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1. 
Background
The California Regional PM10/PM2.5 Air Quality Study (CRPAQS) is a multi-year program of planning, meteorological and air quality monitoring, emissions database development, data analysis, and air quality simulation modeling.  The objectives of CRPAQS are to: 1) provide an improved understanding of emissions, PM composition, and dynamic atmospheric processes; 2) establish a strong scientific foundation for informed decision making, and 3) develop methods to identify the most cost-effective emission control strategies to achieve the PM standards in central California.  

Major field programs are planned for 1999 through early 2001 (Watson, 1998).  These data will provide a comprehensive database to support the subsequent data analysis and modeling that will occur from 2001 through 2005.  In addition to the field monitoring efforts, $2.5 million dollars has been allocated for improvements to emissions data bases.  An additional $3.4 million of U.S. Department of Agriculture (USDA) funding is targeted for development of improved emission factors for agricultural operations.  These funds are intended to build upon the already significant efforts of the Air Resources Board (ARB) and local Air Pollution Control Districts (APCDs) in developing primary PM and precursor emissions databases.  

This document describes CRPAQS emissions needs, summarizes emissions planning activities that have occurred to date, defines emissions projects to be sponsored by CRPAQS, and specifies an implementation plan.  Section 2 lays the foundation for the CRPAQS emissions efforts by describing current methodologies and databases.  Section 3 summarizes emissions database requirements to support planned data analysis and modeling efforts.  Sections 4 and 5 outlines the CRPAQS emissions planning process and described the rationale for project selection.  Section 6 provides an overview of each proposed project, while Section 7 specifies schedules and responsibilities of the various project participants.    

2. 
Emissions Perspective

2.1
Emissions and Source Contributions

Central California emission source categories include: 1) major point sources (e.g., power stations, incinerators, cement plants, and steam generators); 2) area sources (e.g., fires, wind blown dust, petroleum extraction operations, cooking, and residential fuel combustion); 3) mobile sources (e.g., cars, trucks, off-road heavy equipment, trains, and aircraft); 4) agricultural and ranching activities (e.g., fertilizers, herbicides, tilling operations and ammonia emissions from livestock); and 5) biogenic sources (e.g., oxides of nitrogen from biological activity in soils and hydrocarbon emissions from plants). 

Table 2.1-1 summarizes 1995 annual primary particle and precursor gas emissions from these source categories in each of the five air basins in central California and shows that mobile and area sources dominate nearly every source category in central California.  Within these air basins, the San Joaquin Valley (SJV) air basin emits the greatest amount of PM10, contributing 34% of the annual PM10 inventory.  The South East Desert (SED) air basin emits nearly this amount, contributing 31% to the annual PM10 inventory.  The North Central Coast (NCC) air basin emits 5% of the annual PM10 and contributes the least.

Table 2.1-1 gives the impression that fugitive dust is the largest PM contributor, constituting more than 76% of primary emissions.  This is inconsistent with PM10 chemical compositions and receptor model source contribution estimates that attribute only 50% of PM10 to fugitive dust and only 5% to 15% of PM2.5 to this source.  Month-by-month fugitive dust emissions estimates, however show much better correspondence to ambient source contribution estimates.  Both emissions and ambient data show fugitive dust to be a minimum during winter and early spring when surfaces are moist.  Dust emissions increase during late spring when ground surfaces are dry but frontal passages create windy conditions with patchy precipitation.  They are moderate during summer when surface winds are sluggish but many agricultural fields are covered in vegetation. Dust emissions are largest between September and November when major harvests and land preparation activities occur in the San Joaquin Valley under typical dry conditions.  These trends follow the seasonal cycles in the geological contributions to PM2.5 and PM10 (Chow et al., 1992; 1996xe "Chow et al., 1992\; 1996").  So-called “uninventoried” geological sources, such as landfills, equestrian centers, and leaf blowers are not specifically included in this inventory.  Bounding estimates (Fitz et al., 1995xe "Fitz et al., 1995"; Pankratz et al., 1995)xe "Pankratz et al., 1995)" on these emissions show them to be negligible compared to the major categories of road dust, construction, agricultural activities, and wind erosion. 

Table 2.1-1 shows that primary PM10 emissions from industrial sources are significant, accounting for 9% of the total annual PM10 emissions.  This is larger than the fraction estimated by source apportionment studies. Oil is extracted, stored, and transported in the southern SJV, with major fields west of I-5 between McKittrick and Maricopa and northeast of Bakersfield.  The majority of this oil is heavy crude that requires the injection of steam to liquefy it.  While a portion of this extracted oil was burned in prior years to produce this steam, no residual oil is combusted in the SJV today.  

PM emissions from motor vehicle exhaust, wood burning, and agricultural burning contribute 9% to the annual PM10 inventory.  The Sacramento Valley and the San Joaquin Valley air basins contribute over 83% of the total vegetative burning for the five air basins.  Burning contributions have been detected at urban and non-urban receptors throughout the year, but they are most abundant during the wintertime holiday season at urban sites.  Saturation studies show that the wood smoke contributions are more spatially variable than the motor vehicle exhaust contributions, with much higher contributions in residential neighborhoods than in commercial districts just a few kilometers away.

The San Francisco Bay air basin contains the highest mobile source emissions for NOx and PM10, constituting 32% of central California mobile source PM10 emissions.  Mobile sources account for 70% of the total NOx emitted in the central California air basins.  The emissions inventory summarized in Table 2.1-1 probably underestimates vehicle exhaust contributions; it is not explicit with respect to off-cycle emissions from cold starts and poorly maintained vehicles.  A recent vehicle test and source apportionment study in northern Colorado (Watson et al., 1998xe "Watson et al., 1998") found high emitting vehicles and cold starts to emit many times the mass per mile that are estimated from current vehicle emissions models such as PART5.  These were clearly identifiable through detailed organic speciation profiles.  Similarly, the inventory does not adequately estimate meat cooking emissions that have been quantified as contributions in Los Angeles (Rogge et al., 1993xe "Rogge et al.,1993"), Colorado (Watson et al., 1998xe "Watson et al., 1998"), and during IMS-95 (Schauer et al., 1998xe "Cass et al., 1998").  Table 2.3-2 lists several of the organic compounds that have been detected in the effluent of different sources and in ambient air that can be used to apportion organic carbon back to specific source types.

Reiss et al (1996)xe "ICEngine et al. (1996)" shows that diesel internal combustion engines once used to pump irrigation water in central California have been replaced largely by propane and electric pumps hence emissions are small.  According to the 1995 emissions inventory aircraft emissions are also negligible representing only 1% of the total annual PM10 budget.

Table 2.1-3 shows the 1995 annual emissions in central California by county.  Fresno County ranks as the highest emitter of primary PM10 with 27% of the total for the entire San Joaquin Valley.  Kern County ranks second with 21% of valleywide emissions.  The proportion of PM10 geological source emissions in the Valley is higher than for most other regions, constituting 84% of the total.  Fresno and Kern Counties together contribute half of the geological source emissions.  Vegetative burning is estimated at only 7% of primary PM10 emissions in the valley, with the largest amount originating in Tulare county.

Figure 2.1-1 shows the locations of point source NOx emitters and their magnitudes.  These point sources are most densely located in the Bay Area, with many small emitters scattered throughout the SJV.  Table 2.1-4 lists the top 100 point source emitters in terms of oxides of nitrogen.  More than one-third of central California’s point-source NOx and more than 80% of primary PM2.5 and SO2 derive from the top 100.  Bay Area refineries are the largest sulfur emitters, while oxides of nitrogen emissions are dominated by power generating stations, refineries, and oilfield steam generators. 

Industrial stack heights are typically lower than 30 m agl in the SJV, with the exceptions being Libbey Owens Ford glass in Lathrop, Certainteed mineral wool manufacturing in Chowchilla, Delano Energy Co. power station in Delano, Madera Glass Co. bottle works in Madera, Kern Oil and Refining in Bakersfield, Modesto Energy Limited power station in Westley, Mendota Biomass power generators in Mendota, J.R. Simplot chemicals in Helm and Lathrop, and Rio Bravo power generation in Fresno.  The tallest stacks are associated with Bay Area refineries and power generation.  Figure 2.1-2 shows the locations of point source SO2 emitters and their magnitudes. 

Accurate ammonia inventories are in a developmental mode for central California.  Figure 2.1-3 provides an example of the spatial distribution for potential NH3 sources in Fresno County. These figures were based on California Department of Water Resources (DWR) geographic information system surveys.  The data in these maps may not reflect current land use since some of the surveys date from 1987, although some are as recent as 1996.  In these figures, the points represent individual ammonia emitters (livestock feedlots, dairies and poultry farms) and the dot diameters are proportional to each facilities’ area. Potential ammonia emissions locations differ substantially from those of the other sources that are concentrated in urban areas and along roadways.  These livestock operations are commonly found in clusters with large numbers and sizes in Tulare, Fresno and Merced counties.  Tulare county contains the largest aggregate area dedicated to concentrated animal husbandry.  Based on 1993 DWR data, these potential ammonia emitters account for ~4.5% of Tulare county's total area.

The majority of the SO2 point sources are clustered in the Bay Area with the remaining scattered throughout central California. Table 2.1-1 attributes most central California sulfur emissions to vehicle exhaust, especially that from diesel fuel and most probably diesel fuel used in off-road vehicles common to agricultural and construction activities.  Sulfur dioxide and oxide of nitrogen emissions are most intense along the major roadways, as well as in population centers where many vehicle miles are logged each day. PM emissions are largest in the population centers and are minor at the point source locations.  

Biogenic hydrocarbon emissions from crops and forests in and around the San Joaquin Valley (Tanner et al., 1992xe "Tanner et al., 1992") may be more abundant than in other regions of central California.  Magliano et al. (1996xe "Oliver et al. (1984") estimated biogenic emissions of ROG in the SJV to be 2600 tons/day, which was approximately 60% of the total ROG reported in the 1990 emissions inventory.  Chinkin et al. (1990)xe "Chinken et al., 1990" estimated that 75% of ROG may originate from forested and agricultural areas in the SJV and surrounding mountains.  These biogenic emissions will generally be higher in the summer than in the winter due to seasonal differences in temperature and incident solar intensity.

Some of the emissions, such as field burning and wildfires, are intermittent and local, and the annualized tons/day estimate does not reflect the degree to which these sources may have been contributors to ambient pollutant levels for the few days on which these activities took place. 
Table 2.1-1

1995 Annual Emissions in Air Basins in Central California (Metric tons/year).
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Table 2.1-2

Examples of Organic Compounds Found in Different Emission Sources and in Ambient Air
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Table 2.1-3

1995 Annual emissions in central California (Metric tons/year).
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2

1

5

Merced Total

4

33

1

17

40

0

0

15

1

6

1

3

0

0

0

0

44

39

2

34

Madera

Geol

17

5

0

1

0

0

17

1

0

5

GasMV

0

6

0

7

0

6

0

7

DieselMV

0

7

0

1

0

0

0

0

0

7

0

1

VegBrn

1

0

0

1

1

0

0

2

0

0

1

Industrial

1

0

6

0

2

0

6

0

3

NatGas

1

0

0

1

0

4

0

0

1

4

0

1

Aircraft

0

0

0

0

0

0

0

0

Madera Total

0

14

0

8

19

0

0

7

0

11

0

2

1

0

0

20

24

0

17

Fresno

Geol

98

24

1

0

0

4

99

0

0

27

GasMV

0

38

0

43

0

38

0

43

DieselMV

1

24

0

5

0

0

0

2

1

24

0

6

VegBrn

4

1

0

3

2

0

1

5

1

0

4

Industrial

7

3

18

4

19

0

3

18

4

26

NatGas

3

2

0

1

1

15

4

0

4

16

4

1

Aircraft

0

1

0

1

0

1

0

1

Fresno Total

1

64

0

48

104

3

0

36

5

33

7

23

2

0

1

112

99

7

108

Kings

Geol

30

15

0

0

30

0

0

15

GasMV

0

5

0

5

0

5

0

5

DieselMV

0

5

0

0

0

0

0

0

0

5

0

0

VegBrn

2

0

2

0

0

2

0

0

2

Industrial

1

1

1

0

2

0

1

1

0

3

NatGas

0

0

0

0

0

9

0

0

0

9

0

0

Aircraft

0

1

0

3

0

1

0

3

Kings Total

0

12

0

7

32

0

0

18

1

10

0

2

0

0

33

22

0

27

Kern

Geol

70

25

3

14

3

0

73

14

3

25

GasMV

0

40

0

39

0

40

0

39

DieselMV

2

32

0

4

0

0

0

1

2

32

0

5

VegBrn

2

1

2

2

0

1

4

1

0

3

Industrial

6

4

34

5

64

0

4

34

5

70

NatGas

2

2

0

1

3

49

2

2

5

51

2

3

Aircraft

3

3

0

6

3

3

0

6

Kern Total

5

74

0

49

73

3

0

35

9

97

9

65

2

0

1

89

174

9

151

Tulare

Geol

37

19

0

0

0

0

37

0

0

19

GasMV

0

19

0

20

0

19

0

20

DieselMV

0

16

0

4

0

0

0

1

0

16

0

5

VegBrn

5

1

4

3

0

1

8

1

0

5

Industrial

3

2

0

0

5

2

0

0

7

NatGas

1

1

0

1

0

5

0

1

1

5

0

2

Aircraft

0

0

0

1

0

0

0

1

Tulare Total

0

35

0

24

44

2

0

27

2

5

0

5

3

0

1

48

42

0

58

All Types

Geol

348

131

5

15

3

5

353

15

3

135

GasMV

0

171

0

172

0

171

0

172

DieselMV

5

134

0

18

0

0

0

5

5

134

0

24

VegBrn

22

4

0

16

7

0

3

29

4

0

19

Industrial

30

14

67

11

106

0

14

67

11

136

NatGas

11

6

0

5

4

103

8

4

15

110

8

9

Aircraft

5

6

1

16

5

6

1

16

Natural

0

0

0

0

Grand Total

10

311

1

207

381

10

0

188

22

185

22

114

7

0

3

420

506

23

512


Table 2.1‑4

Top 100 NOx emitters in central California

[image: image4.wmf]Emission Rate (Metric tons per year)

Facility

Activity

City

NO

x

PM

2.5

ROG

SO

x

SHELL MARTINEZ REFINING COMPAN

Petroleum refining

MARTINEZ

4034

390

1336

2278

P G & E

Electric services

MOSS LANDING

3669

95

53

128

RIVERSIDE CEMENT COMPANY

Cement, hydraulic

ORO GRANDE

3443

188

115

478

TOSCO CORP  AVON REFINERY

Petroleum refining

MARTINEZ

2867

115

2737

4420

EXXON CORPORATION

Petroleum refining

BENICIA

2793

176

737

5521

SOUTHWESTERN PORTLAND CEMENT C

Cement, hydraulic

VICTORVILLE

2702

112

45

71

NORTH AMERICAN CHEMICAL

Industrial inorganic chemicals, nec

TRONA

2107

2734

135

94

CAL PORTLAND CEMENT CO.

Cement, hydraulic

MOJAVE

2037

52

3

223

SYCAMORE COGENERATION

Electric services

OILDALE

1917

62

4

PACIFIC GAS & ELECTRIC CO  PIT

Electric and other services combined

PITTSBURG

1743

65

16

10

PG&E HINKLEY COMPRESSOR STA

Natural gas transmission

HINKLEY

1641

5

98

0

KAISER CEMENT CORPORATION

Cement, hydraulic

CUPERTINO

1536

50

12

421

UNOCAL CORPORATION

Petroleum refining

RODEO

1525

47

542

544

CALRESOURCES LLC

Crude petroleum and natural gas

FRESNO COUNTY

1510

159

69

33

CALAVERAS CEMENT CO

Cement, hydraulic

MONOLITH

1417

48

259

NATIONAL CEMENT CO

Cement, hydraulic

LEBEC

1383

143

3

6

UNION OIL COMPANY OF CA

Crude petroleum and natural gas

COALINGA

1382

5

53

MITSUBISHI CEMENT

Cement, hydraulic

LUCERNE VALLEY

1330

316

13

859

CHEVRON U.S.A.  INC.

Crude petroleum and natural gas

KERN CENTRAL HEAVY

1273

66

240

25

CHEVRON INC

Petroleum refining

RICHMOND

1254

61

2222

327

KERN RIVER COGEN

Electric services

OILDALE

1148

41

3

SOUTHERN CALIFORNIA GAS CO

Natural gas transmission

BAKERSFIELD AREA

1116

10

21

0

GUARDIAN INDUSTRIES CORP.

Flat glass

KINGSBURG

1059

8

1

519

COOLWATER GENERATING STATION

Electric services

DAGGETT

971

70

197

30

LONE STAR INDUST CEMENT PLANT

Cement, hydraulic

DAVENPORT

861

108

5

237

PPG IND  INC

Flat glass

FSNO

822

32

8

100

OWENS-BROCKWAY GLASS CONTAINER

Glass containers

OAKLAND

780

54

2

116

PACIFIC GAS AND ELECTRIC CO  A

Electric and other services combined

ANTIOCH

761

16

4

4

ANCHOR GLASS CONTAINER CORPORA

Glass containers

HAYWARD

741

37

1

169

DOW CHEMICAL COMPANY

Alkalies and chlorine

PITTSBURG

717

83

37

1

NAVAL PETROLEUM RESERVE NO. 1

Crude petroleum and natural gas

TUPMAN

713

19

712

0

OWENS ILLINOIS

Glass containers

TRACY

712

80

2

261

PACIFIC GAS & ELECTRIC CO  HUN

Electric and other services combined

SAN FRANCISCO

666

15

10

8

LIBBEY OWENS FORD

Flat glass

LATHROP

649

67

7

100

P G & E-MORRO BAY

Electric services

MORRO BAY

621

77

10

705

PACIFIC GAS & ELECTRIC CO  POT

Electric and other services combined

SAN FRANCISCO

586

14

4

31


Table 2.1‑4 (continued)

Top 100 NOx emitters in central California.

