Attachment H:  Petroleum Marketing

This attachment discusses the emissions sources listed below, which are associated with storage and transportation of petroleum products and natural gas.  For the purposes of this memorandum, bulk storage and transfer of aviation fuels are assigned to the category, “bulk storage and transfer (unspecified).”

Description
EIC Code
CES Number
Bulk plants/terminals - breathing losses
33038211000000 
46466

Bulk plants/terminals  working losses
33038411000000 
46474

Tank cars and trucks  working losses
33039011000000 
46482

Bulk storage and transfer (unspecified)
33099511000000 
82248

Natural gas transmission pipelines
33031801100000
58685

Bulk Storage and Transfer

Bulk facilities store and transfer petroleum products for distribution to retail gasoline outlets or for use by large-scale consumers (such as air, rail, or ship refuelers; or operators of large fleets).  Table 1 lists estimated annual average stocks of petroleum products held at bulk plants and terminals in California and average sales by prime suppliers in California for the year 2000 (estimated error within (15%).

Table 1.   Estimated annual average stocks held and average monthly sales of 

petroleum products in California for the year 2000.

	Product Type
	Stocks

(1000 bbl(yr)
	Sales

(1000 gal/mo)

	Finished Motor Gasoline 
	 7,556 
	1,233,000

	Distillate Fuel Oil 
	 2,521 
	 259,010 

	Liquefied Petroleum Gases 
	 354 
	 42,720 

	Kerosene-Type Jet Fuel 
	 2,107 
	 264,072 

	Residual Fuel Oil 
	 1,431 
	 86,177 

	Other Hydrocarbons/Hydrogen/Oxygenates 
	 200 
	 -   

	Lubricants  
	 480 
	 13,966 

	Asphalt and Road Oil 
	 304 
	 36,358 

	Motor Gasoline Blending Components 
	 363 
	 -   

	Finished Aviation Gasoline 
	 96 
	 1,664 

	Miscellaneous Products 
	 81 
	 3,829 

	Kerosene   
	 96 
	 1,733 

	Pentanes Plus 
	 20 
	 5,728 


1 barrel (bbl) = 42 gallons (gal)

The elements of information and assumptions listed below were used to estimate the annual average distribution of petroleum products stocked by bulk terminals alone in California for 1997.  Growth in California’s total petroleum stocks from 1997 to 2000 was estimated from the relative ratio of 1997 to 2000 stocks held by bulk terminals in PAD District V (EIA, 1998a; EIA, 2001a).

The Energy Information Administration (EIA) routinely tracks the following statistics.

· Stocks of petroleum products held separately by (1) refineries, (2) natural gas plants, and (3) bulk terminals in Petroleum Administration for Defense (PAD) District V in 1997 (EIA, 1998a)

· Total combined stocks of selected petroleum products held in 1997 by bulk terminals, refineries, and natural gas plants in California in 1997 (EIA, 1998a)

· 1997 California prime supplier sales of jet fuel and aviation gasoline (EIA, 1998b)

The following assumptions were made.

· The relative distribution of petroleum stocks among bulk terminals, refineries, and natural gas plants in California is similar to that in PAD District V.

· California’s shares of PAD District V’s total combined petroleum stocks are similar to California’s shares of PAD District V’s bulk terminal stocks for those petroleum products that were reported (motor gasoline, kerosene, total distillate, residual, propane/propylene).

· California’s shares of PAD District V sales are similar to the California’s shares of PAD District V bulk terminal stocks for other petroleum products (kerosene-type jet fuel and finished aviation gasoline).

An interpolation method was used to estimate stocks of products that could not be estimated otherwise due to lack of data (other hydrocarbons/hydrogen/oxygenates, lubricants, asphalt and road oil, motor gasoline blending components, finished aviation gasoline, miscellaneous products, kerosene, pentanes plus, naphtha-type jet fuel, special naphthas).  California’s shares of PAD District V bulk terminal stocks were interpolated from the known distribution of PAD District V bulk terminal stocks and the estimated distribution of California bulk terminal stocks.

The following elements of information and assumptions were used to estimate quantities of petroleum products stocked by bulk plants in California in 1997. 

