.83		9.51		3363259.05				240485.4		3122773.65		0.0007256213		0.0094224056

		Agricultural		Swathers		D		120		78		0.55		0.49		110		16		7,464		11,924		P		1760		346.5217620681						821040		64041120		35222616		0.99		8.83		9.82		345886089.12				34870389.84		311015699.28		0.1052151042		0.9384337073

		Agricultural		Swathers		D		175		150		0.55		0.47		110		16		67		107		P		1760		4.1594356261						7370		1105500		608025		0.68		8.83		9.51		5782317.75				413457		5368860.75		0.0012475318		0.0161995678

		Agricultural		Tillers >5 HP		D		250		245		0.78		0.47		172		16		1		1		N		2752		0.0352445475						172		42140		32869.2		0.68		8.83		9.51		312586.092				22351.056		290235.036		0.0000674403		0.0008757318

		Agricultural		Tillers >5 HP		D		500		437		0.78		0.41		172		16		3		4		N		2752		0.2337684401						516		225492		175883.76		0.68		8.83		9.51		1672654.5576				119600.9568		1553053.6008		0.0003608743		0.0046860588

		Airport Ground		Air Conditioner		D		500		300		0.75		0.41		22		16		22		31		N		352		0.2192711725		782.2424408661				484		145200		108900		0.68		8.83		9.51		1035639				74052		961587		0.0002234385		0.0029014151

		Airport Ground		Air Start Unit		D		750		600		0.9		0.42		135		16		58		99		N		2160		6.9307368887		723.8266936676				7830		4698000		4228200		0.68		8.83		9.51		40210182				2875176		37335006		0.0086753244		0.1126516384

		Airport Ground		Baggage Tug		D		120		78		0.55		0.49		876		8		390		620		N		7008		72.0949617515						341640		26647920		14656356		0.99		8.83		9.82		143925415.92				14509792.44		129415623.48		0.0437806784		0.3904882731

		Airport Ground		Belt Loader		D		50		45		0.5		0.54		810		6		165		241		N		4860		1.9407442545						133650		6014250		3007125		1.8		6.9		8.7		26161987.5				5412825		20749162.5		0.016332222		0.0626068508

		Airport Ground		Cargo Loader		D		120		76		0.5		0.49		719		11		148		259		N		7909		30.8766024796						106412		8087312		4043656		0.99		8.83		9.82		39708701.92				4003219.44		35705482.48		0.0120789917		0.1077348455

		Airport Ground		Forklift		D		120		52		0.3		0.49		726		16		10		13		N		11616		3.0640991823						7260		377520		113256		0.99		8.83		9.82		1112173.92				112123.44		1000050.48		0.0003383122		0.0030174717

		Airport Ground		Fuel Truck		D		250		180		0.25		0.47		22		16		18		32		N		352		0.0811444232						396		71280		17820		0.68		8.83		9.51		169468.2				12117.6		157350.6		0.0000365627		0.000474777

		Airport Ground		Ground Power Unit		D		175		145		0.75		0.47		796		6		196		321		P		4776		33.0192592593						156016		22622320		16966740		0.68		8.83		9.51		161353697.4				11537383.2		149816314.2		0.0348119703		0.4520436733

		Airport Ground		Lift		D		250		160		0.5		0.47		376		16		5		8		N		6016		0.3852311002		53609.466866328				1880		300800		150400		0.68		8.83		9.51		1430304				102272		1328032		0.0003085873		0.0040070967

		Airport Ground		Other		D		50		50		0.5		0.54		183		16		23		24		N		2928		0.1629847625						4209		210450		105225		1.8		6.9		8.7		915457.5				189405		726052.5		0.0005714954		0.0021907323

		Airport Ground		Service Truck		D		175		170		0.2		0.47		1,299		15		17		32		N		19485		11.6841269841		55602.6386385843				22083		3754110		750822		0.68		8.83		9.51		7140317.22				510558.96		6629758.26		0.0015405195		0.0200040983

		Construction		Asphalt Pavers		D		50		36		0.62		0.54		821		16		560		654		P		13136		17.8032488528						459760		16551360		10261843.2		1.8		6.9		8.7		89278035.84				18471317.76		70806718.08		0.0557338657		0.2136464851

		Construction		Asphalt Pavers		D		120		89		0.62		0.49		821		16		298		348		P		13136		103.2584542337						244658		21774562		13500228.44		0.99		8.83		9.82		132572243.2808				13365226.1556		119207017.1252		0.0403271563		0.359685647

		Construction		Asphalt Pavers		D		175		165		0.62		0.47		821		16		433		505		P		13136		200.6309700176						355493		58656345		36366933.9		0.68		8.83		9.51		345849541.389				24729515.052		321120026.337		0.0746168459		0.9689216895

		Construction		Asphalt Pavers		D		250		250		0.62		0.47		821		16		22		25		N		13136		3.7010873045						18062		4515500		2799610		0.68		8.83		9.51		26624291.1				1903734.8		24720556.3		0.005744176		0.0745898144

		Construction		Bore/Drill Rigs		D		50		33		0.75		0.54		466		16		92		107		P		7456		1.6601289473						42872		1414776		1061082		1.8		6.9		8.7		9231413.4				1909947.6		7321465.8		0.005762922		0.0220912009

		Construction		Bore/Drill Rigs		D		120		82		0.75		0.49		466		16		283		330		P		7456		55.6594038512						131878		10813996		8110497		0.99		8.83		9.82		79645080.54				8029392.03		71615688.51		0.0242272405		0.2160874072

		Construction		Bore/Drill Rigs		D		175		157		0.75		0.47		466		16		52		60		P		7456		13.6759082892						24232		3804424		2853318		0.68		8.83		9.51		27135054.18				1940256.24		25194797.94		0.0058543728		0.0760207529

		Construction		Bore/Drill Rigs		D		250		234		0.75		0.47		466		16		48		56		N		7456		4.5834304522						22368		5234112		3925584		0.68		8.83		9.51		37332303.84				2669397.12		34662906.72		0.0080544238		0.1045890614

		Construction		Bore/Drill Rigs		D		500		331		0.75		0.41		466		16		125		146		N		7456		26.3895574369						58250		19280750		14460562.5		0.68		8.83		9.51		137519949.375				9833182.5		127686766.875		0.0296698525		0.3852717605

		Construction		Bore/Drill Rigs		D		750		604		0.75		0.42		466		16		14		18		N		7456		5.7747289223						6524		3940496		2955372		0.68		8.83		9.51		28105587.72				2009652.96		26095934.76		0.0060637649		0.0787397706

		Construction		Bore/Drill Rigs		D		9999		811		0.75		0.42		466		16		46		60		N		7456		39.1703974418						21436		17384596		13038447		0.68		8.83		9.51		123995630.97				8866143.96		115129487.01		0.0267519883		0.3473824362

		Construction		Concrete Pavers		D		50		36		0.68		0.54		821		16		207		241		P		13136		6.5808437724						169947		6118092		4160302.56		1.8		6.9		8.7		36194632.272				7488544.608		28706087.664		0.022595331		0.0866154356

		Construction		Concrete Pavers		D		120		89		0.68		0.49		821		16		605		706		P		13136		209.6354523872						496705		44206745		30060586.6		0.99		8.83		9.82		295194960.412				29759980.734		265434979.678		0.0897953676		0.8009021172

		Construction		Concrete Pavers		D		175		165		0.68		0.47		821		16		129		150		P		13136		59.7722751323						105909		17474985		11882989.8		0.68		8.83		9.51		113007232.998				8080433.064		104926799.934		0.0243812476		0.3165976704

		Construction		Concrete Pavers		D		250		250		0.68		0.47		821		16		44		51		N		13136		7.4021746091						36124		9031000		6141080		0.68		8.83		9.51		58401670.8				4175934.4		54225736.4		0.0126001279		0.1636163671

		Construction		Concrete Pavers		D		500		300		0.68		0.41		821		16		69		80		N		13136		25.6642410171						56649		16994700		11556396		0.68		8.83		9.51		109901325.96				7858349.28		102042976.68		0.0237111498		0.3078962545

		Construction		Concrete/Industrial Saws		D		50		33		0.73		0.54		580		16		16		18		P		9280		0.3593486805						9280		306240		223555.2		1.8		6.9		8.7		1944930.24				402399.36		1542530.88		0.0012141674		0.0046543084

		Construction		Concrete/Industrial Saws		D		120		81		0.73		0.49		580		16		28		32		P		9280		6.8541281984						16240		1315440		960271.2		0.99		8.83		9.82		9429863.184				950668.488		8479194.696		0.0028684705		0.0255844388

		Construction		Concrete/Industrial Saws		D		175		175		0.73		0.47		580		16		1		1		P		9280		0.3273368607						580		101500		74095		0.68		8.83		9.51		704643.45				50384.6		654258.85		0.0001520264		0.0019741079

		Construction		Cranes		D		50		43		0.43		0.54		806		16		106		123		P		12896		3.3083312358						85436		3673748		1579711.64		1.8		6.9		8.7		13743491.268				2843480.952		10900010.316		0.0085796903		0.0328888127

		Construction		Cranes		D		120		93		0.43		0.49		806		16		1,403		1,639		P		12896		477.2642574519						1130818		105166074		45221411.82		0.99		8.83		9.82		444074264.0724				44769197.7018		399305066.3706		0.1350829693		1.2048309286