[image: image5.wmf]Emission Rate (Metric tons per year)

Facility

Activity

City

NO

x

PM

2.5

ROG

SO

x

UNION CHEMICALS

Petroleum and coal products, nec

RODEO

512

83

1393

MOBIL OIL CORP

Crude petroleum and natural gas

SAN ARDO

508

53

104

116

TEXACO REFINING AND MARKETING

Petroleum refining

BAKERSFIELD

488

50

839

128

SANTA FE ENERGY RESOURCES  INC

Crude petroleum and natural gas

480

47

20

37

MADERA GLASS COMPANY

Glass containers

MADERA

448

59

2

144

SIERRA PACIFIC INDUSTRIES

Sawmills & planing mills, general

STANDARD

424

202

32

50

US ARMY NATIONAL TRAINING CTR.

National security

FORT IRWIN

393

29255

111

25

CHEVRON - WARREN GP

Natural gas liquids

LOST HILLS

392

2

28

AFG INDUSTRIES INC

Flat glass

VICTORVILLE

390

2

2

23

JEFFERSON SMURFIT CORPORATION

Paperboard mills

SANTA CLARA

360

12

58

1

PACIFIC REFINING COMPANY

Petroleum refining

HERCULES

350

11

320

263

MARTINEZ COGEN LIMITED PARTNER

Electric and other services combined

MARTINEZ

338

14

1

9

ORCUTT HILL IC ENGINES

Crude petroleum and natural gas

ORCUTT HILL FIELD

320

0

48

10

GALLO GLASS CO

Glass containers

MODESTO

296

205

2

246

SAN JOSE/SANTA CLARA WATER POL

Sewerage systems

SAN JOSE

294

12

50

9

PACIFIC GAS & ELECTRIC CO

Natural gas transmission

CONCORD

288

0

1

OWENS CORNING

Mineral wool

SANTA CLARA

281

7

8

2

GEORGIA PACIFIC

Sawmills & planing mills, general

MARTELL

275

312

80

2

TEXACO E & P (DENVER)

Natural gas liquids

275

3

112

0

LAIDLAW GAS RECOVERY SYSTEMS

Refuse systems

SAN JOSE

273

10

5

1

CALIFORNIA & HAWAIIAN SUGAR CO

Cane sugar refining

CROCKETT

250

45

11

1

ACE COGENERATION

Electric services

TRONA

248

7

0

278

LFC POWER SYSTEMS GREENLEAF #1

Electric services

YUBA CITY

242

8

1

0

HOLLY SUGAR CORP

Beet sugar

TRACY

219

5

0

3

LOUISIANA PACIFIC CORPORATION

Pulp mills

OROVILLE

217

136

51

CARDINAL COGEN A JOINT VENTURE

Electric and other services combined

PALO ALTO

215

22

4

1

PACIFIC-ULTRAPOWER CHINESE STA

Sawmills & planing mills, general

JAMESTOWN

213

46

55

30

CHEVRON USA  INC.

Drilling oil and gas wells

212

6

PROCTER & GAMBLE

Soap and other detergents

SACRAMENTO

206

39

134

1

GILROY ENERGY COMPANY

Turbines and turbine generator sets

GILROY

200

6

1

1

BEALE AIR FORCE BASE

National security

MARYSVILLE

197

14

62

2

TORCH OPERATING COMPANY

Crude petroleum and natural gas

196

7

1

7

RIO BRAVO POSO

Crude petroleum and natural gas

BAKERSFIELD

196

1

1

63

CAT CANYON IC ENGINES

Crude petroleum and natural gas

CAT CANYON FIELD

183

0

106

OILDALE COGENERATION

Electric services

BAKERSFIELD

181

21

2

1

TEXACO WEST (DENVER)

Crude petroleum and natural gas

MCKITTRICK

181

9

6

90


Table 2.1‑4 (continued)

Top 100 NOx emitters in central California.

[image: image6.wmf]Emission Rate (Metric tons per year)
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NO
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PM

2.5

ROG

SO

x

CERTAINTEED CORP.

Mineral wool

CHOWCHILLA

177

63

18

1

DELANO ENERGY CO.  INC.

Electric services

DELANO

171

35

0

O L S ENERGY - BERKELEY

Electric services

BERKELEY

170

13

2

1

EAST BAY MUNICIPAL UTILITY DIS

Sewerage systems

OAKLAND

156

14

15

17

MARE ISLAND/SSPORTS

Steam and air-conditioning supply

VALLEJO

155

4

8

1

WESTFIELD GINNING CO.

Cotton ginning

FIVE POINTS

151

1

CALIFORNIA ENERGY COMPANY INC.

Steam and air-conditioning supply

COSO

150

6

43

KERN OIL & REFINING COMPANY

Petroleum refining

BAKERSFIELD

149

18

115

421

DEL MONTE CORP

Canned fruits and vegetables

MODESTO

148

1

1

0

MT POSO COGENERATION CO.

Crude petroleum and natural gas

BAKERSFIELD

148

3

0

49

JACKSON VALLEY ENERGY PARTNERS

Petroleum and coal products, nec

IONE

147

57

133

187

GAYLORD CONTAINER CORPORATION

Paperboard mills

ANTIOCH

140

18

11

1

EXXON COMPANY USA

Crude petroleum and natural gas

140

18

MASONITE HARDBRD DIV

Wood products, nec

UKIAH

131

139

112

92

MOBIL EXPL'N & PROD'G U.S. INC

Crude petroleum and natural gas

127

14

CELITE CORPORATION

Minerals, ground or treated

LOMPOC

125

25

8

402

HUNT-WESSON FDS

Canned fruits and vegetables

OAKDALE

125

3

1

0

SAN JOAQUIN REFINERY

Petroleum refining

BAKERSFIELD

116

27

55

316

STANISLAUS FOOD PRODUCTS CO

Canned fruits and vegetables

MODESTO

115

2

0

0

ENRON OIL & GAS CO

Crude petroleum and natural gas

114

12

NATIONAL REFRAC&MNRL-NATIVIDAD

Lime

SALINAS

110

12

2

51

SPRECKLES SUGAR

Beet sugar

FSNO

105

3

0

63

SAN FRANCISCO THERMAL  L P

Electric and other services combined

SAN FRANCISCO

102

2

3

0

ENERGY FACTORS EFFR

Electric services

MARYSVILLE

98

29

3

31

RIO-BRAVO

Electric services

LINCOLN

97

24

4

19

MARTELL COGENERATION PLANT

Electric services

MARTELL

94

46

24

26

SANTA FE MINERALS INC.

Crude petroleum and natural gas

LIVE OAK

94

3

DELTA DIABLO SANITATION DISTRI

Sewerage systems

ANTIOCH

92

0

13


Insert Figure 2.1-1

Insert Figure 2.1-2

Insert Figure 2.1-3

2.2
Source Methodologies


The following sections provide a basic description of the methodologies and data sources used by the Air Resources Board and local air pollution control districts to derive emissions estimates for major source categories. These methodologies will provide the foundation for the CRPAQS emissions database.  The focus of this section is on area source methodologies, particularly for sources of ammonia and primary PM.  Area source categories can be divided into four types: 1) aggregated point sources which are small point sources that are not inventoried individually, but instead estimated as a group; 2)  area-wide sources which are associated with a human activity over a wide geographic area; 3) non-anthropogenic sources, and 4) off-road mobile sources.  As Geographic Information System (GIS) databases become more widely available however, the ability to apportion many of the aggregated point sources to specific locations will increase.   

For each source category a description of the emission factors and activity data that are used to derive the emissions estimates is provided, along with discussion of methods to spatially, and temporally distribute the data and associated chemical and size fractionation profiles. Research which is being conducted to further improve emission estimates is also discussed.  The method descriptions are primarily drawn from the Air Resources Board’s “Methods for Assessing Area Source Emissions from California” (1997) and “Technical Support Study 15: Evaluation and Improvement of Methods for Determining Ammonia Emissions in the San Joaquin Valley” (Coe 1998). The information presented in this section is further summarized in matrix form in Appendix A.  

Calculation of emissions and growth and control factors for future year emissions for the various categories is systematized by the ARB via a Geographic Information System (GIS) based emissions modeling system.  The emissions modeling system consists of a set of processing methodologies which combine emission factors, activity data, and GIS-based spatial coverages for some sources to develop a comprehensive emissions database for point, area, and mobile sources.  Figure 2.2-1 illustrates the flow of information in the emissions modeling system.    

2.2.1
Farming Operations

2.2.1.1
Method


Land Preparation:  This category includes PM emissions from agricultural land preparation operations such as tilling, discing, ripping, land leveling, and other mechanical means of preparing the soil for planting.  The emission factor is from AP-42 (EPA 1985, Muleski 1981), with California specific GIS based soil silt coverages for the San Joaquin Valley (NRCS 1993, Francis 1996, Ashbaugh).  A correction factor was included during months of high precipitation to account for soil moisture content.  This method calculates total PM emissions.  PM10 is assumed to be 45% of total PM.  County specific crop acreage is from the California Department of Food and Agriculture (CASS 1993).  The spatial distribution of crops is determined from Department of Water Resources (DWR) surveys which are conducted once every six years on a rotating county basis.  This data is then converted to a GIS database.  Activity data on the type, quantity, and time of year land preparation operations occur is derived from crop calendars developed with the assistance of agricultural experts. Size and speciation profiles are based on a composite of eight agricultural soil samples collected by OMNI (1989).

Harvesting:  This category includes PM emissions from harvesting of cotton, almonds, and walnuts.  Crop-specific emission factors are based on research conducted by  U.C. Davis under a grant from the USDA (Flocchini 1995).  PM10 emissions are calculated directly.  County specific crop acreage is from the California Department of Food and Agriculture (CASS 1993).  The spatial distribution of crops is determined from the Department of Water Resources GIS database as described above.  Activity data on the type, quantity, and time of year harvesting occurs is derived from crop calendars developed with the assistance of agricultural experts.  Size and speciation profiles are based on a composite of eight agricultural soil samples collected by OMNI (1989). 

2.2.2.2
Research Efforts


U.C. Davis is currently expanding their research to address PM10 and PM2.5 emission factors for harvesting operations for additional crops with significant acreage in central California.  Harvesting emissions from these new crops will be added to the inventory as they become available.  Deviations from the generic crop calendar during the field monitoring periods will be incorporated as part of the CRPAQS day-specific inventory project.     

2.2.2
Paved Roads

2.2.2.1
Method


This category includes PM emissions entrained by vehicular travel on paved roads.  Road dust emissions are estimated for freeways and expressways, major streets and highways, collector streets, and local streets.  The emission factor is from AP-42 with California-specific data on roadway silt loadings (Muleski 1996).  This method calculates total PM emissions.  PM10 is assumed to be 46% of total PM.  County-specific VMT data is derived from the mobile source inventory and local air districts/COGs.  Caltrans Highway Performance Monitoring System (HPMS) data are used to estimate the fraction of travel on each of the four road types in each county (Caltrans 1995).  The data are spatially distributed to a GIS roadway network, while the temporal distribution follows the on-road motor-vehicle pattern where emissions are slightly higher in the summer and highest activity occurs on weekdays and during daylight hours.  Size and speciation profiles are based on a composite of six paved road samples collected by OMNI (1989).     

2.2.2.2
Research Efforts


The ARB has a contract with CE-CERT to develop an improved methodology for estimating emissions from paved roads.  As part of the CRAPQS day-specific project, traffic counts will be collected during the field studies at a representative sample of roadways.  


2.2.3
Unpaved Roads

2.2.3.1
Method


Non-Agricultural:  This category includes PM emissions entrained by vehicular travel on non-agricultural unpaved roads.  Road types include city and county, U.S. Forest Service and Park Service, and Bureau of Land Management and Bureau of Indian Affairs roads.  The emission factor represents an average of the values determined from research conducted by U.C. Davis (Flocchini 1994) and the Desert Research Institute (Gillies 1996) in the San Joaquin Valley.  This method directly calculates PM10 emissions.  The total miles of each road type are determined from a Caltrans survey (Caltrans 1995).  Ten vehicle passes/day are assumed for each mile of roadway.  The spatial distribution of unpaved roads is based on Caltrans estimates of unpaved road mileage by county.  Travel is assumed to occur primarily during daylight hours.  Activity is higher during the spring and summer due to the incorporation of county specific monthly precipitation data.  Size and speciation profiles are based on a composite of three unpaved road and three unpaved parking area samples collected by OMNI (1989).


Agricultural:  This category includes PM emissions entrained by vehicular travel on unpaved agricultural roads.  The emission factor is the same as used for non-farm unpaved roads.  Activity data is based on the acres of crops harvested in each county (CASS 1993) and the assumption that 175 vehicle miles per year are traveled per 40 acres of land.  The data are spatially distributed via the DWR agricultural land use database.   Temporal activity is the same as non-farm roads.  Size and speciation profiles are the same as used for non-farm roads.    

2.2.3.2
Research Efforts


The ARB is currently sponsoring a research project to develop an improved methodology for estimating the number of unpaved road miles within each California county and to develop a methodology for estimating the type and quantity of vehicle activity on these roads.  The project is being conducted by U.C. Davis with the Phase I report due in March of 1999.  As part of the CRPAQS day-specific and micro-inventory project, the locations and activity on unpaved roads near monitoring sites will be recorded.

2.2.4
Construction

2.2.4.1
Methods


Buildings:  This method includes PM emissions created by construction activities while building residential, commercial, industrial, institutional, and governmental structures.  The emission factor is based on recent work by MRI under contract to the BACM working group and includes the effects of typical control measures such as routine watering (Muleski 1996).  This method directly calculates PM10 emissions.  For residential units, activity data is based on 1987 estimates of the amount of acreage disturbed for urban, rural, and multiple unit construction, estimates of the number of new units in each county, and the assumption that each unit requires six months to complete. (DOF 1989)  For commercial, industrial, and institutional buildings, acreage is based on project valuation and an assumption that each project takes 11 months.  Emissions are spatially distributed based on construction activity in each county which is in turn based upon population. Temporal activity is assumed to be highest during the spring and summer months.  Size and speciation profiles are a composite of 21 soil samples collected by OMNI (1989).


Roads:  This method includes PM emissions created by construction activities while building paved roads.  The emission factor is the same as used for building construction discussed above.  Activity data is based on the difference in road mileage between 1986 and 1987 as estimated by the California Departments of Transportation and Finance, assumptions about typical road widths for freeways, highways, and city and county roads, and an assumed project duration of 18 months (Caltrans, DOF 1988).  Emissions are spatially distributed by county, and temporal activity is assumed to be highest during the spring and summer months.  Size and speciation samples are the same as used for building construction above.

2.2.4.2
Research Efforts


As part of the CRPAQS day-specific and micro-inventory project, the locations of construction projects near monitoring sites will be recorded.  Updated information on housing starts and roadway construction projects will also be collected.

2.2.5
Windblown Dust

2.2.5.1
Method


Agricultural Lands:  This category estimates PM emissions due to the effects of wind blowing across agricultural land.  It includes emissions for pasture land, as well as all crops with the exception of orchards and vineyards.  The emission factor is based on the MRI modified USDA wind erosion equation, with significant enhancements to better reflect California-specific conditions (Cowherd 1974, Francis 1997).  This method calculates total PM emissions.  PM10 emissions are assumed to be 50% of total PM.  The enhancements to the prediction equation include monthly profiles to account for county specific wind speed, temperature, and precipitation climatic effects, as well as crop specific irrigation, canopy coverage, post harvest soil cover, post harvest replanting to another crop and soil erodibility based on GIS soil type coverages (NRCS 1993, Francis 1996, Ashbaugh).  County specific crop acreages are from the California Department of Food and Agriculture (CASS 1993).  The spatial distribution of crops is determined from the Department of Water Resources GIS database.  Size and speciation profiles are the same as those used for farming operations.         


Unpaved Roads:  This category estimates PM emissions resulting from wind erosion of soil from unpaved roads.  The emission factor is based on the USDA wind erosion equation for agricultural lands modified by MRI (Cowherd 1974).  The acreage of unpaved roads is estimated from road mileage in the same manner for vehicle-entrained unpaved road emissions and an assumed 20 foot road width.  Monthly activity rates are determined from county-specific climatic factors.  The emissions are spatially distributed by county based on unpaved road mielage.  Size and speciation profiles are the same as used for vehicle entrained unpaved road emissions.  

2.2.5.2
Research Efforts


The ARB is developing emissions estimates for undisturbed areas and pasture lands.  As part of the CRPAQS dust suspension characteristics project, experiments will be conducted to determine the equivalence of different soil surface characterization methods, quantify threshold suspension velocities, and enhance the California specific databases.

2.2.6
Dairies and Feedlots

2.2.6.1
Method


PM:  This category includes fugitive emissions from beef cattle feedlots caused by cattle movement and onsite vehicular traffic.  The emission factor is based on AP-42 (1988) and assumes that dust control measures are not regularly employed.  This method estimates total PM emissions.  PM10 emissions are calculated directly.  County level beef cattle throughput data are estimated from the California Livestock Report and discussion with county Livestock Farm Advisors (CDFA 1987, UCD).  The emissions are spatially distributed to individual feedlots based on the DWR GIS database.  Emissions are assumed to be uniform temporally.  Size and speciation profiles are based on single sample collected by OMNI (1989).