· The EIA documents US prices of petroleum products sold in 1997 (EIA, 1998c).

· The US Census Bureau reports the value of stocks held by bulk terminals in California and the value of stocks held by bulk plants in California (US Census Bureau, 2000)

· It was assumed that bulk plants stock petroleum products in the same distribution as do bulk terminals.

The following elements of information and assumptions were used to estimate the sales of petroleum products by bulk plants and terminals in California in 2000.

The EIA and the California Board of Equalization routinely track the following statistics.

· Taxable sales of gasoline in California (Board of Equalization, 2001).
· Year-2000 sales of selected petroleum products by California prime suppliers (EIA, 2001b). 

· Year-2000 sales of petroleum products by PAD District V prime suppliers (EIA, 2001a).

The following assumptions were made.

· Product sales that are unreported for California can be interpolated from the reported distribution of product sales for PAD District V.

· Bulk plants sell the same distribution of petroleum products as bulk terminals.

· The California Board of Equalization publishes a more representative figure for gasoline throughput at bulk plants and terminals.  The Board of Equalization data represent all sales of gasoline.  However, the EIA excludes sales by prime suppliers to other prime suppliers and traders.

The following elements of information and assumptions were used to estimate quantities of petroleum products transported to bulk plants and stations via truck or train (see Table 2).

· The US Census Bureau reports the numbers of bulk terminals and bulk stations in California according to the transportation modes by which they receive petroleum products (truck, railcar, pipeline, barge, and tanker) (US Census Bureau, 2001a).

· It was assumed that the quantities of products transported to bulk stations/terminals via a transportation mode are proportional to the numbers of bulk stations/terminals that receive products via that mode.  (Most likely, this leads to an underestimate of the quantity transported via pipeline and an overestimate of the quantities transported via truck or railcar.)

Table 2.   Estimated quantities of petroleum products shipped to bulk terminals and stations in

California during the year 2000 according to the mode of transportation.

	
	Quantity Shipped by Mode of Transportation (1000 gal/mo)

	Product Type
	Truck
	Railcar
	Pipeline
	Barge
	Tanker
	All

	Finished Motor Gasoline
	315,083
	3,734
	661,275
	23,217
	61,912
	1,233,000

	Distillate Fuel Oil 
	76,613
	908
	160,790
	5,645
	15,054
	259,010

	Liquefied Petroleum Gases 
	12,636
	150
	26,520
	931
	2,483
	42,720

	Kerosene-Type Jet Fuel
	78,110
	926
	163,932
	5,756
	15,348
	264,072

	Residual Fuel Oil 
	25,490
	302
	53,498
	1,878
	5,009
	86,177

	Other Hydrocarbons/Hydrogen/Oxygenates 
	0
	0
	0
	0
	0
	0

	Lubricants  
	4,131
	49
	8,670
	304
	812
	13,966

	Asphalt and Road Oil 
	10,754
	127
	22,570
	792
	2,113
	36,358

	Motor Gasoline Blending Components 
	0
	0
	0
	0
	0
	0

	Finished Aviation Gasoline
	492
	6
	1,033
	36
	97
	1,664

	Miscellaneous Products
	1,132
	13
	2,377
	83
	223
	3,829

	Kerosene   
	513
	6
	1,076
	38
	101
	1,733

	Pentanes Plus 
	1,694
	20
	3,556
	125
	333
	5,728


Emissions

Emission factors were selected from guidance documents of the EPA and the Emission Inventory Improvement Program (EPA, 1995; EIIP, 2001) (see Table 3).  For jet fuel, emission factors were unavailable for truck transit.  However, jet fuel emission factors were available for tanker transit, loading, and refinery storage (see Table 4).  On average, these tanker emission factors were about 3.4 smaller than the corresponding tanker emission factors for gasoline.  Therefore, the truck transit emission factors for jet fuel were estimated by dividing the truck transit emission factors for gasoline by a factor of 3.4 (i.e., 0.005 ( 3.4 = 0.0015 VOC per 1000 gal transferred).  No emission factors were available for petroleum products unlisted in Table 3.

Table 3.   Emission factors for transfer and storage of petroleum products.