		Construction		Cranes		D		175		149		0.43		0.47		806		16		2,486		2,904		P		12896		1130.8450088183						2003716		298553684		128378084.12		0.68		8.83		9.51		1220875579.9812				87297097.2016		1133578482.7796		0.2634032261		3.4203683627

		Construction		Cranes		D		250		208		0.43		0.47		806		16		2,277		2,660		N		12896		376.0638295147						1835262		381734496		164145833.28		0.68		8.83		9.51		1561026874.4928				111619166.6304		1449407707.8624		0.3367906784		4.3733260149

		Construction		Cranes		D		500		334		0.43		0.41		806		16		845		987		N		12896		308.5516889883						681070		227477380		97815273.4		0.68		8.83		9.51		930223250.034				66514385.912		863708864.122		0.2006951479		2.6060855233

		Construction		Cranes		D		750		562		0.43		0.42		806		16		182		239		N		12896		129.8446558973						146692		82440904		35449588.72		0.68		8.83		9.51		337125588.7272				24105720.3296		313019868.3976		0.0727346579		0.9444809257

		Construction		Crawler Tractors		D		50		31		0.64		0.54		936		16		19		22		P		14976		0.6886483765						17784		551304		352834.56		1.8		6.9		8.7		3069660.672				635102.208		2434558.464		0.0019163062		0.0073458405

		Construction		Crawler Tractors		D		120		82		0.64		0.49		936		16		10,846		12,670		P		14976		4284.6134529148						10151856		832452192		532769402.88		0.99		8.83		9.82		5231795536.2816				527441708.8512		4704353827.4304		1.5914601076		14.1945381312

		Construction		Crawler Tractors		D		175		151		0.64		0.47		936		16		3,670		4,287		P		14976		1938.6920634921						3435120		518703120		331969996.8		0.68		8.83		9.51		3157034669.568				225739597.824		2931295071.744		0.6811284709		8.8446535265

		Construction		Crawler Tractors		D		250		207		0.64		0.47		936		16		3,155		3,685		N		14976		605.1160944124						2953080		611287560		391224038.4		0.68		8.83		9.51		3720540605.184				266032346.112		3454508259.072		0.8027045625		10.423354834

		Construction		Crawler Tractors		D		500		323		0.64		0.41		936		16		2,161		2,524		N		14976		916.361412351						2022696		653330808		418131717.12		0.68		8.83		9.51		3976432629.8112				284329567.6416		3692103062.1696		0.8579131243		11.1402542459

		Construction		Crawler Tractors		D		750		579		0.64		0.42		936		16		101		132		N		14976		83.6786899757						94536		54736344		35031260.16		0.68		8.83		9.51		333147284.1216				23821256.9088		309326027.2128		0.0718763409		0.933335427

		Construction		Crawler Tractors		D		9999		820		0.64		0.42		936		16		101		132		N		14976		172.7473732298						94536		77519520		49612492.8		0.68		8.83		9.51		471814806.528				33736495.104		438078311.424		0.1017937816		1.3218221937

		Construction		Crushing/Proc. Equipment		D		50		45		0.78		0.54		955		16		96		112		P		15280		3.5501171368						91680		4125600		3217968		1.8		6.9		8.7		27996321.6				5792342.4		22203979.2		0.0174773472		0.0669964975

		Construction		Crushing/Proc. Equipment		D		120		85		0.78		0.49		955		16		270		315		P		15280		108.8261672382						257850		21917250		17095455		0.99		8.83		9.82		167877368.1				16924500.45		150952867.65		0.0510666238		0.4554730181

		Construction		Crushing/Proc. Equipment		D		175		171		0.78		0.47		955		16		114		133		P		15280		61.4433862434						108870		18616770		14521080.6		0.68		8.83		9.51		138095476.506				9874334.808		128221141.698		0.0297940221		0.3868841401

		Construction		Crushing/Proc. Equipment		D		250		250		0.78		0.47		955		16		11		12		N		15280		2.1525812277						10505		2626250		2048475		0.68		8.83		9.51		19480997.25				1392963		18088034.25		0.0042030143		0.0545773769

		Construction		Crushing/Proc. Equipment		D		500		382		0.78		0.41		955		16		64		74		N		15280		27.6897811252						61120		23347840		18211315.2		0.68		8.83		9.51		173189607.552				12383694.336		160805913.216		0.0373655613		0.4852028037

		Construction		Excavators		D		50		35		0.57		0.54		859		16		544		635		P		13744		18.0950647641						467296		16355360		9322555.2		1.8		6.9		8.7		81106230.24				16780599.36		64325630.88		0.0506324282		0.1940909748

		Construction		Excavators		D		120		103		0.57		0.49		859		16		1,480		1,728		P		13744		536.5634397257						1271320		130945960		74639197.2		0.99		8.83		9.82		732956916.504				73892805.228		659064111.276		0.2229581957		1.9886069377

		Construction		Excavators		D		175		157		0.57		0.47		859		16		2,854		3,334		P		13744		1383.6111463845						2451586		384899002		219392431.14		0.68		8.83		9.51		2086422020.1414				149186853.1752		1937235166.9662		0.4501443883		5.8452572777

		Construction		Excavators		D		250		222		0.57		0.47		859		16		1,163		1,358		N		13744		204.7087330149						999017		221781774		126415611.18		0.68		8.83		9.51		1202212462.3218				85962615.6024		1116249846.7194		0.2593766689		3.3680823327

		Construction		Excavators		D		500		327		0.57		0.41		859		16		845		987		N		13744		328.8410680409						725855		237354585		135292113.45		0.68		8.83		9.51		1286627998.9095				91998637.146		1194629361.7635		0.2775892739		3.6045783651

		Construction		Excavators		D		750		542		0.57		0.42		859		16		18		23		N		13744		13.6862137641						15462		8380404		4776830.28		0.68		8.83		9.51		45427655.9628				3248244.5904		42179411.3724		0.0098009915		0.1272687568

		Construction		Graders		D		50		36		0.61		0.54		821		16		13		15		P		13136		0.4132897055						10673		384228		234379.08		1.8		6.9		8.7		2039097.996				421882.344		1617215.652		0.0012729538		0.0048796562

		Construction		Graders		D		120		98		0.61		0.49		821		16		967		1129		P		13136		335.0702189396						793907		77802886		47459760.46		0.99		8.83		9.82		466054847.7172				46985162.8554		419069684.8618		0.141769244		1.2644670957

		Construction		Graders		D		175		162		0.61		0.47		821		16		3,301		3,856		P		13136		1529.5215520282						2710121		439039602		267814157.22		0.68		8.83		9.51		2546912635.1622				182113626.9096		2364799008.2526		0.5494949819		7.1353539565

		Construction		Graders		D		250		225		0.61		0.47		821		16		2,048		2,392		N		13136		344.537581804						1681408		378316800		230773248		0.68		8.83		9.51		2194653588.48				156925808.64		2037727779.84		0.4734952889		6.1484755894

		Construction		Graders		D		500		300		0.61		0.41		821		16		57		66		N		13136		21.2008947532						46797		14039100		8563851		0.68		8.83		9.51		81442223.01				5823418.68		75618804.33		0.0175711142		0.2281660863

		Construction		Graders		D		750		635		0.61		0.42		821		16		3		3		N		13136		2.180128347						2463		1564005		954043.05		0.68		8.83		9.51		9072949.4055				648749.274		8424200.1315		0.0019574838		0.0254185026

		Construction		Off-Highway Tractors		D		120		115		0.65		0.49		855		16		1		1		P		13680		0.3608546558						855		98325		63911.25		0.99		8.83		9.82		627608.475				63272.1375		564336.3375		0.0001909122		0.001702783

		Construction		Off-Highway Tractors		D		175		160		0.65		0.47		855		16		931		1087		P		13680		449.2444444444						796005		127360800		82784520		0.68		8.83		9.51		787280785.2				56293473.6		730987311.6		0.1698553907		2.2056222063

		Construction		Off-Highway Tractors		D		250		160		0.65		0.47		855		16		880		1028		N		13680		154.1744041597						752400		120384000		78249600		0.68		8.83		9.51		744153696				53209728		690943968		0.1605507453		2.0847986482

		Construction		Off-Highway Tractors		D		750		697		0.65		0.42		855		16		346		455		N		13680		261.8543925647						295830		206193510		134025781.5		0.68		8.83		9.51		1274585182.065				91137531.42		1183447650.645		0.2749910428		3.5708395711

		Construction		Off-Highway Tractors		D		9999		999		0.65		0.42		855		16		38		50		N		13680		59.3695751485		927.1837993201				32490		32457510		21097381.5		0.68		8.83		9.51		200636098.065				14346219.42		186289878.645		0.0432871264		0.5620960674

		Construction		Off-Highway Trucks		D		175		175		0.57		0.47		1641		10		35		40		P		16410		20.2592592593						57435		10051125		5729141.25		0.68		8.83		9.51		54484133.2875				3895816.05		50588317.2375		0.0117549214		0.1526411117

		Construction		Off-Highway Trucks		D		250		233		0.57		0.47		1641		10		257		300		N		16410		54.0113725139						421737		98264721		56010890.97		0.68		8.83		9.51		532663573.1247				38087405.8596		494576167.2651		0.1149218691		1.4922942709

		Construction		Off-Highway Trucks		D		500		381		0.57		0.41		1641		10		364		425		N		16410		169.132145992						597324		227580444		129720853.08		0.68		8.83		9.51		1233645312.7908				88210180.0944		1145435132.6964		0.2661582889		3.4561436627