NH3:  This category includes emissions from livestock and poultry waste.  The emission factor is based on work by Asman (1992) and varies by type of animal.  County population data for cattle, hogs, and sheep were derived from the State Agricultural Statistics Branch, poultry population data were derived from the California Agricultural Commissioner and Dun and Bradstreet  reports and horse population data was based on a 1980 Horseman’s Association survey.  The emissions are spatially distributed via the DWR GIS database and the Dun and Bradstreet business database.  No information is currently available to develop temporal profiles.

2.2.6.2
Research Efforts


U.C. Davis is conducting field experiments to develop emission factors that are a function of season and management practice/process.  These updated emission factors will be included as they become available.  The ARB is also developing draft NH3 emissions estimates for beef cattle based on published emission factors.  As part of the CRPAQS ammonia emissions project, improved activity data on animal populations and management practices will be collected to link to the enhanced emission factors being developed by U.C. Davis.  All emission factors will be developed in concert with the agricultural community.

2.2.7
Residential Wood Combustion

2.2.7.1
Method


This category estimates emissions from various types of residential wood combustion including fireplaces, wood burning stoves, and fireplace inserts.  The emission factors are based on AP-42 (1992).  This method calculates total PM emissions.  PM10 emissions are assumed to be 92% of the total PM.  Activity data for wood stoves and fireplace inserts is based on the average energy demand which is in turn based on the number of heating degree days by county, and estimates of the number of households burning wood for heating from the 1990 census.  For fireplaces, the amount of wood burned is based on surveys conducted in Fresno (Engineering Science 1982) and Healdsburg (Tolmasoff 1990) and the “California Residential Wood Combustion Survey” (NCRA 1988) and is assumed to be a constant factor of 28 cords/year.  The number of households burning wood is based on county-specific 1990 census data and a percent wood burning household factor (NCRA 1988).  Most burning is assumed to occur between November and April.  The data are spatially distributed by county only.  PM size and speciation profiles are a composite of two fireplace and one woodstove sample collected by OMNI (1989).

2.2.7.2
Research Efforts


The SJVUAPCD is developing an improved methodology for estimating emissions for this category which will be incorporated as soon as it becomes available.  The ARB is developing a project to better spatially allocate residential wood combustion emissions based on land-use characteristics.  As part of the CRPAQS micro-inventory project, detailed land-use surveys will be conducted around the monitoring sites to pinpoint potential “hot-spot” areas.  In addition, complete organic speciation profiles will be developed for the major types of wood burned in central California.

2.2.8
Residential Natural Gas Combustion

2.2.8.1
Method


This category estimates emissions due to natural gas combustion in the residential sector and includes space heating, water heating, cooking and unspecified uses (such as clothes dryers, barbeques, and pool water heaters).  The emission factors are based on AP-42 (1992).  Activity data are derived from two California Energy Commission reports on residential energy sales by county and breakdown of natural gas usage by appliance type (CEC 1992, 1993).  The data are spatially distributed by county only.  Space heating is assumed to be highest December through April, while other activities are assumed to be uniform throughout the year.    

2.2.8.2
Research Efforts


As part of CRPAQS, complete organic speciation profiles for natural gas combustion will be updated as necessary.

2.2.9
Commercial Cooking

2.2.9.1
Method


This category includes emissions from charbroiling and deep fat frying at commercial food facilities.  These emissions are not currently estimated by the ARB, however, a methodology has been developed by the SCAQMD that will likely be adopted by the ARB on a Statewide basis.  Emission factors are based on research conducted by the SCAQMD documented in a report titled “Area Source Emissions from Commercial Charbroiling and Deep Fat Frying”.  The number of restaurants can be determined from Department of Health inspection records, or from local business directories.  Commercial  address matching software can be used to spatially locate emission sources.  Emissions are assumed to be uniform throughout the year, with highest daily emissions at mealtimes.

2.2.9.2
Other Research


The ARB is finalizing an interagency agreement with CSU San Francisco to develop a methodology and collect activity data for commercial cooking operations in California.  As part of CRPAQS, complete organic speciation profiles for food cooking operations will be updated as necessary.

2.2.10
Agricultural Burning

2.2.10.1
Method


This category estimates emissions from burning of agricultural residues.  Emissions in this category are currently estimated by the local air pollution control districts.  Emissions are spatially allocated by county only.  PM size and speciation profiles for field crops are based on a composite of twelve tests conducted by UCD (Jenkins 1996).  UCD Crop-specific profiles are available for rice straw, wheat straw, barley straw, and corn residue (Jenkins 1996).  Profiles for prunings are based on a composite of three orchard tests conducted by UCD (Jenkins 1996).   

2.2.10.2
Research Efforts


As part of CRPAQS, complete organic speciation profiles for key field and orchard crops will be developed.  In addition, the development of an agricultural burning crop calendar will be pursued.

2.2.11
Wildfires and Prescribed Fires

2.2.11.1
Method


This category estimates emissions resulting from natural wildfires in grass, woodland, timber, and brush.  The emission factors for grass and woodland fires are based on AP-42 (EPA 1977), while the emission factors for timber and brush fires are based on data from a 1978 study (Geomet).  This method calculates total PM emissions.  PM10 is assumed to be 88% of total PM.  The number of acres burned are obtained from CDF (1991) and USFS (1991) on an annual basis.  Wildfires are assumed to occur predominantly from late spring to late fall.  They are spatially distributed by county only.  PM size and speciation profiles are based on composites of field crop and prunings tests conducted by UCD for grass and woodland fires, and a composite of two pine and two fir burn test conducted by UCD for timber and brush fires (Jenkins 1996). 

2.2.11.2
Research Efforts


The Prescribed Fire Incidence Reporting System (PFIRS) is a database management system that is being developed to track the location and timing of prescribed burns in quasi-real time.  As part of the CRPAQS day-specific project, data from this system can be accessed to develop day-specific estimates for prescribed fires.

2.2.12
Motor Vehicles

2.2.12.1
Method


On-Road:  This category includes exhaust and evaporative emissions from on-road motor vehicles.  Emissions due to brake and tire wear are also included in the PM estimates.  Emissions are calculated using EMFAC7G.  County specific VMT is derived from local air pollution control districts and COGs.  The data are currently spatially distributed to the Caltrans Statewide Road Network.  PM size and speciation profiles for diesel trucks and buses are a composite of six tests (174 trucks) conducted a truck stop.  Size and speciation profiles for light and medium duty trucks are  based on an outdated profile from a stationary IC engine. 


Off-Road:  This category includes exhaust emissions from sources such as farm equipment, off-road recreational vehicles and aircraft.  The ARB is currently developing a model called “OFFROAD” to determine emissions from these sources.  PM size and speciation profiles are ??       

2.2.12.2
Research Efforts


Considerable funding is contained in the ARB FY98/99 budget to develop improved PM2.5 emission factors for mobile sources.  Recent research has also suggested that three-way catalysts are a source of NH3 emissions from motor vehicles.  The ARB is developing research plans to study this issue.  The specific projects to be conducted will be determined over the next six months.  In addition, as part of CRPAQS, complete organic speciation profiles will be developed for gasoline and diesel fuel formulations specific to the field study time periods.

2.2.13
Public Waste Water Treatment Facilities

2.2.13.1
Method

This category includes NH3 emissions from publicly owned wastewater treatment facilities.  Emissions for facilities that emit more than 100 lbs of ammonia per year are reported in the Air Toxics Emissions Data System (ATEDS).  Current estimates do not include emissions from sludge beds, which may be a significant source of ammonia.  Emissions from the ATEDS facilities are treated as point sources.  Insufficient information is currently available to develop temporal profiles.  

2.2.13.2
Research Efforts


As part of the CRPAQS ammonia emissions project, monthly flow rate data will be collected to develop temporal profiles for POTWs.  In addition, emissions from sludge beds will be incorporated into the ammonia database.

2.2.14
Natural Soils

2.2.14.1
Method


This category includes NOx and NH3 emissions that occur naturally due to nitrogen fixation and ammonification from bacterial processes.  Emission factors for NH3 were based on the work of Gharib and Cass (1984), while emissions for NOx are based on field work conducted by U.C. Berkeley (Matson, 1997).  Soil surface area was based on land use/land cover GIS databases developed by DRI as part of the SARMAP study (Tanner 1992).  Insufficient data is currently available to determine temporal profiles.   

2.2.14.2
Research Efforts


The ARB is finalizing an interagency agreement with CSU Fresno, NASA-Ames, CSU Monterey, and CE-CERT to measure and model ammonia emissions from fertilized and natural soils.  As part of the CRAPQS ammonia emissions project, improved emission factors for selected California specific land surfaces will be developed.  The development of profiles for seasonal apportionment of emissions will also be pursued.

2.2.15
Fertilizers 

2.2.15.1
Method


This category includes NH3 emissions from the application of fertilizers.  Emission factors are based on the work of Asman (1992).  The amount of fertilizer applied in each county is derived from the Fertilizer Materials Tonnage Report distributed by the California Department of Food and Agriculture (1991).  Emissions are spatially distributed according to the DWR GIS database of crop coverages.  Insufficient information is available to develop temporal allocation profiles.  

2.2.15.2
Research Efforts


The California Department of Food and Agriculture is funding a project to develop monthly crop calendars for fertilizer application.  This work can be used to develop temporal profiles for fertilizer application.

2.2.16
Biogenics 

2.2.16.1
Method


This category includes VOC emissions from natural, agricultural, and horticultural plant species.  Biogenic emissions are not currently included in the ARB emissions database.  However, efforts are underway to develop a Statewide biogenics model.  The biogenic model will have the capability to determine GIS-based biogenic emissions based on day-specific meteorological data.  

2.2.16.2 Research Efforts

The ARB is sponsoring a contract with the Bakersfield Agricultural Extension and the Oakridge National Laboratory to develop a satellite based leaf area index database. To determine leaf biomass.  The technology will provide 1 km resolution on a monthly basis for any selected year.  In addition the ARB has a contract with UCLA to develop additional emission factors for key species in California.  The initial work is focusing on Oak savannas in the Central Valley.

Insert Figure 2.2-1

3. 
Emissions Data  Uses

CRPAQS includes field monitoring under winter and fall episodic conditions as well as long term monitoring to address the annual average.  Air quality and meteorological measurements are intended to determine the contributions from various emission sources to excessive  PM2.5 and PM10 mass concentrations when they are interpreted by data analysis and modeling.  Emissions information is also needed for source modeling, receptor modeling, and evaluation of emissions reduction strategies.

3.1
 Source Oriented Modeling 

Grid-based Eulerian models use three dimensional representations of meteorology and emissions to predict ambient air quality concentrations.  Such models simulate the transport of primary emissions as well as conversions of gases to particles.  A gridded, temporally, spatially, and chemically resolved data base of emissions estimates supports source-oriented modeling.  These emissions include volatile organic compounds (VOC), NOx, CO, SOx, NH3, and PM.  The VOC and PM emissions data must be chemically resolved into classes of compounds included in the models, and preferentially as individual species.  VOC classes include both light (C2 to C10) and heavy (C8 to C20) hydrocarbons.  PM classes include geological, chloride, sodium, pottasium, magnesium, carbonate, sulfate, nitrate, ammonium, organic carbon, and elemental carbon.  The PM emissions need to be further resolved by particle size, at least in the PM10 (or coarse) and  PM2.5 size fractions and preferably additional size breakdowns below 1um. 

Emission rates need one-hour resolution throughout the day.  They are adjusted for day-specific differences with respect to average values, such as those arising from differences between weekday and weekend and from intermittent emissions such as dust storms and fires.   A gridded inventory with a minimum of 4 km resolution is needed over the modeling domain, which will likely cover an area at least as large as the SARMAP domain.  Both episodic and daily annual average modeling will be conducted necessitating a full year of gridded emissions.    



3.2
Receptor Oriented Models

Receptor models such as the Chemical Mass Balance (CMB) model use the chemical and physical characteristics of particles measured at a source and receptor to identify and quantify the source contributions at the receptor.  The CMB model requires that: 1) the chemical composition of particles are present in different proportions in the different source emissions, 2) that these proportions remain relatively constant for each source type, and 3) changes in these proportions between source and receptor are negligible or can be accounted for.    



The CMB needs source profiles, the mass ratios to PM10 or PM2.5 emissions of chemical compounds or physical properties for each apportioned source type.  Many of these species are the same as, or can be quantified in conjunction with, the chemical classes applicable to source-oriented modeling.  The CRPAQS Fugitive Dust Characterization Study and the IMS-95 organic measurement study are in progress to identify chemical and physical properties that can best distinguish among particle and precursor gas emitters in central California.

3.3
Emissions Evaluation

Emissions rates, their temporal and spatial distributions, and source profiles are uncertain.  The nature and extent of this uncertainty needs to be determined prior to applying emissions reduction measures.  Measurements can be taken that support both the quantitative and qualitative evaluation of emissions estimates.


To support qualitative evaluation of emissions, methods include the application of alternative emissions factors and different activity data bases, creating detailed micro-inventories for selected grid squares, comparing ambient and emissions pollutant ratios, comparing CMB source contribution ratios with ratios of emissions inventory source categories, and performing mass balance calculations.  Data needs for quantitative emissions evaluation studies are the same as those already required to support source and receptor oriented modeling, though some special studies are also needed to acquire these data.


The collection of qualitative data would help assess the spatial and temporal data that are input to and generated by photochemical and aerosol models by providing broad, but day-specific metrics.  These data can be collected using current remote sensing technology, such as satellite/aerial imaging or differential absorption lidar (DIAL), photography and videography.  Where day-specific emissions data are unavailable these data could be used to improve the spatial and temporal adjustment of annual-average inputs to better reflect day-specific conditions.  These data could also be used to coarsely monitor visibility degradation, the existence of fog and possibly the spatial and temporal extent of large-scale (e.g. urban) pollutant plumes.  This information could be used to broadly and quickly assess and improve model inputs and performance.

4. 
CRPAQS Emissions Planning

CRPAQS emissions planning was initiated in 1995 with an assessment of the status of current emissions data available for the San Joaquin Valley and surrounding regions.  This assessment provided the basis for a series of Technical Committee discussions regarding specific projects to be supported by the study.  Summaries of  emissions-related documents produced as part of this process, accompanied by a short summary of the purpose and content are provided in Appendix B.

Within the context of this planning, studies of dust emissions factors for several agricultural process, PM10 emissions potential and particle size distributions from different SJV soil types, and ammonia emissions from animal husbandry are being conducted by UC Davis under the auspices of the U.S. Department of Agriculture (USDA).  These projects are identified in Appendix C. USDA funded tasks to date have focused on developing improved PM emission factors for cotton, almond, walnut, and fig harvesting, raisin tray burning, and land preparation activities, as well as PM and ammonia emission factors for dairies and feedlots.  

ARB’s Emissions Inventory Section of the Technical Support Division has made a major effort to improve emissions inventories for all of California, including the regions relevant to CRPAQS.  As CRPAQS needs have been identified, this section has attempted to implement them.  An effective, flexible, and adaptable Geographical Information System has been created that incorporates many of the data layers identified by CRPAQS several years ago.  Other planned activities include the addition of small but un-inventoried emissions sources.  This is an appropriate data base system for the collection, management and distribution of data from CRPAQS emissions studies.  ARB is also conducting or has planned a number of emissions studies that are relevant to CRPAQS, and these are identified in Section 2.2 as well as in Appendices D and E.  Additional research being conducted by the Coordinating Research Council is described in Appendix F.

5.
Emissions Project Selection Criteria

CRPAQS will invest an additional $2.5M into emissions improvement and USDA funding for emissions development is $3.4 million, but even this significant amount is limited given the recognized limitations of current emissions information.  Emissions priorities are based on the following criteria:

· Relevance to modeling and data analysis needs:  As noted above, several emissions measurements serve the needs of source, receptor, and emissions validation modeling.  Specifically, source profiles are needed for all of these.  Source profiles have the highest emissions project priorities.

· Large and significant contributors:  Source categories that are known or highly suspected to be large contributors to  PM2.5 and PM10 are in greater need of characterization than minor sources.  These include mobile sources, ammonia, dust from farming operations, unpaved road dust, and windblown dust.

· Little is known about source emissions:  A project that provides information where none exists is preferable to another study that adds to a data base of studies already done.

· An information gap can be definitely filled for the immediate future:  These projects plug a hole in the current inventory with information that is not likely to change over  decade or more.

· Specificity to the central California study area: It is unlikely that other sponsors will be found for sources and activity data bases specific to central California, and especially the San Joaquin Valley.

· Activity information:  The activities that generate large quantities of emissions must be specific to field study periods if there is any expectation that ambient concentrations can be estimated by models.  These data cannot recovered after the study period.  These data must allow the emissions to be both temporally and spatially resolved.

· Emissions model development: Hardware and software (including data bases) needed by the ARB to expand the GIS-based inventory development approach and that specifically supports CRPAQS is needed to prevent delays in integrating data and estimating emissions.

· Non-duplicative of other applicable emissions studies:  CRPAQS emissions projects complement, rather than duplicate, those identified in Section 2.2.