	
	Emission Factors by Process Type

(Range is shown in parenthesis)

	Product Type
	Tank Breathing Losses

(lb VOC per 1000 gal·year storage)
	Tank Working Losses

(lb VOC per 1000 gal transferred)
	Truck/Railcar Loading

(lb VOC per 1000 gal transferred)
	Truck Transit – Full

(lb VOC per 1000 gal transferred)
	Truck Transit – Empty

(lb VOC per 1000 gal transferred)

	Finished Motor Gasoline (RVP = 7)
	16.5
	5.7
	8.2

(4 to 12.4)
	0.005
	0.055

	Distillate Fuel Oil  
	0.035

(0.29 to 0.4)
	0.02
	0.022

(0.014 to 0.03)
	0
	0

	Kerosene-Type Jet Fuel
	0.3
	0.03
	0.028

(0.016 to 0.040)
	0.0015a
	0.016

	Residual Fuel Oil
	0
	0
	0.0002 

(0.0001 to 0.0003)
	0
	0

	Kerosene   
	0.44
	0
	0.017
	0
	0


aRoughly estimated from the information listed in Table 4.
Table 4.   Ratio comparisons of all available emission factors for transfer and storage of motor gasoline and jet fuel.

	Product Type
	Tanker/Ship/Barge Loading–Lowest Emission Factor)

(lb VOC per 1000 gal transferred)
	Tanker/Ship/Barge Loading–Highest Emission Factor)

(lb VOC per 1000 gal transferred)
	Tanker Transit

(lb VOC per 1000 gal transferred)
	Storage at refineries

(lb VOC per 1000 gal·year storage)
	Transfer at refineries

(lb VOC per 1000 gal transferred)

	Finished Motor Gasoline (RVP = 7)
	0.7
	3.9
	140.4
	30.5
	16.5

	Kerosene-Type Jet Fuel
	0.5
	1.2
	57
	8.8
	2.5

	Ratio of Gasoline Emission Factor to Jet Fuel Emission Factor
	1.4
	3.3
	2.5
	3.5
	6.6

	Average Ratio:
	3.4


Table 4 illustrates the scheme that was used to pair emission factors from Table 3 with activity parameters from Tables 1 and 2.  In addition, Table 4 lists spatial surrogates that were used to disaggregate emissions to the county level.  Following are example calculations to estimate emissions due to storage and transfer of gasoline alone in California.  Tables 5 through 7 list the results of similar calculations carried out and summed for all types of petroleum products.  For CCOSII counties that are split between air basins, emissions should be disaggregated to air basins according to the distribution of petroleum wholesalers.
For gasoline, storage tank breathing losses are calculated from the average quantity of gasoline stored at bulk plants and terminals in California.  In year 2000 on average, 7556 thousand barrels of gasoline were held in storage at any point during the year.

7556 thousand bbl·yr ( 42 gal/bbl (16.5 lb VOC/thousand gal·yr ( ton/2000 

= 2,600 tons VOC of gasoline storage tank breathing losses

Storage tank working losses and tank car/truck loading losses are calculated from the average quantity of gasoline sold by prime suppliers in California.  On average during 2000, 1,233,000 thousand gallons of gasoline were sold per month.

1,233,000 thousand gal/mo ( 12 mo/yr ( 5.7 lb VOC/thousand gal ( ton/2000 lb 

= 42,200 tons VOC of gasoline storage tank working losses

1,233,000 thousand gal/mo ( 12 mo/yr ( 8.2 lb/thousand gal ( ton/2000 lb 

= 60,700 tons VOC of gasoline tank car/truck loading emissions

Inbound transit losses from tank cars and trucks are calculated from the estimated quantities of gasoline transported to bulk plants and terminals by those modes of transportation.  It was estimated that 315,083 thousand gallons of gasoline per month were transported to bulk plants and terminals by tank trucks and 3734 thousand gallons per month were transported by rail cars.  Because trucks and rail cars are fully loaded on route to bulk stations or terminals and are empty on route from the bulk station or terminal, emission factors for empty and full transit are both applied to account for both halves of the round trip.