		Construction		Off-Highway Trucks		D		750		618		0.57		0.42		1641		10		305		401		N		16410		276.8892454083						500505		309312090		176307891.3		0.68		8.83		9.51		1676688046.263				119889366.084		1556798680.179		0.3617445117		4.6973588805

		Construction		Off-Highway Trucks		D		9999		874		0.57		0.42		1641		10		143		188		N		16410		268.0025125628						234663		205095462		116904413.34		0.68		8.83		9.51		1111760970.8634				79495001.0712		1032265969.7922		0.23986181		3.1146761505

		Construction		Other Construction Equipment		D		50		36		0.62		0.54		606		16		71		82		P		9696		1.6660922767						43026		1548936		960340.32		1.8		6.9		8.7		8354960.784				1728612.576		6626348.208		0.0052157763		0.0199938091

		Construction		Other Construction Equipment		D		120		104		0.62		0.49		606		16		117		136		P		9696		29.924347138						70902		7373808		4571760.96		0.99		8.83		9.82		44894692.6272				4526043.3504		40368649.2768		0.0136565185		0.1218051092

		Construction		Other Construction Equipment		D		175		137		0.62		0.47		606		16		161		188		P		9696		55.0637037037						97566		13366542		8287256.04		0.68		8.83		9.51		78811804.9404				5635334.1072		73176470.8332		0.017003603		0.2207967861

		Construction		Other Construction Equipment		D		500		327		0.62		0.41		606		16		375		438		N		9696		102.953251975						227250		74310750		46072665		0.68		8.83		9.51		438151044.15				31329412.2		406821631.95		0.0945308436		1.2275108079

		Construction		Paving Equipment		D		50		36		0.53		0.54		622		16		150		175		P		9952		3.6128482642						93300		3358800		1780164		1.8		6.9		8.7		15487426.8				3204295.2		12283131.6		0.0096683821		0.0370621314

		Construction		Paving Equipment		D		120		82		0.53		0.49		622		16		2,153		2,515		P		9952		565.1979952519						1339166		109811612		58200154.36		0.99		8.83		9.82		571525515.8152				57618152.8164		513907362.9988		0.1738523711		1.5506226631

		Construction		Paving Equipment		D		175		152		0.53		0.47		622		16		1,010		1,179		P		9952		354.5509700176						628220		95489440		50609403.2		0.68		8.83		9.51		481295424.432				34414394.176		446881030.256		0.1038392196		1.3483828081

		Construction		Paving Equipment		D		250		184		0.53		0.47		622		16		286		334		N		9952		36.4518781297						177892		32732128		17348027.84		0.68		8.83		9.51		164979744.7584				11796658.9312		153183085.8272		0.035594288		0.4622022987

		Construction		Rollers		D		50		37		0.56		0.54		745		16		915		1068		P		11920		26.3964452361						681675		25221975		14124306		1.8		6.9		8.7		122881462.2				25423750.8		97457711.4		0.0767115769		0.2940610446

		Construction		Rollers		D		120		84		0.56		0.49		745		16		4,912		5,738		P		11920		1544.4748087576						3659440		307392960		172140057.6		0.99		8.83		9.82		1690415365.632				170418657.024		1519996708.608		0.5142075222		4.5863155772

		Construction		Rollers		D		175		154		0.56		0.47		745		16		1,975		2,307		P		11920		830.405643739						1471375		226591750		126891380		0.68		8.83		9.51		1206737023.8				86286138.4		1120450885.4		0.2603528405		3.3807582083

		Construction		Rollers		D		250		218		0.56		0.47		745		16		279		325		N		11920		42.5916012448						207855		45312390		25374938.4		0.68		8.83		9.51		241315664.184				17254958.112		224060706.072		0.0520637201		0.6760627182

		Construction		Rollers		D		500		312		0.56		0.41		745		16		196		228		N		11920		66.1528442393						146020		45558240		25512614.4		0.68		8.83		9.51		242624962.944				17348577.792		225276385.152		0.0523462006		0.6797308103

		Construction		Rough Terrain Forklifts		D		50		45		0.6		0.54		662		16		101		117		P		10592		2.589091754						66862		3008790		1805274		1.8		6.9		8.7		15705883.8				3249493.2		12456390.6		0.0098047589		0.0375849092

		Construction		Rough Terrain Forklifts		D		120		83		0.6		0.49		662		16		4,881		5,702		P		10592		1363.7444473754						3231222		268191426		160914855.6		0.99		8.83		9.82		1580183881.992				159305707.044		1420878174.948		0.4806762025		4.2872433014

		Construction		Rough Terrain Forklifts		D		175		166		0.6		0.47		662		16		625		730		P		10592		233.5097001764						413750		68682500		41209500		0.68		8.83		9.51		391902345				28022460		363879885		0.0845527126		1.0979418412

		Construction		Rough Terrain Forklifts		D		250		227		0.6		0.47		662		16		34		39		N		10592		4.6121178746						22508		5109316		3065589.6		0.68		8.83		9.51		29153757.096				2084600.928		27069156.168		0.0062899068		0.0816762904

		Construction		Rough Terrain Forklifts		D		500		341		0.6		0.41		662		16		22		25		N		10592		6.5980689187						14564		4966324		2979794.4		0.68		8.83		9.51		28337844.744				2026260.192		26311584.552		0.0061138742		0.0793904549

		Construction		Rubber Tired Dozers		D		175		175		0.59		0.47		899		16		5		5		P		14384		2.5368606702						4495		786625		464108.75		0.68		8.83		9.51		4413674.2125				315593.95		4098080.2625		0.0009522478		0.0123652171

		Construction		Rubber Tired Dozers		D		250		248		0.59		0.47		899		16		122		142		N		14384		22.4741364958						109678		27200144		16048084.96		0.68		8.83		9.51		152617287.9696				10912697.7728		141704590.1968		0.0329270948		0.427568011

		Construction		Rubber Tired Dozers		D		500		358		0.59		0.41		899		16		188		219		N		14384		76.5691310134						169012		60506296		35698714.64		0.68		8.83		9.51		339494776.2264				24275125.9552		315219650.2712		0.0732458088		0.9511183703

		Construction		Rubber Tired Dozers		D		750		539		0.59		0.42		899		16		61		80		N		14384		48.5408276167						54839		29558221		17439350.39		0.68		8.83		9.51		165848222.2089				11858758.2652		153989463.9437		0.0357816615		0.464635399

		Construction		Rubber Tired Dozers		D		9999		800		0.59		0.42		899		16		4		5		N		14384		6.5710370032						3596		2876800		1697312		0.68		8.83		9.51		16141437.12				1154172.16		14987264.96		0.0034825061		0.0452213655

		Construction		Rubber Tired Loaders		D		50		46		0.54		0.54		761		16		319		372		P		12176		9.4003368894						242759		11166914		6030133.56		1.8		6.9		8.7		52462161.972				10854240.408		41607921.564		0.0327507103		0.1255443895

		Construction		Rubber Tired Loaders		D		120		87		0.54		0.49		761		16		8,706		10,170		P		12176		2796.208282775						6625266		576398142		311254996.68		0.99		8.83		9.82		3056524067.3976				308142446.7132		2748381620.6844		0.9297641866		8.2927452196

		Construction		Rubber Tired Loaders		D		175		157		0.54		0.47		761		16		4,907		5,732		P		12176		2107.5002469136						3734227		586273639		316587765.06		0.68		8.83		9.51		3010749645.7206				215279680.2408		2795469965.4798		0.6495675585		8.4348257965

		Construction		Rubber Tired Loaders		D		250		220		0.54		0.47		761		16		4,880		5,700		N		12176		760.9707618816						3713680		817009600		441185184		0.68		8.83		9.51		4195671099.84				300005925.12		3895665174.72		0.905213702		11.7544661599

		Construction		Rubber Tired Loaders		D		500		350		0.54		0.41		761		16		2,030		2,371		N		12176		699.8691848118						1544830		540690500		291972870		0.68		8.83		9.51		2776661993.7				198541551.6		2578120442.1		0.599063278		7.7790128601

		Construction		Rubber Tired Loaders		D		750		717		0.54		0.42		761		16		142		186		N		12176		95.6512502766						108062		77480454		41839445.16		0.68		8.83		9.51		397893123.4716				28450822.7088		369442300.7628		0.0858452197		1.1147254262

		Construction		Rubber Tired Loaders		D		9999		877		0.54		0.42		761		16		14		18		N		12176		19.4682503426						10654		9343558		5045521.32		0.68		8.83		9.51		47982907.7532				3430954.4976		44551953.2556		0.0103522856		0.1344274735

		Construction		Scrapers		D		120		104		0.72		0.49		914		16		67		78		P		14624		25.8456343973						61238		6368752		4585501.44		0.99		8.83		9.82		45029624.1408				4539646.4256		40489977.7152		0.0136975633		0.1221711958

		Construction		Scrapers		D		175		164		0.72		0.47		914		16		618		712		P		14624		318.7877248677						564852		92635728		66697724.16		0.68		8.83		9.51		634295356.7616				45354452.4288		588940904.3328		0.1368488698		1.777022824

		Construction		Scrapers		D		250		232		0.72		0.47		914		16		601		702		N		14624		112.5600194665						549314		127440848		91757410.56		0.68		8.83		9.51		872612974.4256				62395039.1808		810217935.2448		0.188265763		2.4446863051