6. 
CRPAQS Emissions Project Recommendations

Because several planning phase emissions projects, including improvements to the emissions modeling system (EMS95) and emissions support for the 1995 Integrated Monitoring Study, have already been undertaken, the funding available to support future non-USDA work is $1.9 million with $150,000 retained as a contingency.  Following the criteria described in Section 5, eight projects are recommended for CRPAQS sponsorship. Project titles, estimated funding levels, and priorities are as follows:

Table 6-1.1:  CRPAQS Emissions Projects

       TITLE






FUNDING
PRIORITY
1.   Organic Speciation Profiles



$350,000
       1

2.  Dust Speciation Profiles (follow-on to TSS12)

$200,000
       1

3.  Day-Specific Field Study Activities/Micro-inventories
$300,000
       2      


4.  Ammonia Inventory Studies



$250,000
       1

5.  Software/Hardware Support



$100,000                2

6.  Dust Suspension Characteristics



$200,000                3

7.  Traffic Count Estimates 




$100,000
       2


8.  On-Road Vehicle Emissions



$250,000
       3


9.  Contingency





$150,000                2

6.1
Organic Speciation Profiles ($350K, Priority 1)

6.1.1
Objectives

The objective of this project is to develop the PM2.5 mass fractions of gaseous, semi-volatile, and particulate species for the major sources of elemental and organic carbon: vehicle exhaust, vegetative burning, and cooking.  These profiles should include chemical and physical components sufficient to distinguish contributions from sub-categories of these sources in ambient samples, including: 1) diesel, cold start, power-enriched, smokers, and regular running vehicle exhaust; 2) fireplace, stove, agricultural, and prescribed burn emissions; and 3) meat charbroiling and frying.  To the extent possible, emissions rates should be acquired during these tests, though these may be infeasible for non-ducted sources.  Mass size distributions are also desirable as part of the source characterization.

6.1.2
CRPAQS Data Needs

Organic and elemental carbon are large components of PM2.5 and PM10, especially during winter.  Though secondary organic carbon is believed to be a minor contributor during winter, it may be a significant contributor during summer, and light and heavy hydrocarbon profiles are needed for chemical models that evaluate secondary organic carbon potential.  Advanced emissions reduction strategies require more than the category-specific apportionment that is provided by current elemental, ionic, and carbonaceous fraction measurements used in receptor models.  Enhanced receptor modeling using particulate organic carbon speciation profiles has shown to be successful in the South Coast Air Basin and is currently being evaluated in other studies.  IMS95 data analysis is examining the concentrations of different organic compounds in ambient air in order to identify the organic chemicals, and their associated analysis methods, that might differentiate between sources.  

6.1.3
 Schedule

Identification of sources to be tested and the most promising chemical species should await results of the IMS95 receptor modeling and the NFRAQS program that will are now available.  Due to continuing changes in fuel specifications, collection of source samples should occur during the year of the field programs (1999/2001).  

6.1.4
Complementary Studies

Results from the CRPAQS Fugitive Dust Characterization Study, SCOS97, the Northern Front Range Visibility Study, the Mexico City PM10 Study, and the Hill AFB source characterization study will provide additional characterization of sources similar of those to be found in central California and will help to focus this study on those organic components that are most specific to the desired source sub-types.  The ARB has an ongoing contract with the California Institute of Technology to develop complete speciation profiles for selected motor vehicle types, food cooking, fireplaces, and natural gas combustion.  The ARB is also preparing an RFP to develop similar profiles for exhaust emissions from selected utility equipment and light- and heavy-duty engines burning reformulated diesel and gasoline fuels.  In addition, the ARB has planned research for FY 99  

The Coordinating Research Council has several projects underway with CE-CERT, Colorado State University, the Desert Research Institute (as part of the Northern Front Range Air Quality Study) and the Southwest Research Institute to develop particulate organic speciation profiles for light-duty and heavy-duty motor vehicles.  The CRPAQS Fugitive Dust Characterization Study will also provide organic speciation on suspended dust sources that will probably have commonalities with other carbon sources.  Based upon a review of the results of these studies, representative sources will be selected for testing that are believed to have profiles specific to in the San Joaquin Valley, or that require updates due to changes in fuel composition.  

6.2
Fugitive Dust Speciation Profiles ($200K, Priority 1)

6.2.1
Objectives

The objectives of this emissions project are to characterize size distributions and develop PM2.5 and PM10 source profiles for representative fugitive dust source.  Source profile elements will be those determined by the Fugitive Dust Characterization Study to most cost-effectively distinguish contributions from geological sub-types to ambient PM concentrations. Desired sub-types include: 1) different agricultural crops; 2) different operations on agricultural land; 3) paved and unpaved road dust; and 4) different aspects of construction.

6.2.2
CRPAQS Data Needs

Though substantial effort has been expended on fugitive dust emissions, and better reconciliation has been achieved between emissions and receptor modeling source contributions, there still remains large uncertainty among the different dust contributors to ambient  PM2.5 and PM10.  This uncertainty is largest during late summer and fall when land is dry, construction projects are in progress, and agricultural activities are intense and diverse. 

The Fugitive Dust Characterization Study (FDCS) is developing and applying innovative source characterization methods evaluate the feasibility, practicality, cost-effectiveness of different particle characterization methods to distinguish among dust sub-types.  Initially, 50 source samples are being collected, primarily in Fresno and Kings counties. The sources being addressed include selected agricultural crops, dairies/feedlots, paved and unpaved roads, construction sites, and staging areas. Based upon the FDCS, a subset of measurement methods that yield the greatest discriminatory power will be selected for future applications to source and receptor samples.  This project will apply this subset of methods to a larger number of samples that represent more sources, greater geographical coverage, and different times of the year.

6.2.3
Schedule 

The research phase of the FDCS will be completed in mid 1999.  The work to be conducted under this study would follow this, with samples to be collected during the fall episodic field study in 2000.

6.2.4
Complementary Studies

The ARB is sponsoring research at UC Davis to investigate DNA and phospholipids as potential markers for different fugitive dust sources.  The Columbia Plateau project is also pursuing the use of microbial communities as soil tracers.  Both these methods are included as part of the Fugitive Dust Characterization Study.

6.3
Day-Specific Field Study Activity Data Collection and Micro-Inventory Preparation  ($300K, Priority 2)




6.3.1
Objectives

The objectives of this study are to: 1) develop micro-inventories around each of the air quality monitoring sites operating during the CRPAQS episodic and annual field programs; and 2) collect day-specific information on sources in the monitoring domain.  

6.3.2
CRPAQS Data Needs

While a gridded emissions database will be developed for the full study domain, there is a need for finer resolution micro-inventories around each monitoring site and a better understanding of human behaviors that affect emissions.  Interpretation of the ambient data requires knowledge of the specific sources surrounding each monitoring site, and their operating schedules, especially for primary PM where the zone of influence of an individual source may be small.  In addition, development of episodic emission data bases to support air quality modeling depend upon appropriate representation of day-specific emissions.  These day-specific activities often cannot be reconstructed after the completion of the field program and therefore require documentation coincident with the monitoring.

A systematic and comprehensive approach for documentation of both the sources surrounding each monitoring site and their associated activities is needed.  This project is intended to build upon the methods that were used during the 1990 ozone and 1995 Integrated Monitoring Studies.  The project will take advantage of significant advances in commercial mapping software, geographic information systems (GIS) and portable global positioning satellite (GPS) units to develop a user-friendly, integrated, computer-based, system for collection and archiving of the needed information.  For the micro-inventory work, data on general land-use will be collected over a 2-5 mile area surrounding a site.  Within a smaller ½-1 mile radius of a site, locations of specific sources will be compiled.  For the activity data collection, information will be compiled on deviations to the standard crop calendar, road work, traffic patterns, operating schedules of street sweepers, trains, aircraft, and major point sources.  Agricultural burning practices will be added to the crop calendar.  Wildfire and prescribed burn data will be identified and compiled. Surveys of residential wood burning practices and volumes will be conducted.  Major construction projects will be identified. The information from this study will be compiled such that it can be efficiently integrated into the ARB’s emissions management Geographical Information System.

6.3.3
Schedule

This work would be carried out coincident with the major field studies in 1999 through 2001.  

6.3.4
Complementary Studies

Because day-specific activity and micro-inventory data is very program specific, no other organizations are sponsoring projects of this nature.   
6.4
Ammonia Emissions Studies ($250K, Priority 1)

6.4.1
Objectives

The objective of this study is to assemble, evaluate, and provide information needed to estimate ammonia emissions from all relevant sources and its variability in space and time.  All potential ammonia sources are to be included, including animal husbandry, human beings, pets, waste-water treatment, soil fertilization, motor vehicles, industrial sources, burning,  and natural decay.

6.4.2
CRPAQS Data Needs

Ammonium nitrate and ammonium sulfate are significant contributors to fall and winter PM exceedances, often comprising up to 50% of PM10 in winter samples and 20% of PM10 in fall samples.  Ammonia, oxides of nitrogen, and sulfur dioxide gases are the precursors to these secondary particulate components.  Significant gradients in ammonia concentrations were observed in IMS-95, and a comprehensive inventory that represents the spatial distribution and timing of ammonia emissions is still needed to support grid-based  aerosol models.  

Ammonia emissions have not been previously inventoried in central California, as have sulfur dioxide and oxides of nitrogen. A preliminary annual average ammonia inventory for the study domain has been developed under Technical Support Study 15, “Evaluation and Improvement of Methods for Determining Ammonia Emissions in the San Joaquin Valley”, The major sources (in descending order) are: dairies/feedlots, soils, fertilizer application, and waste-water treatment facilities.  Considerable uncertainty however attends these emissions estimates, particularly for soil emissions.  In addition, little data is available on the temporal variation in emissions.  Field work conducted by Sonoma Technology and U.C. Davis as part of TSS 15 further suggest that ammonia emissions from dairies and waste-water treatment facilities may be very process-specific.  Further research is needed to better define process-specific emission factors and to collect the temporal activity data needed to support these factors.  In addition, more research is needed to estimate emissions for urban sources of ammonia.   

The current GIS inventory includes detailed land-use maps compiled by the US Geological Survey and by the California Department of Water Resources. This project will evaluate these data bases specifically for their application to ammonia emissions.  It will also evaluate existing emissions factors and measure new ones on representative sources that are identified by TSS 15.  The data assembled in this project will be delivered in a form compatible with ARB’s GIS-based emissions inventory system.

6.4.3
Schedule

Recommendations for ammonia-related research were provided in the TSS 15 final report delivered in January 1998.  Assessment of sources which should be targeted under this emissions project will be made upon review of the report.  Ammonia emissions inventory work can begin in 1999.

6.4.4
Complementary Studies

U.C. Davis is developing improved emission factors for dairies and feedlots as part of the USDA funding.  As discussed above, a coordinated field sampling program was conducted as part of TSS 15, additional collaborative efforts should be considered as part of this emissions project.  The California State Department of Agriculture is funding development of a crop calendar for fertilizer application.  Development of an ammonia inventory is also a high priority for the ARB, with initial work focusing on natural soil  and fertilizer emissions.  

6.5
 Software/Hardware Support ($100K, Priority 2)

6.5.1
Objectives

The objective of this project is to provide computer software and hardware that supports ARB’s emissions data base.  

6.5.2
CRPAQS Data Needs

ARB is compiling current emissions inventories using ARC/INFO and displaying and analyzing them with ARCVIEW operating on high end PCs running Windows NT.  Data and layers are in such a form that they can be easily transferred to other emissions study participants and such that the results of emissions studies can be archived and integrated into the emissions system. ARB is providing the expertise and man hours needed to perform these operations.

CRPAQS will have special hardware and software needs not covered by ARB budgets, and this project will provide for those needs.  Appendix G lists needs that have been identified to date, and more hardware and software requirements will be determined as CRPAQS emissions projects get underway. This project is intended to supplement, rather than replace, ARB expenditures that benefit the entire state.

A similar quantity, $75,000, was dedicated to computer upgrades as part of historical data analysis to develop and apply advanced data management systems that have been used for study design, to archive IMS95 data, and to store date from upcoming field studies.

6.5.3
Schedule

The funding for this project can be set aside immediately.  The funding would be drawn down throughout the emissions database development process.  

6.5.4
Related Studies

None.

6.6
Dust Suspension Characteristics ($200K, Priority 3)

6.6.1
Objectives

The objectives of this project are to: 1) determine the equivalence among different soil surface characterization methods used in different emissions factors for windblown dust; 2) quantify threshold suspension velocities and emissions rates as a function of wind velocity; and 3) provide data bases and emissions factors specific to central California.

6.6.2
CRPAQS Data Needs

Early applications of the USDA Wind Erosion Equation (WEQ) for calculating windblown dust emissions from agricultural lands indicated that windblown dust was the major fugitive dust source in the San Joaquin Valley.  Subsequent improvements to the estimation methodology through the use of local meteorology, irrigation schedules, and crop cover, have resulted in much lower windblown emissions, particularly in the fall and winter months.  The 1993 inventory shows windblown dust emissions now constitute approximately 15% of the annual average PM10 inventory, and 6% and 3% of the fall and winter quarter inventories respectively. The largest windblown contributions are now found in the inventory, and in ambient air, during the spring when high winds couple with dry soil conditions that are conducive to suspension. An additional issue is the need to understand near-scale removal and deposition mechanisms for geological material.

Threshold suspension velocities and emissions factors currently used are based on tests taken by a variety of methods on surfaces that do not correspond to those commonly found in central California.  The methods for characterizing soil surface properties differ for the different studies, and equivalency needs to be established between those methods and those currently being applied as part of the surface characterization research established at UC Davis.  This study would fill this knowledge gap once and for all.  This project would also provide needed information on soil characteristics to support TSS 12 as well as calculations for other soil-related emission categories such as farming operations.       

6.6.3
Schedule

This study would be performed during the spring of 2000.  

6.6.4
Related Studies

The USDA is currently sponsoring several projects to develop improved methodologies for estimating windblown dust emissions; the Revised Wind Erosion Equation (RWEQ), and the Wind Erosion Prediction System (WEPS).  Only limited research to date has been conducted in the San Joaquin Valley to support these efforts.  The data needs of these new methodologies should be followed and incorporated into this project’s data collection to the extent possible.   In addition, ARB is sponsoring a project with UCD to perform laboratory wind tunnel tests to evaluate the parameters which affect wind induced erosion of Owens Lake bed soils.  Under this contract limited analyses of San Joaquin Valley soils may also be conducted.  The soil characterization methods will complement and generalize those applied in TSS12 for other sites and times of year.

6.7
 Traffic Count Estimates ($100K, Priority 2)

6.7.1
Objectives

The objective of this project is estimate the number of vehicles of different types and their speeds for different road types identified in the GIS roadway network.  Roadway types include urban and rural freeways, arterials, connectors, residential streets, and unpaved streets.  Vehicle types include light-duty, medium-duty, heavy-duty, and motorcycles. The project will identify, evaluate, and assemble existing vehicle count data and supplement it with additional measurements where needed.  This is a measurement project rather than a modeling project.  Vehicle and time-specific traffic counters and sequential aerial photographs may be applied to determine the needed information.
6.7.2
CRPAQS Data Needs

Mobile emissions represent approximately 66% of the NOx inventory, 46% of the VOC inventory, and 3% of the PM inventory for the San Joaquin Valley.  Determination of mobile source emission estimates depends upon vehicle miles traveled as well as the vehicle mix and speed.  Moreover, accurate representation of the spatial and temporal distributions of mobile emissions requires information on transportation networks and diurnal traffic patterns.  Current transportation modeling methods, while sufficient for transportation management and capacity planning, often do not provide the level of detail needed to support air quality modeling and data analysis needs.  

6.7.3
Schedule

This work should begin by June, 1999 to identify and assemble existing traffic information. Needed measurements would be taken during the winter field study..

6.7.4
Related Studies

The ARB and the SJVUAPCD have been working with the transportation modeling agencies in the Valley to develop a more cohesive and unified approach to transportation modeling.  Additional data from Caltrans Weigh-in-Motion stations should be collected and integrated with existing data from the local transportation management agencies.  The ARB recently completed a project which tracked heavy-duty track travel patterns through GPS technology.  This data base will be used to improve heavy the heavy duty truck activity data base.  Finally, the ARB has a contract with UCD to develop methods for estimating travel on unpaved roads based on land use data.  A phase I report is due in March 1999, with follow-on work to extrapolate the methodology statewide.        

6.8
Characterization of On-Road PM Emissions ($250K, Priority 3)

6.8.1
Objectives

The objectives of this project are to: 1) determine statistical distributions of particle emissions for different road types, vehicle mixes, and operating conditions; 2) identify those parts of the vehicle fleet that are the largest emitters; and 3) evaluate vehicle exhaust emissions models that are based on dynamometer tests.   Where possible, on-road tests of VOC, NOx, and SO2 precursors is desirable since these are precursors of secondary particles. Locations and times will be selected to encompass the range of vehicle types characteristic of the Valley.     

New continuous measurement technologies involving wavelength-specific absorption measurements, time of flight mass spectrometery, and an opacity channel on gaseous remote sensors are becoming available that will facilitate the characterization of individual vehicle emissions in numbers large enough that statistical analyses can be performed.

6.8.2
CRPAQS Data Needs

PM emissions from mobile sources comprise approximately 3% of the Valleywide PM inventory.  In contrast, PM receptor modeling source contributions episodes suggest that mobile sources may contribute up to 20% of the primary portion of measured PM10, and a larger fraction of PM2.5 concentrations.  Previous emissions reconciliation studies for CO, VOCs, and NOx found large discrepancies between ambient and emissions-based ratios.  Roadside remote sensing of gaseous pollutants emitted by individual vehicles has shown that relatively few cars are responsible for a large portion of emissions, and improvements in the emission factor models for CO, VOCs and NOx have resulted. Analogous tests have not yet been performed for primary particles.   The results of these tests are needed evaluate and improve current emissions factors for on-road vehicle emissions.

6.8.3
Schedule

To take advantage of new technology for continuous measurements, the development portion of the project can begin in 1999, with additional monitoring conducted coincident with the major field programs in 2000.