(315,083 + 3734) thousand gal/mo ( 12 mo/yr ( (0.005 + 0.055) lb VOC/thousand gal 

( ton/2000 lb 

= 110 tons VOC of inbound gasoline tank car/truck transit emissions

Outbound transit losses from trucks are calculated from the estimated quantity of gasoline transported from bulk plants and terminals, which is taken to be equal to the quantity of gasoline sold by prime suppliers in California (1,233,000 thousand gallons per month).  Because trucks and rail cars are empty on route to bulk stations or terminals and are fully loaded on route from the bulk station or terminal, emission factors for empty and full transit are both applied to account for both halves of the round trip.

1,233,000 thousand gal/mo ( 12 mo/yr ( (0.005+0.055) lb/thousand gal ( ton/2000 lb 

= 440 tons VOC of outbound gasoline tank car/truck transit emissions

Table 5.   Emission factors, activity parameters, and spatial surrogates selected to estimate emissions 

for petroleum storage and marketing.

	Emissions Source Category
	Emission Factor
	Activity Parameter
	Spatial Surrogate

	Bulk plants/terminals – tank breathing losses
	Tank breathing losses
	Estimated quantities of petroleum products stocked in California
	Bulk terminal/plant employmenta

	Bulk plants/terminals – tank working losses
	Tank working losses
	Estimated quantities of petroleum products sold in California
	Bulk terminal/plant employment (NAICS 422710)a

	Tank cars and trucks – working losses (loading at bulk terminal/station)
	Truck/railcar loading
	Estimated quantities of petroleum products sold in California
	Bulk terminal/plant employment (NAICS 422710) a

	Tank cars and trucks inbound transit to bulk terminal/station (arrives full, leaves empty)
	Truck transit-full 

plus 

Truck transit-empty
	Estimated quantities of petroleum products transported to bulk terminals/stations via truck or railcar in California
	50% bulk terminal/plant employment (NAICS 422710) a and 50% refinery employment (NAICS 32410)a

	Tank cars and trucks outbound transit to retail outlet (arrives empty, leaves full)
	Truck transit-full

Plus

Truck transit-empty
	Estimated quantities of petroleum products sold in California
	50% bulk terminal/plant employment (NAICS 422710) a and 50% gasoline fuel sales by countyb

	Bulk gasoline storage and transfer – jet fuel – tank working losses
	Tank working losses – jet fuel
	Estimated quantities of aviation and jet fuels stocked in California
	Number of enplanements by countyc

	Bulk gasoline storage and transfer – jet fuel – tank breathing losses
	Tank breathing losses – jet fuel
	Estimated quantities of aviation and jet fuels sold in California
	Number of enplanements by countyc


a US Census Bureau, 2001b

b California Energy Commission, 2001

c Federal Aviation Administration, 1997

Table 6.   Year-2000 VOC emissions due to petroleum storage and transfer at

bulk plants and terminals in the State of California.

	Source Category
	Emissions (tons VOC per year)

	Bulk plants/terminals-breathing losses
	 2,637 

	Bulk plants/terminals-working losses
	 42,200 

	Tank cars and trucks-working losses (loading)
	 60,699 

	Tank cars and trucks transit-to bulk terminal/plant
	 133 

	Tank cars and trucks transit-to retail outlet
	 444 

	Bulk storage and transfer-jet fuel-working
	 48 

	Bulk storage and transfer-jet fuel-breathing
	 4 


	Table 7.   Year-2000 activity data for petroleum storage and transfer at

bulk plants and terminals by California county.