		Construction		Scrapers		D		500		356		0.72		0.41		914		16		1,659		1,938		N		14624		686.9557436928						1516326		539812056		388664680.32		0.68		8.83		9.51		3696201109.8432				264291982.6176		3431909127.2256		0.79745333		10.3551660347

		Construction		Scrapers		D		750		615		0.72		0.42		914		16		265		348		N		14624		214.3925647267						242210		148959150		107250588		0.68		8.83		9.51		1019953091.88				72930399.84		947022692.04		0.2200543113		2.8574699537

		Construction		Signal Boards		D		50		37		0.78		0.54		535		16		10		11		P		8560		0.2071676122						5350		197950		154401		1.8		6.9		8.7		1343288.7				277921.8		1065366.9		0.0008385788		0.0032145522

		Construction		Signal Boards		D		120		82		0.78		0.49		535		16		172		200		P		8560		38.8372461092						92020		7545640		5885599.2		0.99		8.83		9.82		57796584.144				5826743.208		51969840.936		0.0175811454		0.15680961

		Construction		Signal Boards		D		175		158		0.78		0.47		535		16		107		125		P		8560		32.3075837743						57245		9044710		7054873.8		0.68		8.83		9.51		67091849.838				4797314.184		62294535.654		0.0144750292		0.1879625118

		Construction		Signal Boards		D		250		216		0.78		0.47		535		16		23		26		N		8560		2.5214195151						12305		2657880		2073146.4		0.68		8.83		9.51		19715622.264				1409739.552		18305882.712		0.0042536345		0.0552346953

		Construction		Skid Steer Loaders		D		50		37		0.55		0.54		818		16		10,025		11,711		P		13088		317.5453542179						8200450		303416650		166879157.5		1.8		6.9		8.7		1451848670.25				300382483.5		1151466186.75		0.9063498989		3.4743412792

		Construction		Skid Steer Loaders		D		120		62		0.55		0.49		818		16		5,252		6,135		P		13088		1813.1937747296						4296136		266360432		146498237.6		0.99		8.83		9.82		1438612693.232				145033255.224		1293579438.008		0.4376116566		3.9031423511

		Construction		Surfacing Equipment		D		50		25		0.45		0.54		561		16		13		15		P		8976		0.2824062421						7293		182325		82046.25		1.8		6.9		8.7		713802.375				147683.25		566119.125		0.0004456075		0.0017081622

		Construction		Surfacing Equipment		D		120		113		0.45		0.49		561		16		3		3		P		8976		0.7103139013						1683		190179		85580.55		0.99		8.83		9.82		840401.001				84724.7445		755676.2565		0.0002556416		0.0022801166

		Construction		Surfacing Equipment		D		175		152		0.45		0.47		561		16		2		2		P		8976		0.6332275132						1122		170544		76744.8		0.68		8.83		9.51		729843.048				52186.464		677656.584		0.0001574632		0.0020447064

		Construction		Surfacing Equipment		D		250		239		0.45		0.47		561		16		4		4		N		8976		0.4598183984						2244		536316		241342.2		0.68		8.83		9.51		2295164.322				164112.696		2131051.626		0.0004951804		0.0064300634

		Construction		Surfacing Equipment		D		500		392		0.45		0.41		561		16		33		38		N		8976		8.387122349						18513		7257096		3265693.2		0.68		8.83		9.51		31056742.332				2220671.376		28836070.956		0.0067004749		0.0870076367

		Construction		Surfacing Equipment		D		750		615		0.45		0.42		561		16		19		25		N		8976		9.4348307148						10659		6555285		2949878.25		0.68		8.83		9.51		28053342.1575				2005917.21		26047424.9475		0.0060524929		0.078593401

		Construction		Tractors/Loaders/Backhoes		D		50		44		0.55		0.54		1135		16		1,842		2,151		P		18160		80.9568433077						2090670		91989480		50594214		1.8		6.9		8.7		440169661.8				91069585.2		349100076.6		0.2747860274		1.0533464384

		Construction		Tractors/Loaders/Backhoes		D		120		75		0.55		0.49		1135		16		28,596		33,406		P		18160		13698.3212872593						32456460		2434234500		1338828975		0.99		8.83		9.82		13147300534.5				1325440685.25		11821859849.25		3.999277911		35.670327226

		Construction		Tractors/Loaders/Backhoes		D		175		147		0.55		0.47		1135		13		1,888		2,205		P		14755		982.6257495591						2142880		315003360		173251848		0.68		8.83		9.51		1647625074.48				117811256.64		1529813817.84		0.3554741918		4.6159369315

		Construction		Tractors/Loaders/Backhoes		D		250		249		0.55		0.47		1135		16		6		7		N		18160		1.3954381876						6810		1695690		932629.5		0.68		8.83		9.51		8869306.545				634188.06		8235118.485		0.0019135479		0.0248479829

		Construction		Trenchers		D		50		35		0.75		0.54		593		16		1,908		2,228		P		9488		43.8128134136						1131444		39600540		29700405		1.8		6.9		8.7		258393523.5				53460729		204932794.5		0.1613080955		0.6183476993

		Construction		Trenchers		D		120		69		0.75		0.49		593		16		2,585		3,019		P		9488		646.965972039						1532905		105770445		79327833.75		0.99		8.83		9.82		778999327.425				78534555.4125		700464772.0125		0.2369638387		2.113525955

		Construction		Trenchers		D		175		153		0.75		0.47		593		16		282		329		P		9488		94.377989418						167226		25585578		19189183.5		0.68		8.83		9.51		182489135.085				13048644.78		169440490.305		0.0393719292		0.5112560808

		Construction		Trenchers		D		250		237		0.75		0.47		593		16		24		28		N		9488		2.9162813929						14232		3372984		2529738		0.68		8.83		9.51		24057808.38				1720221.84		22337586.54		0.0051904588		0.0673996335

		Construction		Trenchers		D		500		331		0.75		0.41		593		16		31		36		N		9488		8.3282271994						18383		6084773		4563579.75		0.68		8.83		9.51		43399643.4225				3103234.23		40296409.1925		0.0093634489		0.1215871377

		Construction		Trenchers		D		750		624		0.75		0.42		593		16		3		3		N		9488		1.5746846647						1779		1110096		832572		0.68		8.83		9.51		7917759.72				566148.96		7351610.76		0.0017082522		0.0221821579

		Industrial		Aerial Lifts		D		50		34		0.46		0.54		384		16		555		616		P		6144		8.2526283181						213120		7246080		3333196.8		1.8		6.9		8.7		28998812.16				5999754.24		22999057.92		0.0181031749		0.069395504

		Industrial		Aerial Lifts		D		120		66		0.46		0.49		384		16		492		546		P		6144		79.7374835136						188928		12469248		5735854.08		0.99		8.83		9.82		56326087.0656				5678495.5392		50647591.5264		0.0171338348		0.1528199612

		Industrial		Forklifts		D		50		39		0.3		0.54		1700		16		2,495		2,772		P		27200		164.2432573719				3.69584		4241500		165418500		49625550		1.8		6.9		8.7		431742285				89325990		342416295		0.2695250438		1.0331793344

		Industrial		Forklifts		D		120		83		0.3		0.49		1700		16		11,075		12,305		P		27200		7946.1883408072						18827500		1562682500		468804750		0.99		8.83		9.82		4603662645				464116702.5		4139545942.5		1.4003883366		12.4903323351

		Industrial		Forklifts		D		175		149		0.3		0.47		1700		16		1,053		1,170		P		27200		1010.2857142857						1790100		266724900		80017470		0.68		8.83		9.51		760966139.7				54411879.6		706554260.1		0.1641780206		2.1318998856

		Industrial		Forklifts		D		250		205		0.3		0.47		1700		16		376		417		N		27200		130.9785740814						639200		131036000		39310800		0.68		8.83		9.51		373845708				26731344		347114364		0.0806570032		1.0473549092

		Industrial		Forklifts		D		500		295		0.3		0.41		1700		16		81		90		N		27200		62.3835546621						137700		40621500		12186450		0.68		8.83		9.51		115893139.5				8286786		107606353.5		0.0250038803		0.3246827394

		Industrial		Other General Industrial Equipme		n D		50		34		0.51		0.54		878		16		218		242		N		14048		7.4117214273						191404		6507736		3318945.36		1.8		6.9		8.7		28874824.632				5974101.648		22900722.984		0.0180257729		0.069098796

		Industrial		Other General Industrial Equipme		n D		120		97		0.51		0.49		878		16		937		1041		N		14048		347.2164600369						822686		79800542		40698276.42		0.99		8.83		9.82		399657074.4444				40291293.6558		359365780.7886		0.1215717025		1.0843213469

		Industrial		Other General Industrial Equipme		n D		175		150		0.51		0.47		878		16		105		116		N		14048		52.0296296296						92190		13828500		7052535		0.68		8.83		9.51		67069607.85				4795723.8		62273884.05		0.0144702305		0.1879001993

		Industrial		Other General Industrial Equipme		n D		250		212		0.51		0.47		878		16		13		14		N		14048		2.3388445628						11414		2419768		1234081.68		0.68		8.83		9.51		11736116.7768				839175.5424		10896941.2344		0.0025320607		0.0328795523

		Industrial		Other General Industrial Equipme		n D		500		370		0.51		0.41		878		16		1		1		N		14048		0.3977687799						878		324860		165678.6		0.68		8.83		9.51		1575603.486				112661.448		1462942.038		0.0003399356		0.0044141634