6.8.4
Related Studies

The Coordinating Research Council (CRC) has several projects underway with CE-CERT, Colorado State University, and the Southwest Research Institute to determine particulate emissions from light-duty motor vehicles.  None of these efforts however involve remote sensing and none use vehicles from the San Joaquin Valley.  The Air Resources Board has a research contract with Research Triangle Institute that uses a chase-car approach for measuring vehicle tailpipe emissions.  Initial work has been done in Sacramento and Los Angeles.   The ARB recently completed a project with U.C. Berkeley to develop a comprehensive database of remote sensing measurements on light duty vehicles for the South Coast Air Basin.  This project focused on CO, CO2, NO, and hydrocarbon emissions.  Finally, the ARB will be funding a study to conduct direct measurements of paved road dust emissions from in-use vehicles.  This project will begin in the summer of 1999.

7. 
CRPAQS Emissions Project Implementation

7.1
Emissions Database Development Process


Development of the CRPAQS emissions database will be the combined responsibility of ARB emissions and modeling staff.  The ARB emissions staff will provide baseline emissions estimates for point and area sources.  Mobile source emission estimates will be provided by the ARB Mobile Source Division.  ARB modeling staff will be responsible for incorporation of day-specific data and any other contractor data that is not to be internalized into the ARB baseline emissions database.  Both EMS95 and EPA’s SMOKE model are being evaluated for use. [Vern to provide additional information and flow chart here]

7.2
CRPAQS RFP Process


The following progression of events will be followed to evaluate and implement the recommendations contained in this document:

1. Technical Committee reviews and approves recommendations for emissions projects and assigns members to develop RFPs.  Tentative assignments are shown in Table 3.  Completion Date: February 1999

2. Technical Committee members, working with ARB, the SJVUAPCD, and other organizations sponsoring related research, develop RFPs for review by the full Technical Committee and subsequent presentation to the Policy Committee.  Several projects require feedback from other ongoing studies such as IMS95 or TSS12.  For these projects first-cut RFPs will be developed, with final modifications made upon completion of the related study Completion Date: March 1999

3. Issue RFPs.  Completion Date: April 1999

4.  Review responses and select contractors.  Completion Date: May 1999.

5.  Initiate contracts.  Completion Date: October 1999.

Table 7-1.1

Responsibilities for RFP Preparation

Project


RFP Lead

Complete Organic Speciation Profiles
Magliano

Dust Speciation Profiles (follow-on to TSS12)
Hughes

Day-Specific Field Study Activities/Micro-inventories
Magliano

Ammonia Inventory Studies
Hughes

Software/Hardware Support
Hughes

Dust Suspension Characteristics
Watson/

Francis

Traffic Count Estimates
Sweet/

Watson

On-Road Particulate Matter Emissions 
Watson
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Appendix A: Summary of Emissions Estimation Methodologies


CALIFORNIA REGIONAL PM10/PM2.5 AIR QUALITY STUDY

EMISSIONS PLANNING TABLE

Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Paved Roads

PM =51.99

NOx= 0

VOC= 0

NH3=0
EFPM10 = k(sL/2)0.65(w/3)1.5 lbs/VMT

EFPM2.5= PM10 x 0.169

k=particle size multiplier

sL=silt loading (by road   

      type)

w=average vehicle weight


Roadway mileage and VMT from COG models. Road type distribution from Caltrans HPMS data. Regionally representative silt loadings from new BACM research. Supplement with day-specific activity surveys near monitors during field study (3)
Adjusted for monthly average rainfall from CIMIS data.  Develop seasonal/day-of-week/ time-of-day VMT parameterizations (7)
County level emissions distributed to Statewide road network.  Allocate emissions to individual roads using GIS roadway network 
New profile collection to be coordinated with TSS12 (2)


Unpaved Roads

PM = 83.36

NOx= 0

VOC= 0

NH3=0
EFPM10 = 2.27 lbs/VMT

EFPM2.5 = PM10 x 0.212 
Roadway mileage from Caltrans data.  Updated VMT by roadway type from UCD research project.  Supplement with day-specific activity surveys near monitors during field study (3)
Adjusted for monthly average rainfall from CIMIS data. 
County level emissions distributed by ?? surrogate. Locations of unpaved roads near monitoring sites will be determined from micro-inventories during field study (3)
New profile collection to be coordinated with TSS12 (2)
Incorporate results of ARB sponsored research to develop improved estimates of mileage and traffic on unpaved roads

Construction

PM = 24.44

NOx= 0

VOC= 0

NH3=0


EFPM10 = 0.11 tons/acre (c)

EF PM2.5 = PM10 x 0.208

c=percent controlled 

    (assumed=50%)
Housing starts and commercial/industrial new building evaluations from DOF data.  Supplement with permit information and day-specific surveys near monitors during field study (3)
Assumed highest in spring summer and fall. Supplement with permit information and day-specific surveys near monitors during field study (3)
County level emissions distributed by ?? surrogate. Locations of construction near monitoring sites will be determined from micro-inventories during field study (3)
New profile collection to be coordinated with TSS12 (2)


Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Wood Combustion

PM = 19.89

NOx= 1.05

VOC= 7.99

NH3=0


EFPM10 = 12 – 35 lbs/ton wood burned 

EFPM2.5 = PM10 x 0.963

EFVOC = 229 lbs/ton

Wood burned

EFNOx = 2.6 lbs/ton

Wood burned


Wood usage assumed to be .28 cords of wood/year/ household.  Percent of households with fireplaces/wood stoves varies by county.  SJVUAPCD proposing new wood use survey.  
Based on degree-days using SJV specific monthly temperature profiles
County level emissions distributed by ?? surrogate.  Supplement with micro-inventory of homes with chimneys around monitoring sites (3)
Develop improved organic speciation profiles (1)


Wildfires and Prescribed Burning

PM = 4.14

NOx= 0

VOC= 2.50

NH3=0


EFPM10 = 32 –630 lbs /

Acres burned

EFPM2.5 = PM10 x 0.889

EFVOC = 38 - 375 lbs/ acres burned
Annual acreage burned from CDF and USFS. Supplement with PFIRS data for day-specific burn activity during field study (3)
Highest activity assumed late spring to late fall.  Supplement with PFIRS data for day-specific burn activity during field study (3)
County level emissions distributed by ?? surrogate. Supplement with PFIRS data for day-specific burn activity during field study (3

Prescribed burning activity is expected to increase by a factor of 10 by the year 2000.

Land Preparation 

PM = 255.12 

NOx= 0

VOC= 0

NH3=0
EFPM= k (9.8) (s)0.6 (a) (r) lbs/acre tilled

EFPM2.5 = PM10 x 0.222

k=particle size multiplier

s=silt content (%)

a=acre-passes

r=rainfall correction  

    factor


ARB survey on acre-passes by crop. County level crop acreages from CDFA updated annually. Region specific silt content based on wet sieve/dry sieve conversion and STATSGO database
ARB crop calendar on monthly distribution of activities. Adjusted for monthly average rainfall from CIMIS data.
DWR GIS data; counties surveyed once every 7 years.  
New profile collection to be coordinated with TSS12 (2)
Add emission factor refinements as data becomes available from UC Davis (9)

Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Harvesting

PM = included  above

NOx= 0

VOC= 0

NH3=0
EFPM10=1.12 lbs/acre harvested for cotton

EFPM10=34.2 lbs/acre harvested for almonds/ walnuts

EFPM2.5 = PM10 x 0.222


ARB survey on acre-passes by crop. County level crop acreages from CDFA updated annually
ARB crop calendar on monthly distribution of activities.  
DWR data; counties surveyed once every 7 years.  
New profile collection to be coordinated with TSS12 (2)
Add additional crops as data becomes available from UC Davis (9)

Agricultural Burning

PM = 13.94 

NOx= 4.38

VOC= 13.06

NH3=0


EFALL= Various by crop type/acre burned

EFPM2.5 = PM10 x 0.954


Total acres burned by county provided by SJVUAPCD.  Supplement with day-specific observations of burning during field study (3)
Assumed highest fall through spring .  Add agricultural burning practices to ARB crop calendar in addition to day-specific surveys 
County level emissions distributed by ?? surrogate.  Knowledge of agricultural burning crop calendar could allow apportionment using DWR data
Develop improved carbon speciation profiles (2)


Windblown Dust

PM = 31.79

NOx= 0

VOC= 0

NH3= 0


EFPM10 = a (I) (C)  (K) (L) (V) lbs/acre

EFPM2.5 = PM10 x 0.222 

a=particle size multiplier

I=soil erodibility

   (tons/acre/year)

C=climactic factor

K=surface roughness

     Factor

L=unsheltered field width 

     Factor

V=vegetative cover factor


County level crop acreages from CDFA updated annually.  
ARB crop calendar on monthly distribution of crop cover, irrigation practices.  Monthly average CIMIS data for wind speeds and rainfall.
DWR data; counties surveyed once every 7 years.  
New profile collection to be coordinated with TSS12 (2)
Develop improved estimates of the erodibility of SJV soils based on wind tunnel tests (6). 

Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

On-Road Vehicles

PM = 8.8

NOx= 285.38

VOC= 216.75

NH3= 5.77
EFALL = EMFAC7G model

EFPM2.5 = PM10 x 0.998 (gas)

EFPM2.5 = PM10 x 0.955 (diesel)
County level VMT from local COG models.  
Current transportation model produce average daily traffic totals only.  Temperature effects for 6 periods are included in EMFAC/BURDEN. Develop seasonal/day-of-week/time-of-day VMT parameterizations (7)  
County level emissions allocated to Statewide road network.  Allocate emissions to roadway network using Valleywide GIS transportation modeling network (11)
Develop improved carbon speciation profiles (12)
Take advantage of work being conducted by CRC and other external agencies.  Update ammonia emissions based on recent work of Frazier and Cass (4)

Off-Road Vehicles

PM = 8.38

NOx= 102.42 

VOC= 48.63

NH3=

EFALL = “OFFROAD” model
Populations of offroad vehicles from DMV.  Other categories are generally based on State or national level sales data
Monthly profiles for agricultural equipment based on ARB crop calendar.  Others assumed uniform or highest spring through fall.
County level emissions distributed by ?? surrogate.  Agricultural off-road emissions could be distributed by DWR
Develop improved organic speciation profiles (1)


Other Fuel Combustion

PM = 9.92

NOx= 160.86

VOC= 10.06

NH3= 0


EFALL = source specific
Update with day-specific surveys for major sources (3)
Update with day-specific surveys for major sources (3)
Sources with emissions >25 tons/year are included as point sources



Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Oil & Gas Extraction

PM = 0

NOx=  0

VOC= 90.29

NH3= 0


EFVOC= source specific
Update with day-specific surveys for major sources (3)
Update with day-specific surveys for major sources (3)
Continue to represent tanks as point sources
Develop improved organic speciation profiles (1)


Solvent Use

PM = .06

NOx= 0

VOC= 83.62

NH3= 0


EFVOC = various.  Based on complete evaporation of volatile content
Generally statewide or national sales or production data apportioned to counties by population data
Assumed uniform
Sources with emissions >25 tons/year are included as point sources



Pesticide Application

PM = 0

NOx= 0

VOC= 69.48

NH3= 0


EFVOC = A2=A1(1-(4.624) (logPi+7)(.0024T2)(.01))

A1=lbs pesticide applied

A2=lbs pesticide deposited

Pi=vapor pressure of 

      Pesticide

T=average monthly

     Temperature


Pesticide application rates from CDFA Pesticide Use Reports.
Monthly data from CDFA Pesticide Use Reports.  Monthly average temperature and RH data.  Potentially expand ARB monthly crop calendar to include pesticide application 
County data apportioned by ?? surrogate.  Knowledge of a pesticide crop calendar could allow apportionment using DWR data



Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Unpaved Shoulders

PM = not included

NOx=

VOC=

NH3=







Emissions for this category need to be added to the inventory.  

Urban Unpaved Areas

PM = not included

NOx=

VOC=

NH3=







Emissions for this category need to be added to the inventory. 

Charbroiling

PM = not included

NOx=

VOC=

NH3=


EFPM10 = 1.29 – 34.65 lbs/1000 lbs meat cooked

EFPM2.5 = PM10 x 0.99

EFVOC = .32  - 3.94 lbs/1000 lbs meat cooked



Develop improved organic speciation profiles (1)
Emissions for this category need to be added to the inventory. 

Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Dairies & Feedlots

PM = ??

NOx=

VOC=

NH3= 263.0


EFPM10 = k (.027 /head throughput/day)

EFPM2.5 = PM10 x 0.114

k=particle size multiplier (assumed =.48)

EFNH3 = .001- .24 lbs/ head throughput/day
Animal populations from California Livestock Statistics and Agricultural Commissioner reports
Assumed uniform.  
Dun & Bradstreet data and DWR data; counties surveyed once every 7 years. Locations of dairies/feedlots near monitoring sites will be determined from micro-inventories during field study (3)
New profile collection to be coordinated with TSS12 (2)
Add U.C. Davis improved emission factors as they become available (9)

Fertilizer Application

PM = not included

NOx= 0

VOC= 0

NH3= 32.9


EFNH3= 26-401lbs/Mg of Nitrogen applied
Fertilizer sales from Fertilizing Materials Tonnage Report.  Proposal to CDFA to collect information on actual application rates 
Data provided quarterly.  Data from proposed CDFA study can be used to add fertilization to ARB monthly crop calendar
County level emissions distributed by agricultural lands surrogate. Knowledge of a fertilizer crop calendar could allow apportionment using DWR data



Waste Water Treatment Plants

PM =

NOx=

VOC=

NH3= .06


EFNH3 = 18.8 kg/million m3 of waste flow 

or facility specific emissions from ATEDS
Flow rates from California State Water resources Control Board
Assumed uniform
Included as point sources

Collect improved process-specific emission factors and data for temporal allocation (4)

Source Category
Emission Factor
Activity Data
Temporal Data
Spatial Data
Speciation Data
Comments

Soils

PM = 0

NOx= 32

VOC=0

NH3=213.7


EFNOx = UCB work

EFNH3 = 1-3.65 kg/km2


DRI Land Use/Land Cover for acreages
Assumed uniform
DRI Land Use/Land Cover distribution

Need to resolve potential double-counting of soil and fertilizer emissions.  Update as part of ammonia emissions project (4)  


Other Point/ Industrial/Solvent 

PM = 

NOx=

VOC=

NH3= 16.14


EFNH3 = varies by source
Basic activity data from Radian 1992 report.  
Assumed uniform. 


Update as part of ammonia emissions/activity project (4)

Native Animals

PM = 

NOx=

VOC=

NH3= not included







Collect data as part of ammonia emissions project (4)

Ammonia Injection

PM = 

NOx=

VOC=

NH3= not included







Collect data as part of ammonia emissions/activity project (4)

PROPOSED EMISSIONS PROJECTS KEY

1. Organic Speciation Profiles

2. Fugitive Dust Speciation Profiles

3.  Day-specific Field Activity Data Collection and Micro-Inventory Preparation

4.  Ammonia Emissions Studies

5.  Software/Hardware Support

6.  Dust Suspension Characteristics

7.  Traffic County Estimates

8.  Characterization of On-Road PM Emissions

9.  USDA Sponsored Agricultural Studies

Note:  For most sources PM2.5 emission factors have not been directly measured.  The PM2.5 emission factors shown are based on scaling PM10 factors using the most current PM size fraction data.

APPENDIX B:  Summary of CRPAQS Emissions Planning and Study Result Documents

· “California Regional PM10 Air Quality Study Emissions Modeling Plan”, prepared by C. Hagan, S. Reynolds, and P. Roth, January 1996.  This document summarizes current (as of 1995) methods for estimating emissions of particulate matter (PM) and PM precursors in the San Joaquin Valley.  The document contains information on emission factors and activity data and describes recommendations for further research in each area.  The document provides a baseline against which to judge the need for and potential effectiveness of further improvements.  The final chapter of the document contains overall recommendations for emissions improvements to be supported by the Study.  These provided the starting point for selection of final projects to be funded.  Each recommended project was accompanied by a priority ranking, an estimated budget, and a suggested funding source.

· “Summary of Agricultural Emissions Conference Call”, “Summary of Mobile Emissions Conference Call”, “Summary of Stationary Source Emissions Conference Call”, prepared by K. Magliano, March 1996.  These memos document refined recommendations that arose from a series of conference calls held to discuss the proposed emissions projects outlined in Hagan et. al.  Three separate conference calls focused on agricultural, mobile, and stationary source emissions respectively.  Each memo discusses improvements needed for both emission factors and activity data.  Attached to each memo is a matrix of the relevant source categories with a description of current emissions estimation methodologies along with proposed improvements.

· “Chronology of SJV District Inventory Changes”, prepared by P. Gaffney, October 1996.  
This document describes revisions to the ARB/SJVUAPCD 1993 particulate matter inventory and serves as an update to the methodologies described in Hagan et. al.   

· “California Regional Particulate Air Quality Study Recommendations for Emissions Activities” and “Supplemental Information” prepared by S. Reynolds, October 1996.  This document is a stand-alone version of the final chapter from the emissions modeling plan discussed above.  The supplemental information document provides information to better understand the role each recommended emissions project will play in developing a comprehensive emissions database.  

· “Proposed CRPAQS Emissions Activities”, prepared by K. Magliano, December 1996.  This memo summarizes combined recommendations for emissions projects resulting from the March 1996 conference calls.  The projects are assigned a priority rating, and an estimated level of funding.  These final recommendations were a result of discussions held at a Technical Committee meeting on November 21, 1996.

· “Summary of PM10 Emission Factors”, prepared by K. Magliano, June 1997.  This matrix summarizes current emission factors, describes ongoing research, and suggests future research needs.