	County
	Jet Fuel Tanks –Storage 

(1000 bbl·yr)
	Jet Fuel Tanks –Transfer 

(1000 gal/yr)
	Tank Truck Transit ( Inbound + Outbound

(1000 gal/yr)*
	Bulk Plants/ Terminals – Storage 

(1000 bbl·yr)*
	Bulk Plants/ Terminals & Tank Cars – Transfer/

Loading 

(1000 gal/yr)*

	Alameda
	5,317
	190,353
	475,765
	1,531
	59,542

	Alpine
	0
	0
	715
	0
	0

	Amador
	0
	0
	8,918
	0
	0

	Butte
	23
	822
	190,981
	4,544
	176,783

	Calaveras
	0
	0
	40,352
	988
	38,425

	Colusa
	0
	0
	115,376
	3,496
	136,016

	Contra Costa
	1
	37
	1,259,331
	31,397
	1,221,401

	Del Norte
	8
	275
	114,579
	3,496
	136,016

	El Dorado
	0
	13
	94,082
	1,619
	62,970

	Fresno
	622
	22,252
	407,324
	7,047
	274,142

	Glenn
	0
	1
	107,915
	3,237
	125,941

	Humboldt
	98
	3,495
	105,465
	2,250
	87,516

	Imperial
	29
	1,051
	69,567
	1,205
	46,887

	Inyo
	0
	0
	39,435
	988
	38,425

	Kern
	120
	4,313
	899,979
	23,511
	914,607

	Kings
	0
	0
	250,333
	7,282
	283,292

	Lake
	0
	0
	141,474
	4,127
	160,562

	Lassen
	0
	0
	58,424
	1,619
	62,970

	Los Angeles
	35,052
	1,254,904
	7,563,209
	160,674
	6,250,499

	Madera
	0
	0
	154,604
	4,127
	160,562

	Marin
	0
	0
	103,646
	569
	22,126

	Mariposa
	0
	0
	35,233
	988
	38,425

	Mendocino
	0
	0
	213,776
	6,020
	234,200

	Merced
	2
	78
	221,585
	5,558
	216,228

	Modoc
	0
	0
	226,347
	7,184
	279,475

	Mono
	0
	0
	36,324
	988
	38,425

	Monterey
	265
	9,497
	155,564
	1,629
	63,388

	Napa
	0
	10
	87,421
	1,619
	62,970

	Nevada
	0
	11
	77,503
	1,619
	62,970

	Orange
	4,064
	145,488
	1,859,467
	31,679
	1,232,354

	Placer
	0
	0
	105,114
	863
	33,557

	Plumas
	0
	0
	37,040
	988
	38,425

	Riverside
	616
	22,049
	453,269
	2,235
	86,931

	Sacramento
	1,948
	69,756
	688,231
	11,641
	452,869

	San Benito
	0
	0
	42,106
	988
	38,425

	San Bernardino
	3,539
	126,691
	1,042,886
	19,541
	760,165

	San Diego
	7,776
	278,382
	1,246,451
	14,455
	562,335

	San Francisco
	0
	0
	1,077,787
	26,058
	1,013,714

	San Joaquin
	1
	25
	488,155
	11,140
	433,350

	San Luis Obispo
	142
	5,096
	276,145
	6,527
	253,922

	San Mateo
	20,804
	744,792
	636,393
	12,096
	470,558

	Santa Barbara
	423
	15,157
	239,857
	4,028
	156,689

	Santa Clara
	5,535
	198,141
	965,985
	12,659
	492,452

	Santa Cruz
	0
	2
	102,186
	988
	38,425

	Shasta
	77
	2,763
	107,068
	1,959
	76,214

	Sierra
	0
	0
	1,148
	0
	0

	Siskiyou
	0
	2
	123,080
	3,500
	136,167

	Solano
	4
	141
	407,332
	9,708
	377,659

	Sonoma
	31
	1,096
	240,660
	3,388
	131,785

	Stanislaus
	25
	905
	182,144
	2,389
	92,941

	Sutter
	0
	0
	49,530
	988
	38,425

	Tehama
	0
	1
	65,556
	1,619
	62,970

	Trinity
	0
	0
	33,809
	988
	38,425

	Tulare
	6
	205
	145,641
	2,228
	86,670

	Tuolumne
	0
	1
	84,092
	2,250
	87,516

	Ventura
	37
	1,320
	284,412
	2,483
	96,589

	Yolo
	1,948
	69,741
	251,276
	6,534
	254,185

	Yuba
	0
	1
	141,371
	4,127
	160,562

	Total
	88,514
	3,168,864
	24,633,418
	487,357
	18,959,042


	Table 7.   Year-2000 estimated emissions for petroleum storage and transfer at

bulk plants and terminals by California county.