		Industrial		Other Material Handling Equipmen		t D		50		41		0.59		0.54		421		16		16		17		N		6736		0.2608375767						6736		276176		162943.84		1.8		6.9		8.7		1417611.408				293298.912		1124312.496		0.0008849765		0.0033924099

		Industrial		Other Material Handling Equipmen		t D		120		82		0.59		0.49		421		16		223		247		N		6736		39.6235294118						93883		7698406		4542059.54		0.99		8.83		9.82		44603024.6828				4496638.9446		40106385.7382		0.013567796		0.1210137763

		Industrial		Other Material Handling Equipmen		t D		175		165		0.59		0.47		421		16		17		18		N		6736		4.0392239859						7157		1180905		696733.95		0.68		8.83		9.51		6625939.8645				473779.086		6152160.7785		0.0014295428		0.0185630342

		Industrial		Other Material Handling Equipmen		t D		250		196		0.59		0.47		421		16		6		6		N		6736		0.5176030634						2526		495096		292106.64		0.68		8.83		9.51		2777934.1464				198632.5152		2579301.6312		0.0005993377		0.0077825769

		Industrial		Other Material Handling Equipmen		t D		500		259		0.59		0.41		421		16		2		2		N		6736		0.3814593539						842		218078		128666.02		0.68		8.83		9.51		1223613.8502				87492.8936		1136120.9566		0.000263994		0.0034280398

		Industrial		Sweepers/Scrubbers		D		50		37		0.68		0.54		1220		13		1,084		1,204		N		15860		41.6083564057						1322480		48931760		33273596.8		1.8		6.9		8.7		289480292.16				59892474.24		229587817.92		0.1807147252		0.6927397801

		Industrial		Sweepers/Scrubbers		D		120		88		0.68		0.49		1220		13		1,795		1,994		N		15860		750.954893168						2189900		192711200		131043616		0.99		8.83		9.82		1286848309.12				129733179.84		1157115129.28		0.3914464421		3.4913859432

		Industrial		Sweepers/Scrubbers		D		175		163		0.68		0.47		1220		13		828		920		N		15860		463.2126984127						1010160		164656080		111966134.4		0.68		8.83		9.51		1064797938.144				76136971.392		988660966.752		0.2297295619		2.9831059283

		Industrial		Sweepers/Scrubbers		D		250		190		0.68		0.47		1220		13		137		152		N		15860		27.8270558252						167140		31756600		21594488		0.68		8.83		9.51		205363580.88				14684251.84		190679329.04		0.0443070781		0.5753404413

		Light Commercial		Air Compressors <=50 HP		D		50		37		0.48		0.54		815		16		905		1037		N		13040		28.5610563612						737575		27290275		13099332		1.8		6.9		8.7		113964188.4				23578797.6		90385390.8		0.0711447637		0.2727215944

		Light Commercial		Air Compressors <=50 HP		D		120		78		0.48		0.49		815		16		6208		7118		N		13040		2135.3816934846						5059520		394642560		189428428.8		0.99		8.83		9.82		1860187170.816				187534144.512		1672653026.304		0.5658504149		5.0469284482

		Light Commercial		Air Compressors <=50 HP		D		175		147		0.48		0.47		815		16		246		282		P		13040		113.1513227513						200490		29472030		14146574.4		0.68		8.83		9.51		134533922.544				9619670.592		124914251.952		0.0290256188		0.3769061974

		Light Commercial		Air Compressors <=50 HP		D		250		218		0.48		0.47		815		16		338		387		P		13040		56.4466016931						275470		60052460		28825180.8		0.68		8.83		9.51		274127469.408				19601122.944		254526346.464		0.0591428488		0.7679872864

		Light Commercial		Air Compressors <=50 HP		D		500		334		0.48		0.41		815		16		89		102		P		13040		32.8612283036						72535		24226690		11628811.2		0.68		8.83		9.51		110589994.512				7907591.616		102682402.896		0.0238597297		0.3098256077

		Light Commercial		Generator Sets <=50 HP		D		50		33		0.74		0.54		338		16		4414		5061		N		5408		57.771960735						1491932		49233756		36432979.44		1.8		6.9		8.7		316966921.128				65579362.992		251387558.136		0.1978738851		0.7585165595

		Light Commercial		Generator Sets <=50 HP		D		120		84		0.74		0.49		338		16		754		864		N		5408		107.5608546558						254852		21407568		15841600.32		0.99		8.83		9.82		155564515.1424				15683184.3168		139881330.8256		0.0473211765		0.4220666551

		Light Commercial		Generator Sets <=50 HP		D		175		153		0.74		0.47		338		16		861		987		N		5408		164.242962963						291018		44525754		32949057.96		0.68		8.83		9.51		313345541.1996				22405359.4128		290940181.7868		0.0676041259		0.8778594587

		Light Commercial		Generator Sets <=50 HP		D		250		229		0.74		0.47		338		16		472		541		N		5408		32.6905472382						159536		36533744		27034970.56		0.68		8.83		9.51		257102570.0256				18383779.9808		238718790.0448		0.0554697362		0.7202908396

		Light Commercial		Generator Sets <=50 HP		D		500		363		0.74		0.41		338		16		463		530		N		5408		70.8979811422						156494		56807322		42037418.28		0.68		8.83		9.51		399775847.8428				28585444.4304		371190403.4124		0.0862514164		1.1200000103

		Light Commercial		Pressure Washers <=50 HP		D		50		38		0.3		0.54		145		16		105		120		N		2320		0.589556429						15225		578550		173565		1.8		6.9		8.7		1510015.5				312417		1197598.5		0.0009426619		0.0036135372

		Light Commercial		Pressure Washers <=50 HP		D		120		64		0.3		0.49		145		16		43		49		P		2320		2.6314956476						6235		399040		119712		0.99		8.83		9.82		1175571.84				118514.88		1057056.96		0.0003575972		0.0031894785

		Light Commercial		Pumps <=50 HP		D		50		37		0.74		0.54		403		16		1,977		2,266		P		6448		30.8517493078						796731		29479047		21814494.78		1.8		6.9		8.7		189786104.586				39266090.604		150520013.982		0.1184783375		0.4541669603

		Light Commercial		Pumps <=50 HP		D		120		84		0.74		0.49		403		16		3889		4459		N		6448		661.4685307307						1567267		131650428		97421316.72		0.99		8.83		9.82		956677330.1904				96447103.5528		860230226.6376		0.2910117179		2.5955893629

		Light Commercial		Pumps <=50 HP		D		175		151		0.74		0.47		403		16		495		567		N		6448		112.5841269841						199485		30122235		22290453.9		0.68		8.83		9.51		211982216.589				15157508.652		196824707.937		0.0457350451		0.5938830123

		Light Commercial		Pumps <=50 HP		D		250		213		0.74		0.47		403		16		183		209		P		6448		15.1119193679						73749		15708537		11624317.38		0.68		8.83		9.51		110547258.2838				7904535.8184		102642722.4654		0.0238505094		0.3097058791

		Light Commercial		Pumps <=50 HP		D		500		354		0.74		0.41		403		16		51		58		P		6448		9.3113231588						20553		7275762		5384063.88		0.68		8.83		9.51		51202447.4988				3661163.4384		47541284.0604		0.0110468995		0.1434472393

		Light Commercial		Welders <=50 HP		D		50		46		0.45		0.54		643		16		4535		5199		N		10288		112.9162229666						2916005		134136230		60361303.5		1.8		6.9		8.7		525143340.45				108650346.3		416492994.15		0.3278327992		1.2566923968

		Light Commercial		Welders <=50 HP		D		120		70		0.45		0.49		643		16		3564		4086		P		10288		967.1968346083						2291652		160415640		72187038		0.99		8.83		9.82		708876713.16				71465167.62		637411545.54		0.2156332376		1.9232742307

		Light Commercial		Welders <=50 HP		D		175		174		0.45		0.47		643		16		17		19		P		10288		6.1691710758						10931		1901994		855897.3		0.68		8.83		9.51		8139583.323				582010.164		7557573.159		0.0017561106		0.0228036122

		Logging		Fellers/Bunchers		D		120		103		0.71		0.49		1276		10		1027		1306		P		12760		345.6744922184						1310452		134976556		95833354.76		0.99		8.83		9.82		941083543.7432				94875021.2124		846208522.5308		0.2862682434		2.5532814028

		Logging		Fellers/Bunchers		D		175		152		0.71		0.47		1276		10		1272		1617		P		12760		572.5121693122						1623072		246706944		175161930.24		0.68		8.83		9.51		1665789956.5824				119110112.5632		1546679844.0192		0.359393255		4.6668271197

		Logging		Fellers/Bunchers		D		250		219		0.71		0.47		1276		10		776		986		N		12760		126.8107014331						990176		216848544		153962466.24		0.68		8.83		9.51		1464183053.9424				104694477.0432		1359488576.8992		0.3158966781		4.1020112754

		Logging		Fellers/Bunchers		D		500		329		0.71		0.41		1276		10		228		289		N		12760		82.3761927684						290928		95715312		67957871.52		0.68		8.83		9.51		646279358.1552				46211352.6336		600068005.5216		0.1394344114		1.8105968424