· California Regional PM10/PM2.5 Air Quality Study Emissions Planning Table” prepared by K. Magliano, August 1997.   This matrix presents emissions estimation methodologies for emission factors, activity data, temporal and spatial disaggregation and speciation profiles.  The matrix outlines default methodologies and highlights where new study data will be collected as a replacement.  This matrix consolidates, updates and expands upon those produced during the March 1996 conference calls.  An updated version is included as Appendix A of this document.

· Effectiveness Demonstration of Fugitive Dust Control Methods for Public Unpaved Roads and Unpaved Shoulders on Paved Roads by Watson et al., 1996.  This report resulted in California-specific emissions factors for unpaved roads and shoulders that have been incorporated into the ARB inventory for these sources.

· Lowell, please insert UC Davis and Ammonia Inventory Titles and descriptions.

APPENDIX C:  Summary of UC Davis Agricultural Emissions research Projects

· Lowell, please insert project list and schedule.

APPENDIX D:  SUMMARY OF AIR RESOURCES BOARD EMISSIONS RESEARCH PROJECTS – TECHNICAL SUPPORT DIVISION

Ongoing and Recent Inventory Projects

· Complete Picture Organic Speciation (various source categories)

· Unpaved Road Activity – UC Davis  (final report due February 1999, see follow-on study below)

· Paved Road Emission Factors – CE-CERT  (final report complete)

· Simulation of Factors Leading to Windblown Dust Emissions at the Owens Dry Lake Bed – UC Davis (final report due August 1999)

Current Projects Identified for PM2.5 BCP Inventory Funds
#1.
Estimate and Model Ammonia Emissions from Fertilizer Use and Background Sources
Evaluate ammonia emission rates from fertilizer application operations.  The project will include a comprehensive literature review of existing research results, development of a test plan for measuring ammonia emission rates for representative fertilizers and application methods, ammonia measurements, and development of methods for apportioning fertilizer emissions spatially and temporally throughout California.  The project will also investigate background ammonia emissions from non-fertilized, natural soils.  Cost:  $185k.  Interagency agreement in development.  Contractors are CSU Fresno, NASA-Ames, CSU Monterey, and CE-CERT.

#2. 
Develop a Method and Collect Activity Data for Charbroiling and Other Commercial Cooking Operations
Develop a method for estimating spatially and temporally resolved activity data for commercial meat cooking and deep fat frying operations throughout California.  After developing a method, collect the detailed activity and source mapping data needed to generate a temporally and spatially specific emission inventory for commercial cooking sources in California.  Cost:  $40k. Interagency agreement in development.  Contractor: CSU San Francisco Public Research Institute.

#3.
Remote Sensing Atmospheric Ammonia using NOAA’s mini-MOPA CO2 Lidar in Central California
Demonstrate the capability to remote sense ammonia with the mini-MOPA lidar laser radar and measure vertical profiles (and/or 3-D distributions) of ambient and source specific ammonia concentrations during a two-week field experiment in SJV in fall 1999.  Cost: $172k (ARB; $50k EIB, $122k RD) plus $134k cost share by National Oceanic and Atmospheric Administration (NOAA).  Contractor: NOAA

#4. 
Create a Statewide Spatially and Temporally Allocated Forest Burning Emissions Inventory Using Consistent Emission Factors
ARB’s present forest burning emission inventory is inadequate for PM2.5 SIP planning and visibility impact assessment.  There are large variations in the source tested emission factors, the activity data applied, and the methods used to estimate forest burning emissions.  This project will coordinate with the air districts, land managers, and ARB staff to produce a consistent, up-to-date emission inventory using current fuel loading land coverages, the most recent emission factor data, consistent methodologies, and temporally and spatially resolved GIS based emission estimates.  Cost: $150k.  Funding approved; seeking contractor.
#5. 
Estimate Unpaved Road Travel VMT Using GIS Land Use Attributes
UC Davis has just completed an exploratory study under contract to ARB to estimate unpaved road miles and VMT based on land-use data.  The results of this study are promising and indicate that our current unpaved road VMT (and emissions) may be overestimated by a factor of five to ten times.  If this is the case, it could significantly affect PM10 and PM2.5 inventories and control strategies.  This study will continue the UCD work to perform addition refinement and ground-truthing of their VMT vs land-use models and to produce spatially allocated unpaved road VMT estimates for the entire state.  Cost: $80k.  Funding approved; follow-on to existing UCD contract.  Phase I report available March 1999.

#6. 
Directly Measured Particulate Matter Produced by Vehicle Travel Over Paved Roads
The existing methods for estimating paved road dust emissions do not provide significant information on the variability of particulate matter emissions based on road type, traffic conditions, vehicle speed, and other factors.  This shortcoming may be partially responsible for the discrepancies between the estimated PM2.5 road dust emissions, which are significant, and the source test and ambient CMB data, which can show insignificant PM2.5 road dust emissions.  With equipment now available, it is possible to instrument individual vehicles and assess the quantity and variability of road dust particulate emissions while vehicles are in operation.  This study will help us to improve our emissions estimates and it will provide information about which specific road types have the highest tendency to produce emissions.  This will allow targeted control strategies for this source category.  Cost:  $140k.  Funding approved; seeking contractor.

Additional PM2.5 BCP Inventory Fund Projects
#7. 
Creating a Statewide Spatially and Temporally Allocated Agricultural Burning Emissions Inventory Using Consistent Emission Factors
ARB’s present agricultural burning emission inventory is an inconsistent compilation that has received little scrutiny over the years.  This project will involve coordination with the air districts to produce a consistent, up-to-date emission inventory.  Agricultural burning is a potentially significant seasonally contributor to PM2.5 emissions.  For this reason, we must update these emission estimates for the state and provide the ability to accurately identify the time and locations of agricultural burning.  Cost: $150k.  Possible FY99-00 funding.

#8. 
Evaluation of Particulate Matter Entrainment, Deposition, and Transport Characteristics of Geologic Dust from Unpaved Roads and Agricultural Land Preparation
The current PM2.5 emission inventory shows a much larger contribution from geologic dust than is observed with CMB modeling.  It is believed that this discrepancy is partially due to the assumption that emissions from a fugitive dust sources are lofted into the atmosphere and undergo substantial transport prior to deposition to other areas.  This study would characterize what quantity of the particulate matter that is removed from the atmosphere near the source by deposition, impaction, or other mechanisms.  It will evaluate how PM2.5 concentrations vary with distance from geologic sources and propose factors to correct for removal mechanisms.  Cost:  $150k.  Funding tentatively approved for FY99-00.

#9. 
Chemical Speciation and Size Distribution Development 
Improve particulate size distribution data and chemical speciation profiles for the most significant sources of PM2.5.  This project will provide complete picture speciation analysis for selected point and area sources.  This speciation approach includes analysis of particulates, volatile and semi-volatile organic species.  Cost: $100-200k/yr.  Possible future funding.

#10.
Surrogates for Spatial Allocation of PM2.5 Emissions 

Using geographic information systems and land use data, develop innovative methods for spatially allocating area source emissions that more accurately reflect the actual emissions.  These improvements will also be used to improve the baseline emission estimates by improving the underlying activity data.  Cost: $150k.  Possible future funding.

#11.
Residential Wood Combustion Emissions Estimation Improvement

Use the most current emission factors and spatially and seasonally resolved activity data to produce an improved residential wood combustion emission inventory.  Cost: $50k.  Possible future funding.

#12.
PM Size Distribution Profiler Development

After a review of available technologies, propose a method for developing continuous PM size distribution profiles that include size fractions from PM10 to PM0.1, and are not limited to discrete size cuts (such as PM10, PM2.5, etc.).  Cost: $60k.  Possible future funding if methods not already available.

#13.
Livestock Activity Data and Factors That Influence Livestock Ammonia Emissions.  

Perform livestock emissions testing for ammonia to complement and enhance existing California research in this area.  In coordination with ARB, work with industry groups and GIS to spatially allocate the livestock types in California.  Also account for temporal variations in emissions based on changes in animal populations and variations in ammonia emission rates due to waste handling practices, environmental influences, and other factors.  Cost: $180k.  Possible future funding.

Mobile Source Division

Substantial additional projects are being performed by MSD using BCP and research funds.  See FY98-99 planned

APPENDIX E:  SUMMARY OF AIR RESOURCES BOARD EMISSIONS RESEARCH PROJECTS – RESEARCH DIVISION 

DRAFT - Nehzat/Research Division 1/29/99

PM Related Emissions Inventory Research Projects

Projects In Progress or Recently Completed
Project Title: TESTING FOR EXHAUST EMISSIONS OF DIESEL POWERED OFF-ROAD ENGINES

Principal Investigator(s): West Virginia University Research Corporation 


Contract Manager: Tony Andreoni (phone no., (916) 324-6021; email: tandreon@arb.ca.gov)

Status: Contracting in progress

Objective: To estimate the emissions produced from diesel powered off-road engines under real world conditions, and determine how the emissions (NOX, CO, CO2, THC, PM10, PM2.5) from these engines change with type of use.  The contractor shall obtain emissions data by testing engines on both steady-state and transient test cycles.  Transient test cycles attempt to represent real-world or actual in-use engine emissions. In addition, data obtained from this project will be incorporated by staff into ARBs new emissions inventory model (called OFFROAD) for off-road mobile sources.
Project Title:  DEMONSTRATION OF A DIESEL-FUEL-BORNE CATALYST SYSTEM AND LOW NOX CONTROL TECHNOLOGY FOR REDUCING PARTICULATE AND NOX EMISSIONS

Principal Investigator(s): Arcadis Geraghty and Miller 

Contract Manager: Tony Andreoni (phone no., (916) 324-6021; email: tandreon@arb.ca.gov)

Status: In progress

Objective: To demonstrate a new system consisting of low-emissions technologies for reducing both oxides of nitrogen (NOx) and particulate matter (PM) emissions from heavy-duty diesel (HDD) engines and to evaluate the effectiveness of the system for meeting future HDD emissions regulations.  The system to be demonstrated consists of a cerium-based diesel fuel additive and a particulate filter, combined with low-NOx engine emissions control technology such as cooled exhaust gas recirculation.  Addition of this technology will assist in reducing NOx emissions and regenerating the particulate filter used for reducing PM.  This system would be demonstrated on vehicles in a small southern California truck fleet.

The contractor will: 1) determine whether this new system affects vehicle performance and efficiency, 2) provide an early indication of the ability of the system to result in extremely low NOx and PM emissions levels, 3) identify and assess potential field failure modes, 4) assess the impact of vehicle duty cycle on particulate filter regeneration performance, 5) collect and analyze vehicle operation and cost data to determine fuel economy, performance, and component reliability and durability, and 6) quantify the emissions benefits of the cerium-based fuel additive and particulate filter system.
Project Title: PHYSICAL AND CHEMICAL CHARACTERISTICS OF ULTRAFINE AND NANOPARTICLE PARTICULATE MATTER EMISSIONS FROM GASOLINE AND DIESEL ON-ROAD MOTOR VEHICLES

Principal Investigator(s):?

Contract Manager: Hector Maldonado (phone no., (916) 323-1508; email: hmaldona@arb.ca.gov)

Status: RSC consideration - April 1999

Objectives: To characterize/measure ultrafine and nanoparticle gasoline and diesel engine PM emissions under ambient conditions - on and adjacent to roadways, and upwind and downwind from points of emission under typical California conditions in the South Coast Air Basin, San Joaquin Valley, Sacramento Valley at selected locations.  Gasoline and diesel vehicle PM emissions will be characterized in terms of size-segregated mass, number concentrations, volume concentrations, surface area, and chemical composition.  Data collected would answer some of the questions regarding public exposure to direct and secondary ICE aerosols.  

Project Title: EVALUATION OF TECHNOLOGY TO SUPPORT A HEAVY-DUTY DIESEL VEHICLE INSPECTION AND MAINTENANCE PROGRAM

Principal Investigator(s): West Virginia University Research Corporation 


Contract Manager: Hector Maldonado (phone no., (916) 323-1508; email: hmaldona@arb.ca.gov)

Status:  Contracting in progress

Objectives: To design and build a portable emissions test system for heavy-duty diesel vehicles.  This system would utilize a particulate matter analyzer with real-time (i.e., 5 to 10 minute duration for sample analysis) read-out capability integrated with BAR97 analyzer that is currently used for smog check testing gasoline-powered vehicles.  The development of such system would allow for periodic testing of heavy-duty vehicles for both NOX and particulate matter.  A complete, validated dynamometer-emissions measuring system is a deliverable for this project.

Project Title: EMISSIONS TESTING OF A LOW-EMITTING TWO-STROKE UTILITY ENGINE.  

Principal Investigator(s): Mr. William Welch, University of California, Riverside 

Contract Manager: Hector Maldonado (phone no., (916) 323-1508; email: hmaldona@arb.ca.gov)

Status: In progress

Objectives:  To test up to six utility engines and provide emission factors for hydrocarbons, carbon monoxide, nitrogen oxides, and particulate matter as they relate to ARB Tier II emissions standards scheduled for implementation in 1999.  In addition, size segregated PM (PM10 and PM2.5) emissions will be collected and reported.  
Project Title:  CHARACTERIZATION OF PARTICULATE EMISSIONS FROM GASOLINE-FUELED VEHICLES.  

Principal Investigator(s): Prof Joseph Norbeck, University of California, Riverside 

Contract Manager: Hector Maldonado (phone no., (916) 323-1508; email: hmaldona@arb.ca.gov)

Status:  Recently Completed 

Objectives:  To collect exhaust emissions data from a fleet of typical in-use light-duty autos, with an emphasis on PM emissions.  The mass emissions data will be used to update the ARBs on-road motor vehicle emission factors model, EMFAC.  Total PM and size-segregated PM emissions (PM10, PM2.5, and PM1.0) were collected for determination of mass, and selected samples were chemically analyzed for organic and elemental carbon, ions, elements, nitrates and sulfates.

Results: This two-phase program was designed to increase our knowledge of PM emissions rates from gasoline-fueled vehicles representative of the modern fleet.  Overall, driving cycle had the most significant effect on PM emissions, with all vehicles technology showing a statistically significant effect of higher PM emissions on the UC than the FTP.  The effect of fuel composition on PM emissions was smaller than the effect of driving cycle and varied between vehicle technologies.  The fuel effect was largest for the non-catalyst vehicle, with RFG producing lower PM emissions than the pre-1992 fuel.  

The data from this study will be used to improve the ARB's particulate matter emissions inventory and for use in future state implementation plans for attainment of the national ambient air quality standard for particulate matter.  
Project Title: IMPACT OF REFORMULATED FUELS ON PARTICLE- AND GAS-PHASE EMISSIONS FROM MOTOR VEHICLES.  

Principal Investigator(s): Prof Rober Harley, University of California, Berkeley.

Contract Manager: Jim Pederson (phone no., (916) 322-7221; email: jrpeders@arb.ca.gov)

Status:  Recently Completed 

Objectives:  To measure gaseous and particulate emissions from in-use motor vehicles operating under specific conditions in the Caldecott Tunnel east of Oakland.  The results will be used, along with those of studies performed in the tunnel in 1994 and 1995, to determine the effects of cleaner burning gasoline on the amounts of ozone and particulate precursors emitted from motor vehicles.

Results: Per unit mass of fuel burned, heavy-duty diesel trucks emit about 25 times more fine particle (PM2.5) mass and 15-20 times the number of fine particles compared to light-duty vehicles.  Results of this study suggest that diesel vehicles in California are responsible for nearly half of NOX emissions and greater than three quarters of exhaust fine particle emissions from on-road motor vehicles.  Diesel trucks were found to be the major source of lower molecular weight PAH, but light-duty gasoline vehicles were found to ba na important source of some higher molecular weight PAH.  Size-resolved measurements were made to determine the distribution of particulate PAH across the ultrafine and accumulation size modes.

An evaluation of actual benefits is needed for determination of the success of the cleaner burning gasoline program.  Better understanding of particulate matter emitted from motor vehicles will provide for more cost-effective programs for reducing exposure to unhealthy levels of PM10 and PM2.5. 

Project Title: REMOTE SENSING ATMOSPHERIC AMMONIA USING NOAAS MINI-MOPA  CO2 LIDAR IN CENTRAL CALIFORNIA

Principal Investigator(s): Dr.Yanzeng Zhao and Dr. R. M. Hardesty, NOAA, Environmental Technology Laboratory 


Contract Manager: Nehzat Motallebi (phone no., (916) 324-1744; email: nmotalle@arb.ca.gov)

Status: Contracting in progress 

Objectives: To demonstrate the capability of the mini-MOPA lidar to remote sense ammonia  during a local test, before being deployed in California, and to measure vertical profiles (or 3-D distributions) of ammonia concentrations during a two-week field experiment in Central California in fall 1999.  This research study will be conducted in two phases.  In Phase I, the investigators will test the performance of the lidar in a one-day experiment at a local site close to an ammonia source, such as a ranch or waste water treatment plant.  Results of the one-day experiment will be reported to ARB, who would review the finding(s) of the Phase I activities and determine whether the proposed technique for measuring 3-D ammonia concentrations is likely to work successfully.  Phase II will commence after ARB gives approval for continuation of project funding.

Project Title: FLUX MEASUREMENTS OF AMMONIA TO ESTIMATE EMISSION FACTORS FOR AREA SOURCES AND OPERATION OF A NOY NETWORK

Principal Investigator(s): Mr. Dennis Fitz, CE-CERT University of California, Riverside


Contract Manager: Ash Lashgari (phone no., (916) 323-1506; email: alashgra@arb.ca.gov)

Status: RSC consideration - April 1999 

Objectives: To demonstrate the capability of a passive denuder for measuring ammonia emission factors, and to evaluate operational issues of chemiluminescence nitrogen species measurements by tests in an environmental chamber.