	County
	Jet Fuel Tanks –Breathing
	Jet Fuel Tanks –Working
	Truck Transit 
	Bulk Plants/

Terminals – Breathing*
	Bulk Plants/

Terminals – Working*
	Tank Truck Loading*


	Alameda
	0.2
	3
	13.93
	8
	133
	191

	Alpine
	0.0
	0
	0.02
	0
	0
	0

	Amador 
	0.0
	0
	0.27
	0
	0
	0

	Butte  
	0.0
	0
	4.20
	25
	393
	566

	Calaveras
	0.0
	0
	0.87
	5
	86
	123

	Colusa
	0.0
	0
	2.27
	19
	303
	435

	Contra Costa   
	0.0
	0
	27.19
	170
	2,719
	3,910

	Del Norte  
	0.0
	0
	2.25
	19
	303
	435

	El Dorado  
	0.0
	0
	2.29
	9
	140
	202

	Fresno 
	0.0
	0
	9.90
	38
	610
	878

	Glenn  
	0.0
	0
	2.14
	18
	280
	403

	Humboldt   
	0.0
	0
	2.41
	12
	195
	280

	Imperial   
	0.0
	0
	1.69
	7
	104
	150

	Inyo   
	0.0
	0
	0.85
	5
	86
	123

	Kern   
	0.0
	0
	19.05
	127
	2,036
	2,928

	Kings  
	0.0
	0
	5.04
	39
	631
	907

	Lake   
	0.0
	0
	2.84
	22
	357
	514

	Lassen
	0.0
	0
	1.21
	9
	140
	202

	Los Angeles
	1.5
	19
	173.16
	869
	13,913
	20,011

	Madera 
	0.0
	0
	3.24
	22
	357
	514

	Marin
	0.0
	0
	2.95
	3
	49
	71

	Mariposa
	0.0
	0
	0.72
	5
	86
	123

	Mendocino  
	0.0
	0
	4.37
	33
	521
	750

	Merced 
	0.0
	0
	4.77
	30
	481
	692

	Modoc  
	0.0
	0
	4.34
	39
	622
	895

	Mono
	0.0
	0
	0.75
	5
	86
	123

	Monterey   
	0.0
	0
	4.15
	9
	141
	203

	Napa   
	0.0
	0
	2.09
	9
	140
	202

	Nevada 
	0.0
	0
	1.79
	9
	140
	202

	Orange 
	0.2
	2
	45.34
	171
	2,743
	3,945

	Placer
	0.0
	0
	2.89
	5
	75
	107

	Plumas
	0.0
	0
	0.77
	5
	86
	123

	Riverside  
	0.0
	0
	12.99
	12
	193
	278

	Sacramento 
	0.1
	1
	16.81
	63
	1,008
	1,450

	San Benito
	0.0
	0
	0.93
	5
	86
	123

	San Bernardino 
	0.2
	2
	24.80
	106
	1,692
	2,434

	San Diego  
	0.3
	4
	32.79
	78
	1,252
	1,800

	San Francisco
	0.0
	0
	23.56
	141
	2,256
	3,245

	San Joaquin
	0.0
	0
	10.90
	60
	965
	1,387

	San Luis Obispo
	0.0
	0
	6.09
	35
	565
	813

	San Mateo  
	0.9
	11
	15.08
	65
	1,047
	1,507

	Santa Barbara  
	0.0
	0
	5.87
	22
	349
	502

	Santa Clara
	0.2
	3
	24.90
	68
	1,096
	1,577

	Santa Cruz 
	0.0
	0
	2.75
	5
	86
	123

	Shasta 
	0.0
	0
	2.56
	11
	170
	244

	Sierra
	0.0
	0
	0.03
	0
	0
	0

	Siskiyou   
	0.0
	0
	2.50
	19
	303
	436

	Solano 
	0.0
	0
	8.95
	53
	841
	1,209

	Sonoma 
	0.0
	0
	6.12
	18
	293
	422

	Stanislaus 
	0.0
	0
	4.69
	13
	207
	298

	Sutter
	0.0
	0
	1.15
	5
	86
	123

	Tehama 
	0.0
	0
	1.42
	9
	140
	202

	Trinity
	0.0
	0
	0.67
	5
	86
	123

	Tulare 
	0.0
	0
	3.64
	12
	193
	277

	Tuolumne   
	0.0
	0
	1.76
	12
	195
	280

	Ventura
	0.0
	0
	7.77
	13
	215
	309

	Yolo   
	0.1
	1
	5.33
	35
	566
	814

	Yuba   
	0.0
	0
	2.84
	22
	357
	514

	Total
	4
	48
	577
	2,637
	42,200
	60,699


Emissions Controls

We verified that many of the CCOSII counties have requirements for emissions controls on petroleum storage tanks and petroleum loading operations.  The statuses of these requirements are summarized in Table 8.  For these counties, we will arbitrarily assume a control efficiency of 85% on related breathing, working, and/or loading emissions (where applicable).