		Logging		Fellers/Bunchers		D		750		653		0.71		0.42		1276		10		18		22		N		12760		12.7063509626						22968		14998104		10648653.84		0.68		8.83		9.51		101268698.0184				7241084.6112		94027613.4072		0.0218486652		0.2837113433

		Logging		Shredders >5 HP		D		175		140		0.4		0.47		120		16		1		1		P		1920		0.0677248677						120		16800		6720		0.68		8.83		9.51		63907.2				4569.6		59337.6		0.0000137879		0.0001790405

		Logging		Skidders		D		120		102		0.74		0.49		1,442		10		473		601		P		14420		179.9171722501						682066		69570732		51482341.68		0.99		8.83		9.82		505556595.2976				50967518.2632		454589077.0344		0.1537852823		1.3716404473

		Logging		Skidders		D		175		151		0.74		0.47		1,442		10		756		961		P		14420		384.5333333333						1090152		164612952		121813584.48		0.68		8.83		9.51		1158447188.4048				82833237.4464		1075613950.9584		0.2499343354		3.2454708556

		Logging		Skidders		D		250		227		0.74		0.47		1,442		10		278		353		N		14420		51.3397282379						400876		90998852		67339150.48		0.68		8.83		9.51		640395321.0648				45790622.3264		594604698.7384		0.1381649337		1.7941123008

		Logging		Skidders		D		500		270		0.74		0.41		1,442		10		15		19		N		14420		6.1245292635						21630		5840100		4321674		0.68		8.83		9.51		41099119.74				2938738.32		38160381.42		0.0088671122		0.1151420597

		Transport Ref. Units		Transport Refrigeration Units		D		50		39		0.28		0.54		1,341		16		7,234		9,095		N		21456		375.6430521404		8140.0870495576				9700794		378330966		105932670.48		1.8		6.9		8.7		921614233.176				190678806.864		730935426.312		0.5753388657		2.2054656518

		Transport Ref. Units		Transport Refrigeration Units		D		120		56		0.28		0.49		1,341		16		26,576		33,414		N		21456		15041.2729095226		23280.5673960903				35638416		1995751296		558810362.88		0.99		8.83		9.82		5487517763.4816				553222259.2512		4934295504.2304		1.6692482628		14.8883456165

		TOTALS:																		646260		1094243												405359477		42149822850		25511073844.96								243581232833.91				22235701414.0906		221345531419.82		67.092213548		667.8701690297
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								PERCENT		PERCENT

						HP		PORTABLE		STATIONARY

						25-50		90		10

						51-120		70		30

						121-175		20		80

						176-250		15		85

						251-500		10		90
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&C&"Arial,Bold"&12Attachment 4&"Arial,Regular"&10

&"Arial,Bold"Timber Harvest (MBF) from 1990-1996
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						(g/hp-hr)				(g/hp-hr)				(g/hp-hr)				(g/hp-hr)

		HP		Year		ROG		ROG det		CO		CO det		Nox		Nox det		PM		PM det

		50		1987		1.84		2.35E-04		5.00		5.13E-04		6.92		1.04E-04		0.76		5.89E-05

		50		2020		1.80		2.30E-04		5.00		5.13E-04		6.90		1.04E-04		0.76		5.89E-05

		120		1987		1.44		6.66E-05		4.80		1.27E-04		13.00		3.01E-04		0.84		6.11E-05

		120		1997		0.99		4.58E-05		3.49		9.23E-05		8.94		2.07E-04		0.67		4.87E-05

		120		2020		0.99		4.58E-05		3.49		9.23E-05		6.12		1.42E-04		0.67		4.87E-05

		175		1969		1.32		6.11E-05		4.40		1.16E-04		14.00		3.24E-04		0.77		5.60E-05

		175		1971		1.10		5.09E-05		4.40		1.16E-04		13.00		3.01E-04		0.66		4.80E-05

		175		1979		1.00		4.63E-05		4.40		1.16E-04		12.00		2.78E-04		0.55		4.00E-05

		175		1984		0.94		4.35E-05		4.30		1.14E-04		11.00		2.54E-04		0.55		4.00E-05

		175		1987		0.88		4.07E-05		4.20		1.11E-04		11.00		2.54E-04		0.55		4.00E-05

		175		1996		0.68		3.15E-05		2.70		7.14E-05		8.52		1.97E-04		0.37		2.69E-05

		175		2020		0.68		3.15E-05		2.70		7.14E-05		6.12		1.42E-04		0.37		2.69E-05

		250		1969		1.32		6.11E-05		4.40		1.16E-04		14.00		3.24E-04		0.77		5.60E-05

		250		1971		1.10		5.09E-05		4.40		1.16E-04		13.00		3.01E-04		0.66		4.80E-05

		250		1979		1.00		4.63E-05		4.40		1.16E-04		12.00		2.78E-04		0.55		4.00E-05

		250		1984		0.94		4.35E-05		4.30		1.14E-04		11.00		2.54E-04		0.55		4.00E-05

		250		1987		0.88		4.07E-05		4.20		1.11E-04		11.00		2.54E-04		0.55		4.00E-05

		250		1995		0.68		3.15E-05		2.70		7.14E-05		8.52		1.97E-04		0.37		2.69E-05

		250		2000		0.35		1.62E-05		0.67		1.77E-05		6.12		1.42E-04		0.15		1.09E-05

		250		2020		0.35		1.62E-05		0.67		1.77E-05		5.14		1.19E-04		0.15		1.09E-05

		500		1969		1.26		4.39E-05		4.20		8.32E-05		14.00		2.33E-04		0.74		3.93E-05

		500		1971		1.05		3.66E-05		4.20		8.32E-05		13.00		2.16E-04		0.63		3.34E-05

		500		1979		0.95		3.31E-05		4.20		8.32E-05		12.00		2.00E-04		0.53		2.81E-05

		500		1984		0.90		3.14E-05		4.20		8.32E-05		11.00		1.83E-04		0.53		2.81E-05

		500		1987		0.84		2.93E-05		4.10		8.12E-05		11.00		1.83E-04		0.53		2.81E-05

		500		1995		0.68		2.37E-05		2.70		5.35E-05		8.52		1.42E-04		0.37		1.96E-05

		500		2000		0.30		1.05E-05		0.79		1.56E-05		6.15		1.02E-04		0.13		6.90E-06

		500		2020		0.30		1.05E-05		0.79		1.56E-05		5.14		8.55E-05		0.13		6.90E-06

		750		1969		1.26		4.39E-05		4.20		8.32E-05		14.00		2.33E-04		0.74		3.93E-05

		750		1971		1.05		3.66E-05		4.20		8.32E-05		13.00		2.16E-04		0.63		3.34E-05

		750		1979		0.95		3.31E-05		4.20		8.32E-05		12.00		2.00E-04		0.53		2.81E-05

		750		1984		0.90		3.14E-05		4.20		8.32E-05		11.00		1.83E-04		0.53		2.81E-05

		750		1987		0.84		2.93E-05		4.10		8.12E-05		11.00		1.83E-04		0.53		2.81E-05

		750		1995		0.68		2.37E-05		2.70		5.35E-05		8.52		1.42E-04		0.37		1.96E-05

		750		2000		0.32		1.12E-05		1.30		2.57E-05		6.47		1.08E-04		0.16		8.49E-06

		750		2020		0.32		1.12E-05		1.30		2.57E-05		5.14		8.55E-05		0.16		8.49E-06

		9999		1969		1.26		4.39E-05		4.20		8.32E-05		14.00		2.33E-04		0.74		3.93E-05

		9999		1971		1.05		3.66E-05		4.20		8.32E-05		13.00		2.16E-04		0.63		3.34E-05

		9999		1979		0.95		3.31E-05		4.20		8.32E-05		12.00		2.00E-04		0.53		2.81E-05

		9999		1984		0.90		3.14E-05		4.20		8.32E-05		11.00		1.83E-04		0.53		2.81E-05

		9999		1987		0.84		2.93E-05		4.10		8.12E-05		11.00		1.83E-04		0.53		2.81E-05

		9999		1999		0.68		2.37E-05		2.70		5.35E-05		8.52		1.42E-04		0.37		1.96E-05

		9999		2020		0.68		2.37E-05		2.70		5.35E-05		6.47		1.08E-04		0.37		1.96E-05

				*NOTE:		50		- Implies 25-50 hp				250		- Implies 176-250 hp				999		- Implies >751 hp