Livestock and poultry wastes, publicly owned sewage treatment sludge, and application of fertilizer are the dominant sources of ammonia emissions in SoCAB.  In this study, the CE-CERT investigator would use a  sampling method to develop ammonia emission factors for these sources.  Simultaneous with the ammonia measurements, CE-CERT staff would measure nitric acid at four routine SoCAB air quality monitoring network sites. The data from these measurements would be used to estimate the PM2.5 emission inventory in SoCAB

Project Title: CHARACTERIZATION AND CONTROL OF ORGANIC COMPOUNDS EMITTED FROM AIR POLLUTION SOURCES.  

Principal Investigator(s): Prof Glen Cass, California Institute of Technology  

Contract Manager: Randy Pasek (phone no., (916) 324-8496; email: rpasek@arb.ca.gov)

Status: Recently completed

Objectives:  To determine very complete source profiles for the carbonaceous fine fraction of particulate matter from major source categories in the Los Angeles area.

Results: Gas-phase volatile organic compounds, semi-volatile organic compounds and high molecular weight particle-phase organic compounds were quantified on a single compound basis in the emissions from major sources of urban air pollutants.  These sources include catalyst-equipped gasoline-powered motor vehicles, noncatalyst gasoline-powered motor vehicles, medium duty diesel trucks, meat charbroiling, cooking operations that use seed oils, cigarette combustion, and spray coating operations.  Advanced sampling techniques were used to characterize the gas/particle phase distribution of semi-volatile organic compounds in the diluted and cooled exhaust emissions.  The results will be used in a follow-up project to develop PM10 and PM2.5 control strategies for the Los Angeles area.
Project Title: AEROSOL TIME-OF-FLIGHT MASS SPECTROMETRY (ATOFMS) MEASUREMENTS OF INDIVIDUAL AEROSOL PARTICLES IN FIELD STUDIES

Principal Investigator(s): Prof. Prather, Kimberly, University Of California, Riverside

Contract Manager: Tony VanCuren (phone no., (916) 3271511; email: rvancure@arb.ca.gov)

Status: Recently completed

Objective: Using advanced instruments that can measure, in real time, the size, mass, and chemical composition of individual airborne particles, study aerosol dynamics and develop detailed aerosol characterizations at various locations in California.  

Results:  Projects include aerosol trajectory studies in conjunction with the SCOS97-NARSTO, development of signatures for various PM sources, including differentiation between aerosols from gasoline and diesel vehicles, analysis of the temporal (diurnal, seasonal) variation in aerosols ("aerosol climatology") at Riverside, studies of aerosols in the San Joaquin Valley, and studies of aerosol chemistry in ambient air.  To develop size distributions and composition profiles of fine particles emitted by gasoline‑ and diesel‑fueled vehicles, measurements were made in the Caldecott Tunnel in northern California.  The Caldecott Tunnel east of Oakland is uniquely configured with a center bore only open to passenger vehicles and side bores where trucks are shunted.  Thus, the particulate matter concentrations in the center bore are dominated by light‑duty gasoline vehicles, and the aerosol burden in the side bores are primarily due to emissions from heavy‑duty diesel trucks.  During the period November 17 through 21, four experiments were conducted with the ATOFMS and the filter‑based samplers described above.  To aid in data analysis and a carbon balance, the gas‑phase precursors (i.e., CO, CO2, speciated hydrocarbons, speciated carbonyl compounds, semi‑volatile organic species) were sampled.  An aerosol lidar was operated outside the tunnel.  Data were also collected on fleet characteristics (e.g., count, speed, axles) to help in interpreting the results.

The new ATOFMS measurement technology permits sampling and experimentation that was previously prohibitively expensive or too time-consuming to be practical.  Studies planned for this technique will give fundamental insight into the formation of secondary pollutants, which dominate the PM2.5 in Los Angeles and elsewhere, and will advance knowledge regarding interactions between natural aerosols (e.g., sea salt) and human-generated pollutants.

Project Title: MEASUREMENT AND MODELING OF PM10 AND PM2.5 EMISSIONS FROM PAVED ROADS IN CALIFORNIA

Principal Investigator(s): Prof. Venkatram, Akula, University Of California, Riverside

Contract Manager: Tony VanCuren (phone no., (916) 3271511; email: rvancure@arb.ca.gov)

Status:  Recently Completed

Objective:  To develop a paved road emissions model to replace current generic dust loading calculations, and to develop a methodology for compiling statewide paved road PM10 and PM2.5 emissions inventories based on the improved model.

Results:  The investigators found that the equations recommended by the U.S. EPA (and currently used in emissions inventories in California and nationwide) are not physically correct and that their outputs are not well correlated with actual emissions as reported in various published studies.  This poor predictive relationship was also seen in emissions measured for this study along various roadways in the Riverside, California, area.  In addition, the investigators have found that the current methodology used to estimate roadway dust emissions cannot simply be revised or adjusted to generate more reliable emissions estimates.  The investigators recommend that the physical processes controlling paved road dust emission be further studied to identify the underlying factors that control actual roadway emission rates.  It had been hoped that the results of this study could be used to restructure PM10 and PM2.5 emissions inventory procedures to estimate levels of emissions that are more realistic than those now calculated.  However, the study revealed that local variables must be accounted for, and this study was not designed to gather emission data on a large enough sample of roads to identify those variables.  Further research and development are required. 

Project Title: REVEGETATION TECHNIQUES FOR CONTROL OF FUGITIVE DUST IN THE WESTERN MOJAVE DESERT

Principal Investigator(s): Prof. Grantz, David, University Of California, Kearney Ag. Ctr.,  Parlier

Contract Manager: Tony VanCuren (phone no., (916) 3271511; email: rvancure@arb.ca.gov)

Status: In progress

Objective: To identify cost-effective means by which to establish stable vegetative cover on abandoned farmland in the California deserts, and to quantify the emission reductions that would result from revegetation.  This is a continuation of a cooperative project begun in 1994 with the U.S. Soil Conservation Service, the South Coast Air Quality Management District, Southern California Edison, and the University of California.

Results: The main findings of this study were the following: Shrub cover cannot be reliably established from seeding or planting.  Soil disturbance (tilling, etc.) delays shrub establishment. High soil nitrogen levels left over from previous farming were found to favor invasive, undesirable annuals; conversely, low-nutrient soils -- those more like natural desert soils -- resisted non-native species and were hospitable to colonization by native shrubs.  Physical barriers (wind fences, etc.) were shown to be useful short- to intermediate- term controls.  Stabilization of abandoned farmland may require several attempts before an "artificial" plant cover can be established.  Land-use history and soil nutrient and soil mycofloral status were found to influence perennial shrub establishment.  Burning pest species without disturbing the soil was found to promote establishment of native plant cover.  Physical treatments (furrowing, barriers, etc.) can provide immediate, effective dust suppression, but furrowing may be counterproductive if long-term stabilization is the goal.  Dust from abandoned fields has been identified as the cause of episodes of high PM10 with attendant health and nuisance impacts in the Antelope Valley and elsewhere in California.  This research documented the feasibility and effectiveness of several approaches to establishing a stable shrub cover on abandoned farmlands to reduce windblown dust.

Project Title: BIOLOGICAL MARKERS FOR CHARACTERIZATION OF POTENTIAL SOURCES OF SOIL-DERIVED AND GEOLOGICAL FUGITIVE DUST

Principal Investigator(s): Prof. Scow, Kate, University Of California, Davis

Contract Manger: Tony VanCuren (phone no., (916) 3271511; email: vancure@arb.ca.gov)

Status: In progress

Objective:  To explore the use of biochemical markers to distinguish among soil sources of airborne dust and to test these markers in source apportionment for fugitive dust.  The biomarkers tested included phospholipid fatty acids, bulk fatty acids, and microbial DNA.

Results:  This "proof of concept" project successfully demonstrated that the soil biomarkers studied can be readily and repeatably extracted from both bulk soil and dust samples, that these chemical signatures allow discrimination of soils as dust sources by crop type and soil type, and that these techniques can be applied to non-agricultural soils as well (e.g., dirt roads). This research has shown that biological materials associated with particular soil environments (croplands, pasture, vacant urban land, dirt roads, etc.) can be used to pinpoint the sources of soil dust at various monitoring sites.  Research is continuing with a focus on demonstrating biomarker-based source attribution using samples collected by common aerosol sampling methods and employing advanced neural-net source apportionment algorithms.

APPENDIX F:  SUMMARY OF COORDINATING RESEARCH COUNCIL EMISSIONS RESEARCH PROJECTS

SEVENTH CRC ON‑ROAD VEHICLE EMISSIONS WORKSHOP
The Seventh CRC On-Road Vehicle Emissions Workshop was held on April 9-11, 1997,  at the Hyatt Islandia in San Diego, California.  A record number of 176 scientists participated in the  workshop, and 63 papers were presented.  

CRC/DOE Cooperative Research Program

National Renewable Energy Laboratory (NREL) is  cost sharing in collecting exhaust particulate emissions data from light-duty diesel vehicles as a part of CRC Project No. E-24, “Measurement of Exhaust Particulate Matter Emissions from In-Use Light-Duty Motor Vehicles.”   NREL is also supporting a consultant for Project A-15, “Review Panel on the Atmospheric Chemistry of Hydrocarbons,” and the North Front Range Air Quality Study Radiocarbon Analyses (Contemporary vs. Fossil Carbon) study being conducted in Colorado for CRC Project No. A-20.

E‑3
Improved Mobile Source Emissions Inventory
The Remote Sensing Data Base (SAVED) and the Final Report describing the data base have been completed.  Discussions are underway with DRI as to how their remaining task will be completed.

E-5
High Exhaust Emitters Study
Urban/regional ozone is one of the country's most pervasive air quality problems.  Despite more than two decades of massive costly efforts, some 90 urban areas in the U.S. containing some 30% of the U. S. population, still exceed the ozone standard with little immediate prospect for attainment.  Most recently, ambient versus inventory CO/NOx and HC/NOx ratio discrepancies in the Los Angeles basin have indicated that automotive CO and HC emissions are underestimated.  This has raised serious questions regarding the predicted importance of mobile sources toward ozone formation since mobile sources were already seen as the largest contributor to CO and hydrocarbon emissions.

Until we are able to understand why the predicted impact of mobile source emissions is so different from actual, we will not be able to accurately estimate the impact of alternative fuel vehicles in the "real world."  The objective of this study was to identify and characterize field sites for use in obtaining improved measurements of on-road vehicle emissions from typical urban fleets and to make measurements at five sites.  A longer-term objective is to quantify the mobile source contribution of ozone- forming precursors to the urban inventory and develop realistic cost-effective strategies for reducing the emissions from mobile sources.  This will require the acquisition of quantitative data on both high and normal emitting fleet emissions, the capture and repair of high emitting vehicles, and the tracking of emissions from repaired vehicles for extended periods of time.  The data obtained in these studies was compared to existing remote sensing, IM240, and FTP information and to MOBILE and EMFAC predictions.  Desert Research Institute conducted this  study which was funded by the CRC, National Renewable Energy Laboratory, South Coast Air Quality Management District, and the Southern Oxidant Study. 
A Final Report documenting the study has been published. 

E-6
Combustion Chamber Deposits
CRC selected Automotive Testing Laboratories (ATL) to study the effect of combustion chamber deposits on emissions. The goal is to run a program that will show the shape of the curve relating emissions to deposit level.  Investigators examined seven vehicles from each of the four models.    ATL drove the vehicles 15,000 miles using an industry-accepted cycle.  They ran emission tests after they removed intake valve deposits, and after they removed combustion chamber deposits.  In this way, they hope to separate the effects of deposits on intake valves from the effect of combustion chamber deposits.

ATL completed  the testing at the end of October 1996.  ATL transmitted data to the CRC Data Analysis Panel who has examined the data in detail.  Amoco made Dr. Eric Ziegel available and Dr. Richard Gunst, a CRC consultant, assisted in the analysis.  The panel has not completed their  analysis, but they have reported to the full Emissions Committee who has agreed to release the vehicles used in the first phase.  The Emissions Committee will consider additional programs to answer remaining questions, but they will not simply repeat the Phase I experiment with the same cars and fuels.  

The CRC Performance Committee is running a parallel program to look at engine dynamometer and test parameters.  This will allow industry to develop an engine dynamometer test if the Board decides that industry needs the tests.

E-7   Sulfur Effects on On-Board Diagnostic Systems
General Motors (GM) tested candidate catalysts in a laboratory reactor to assess how exposure to fuel sulfur levels ranging from 40 ppm to 1000 ppm effects oxygen storage capacity.  A second contractor, AIR, used this information to estimate the effect different cut-point levels have on air quality.

Southwest Research Institute (SwRI)  aged each catalyst on an engine dynamometer and supplied them to GM.  Manufacturers provided five catalyst systems.  These were aged on low sulfur fuel to simulate low and high mileage aging, and were oven-aged to simulate aging to the OBDII failure threshold level.

GM took representative samples from each of the catalyst systems, and tested them to evaluate the effect of different sulfur concentrations on conversion performance and oxygen storage capacity.  Investigators evaluated catalyst performance using an air/fuel scan test.  These tests used different concentrations of 40, 80, 300, 600, and 1000 ppm.  They also evaluated the catalysts for their oxygen storage capacity using two different measurement techniques.

Final Reports documenting the AIR and GM Laboratory Reactor Study of Fuel Sulfur on Advanced Catalyst Systems have been published

Groups under the Emissions Committee are working to initiate other projects in the sulfur area.

One group is looking for novel ways to measure catalyst efficiency.  They issued an RFP to solicit ideas and received one response.  They have evaluated that proposal and decided to reissue a Request for Proposals for proposals with a more detailed program plan.

Another group is interested in sulfur-tolerant catalysts has solicited ideas from the catalyst manufacturers and have tentative commitments from three manufacturers.  If they make such catalysts available, the group plans to test them to compare their sulfur tolerance to existing systems.

A third group is interested in novel ways to manufacture low sulfur gasoline.  They are collating ideas expressed during the CRC Workshop held in the Fall, 1996.  The Emissions Committee will review the ideas and recommend research that has promise.  This group is also planning to oversee research on biodesulfurization.  The DOE is interested in biodesulfurization and wants to work with industry through the CRC.  CRC has convened a panel of experts who will review the field and recommend fruitful areas of research.

E-9
 Measurement of Diurnal Evaporative Emissions from In-Use Vehicles

Evaporative emissions from motor vehicles are believed to be a significant fraction of the total mobile source HC emissions at high ambient temperatures.  However, the actual contribution of evaporative emissions to the inventory or the specific source of those emissions remains highly uncertain.  The Auto/Oil hot soak pilot study (SAE 951007) provided information about the magnitude of in-use hot soak emissions, the sources of the emissions from high emitter vehicles, the effectiveness of the purge/pressure test, and the effectiveness of repairs to the evaporative system.  This project seeks to obtain similar information regarding in-use diurnal emissions.

The objectives of this project are to:

· Obtain the frequency of high diurnal evaporative emission vehicles in the in-use fleet

· Obtain the diurnal evaporative mass emission rates

· Obtain information on the sources of the emissions

· Evaluate the effectiveness of the purge/pressure test

· Evaluate the effectiveness of repair, and 

· Compare the results to the predictions of the MOBILE vehicle emission factor model.

The Real World Vehicle Emissions and Emissions Modeling Group selected Automotive Testing Laboratories (ATL) to conduct the program.  Following detailed discussions with the Environmental Protection Agency in Ann Arbor, a test program was developed emphasizing cars and light-duty trucks.  The program complements EPA research efforts.  Testing has been completed and data analysis is underway.  Study results should be available in time to impact the MOBILE6 model development. 

E-23 
Remote Sensing Measurement of Real-World High-Exhaust Emitters
Investigators have used remote sensing of on-road emissions to find the fraction of vehicles that are high hydrocarbon and carbon monoxide emitters.  They have consistently shown that a small fraction of on-road cars contributes most of the mobile emissions.

There is, however, little information from one site over a period of years.  CRC is interested in long-term monitoring at one site to examine the influence of new technology, use of enhanced inspection/maintenance programs, and the use of onboard diagnostic systems.

Consequently, CRC recently issued a request for proposals to establish sites that can be used over a period of several years.  CRC is now arranging for cooperative efforts with states and other agencies.   The plan calls for collecting information on about 20,000 vehicles each year at each site.  Investigators will make measurements during the same time of year over a five-year period.  

A meeting of all potential and committed organizations was held at the Seventh CRC On-Road Vehicle Emissions Workshop to discuss and develop detailed program plans.

E-24
Measurement of Primary Particulate Emissions from Light-Duty Motor Vehicles  
EPA’s review of the National Ambient Air Quality Standards (NAAQS) for particulate matter (PM)  though not yet complete, opens concern as to whether the existing mobile-source inventory for particulate matter is acceptably accurate.  Recent studies of primary particulate emissions from light-duty motor vehicles indicate that some vehicles, notably those that emit visible smoke, may produce PM at rates that are substantially higher than currently assumed.  While several research projects currently underway are aimed at better defining the contribution of heavy-duty vehicle emissions and atmospheric formation of aerosols to total mobile source PM, no recent studies provide data adequate to accurately assess the contribution of  in-use light-duty vehicles to the primary or total PM inventory.

This project will measure emissions of  primary particulate matter from a large sample of the in-use light-duty motor vehicle fleet. Investigators will determine the size distribution with special emphasis on the fractions that are below 2.5 and 10 µm aerodynamic diameters.  They will characterize the chemical composition of the measured particulate. 