Table 8.   Statuses of emissions control technologies for bulk storage and transfer in 

CCOSII participating counties.

	County
	Vapor Recovery on Loading
	Storage Tank Controls

	Amador
	
	Rule 213

	Butte
	Rule 214
	Rule 215

	Calaveras
	
	Rule 2123

	Colusa
	
	

	El Dorado
	Rules 238, 244
	

	Glenn
	Article IV, Section 83
	

	Mariposa
	
	Rule 213

	Mendocino
	
	

	Northern Sierra 
(Nevada, Plumas, and Sierra)
	Rule 218
	Rule 219

	Placer
	Rule 215
	Rule 212

	Sacramento
	Rules 447 and 448
	Rule 446

	Shasta
	Rule 3:3
	Rule 3:3

	Feather River 
(Sutter and Yuba)
	Rule 3.8
	Rule 3.8

	Tehama
	Rule 4:36
	

	Tuolumne
	
	Rule 213

	Yolo-Solano
	Rule 2.21
	Rule 2.21


Temporal Allocation

Emissions from gasoline fuel are overwhelmingly larger than emissions from other types of petroleum products.  Therefore, the seasonal distributions of working losses and transit may be approximated from sales of gasoline (Table 9).  

Table 9.   Monthly distribution of prime supplier sales of 

gasoline and aviation fuels in California for the 

year 2000 (EIA, 2000/2001).

	
	Proportion of Total

Annual Sales

	Month
	Gasoline
	Aviation Fuels

	January 
	7.2%
	7.0%

	Feb 
	8.2%
	7.5%

	March 
	8.7%
	9.1%

	April 
	8.8%
	8.3%

	May 
	8.6%
	8.2%

	June 
	8.2%
	8.6%

	July 
	8.0%
	8.9%

	August 
	8.8%
	9.0%

	September 
	8.4%
	8.8%

	Oct
	8.4%
	8.3%

	Nov
	8.3%
	8.3%

	Dec
	8.5%
	7.9%


Breathing losses vary with weather conditions.  Average monthly climate variables for Sacramento are listed in Table 10.  These data were input to the EPA’s emissions estimation method for storage tanks (EPA,1998) to estimate breathing losses from a hypothetical fixed-roof gasoline storage tank (where Reid vapor pressure = 8.5 psi, and API gravity = 57().  The results were used to estimate the monthly distribution of breathing losses shown in Table 10.

Table 10.   Average climate data for Sacramento and seasonal distribution of

storage tank breathing losses.

	
	Temperature (degrees Fahrenheit)

	Solar Insolation
 (Btu/ft2/day)

Average Daily Maximum
	

	Month
	Average Daily Maximum
	Average Daily Minimum
	
	Proportion of Annual Total

Breathing Losses

	Jan
	53.1
	37.8
	982.9
	3.7%

	Feb
	59.7
	41.1
	1363.4
	5.3%

	Mar
	64.4
	42.9
	1648.8
	6.6%

	Apr
	71.7
	45.9
	1870.7
	8.3%

	May
	79.8
	50.5
	1902.4
	9.7%

	Jun
	87.2
	55.2
	1902.4
	11.1%

	Jul
	92.8
	58
	1997.5
	12.7%

	Aug
	91.5
	57.7
	2060.9
	12.6%

	Sep
	87.6
	55.8
	2092.6
	11.8%

	Oct
	77.9
	50.2
	1839.0
	9.1%

	Nov
	63.6
	42.6
	1236.6
	5.5%

	Dec
	53.5
	38
	919.5
	3.7%


We were unable to identify data sources to estimate diurnal patterns of emissions for bulk storage and transport of petroleum fuels.