						120		- Implies 51-120 hp				500		- Implies 251-500 hp

						175		- Implies 121-175 hp				750		- Implies 501-750 hp

		** THE DETERIORATION RATES IN THIS ATTACH. WAS CALCULATE DIFFERENTLY

						Deterioration Factor

				HP		HC		CO		NOX		PM

				25-50		0.51		0.41		0.06		0.31

				51-120		0.28		0.16		0.14		0.44

				121-250		0.28		0.16		0.14		0.44

				>250		0.44		0.25		0.21		0.67

						Average hours				Average speed						Average deterioration over 120K mi in hrs

						Y						mi/hr

				50		4000				LHDD		30				=120000/average speed

				120		6052				MHDD		30.57				hrs

				175		6052				HHDD		22.97		LHDD		4000

				250		6052								MHDD		6052

				500		12625								HHDD		12625

				750		12625				Useful life

				9999		12625						miles

										LHDD		120000

										MHDD		185000

										HHDD		290000

										*based on on-road diesel from emfac7G

				Double Checking USEPA's Appendix B:

				hp		hc		co		nox		pm

				71		1.32		3.37		7.57		0.581

				72		0.6		3.5		7.2		0.59

				85		0.66		1		7.53		0.387

				86		0.41		2.17		11.22		0.384

		<100		95		1.95		7.43		7.99		1.5

		average				0.99		3.49		8.30		0.69

				100		0.8		2.1		11		0.39

				127		1.02		7.7		7.48		1.1

				139		0.45		2.98		11.74		0.41

				139		0.64		0.85		4.52		0.12

				144		0.47		1.64		12.68		0.149

				174		0.53		2.05		10.22		0.25

				201		0.07		2.51		9.38		0.406

				226		0.86		1.5		6.53		0.397

				275		0.82		4.69		7.29		0.662

				278		1.27		1.46		6.52		0.248

				285		1.1		1.4		6.5		0.18

				451		0.09		2.94		6.37		0.213

		>100		599		0.68		3.26		8.78		0.257

		average				0.68		2.70		8.39		0.37

				**Note: PM does NOT contain USEPA's correction factor for sulfur



&C&"Arial,Bold"&12Appendix C&"Arial,Regular"&10

&"Arial,Bold"OFFROAD Model Emission Factors (Diesel, >=25 hp)
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						Federal Diesel Standards (g/bhp-hr)

						HP		YEAR		HC		CO		NOX		PM

						50-120		1998		-		-		6.9		-

						121-175		1997		-		-		6.9		-

						176-750		1996		1.0		8.5		6.9		0.4

						>750		2000		1.0		8.5		6.9		0.4

						California Diesel Standards (g/bhp-hr)

						HP		YEAR		HC		CO		NOX		PM

						176-750		1996		1.0		8.5		6.9		0.4

								2001		1.0		8.5		5.8		0.16

						>750		2000		1.0		8.5		6.9		0.4
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&"Arial,Bold"California and Federal Standards
 for Diesel Equipment
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				Deterioration Factors for Diesel Engines (>25 hp)

				(% increase per % of useful life)

						Deterioration Factor

				HP		HC		CO		NOX		PM		On-Highway Equivalent

				25-50		0.51		0.41		0.06		0.31		LDDT

				51-120		0.28		0.16		0.14		0.44		N/A

				121-250		0.28		0.16		0.14		0.44		MHDT

				>250		0.44		0.25		0.21		0.67		HHDT

						LDDT		- Compared to pre-1980 light-duty diesel trucks

						N/A		- No market equivalent, assumed same factors as 121-250 hp range

						MHDT		- Compared to pre-1984 medium-heavy-duty diesel trucks

						HHDT		- Compared to pre-1984 heavy-heavy-duty diesel trucks

				On-Highway Diesel Engine Average Speed and Useful Life

								Avg Speed		Useful Life		Useful Hours

								(mph)		(mi)		(hr)

						LHDD		30.00		120000		4000

						MHDD		30.57		185000		6052

						HHDD		22.97		290000		12625

						LHDD		- Light-heavy-duty diesel

						MHDD		- Medium-heavy-duty diesel

						HHDD		- Heavy-heavy-duty diesel



&C&"Arial,Bold"&12Attachment 6
&"Arial,Regular"&10
&"Arial,Bold"OFFROAD Deterioration Factors



SIPcomp1

		

				Statewide Inventory (tpd) Comparison (Diesel)

						OFFROAD Model								SIP Inventory								BAH Inventory

				Year		ROG		CO		NOx		PM		ROG		CO		NOx		PM		ROG		CO		NOx		PM

				1990		117.84		454.68		988.09		73.00		53.21		171.26		552.81		35.10		44.57		138.10		456.38		28.56

				2010		111.14		345.07		787.48		58.39		61.20		225.96		408.88		45.86
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&"Arial,Bold"OFFROAD vs. SIP Inventory



SIPcomp2

		

		1990 Uncontrolled Zero-Mile Emission Factors (g/bhp-hr) Comparison (Diesel)

						OFFROAD Model								SIP/BAH								% Diff. From SIP

				HP		ROG		CO		NOx		PM		HC		CO		NOx		PM		HC		CO		NOx		PM

				25 - 50		1.80		5.00		6.90		0.76		1.30		4.50		10.00		0.80		38.46		11.11		-31.00		-5.00

				51 - 120		0.99		3.50		8.94		0.67		1.20		4.00		11.00		0.80		-17.50		-12.50		-18.73		-16.25

				121 - 175		0.68		2.70		8.52		0.37		1.10		3.40		11.00		0.70		-38.18		-20.59		-22.55		-47.14

				176 - 250		0.68		2.70		8.52		0.37		1.00		2.80		12.00		0.60		-32.00		-3.57		-29.00		-38.33

				251 - 500		0.68		2.70		8.52		0.37		0.90		2.20		13.00		0.60		-24.44		22.73		-34.46		-38.33

				501 - 750		0.68		2.70		8.52		0.37		0.90		2.20		13.00		0.60		-24.44		22.73		-34.46		-38.33

				>750		0.68		2.70		8.52		0.37		0.90		2.20		13.00		0.60		-24.44		22.73		-34.46		-38.33
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&"Arial,Bold"Emission Factors Comparison (OFFROAD vs. SIP)
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				Differences in various activity factors between the OFFROAD Model and BAH (1990)

						BAH		OFFROAD		%DIFF from BAH

				1990 Population		338758		646357		90.80%

				Pop*Activ (hr/yr)		2.37E+08		4.05E+08		71.32%

				Pop*Activ*AvgHp (hr-hp/yr)		2.53E+10		4.22E+10		66.65%

				Pop*Activ*AvgHp*Load (hr-hp/yr)		1.34E+10		2.55E+10		90.92%

				Pop*Activ*AvgHp*Load*(Emfacs ROG+NOx)  (tpd)		500.95		1105.93		120.77%
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&"Arial,Bold"Step-Analysis between OFFROAD and BAH



SIPcomp4

		

		The following equipment are included in the OFFROAD model inventory, but not in the SIP inventory:

				Agricultural		Construction		Ground Support		Industrial		Logging		Transport Refrigeration Units

				Hydro-power units		Asphalt pavers		A/C tugs		Material handling equipment		Fellers/Bunchers		Transport refrigeration  units

				Sprayers		Bore/Drill rigs		Air conditioners		Pressure washers		Shredders >5hp

				Tillers >5 hp		Concrete pavers		Air start units				Skidders

						Concrete/Industrial saws		Belt loaders

						Crushing/Processing equipment		Cargo loaders

						Graders		Forklifts

						Off-highway tractors		Fuel trucks

						Off-highway trucks		Lifts

						Paving equipment		Service trucks

						Rough terrain forklifts

						Rubber tired dozers

						Scrapers

						Signal boards

						Surfacing equipment

						Trenchers
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&"Arial,Bold"Additional OFFROAD Equipment
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																						Table 8: NVA's data																														Appendix D:EPA's raw data for emfacs																Table: Economic Indicators for Growth Factors

		Table 3: Asphalt vs. Concrete Pavers % Breakdown

																								1996								1997								Final																		Emissions (g/hp-hr)												1990 Pop		2010 Pop		% Incr. From 1990		Souce

																						Hp		HC		CO		NOx		PM		HC		CO		NOx		PM		HC		CO		NOx		PM						Engine		Hp		Sulfur (wt.%)		HC		CO		NOx		PM

				Hp		% Asphalt		% Concrete																																																												Agricultural		412185		658498		60		US Bureau of Economic Analysis, US Dept of Agriculture,

																						120		-		-		-		-		0.47		0.67		6.19		0.17		0.47		0.67		6.19		0.17						Ford NH (2)		127		0.26		1.02		7.70		7.48		1.10												"Census of Agriculture", "Statistical Abstract of the US"

				50		0.73		0.27														175		-		-		-		-		0.46		0.61		6.18		0.15		0.46		0.61		6.18		0.15						JD 7068T (2)		139		0.26		0.45		2.98		11.74		0.41				Construction		143246		167559		17		DRI/McGraw-Hill employment data

				120		0.33		0.67														250		0.35		0.69		6.23		0.16		0.34		0.65		6.00		0.15		0.35		0.67		6.12		0.15						Volvo TD71G (3)		144		0.05		0.47		1.64		12.68		0.15				Light Commercial		29587		33922		15		DRI/McGraw-Hill employment data

				175		0.77		0.23														500		0.30		0.88		6.16		0.12		0.29		0.70		6.15		0.13		0.30		0.79		6.15		0.13						Volvo TD73KBE (3)		139		0.05		0.64		0.85		4.52		0.12				Industrial		21488		23890		11		DRI/McGraw-Hill employment data

				250		0.33		0.67														750		0.30		1.34		6.37		0.15		0.34		1.26		6.58		0.17		0.32		1.30		6.47		0.16						Wterbeke 32BEDA (2)		95		0.03		1.95		7.43		7.99		1.50				Logging		4834		6155		27		CA State Board of Equalization Timber Harvest data

				500		0.00		1.00																																												Cat 3176B (4)		451		0.03		0.09		2.94		6.37		0.21				Ground Support		1207		1978		64		DRI/McGraw-Hill employment data

																																																				Cummins KTA19 (4)		599		0.03		0.68		3.26		8.78		0.26				Trans. Ref. Units		33810		42509		26		DRI/McGraw-Hill employment data