Three studies will be conducted under this program:

· A 190 light-duty vehicle study to be conducted by General Motors (GM), Colorado State University (CSU), Colorado Department of Public Health and Environment (CDPHE), and the U.S. Environmental Protection Agency (EPA), and Total Petroleum as part of the Northern Front Range Air Quality Study (NFRAQS);

· A 100-car study at the Center for Environmental Research and Technology (CE-CERT); and

· A 60-car study at Southwest Research Institute (SwRI).

E-24-1  Measurement of Exhaust Particulate Matter Emissions from In-Use Light-Duty 

 Motor Vehicles in Denver, Colorado Area

This project, being conducted with in-kind support from GM, CSU, CDPHE, and EPA and Total Petroleum, will measure PM10 mass emission rates from 120 in-use vehicles recruited in summer, 1996 and 70 vehicles recruited in the winter.  Investigators will test the vehicles using the Federal Test Procedure (FTP).  They will measure winter PM10 emission rates at two ambient temperatures.  Composition of the particles will be measured and the size distribution will be obtained from a subset of tests.  They will compare results to PART5 model predictions. The NFRAQS contractor will use particulate matter composition to do a source apportionment of the ambient PM10. This past Fall, the testing of ten light-duty diesel vehicles for particulate emissions was added to the study.  

All emission tests have been completed and data analysis is underway.

E-24-2 &      Measurement of Primary Particulate Matter Emissions from 

E-24-3          Light-Duty Motor Vehicles

CE-CERT will measure PM10 mass emission rates from 100 in-use vehicles tested on the FTP.  The South Coast Air Quality Management District is cooperatively funding this study as part of a National Cooperative Highway Research Program being conducted by CE-CERT.  

CE-CERT will determine the size distribution fractions below 2.5 and 10 microns for all vehicles and the chemical composition for a subset of these vehicles which include organic and elemental carbon fractions, analysis for metal inorganic ions, and speciation of the organic fraction of the particulate.  They also will obtain particulate counts and size distributions for ten vehicles.  The data will be compared to the inventory estimates calculated by EPA and CARB emission inventory models.  Nineteen light-duty diesel vehicles were recently added to the program.  NREL and CRC shared in the cost of adding these vehicles.  

CE-CERT successfully  completed a particulate sampling and analysis correlation exercise with SwRI.  In this part of the study, investigators tested three vehicles, including a high emitter and a current technology low emitter.  The correlation vehicles were tested in triplicate on the FTP.

SwRI is testing 60 light-duty vehicles for particulate emissions.  They are determining particle size distribution and particle count for six vehicles and gaseous emissions and total particulate for all vehicles.  The Texas Natural Resource Conservation Commission is cooperatively funding  the SwRI study with CRC.

Eight light-duty diesel vehicles have been added to the SwRI study.  NREL and CRC are sharing  in the cost of adding the light-duty diesel vehicles to the study.

E-27
Impact of Phase 2 RFG On In-Use Vehicle Emissions

The South Coast Air Quality Management District (SCAQMD) and CRC are cooperatively funding this program for Desert Research Institute to assess the impact of Phase 2 reformulated fuel on mobile source emissions of NMHCs, CO, and NOx. 

  The objectives of the study are to:

· Perform an experiment during the summer of 1996 at the Sepulveda Tunnel designed to provide automotive emission rates of O3 precursors - NOX and NMHCs, along with CO;

· Compare real-world CO, NMHC, NOx automotive emission rates with EMFAC7G, California’s automotive emission model;

· Compare the results of this work with those of the 1995 Sepulveda study to assess the impact of Phase 2 reformulated fuel on emissions;

· Determine C1 to C12 hydrocarbon emission factors for use in calculating the ozone forming potential of mobile source emissions and comparing these with the 1995 results to assess the impact of Phase 2 reformulated fuels on the ozone-forming potential;

· Determine aldehyde emission factors for use in assessing the impact of reformulated fuels on aldehyde emissions; and

· Measure PM2.5 and PM10 emission factors from mobile sources in order to assess the 

Contribution to particulate loadings.

Most of the data analysis has been completed.  A draft Final Report that does not include the speciation data, is being reviewed by the Real World Vehicle Emissions and Emissions Modeling Group.  All the chemistry work should be completed within the next two months of 1997.

E-28
Evaporative Emissions: Open Path Optical Sensing
Investigators believe evaporative emissions from motor vehicles are a significant fraction of the total mobile source HC emissions at high ambient temperatures.  However, the actual contribution of evaporative emissions to the inventory and their specific sources remain highly uncertain.  The Modeling Working Group of  the EPA Technical Advisory Committee gave high priority to improving the understanding of diurnal evaporative emissions and how those emissions are modeled by the emissions factor models.

This project will use a long path, optical sensing to measure the flux of hydrocarbons from a fleet of vehicles in a parking lot.  The use of a long path, optical sensing to measure evaporatives from in-use vehicles has not been attempted before. To examine this concept further, the Annual Air and Waste Management Association held a workshop with optical sensing experts at a meeting in Dallas in November 1996.  Due to budget limitations, this project will most likely initiate a field program early in 1998.

E-34
NARSTO - Critical Review of Mobile Source Emissions Modeling
The EPA is spearheading new research under the NARSTO program.  As a part of that effort, in which government, industry, university, and independent research organizations cooperate, they are commissioning several critical review papers.

CRC is cooperating by supporting the critical review paper on mobile source emissions and the modeling of such emissions.  CRC has engaged Dr. William Pierson of Desert Research Institute and Dr. Robert Sawyer for this effort.

E-35
Measurement of Running Loss Emissions From In-Use Vehicles
Investigators know that evaporative emissions represent a significant fraction of total mobile emissions at higher temperatures.  They categorize evaporative emissions as diurnal emissions that vary with the ambient temperature cycle for at-rest vehicles, evaporative emissions that result from faulty control systems, and running loss emissions that occur during vehicle operation.  In this study, investigators will examine the running loss component because it is the least understood part of evaporative emissions.  Industry and the regulators will use results to improve the mobile emission models.

CRC solicited proposals to examine in-use vehicles.  Automotive Testing Laboratories was selected to examine 50 vehicles, from 3 different categories running from late 1970 to recent vehicles.  In each group, investigators will examine cars and light-duty trucks.  They will test the randomly-selected vehicles in a running loss SHED on the 7.5 mile, 23 minute LA4 cycle.

E-36
Evaluation of Remote Sensing of NO Exhaust Emissions from Light-Duty Vehicles

Investigators have used remote sensing to examine emissions from on-road vehicles.  They have shown that the vehicles that emit high amounts of hydrocarbon and carbon monoxide represent a small fraction of the on-road vehicles.  Also, the highest contributions to emissions are from vehicles that are 7 to 11 years old.

Data are available for hydrocarbons and carbon monoxide because the remote sensing technology was first developed for these pollutants.  A number of organizations have now developed the technology for measuring NO in the exhaust, and the use of these instruments will increase.  Thus, evaluating the instruments to determine their accuracy is important.

This study, which is expected to begin in mid-1997, will make a side-by-side comparison on the available instruments.  Investigators will compare the measurements to the amount of NO emitted from a specially-instrumented vehicle that can monitor its emissions.  This study will also assess the usefulness of the measurements.  Radian has been selected to conduct the study.  The South Coast Air Quality Management District has agreed to co-fund the program.

E-37
Effect of Air Conditioning on Regulated Emissions for In-Use Vehicles
EPA is requiring an additional emission test that includes cycles with the air conditioning on.  Past studies have shown that testing with the air conditioning on will have small effects on hydrocarbon and carbon monoxide emissions, but it will affect NOx emissions.  The NOx emissions inventory has been considered relatively well known.  When hydrocarbon and carbon monoxide inventory estimates are compared, they are usually done based on the HC/NOx and the CO/NOx ratios.  Thus, knowing the NOx levels accurately is important.

In this study, investigators will characterize the effect of air conditioning on the emissions from current, light-duty vehicles.  The data will be used to modify the current emission factor models and to assess their accuracy.  The Clean Air Vehicle Technology Center has been selected to conduct the study.  Budget limitations may result in the study not being initiated until 1998.

E-39
Analysis of the EMFAC7G Model
The authorities in California use the EMFAC series of models to estimate the emissions from mobile sources.  EMFAC7G is the latest in this series. There has been little review of the model by outside organizations.  The contractor for this study will review both the methodology used and the underlying data bases.  Also, the contractor will estimate the statistical uncertainty in the emissions factor calculated by the model.

CRC issued a request for proposals for this study, and received 4 proposals.  ENVIRON has been selected to conduct the study.

 VE‑8
   Remote Sensing of On‑Road Vehicle Emissions
Unisearch Associates will demonstrate the concept using a tunable diode laser to remotely measure exhaust gas temperatures in CO, CO2, and NO exhaust emissions from automobiles operating on‑road.  CRC and the National Renewable Energy Laboratory are jointly funding this research program in which the instrument will be developed and validated.  Unisearch has not been able to procure a satisfactory laser for measuring NO.  Numerous lasers have been tried without success.  Several new lasers are now being tested.  

A manuscript documenting the first-phase of this program has been published in a peer review journal.  

VE‑11
   In‑Use Vehicle Emission Studies
DRI conducted an "Assessment of Non‑Tailpipe Hydro​carbon Emissions from Mobile Sources."  The study was jointly sponsored by CRC and the Southern Oxidant Study.  Purpose of the study was to assemble the fragmen​tary, disparate, and unpublished data on non‑tailpipe hydrocarbon emissions from mobile sources, and to analyze the data for completeness, representativeness, accuracy, precision, and validity.  A Final Report documenting the study has been published.  Publication of the Final Report concludes the project.

A-18
Contribution of Vehicle Emissions to Ambient Carbonaceous Particulate Matter
The objective of this project is to summarize all relevant information on the contribution of motor vehicle emissions to ambient levels of carbonaceous PM10 and PM2.5 under various conditions in urban areas.  Investigators will consider the contribution of light-, medium-, and heavy-duty vehicles to both primary and secondary PM and compare them to the contributions of other sources such as biogenic, stationary, and area sources.  They will assess the uncertainties in these estimates, and identify necessary information to reduce these uncertainties.

CRC selected Dr. Glen Cass, Consultant, and Air Improvement Resources (AIR) to conduct the  studies.  Each contractor will complete a thorough literature survey to gain an understanding of mobile source contributions to carbonaceous ambient PM10 and PM2.5.  If possible, they will obtain unpublished sources from government and industry laboratories.  They will assess these contributions independently on the basis of vehicle type (light, medium, and heavy duty), and fuel type (gasoline or diesel).  Also, they will assess emissions from on-road vehicles, off-road vehicles, and area sources (lawn mowers, leaf blowers, etc.).  In all cases, both primary and secondary PM will be considered where:

· Primary PM includes exhaust, tire wear, and brake wear material.

· Secondary PM consists of photochemically reacted volatile organic compounds (VOC’s).

Because the contributions are expected to vary spatially and temporally, Dr. Cass will conduct a study of the California South Coast Air Basin, and AIR will conduct a study in Philadelphia and the California South Coast Air Basin.  They are using different methodology to conduct the assessments.  CRC is interested in learning how using different methodologies in independent studies may differ.

AIR has completed a draft Final Report. The report has been reviewed by the committee and comments provided to AIR for their consideration.

April 1997

APPENDIX G:  Proposed Hardware and Software Needs

CRPAQS Core Work Elements:

1. Planning, Coordination and Information Tracking.

2. ‘Raw’ Air Quality, Meteorological and Emissions Data Collection (e.g. Field Study).

3. Post Field Study Data Processing (Formatting and QA).

4. Post Field Study Data Analysis.

5. Presentation of Field Study Results.

6. Modeling.

7. Modeling Results Data Analysis.

8. Presentation of Modeling Results.

Proposed Software & Hardware:

Priority
Item
Work Element
Cost







CONTINGENCY FUNDS:



1
Contingency for Replacement of SARMAP Disk Storage 

($10,455.57 remaining in current account; need $15k)
ALL
$  5,000

2
Contingency for Service of Existing Workstations 
ALL
$ 15,000







COMPUTER CPU:



1
PC for PC-based Testing of Emissions Models

  PC-Based SAS (annual fee)

  PC FORTRAN Compiler (one-time fee)

  Interix UNIX Software (one-time fee)
1,6-8
$  7,000

$    800

$    900

$    600

2
PC for PC-based Testing of Photochemical Models
1,6-8
$  7,000







DATA STORAGE AND BACKUP:



1
Hard Disk for Aerosol Modeling Test Runs
1,6-8
$  3,000

1
Backup Device for Aerosol Model Test Runs
1,6-8
$  1,500

1
Portable PC File Backup and Transport (2 Devices + Media)
1-8
$    800







OTHER COMPUTER PERIPHERALS:



1
PostScript Color Printer (11X17 capapable)
1-8
$ 1,100

2
VCR for Data Visualization and Presentations
3-8
$   300







SOFTWARE:



1
Arc/View w/ Spatial Analyst Extension, Street Map and Arc/Press (Single Node Network License)
1,4-8
$  5,000

2
Map/INFO (needed for compatibility)
1,4-8
$  1,300

1
Software for Field Study Data Management, Analysis           and Distribution
1-5
$  1,000

1
Adobe Acrobat
1,5,8
$    300

2
Standardized, Scientific Batch Plotting Application
3-8
$  2,000







Sub-Total Priority 1

$ 27,000


Sub-Total Priority 2

$ 25,600


Total New Funds Proposed

$ 52,600
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		Table 3-1.  Examples of Organic Compounds Found in Different Emission Sources and in Ambient Air

										Ambient Concentrations (ng/m3)

						Particle-Gas Phase				measured in January 1997

		Species		Predominant Sources		Distribution				in Denver, CO

		PAH, for example								mean		maximum		minimum

		naphthalene		Motor vehicles, wood smoke		Gas Phase				274.76		2071.77		0.00

		methylnaphthalenes		Motor vehicles, wood smoke		Gas Phase				107.38		1057.13		0.00

		dimethylnaphthalenes		Motor vehicles, wood smoke		Gas Phase				104.46		773.50		0.00

		biphenyl		Motor vehicles, wood smoke		Gas Phase				22.07		95.94		0.00

		acenaphthylene		Motor vehicles, wood smoke		Gas Phase				6.78		41.24		0.00

		acenaphthene		Motor vehicles, wood smoke		Gas Phase				9.90		81.00		0.03

		fluorene		Motor vehicles, wood smoke		Gas Phase				10.33		60.83		0.00

		phenanthrene		Motor vehicles, wood smoke		Particle-Gas Phase				19.31		97.21		0.00

		anthracene		Motor vehicles, wood smoke		Particle-Gas Phase				1.98		11.62		0.00

		fluoranthene		Motor vehicles, wood smoke		Particle-Gas Phase				3.098		13.695		0.00

		pyrene		Motor vehicles, wood smoke		Particle-Gas Phase				3.597		17.263		0.00

		retene		Wood smoke -softwood		Particle-Gas Phase				0.124		1.04		0.00

		benzo[b]naphtho[2,1]thiophene		Motor vehicles		Particle Phase				0.067		0.309		0.00

		benz[a]anthracene		Motor vehicles, wood smoke		Particle Phase				0.629		2.916		0.00

		chrysene		Motor vehicles, wood smoke		Particle Phase				0.454		1.772		0.00

		benzo[b+j+k]fluoranthene		Motor vehicles, wood smoke		Particle Phase				0.389		2.689		0.00

		benzo[e]pyrene		Motor vehicles, wood smoke		Particle Phase				0.302		1.565		0.00

		benzo[a]pyrene		Motor vehicles, wood smoke		Particle Phase				0.253		1.48		0.00

		indene[123-cd]pyrene		Motor vehicles, wood smoke		Particle Phase				0.222		1.152		0.00

		dibenzo[ah+ac]anthracene		Motor vehicles, wood smoke		Particle Phase				0.029		0.266		0.00

		benzo[ghi]perylene		Motor vehicles, wood smoke		Particle Phase				0.496		2.794		0.00

		coronene		Motor vehicles, wood smoke		Particle Phase				0.351		1.624		0.04

		Hopanes and Sterenes

		Cholestanes		Motor vehicles		Particle Phase				0.31		5.8		0.00

		Trisnorhopanes		Motor vehicles		Particle Phase				0.12		0.49		0.00

		Norhopanes		Motor vehicles		Particle Phase				0.33		1.5		0.00

		Hopanes		Motor vehicles		Particle Phase				0.25		1.9		0.00

		Guaiacols, for example

		4-methylguaiacol		Wood smoke		Gas Phase				1.24		20.28		0.00

		4-allylguaiacol		Wood smoke		Particle-Gas Phase				0.32		7.16		0.00

		isouegenol		Wood smoke		Particle-Gas Phase				17.45		114.73		0.00

		Acetovanillone		Wood smoke		Particle Phase				0.425		9.87		0.00

		Syringols, for example

		Syringol		Wood smoke, mostly hardwood		Particle-Gas Phase				0.14		5.42		0.00

		4-methylsyringol		Wood smoke, mostly hardwood		Particle-Gas Phase				0.36		5.52		0.00

		Syringaldehyde		Wood smoke, mostly hardwood		Particle Phase				16.17		156.76		0.00

		Lactons, for example

		Caprolactone		Meat cooking		Gas Phase				2.78		33.82		0.00

		Decanolactone		Meat cooking		Particle-Gas Phase				2.06		12.95		0.00

		Undecanoic-G-Lactone		Meat cooking		Particle-Gas Phase				0.75		4.61		0.00

		Sterols, for example

		Cholesterol		Meat cooking		Particle Phase				0.00		0.00		0.00

		Sitosterol		Meat cooking, wood smoke		Particle Phase				0.00		0.00		0.00
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