																																																				Cat3306 (5)		285		0.26		1.10		1.40		6.50		0.18

																																																				Cummins 4BT (5)		100		0.26		0.80		2.10		11.00		0.39

																																																				JD 4039D (6)		72		0.25		0.60		3.50		7.20		0.59

		Table 7:EPA's emission factors																																																		Cat 3116 (7)		201		0.28		0.07		2.51		9.38		0.41

																																																								0.04								0.35

										(lb/hp-hr)		Emfacs (g/hp-hr)																																								Cat 3054 (7)		85		0.28		0.66		1.00		7.53		0.39

				Hp		Model Year		Regulation		BSFC		HC		CO		NOx		PM																																						0.04								0.34

																																																				JD 4039 (7)		86		0.28		0.41		2.17		11.22		0.38

				50		pre-88		-		0.408		1.8		5		6.9		0.8																																						0.04								0.26

						88-98		-				1.8		5		6.9		0.8																																		JD 7076 (7)		174		0.28		0.53		2.05		10.22		0.25

						99-03		Tier I				0.8		2.5		5.5		0.6																																						0.04								0.21

						04-		Tier II				0.6		2.5		5		0.6																																		Consolid. 6TA-830 (7)		226		0.28		0.86		1.50		6.53		0.40

				100		pre-88		-		0.408		Vary by application- NEVES																																												0.04								0.34

						88-97		-				0.99		3.49		8.3		0.72																																		JD 6619 (7)		275		0.28		0.82		4.69		7.29		0.66

						98-03		Tier I				0.7		1		6.9		0.72																																						0.04								0.56

						04-07		Tier II				0.4		1		5.2		0.72																																		Consolid. 4039 (7)		71		0.28		1.32		3.37		7.57		0.58

						08-		Tier III				0.2		1		3.3		0.72																																						0.04								0.48

				175		pre-88		-		0.367		Vary by application- NEVES																																								Cat 3306 (7)		278		0.28		1.27		1.46		6.52		0.25

						88-96		-				0.68		2.7		8.38		0.4																																						0.04								0.25

						97-02		Tier I				0.4		1		6.9		0.4

						03-06		Tier II				0.4		1		4.5		0.4

						07-		Tier III				0.2		1		2.8		0.4																																				* This is Table B2 from Appendix B of USEPA Report No. NR-009A

				300		pre-88		-		0.367		Vary by application- NEVES

						88-95		-				0.68		2.7		8.38		0.4

						96-02		Tier I				0.4		1		6.9		0.4

						03-05		Tier II				0.4		1		4.5		0.4

						06-		Tier III				0.2		1		2.8		0.4

				600		pre-88		-		0.367		Vary by application- NEVES

						88-95		-				0.68		2.7		8.38		0.4

						96-00		Tier I				0.3		1		6.9		0.4

						01-05		Tier II				0.3		1		4.5		0.4

						06-		Tier III				0.2		1		2.8		0.4

				750		pre-88		-		0.367		Vary by application- NEVES

						88-95		-				0.68		2.7		8.38		0.4

						96-01		Tier I				0.3		1		6.9		0.4

						02-05		Tier II				0.3		1		4.5		0.4

						06-		Tier III				0.2		1		2.8		0.4

				>750		pre-88		-		0.367		Vary by application- NEVES

						88-99		-				0.68		2.7		8.38		0.4

						00-05		Tier I				0.3		1		6.9		0.4

						06-		Tier II				0.3		1		4.5		0.4
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scenario

		

		Base 2010 (SCAB)

		YEAR		HP		P/N		Population		Activity		HC (tpd)		NOX (tpd)

		2010		50		P		23259		42827.83		2.467		7.004

		2010		50		N		6167		16879		0.970		1.933

		2010		120		P		71958		184309		13.104		52.080

		2010		120		N		2406		6000		0.604		2.403

		2010		175		P		20880		38789		4.131		25.576

		2010		175		N		1207		2627		0.334		2.139

		2010		250		N		14146		24837		3.472		20.834

		2010		500		N		5310		11290		2.663		16.539

		2010		750		N		212		419		0.182		1.109

		2010		9999		N		31		99		0.058		0.412

		Scenario 2010 (SCAB)

		YEAR		HP		P/N		Population		Activity		HC (tpd)		NOX (tpd)

		2010		50		P		23259		42828		0.3351		5.3042

		2010		50		N		6167		16879		0.419		1.579

		2010		120		P		71958		184309		5.8956		39.7161

		2010		120		N		2406		6000		0.1829		1.6029

		2010		175		P		20880		38789		1.8539		15.9404

		2010		175		N		1207		2627		0.129		1.18

		2010		250		N		14146		24837		1.5871		14.2125

		2010		500		N		5310		11290		1.2299		11.7992

		2010		750		N		212		419		0.0792		0.7457

		2010		9999		N		31		99		0.0318		0.3216



&C&"Arial,Bold"&14Scenario vs. Baseline
2010, SCAB
Diesel

&R&"Arial,Bold"&6&F.&A.&D.DFL



logging

		CREATION OF LOGGING GROWTH FACTORS:

		YEAR		MBF		%change MBF		Multiplier

		1990		4000000				1

		1991		3200000		0.2		0.8

		1992		3000000		0.25		0.75

		1993		2900000		0.275		0.725

		1994		2300000		0.425		0.575

		1995		2300000		0.425		0.575

		1996		2300000		0.425		0.575
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DieselComp

		

		Diesel Deterioration

				hp		hours by wt. Pop		hours calculated

				50		9320		4000

				120		11450		6052

				175		8445		6052

				250		7813		6052

				500		10283		12625

				750		12858		12625

				999		14308		12625
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PMNOXADJ

		(ALL data was taken from epa's report: NR-009-A, revised 6/15/98, Appendix B)

		THIS IS TO RECALC THE EMISSION  FACTORS FOR THE UNCONTROLLED FROM EPA'S

		SINCE THEY WERE RETARDED AND MIXED IN TWO DIFF FUELS WITH TWO DIFF SULFUR%

				*NOTE: THIS ONLY AFFECTS NOX AND PM

		This adjustment were only for those engines tested with lower sulfer fuel:														FUEL CORRECTION FACTORS:

																		NOX		PM

				OLD				ADJUSTED

		ENGINE		NOx		PM		NOx		PM						PRE-'91		0.9425		0.8012

																91-93		0.8749		0.6943

		ford new holland		7.48		1.1		7.48		1.10						94+		0.8749		0.8972

		john deere 7068t		11.74		0.41		11.74		0.41

		volvo td 71g		12.68		0.149		14.49		0.21

		volvo td 73		4.52		0.12		4.80		0.15

		weterbeke		7.99		1.5						9.13		1.67		*red is adjusted

		caterpillar		6.37		0.213		7.28		0.24						** blue is original

		cummins		8.78		0.257		10.04		0.29

		caterpillar		6.5		0.18		6.50		0.18

		cummins		11		0.39						11.00		0.39

		john deere		7.2		0.59						7.20		0.59

		caterpillar		9.38		0.406		9.38		0.41

		caterpillar		7.53		0.387						7.53		0.39

		john deere		11.22		0.384						11.22		0.38

		john deere		10.22		0.25		10.22		0.25

		consolidated		6.53		0.397		6.53		0.40

		john deere		7.29		0.662		7.29		0.66

		consolidated		7.57		0.581						7.57		0.58

		caterpillar		6.52		0.248		6.52		0.25

		average:						8.52		0.38		8.94		0.67

								greater than 120				less than 120





Pre88emf

		9/29/98

		THIS IS TO CALC THE PRE-1988 EMISSION FACTORS:

		From EEA:

				(Table 6-3)		ZERO-HOUR EMISSION FACTORS

																		UNCONT. EMFACS ADJUSTED FOR TECH BREAKDOWN:

		Hp		Year		Tech Type		HC		CO		NOX		PM

		50				DI		1.3		5		11		0.9				hp		year		HC		CO		NOX		PM

						IDI		2.1		5		5		0.7				50				1.84		5.0		7		0.76

		120				Turbo		1.2		4		13		0.7				120				1.44		4.8		13		0.84

						Nat. Asp		1.8		6		13		1.05				175		1969		1.32		4.4		14		0.77

		> 125		1969		Turbo		1.2		4		14		0.7						1971		1.10		4.4		13		0.66

						Nat. Asp		1.8		6		14		1.05						1979		1.00		4.4		12		0.55

				1971		Turbo		1		4		13		0.6						1984		0.94		4.3		11		0.55

						Nat. Asp		1.5		6		13		0.9						1988		0.88		4.2		11		0.55

				1979		Turbo		0.9		4		12		0.5				250		1969		1.32		4.4		14		0.77

						Nat. Asp		1.4		6		12		0.75						1971		1.10		4.4		13		0.66

				1984		Turbo		0.85		4		11		0.5						1979		1.00		4.4		12		0.55

						Nat. Asp		1.3		5.5		11		0.75						1984		0.94		4.3		11		0.55

				1988		Turbo		0.8		4		11		0.5						1988		0.88		4.2		11		0.55

						Nat. Asp		1.2		5		11		0.75				500		1969		1.26		4.2		14		0.74

																				1971		1.05		4.2		13		0.63

																				1979		0.95		4.2		12		0.53

				(Table 6-8)		TECH BREAKDOWN FOR DIESEL														1984		0.90		4.2		11		0.53

																				1988		0.84		4.1		11		0.53

				Hp		Turbo		Nat. Asp

				50		0.32		0.68

				120		0.6		0.4

				175		0.8		0.2

				250		0.8		0.2

				500		0.9		0.1