Natural Gas Transmission

The natural gas transmission category includes fugitive losses from transmission pipelines, compressor stations, underground natural gas storage facilities, liquefied natural gas storage facilities, and local distribution systems. Populations of natural gas storage fields and compressor stations are available from the EIA and the California Department of Conservation (Tables 11 and 12).  (There were no liquefied natural gas storage facilities in the CCOSII area.)  Statewide mileages of transmission and distribution pipeline are reported by the California Public Utility Commission and the Department of Transportation’s Office of Pipeline Safety.  The Department of Transportation (2001) reported that 11,221 miles of transmission pipeline, 92,012 miles of distribution pipeline, and 11.1 million service connections were in operation in California in 2000.  In addition, the EIA (2001c) publishes a GIS system of intrastate transmission pipelines.  However, the EIA database only accounts for about 60% of California’s total statewide transmission pipeline length.  Therefore, the EIA database was used only to allocate statewide transmission pipeline lengths by county (Table 13).  Table 14 tabulates the distribution pipeline mileages and the numbers of service connections by construction material.  The statistics for distribution pipelines were disaggregated to the county level according to the number of housing units reported by the US Census (US Census, 2001c).

Table 11.  Underground natural gas storage fields in California (California Department of

Conservation, 2001; EIA 2001d).

	Storage Field Name
	County Name

	Los Medanos
	Contra Costa

	Lost Hills
	Kern

	Playa Del Rey
	Los Angeles

	Whittier
	Los Angeles

	Montebello
	Los Angeles

	Aliso Canyon
	Los Angeles

	Honor Rancho
	Los Angeles

	McDonald Island
	San Joaquin

	La Goleta
	Santa Barbara

	Kirby Hill
	Solano

	Pleasant Creek
	Yolo

	Wild Goose
	Butte


Table 12.   Natural gas compressor stations in California (EIA, 2001c).

	Station Name
	Associated Pipeline Co.
	City
	County

	Delevan
	Pacific Gas & Electric Co.
	Delevan
	Colusa

	Wheeler Ridge
	Southern California Gas Co.
	Wheeler Ridge
	Kern

	Kettleman
	Pacific Gas & Electric Co.
	
	Kings

	Avenal
	Southern California Gas Co.
	Avenal
	Kings

	Aliso Canyon
	Southern California Gas Co.
	Los Angeles
	Los Angeles

	Honor Rancho
	Southern California Gas Co.
	Santa Clara
	Los Angeles

	Montebello
	Southern California Gas Co.
	Los Angeles
	Los Angeles

	Playa Del Rey
	Southern California Gas Co.
	Los Angeles
	Los Angeles

	Whittier
	Southern California Gas Co.
	Los Angeles
	Los Angeles

	Dana Point
	Southern California Gas Co.
	San Clemente
	Orange

	Blythe
	Southern California Gas Co.
	Blythe
	Riverside

	Cactus City
	Southern California Gas Co.
	Indio
	Riverside

	Desert Center
	Southern California Gas Co.
	Desert Center
	Riverside

	Moreno
	Southern California Gas Co.
	Beaumont
	Riverside

	Kelso
	Southern California Gas Co.
	Kelso
	San Bernardino

	Newberry Springs
	Southern California Gas Co.
	Newberry
	San Bernardino

	North Needles
	Southern California Gas Co.
	Needles
	San Bernardino

	South Needles
	Southern California Gas Co.
	Lobecks Pass
	San Bernardino

	Gaviota
	Southern California Gas Co.
	Goleta
	Santa Barbara

	Goleta
	Southern California Gas Co.
	Goleta
	Santa Barbara

	Ventura
	Southern California Gas Co.
	Ventura
	Santa Barbara

	Santa Rosa
	Pacific Gas & Electric Co.
	
	Sonoma

	Gerber
	Pacific Gas & Electric Co.
	Gerber
	Tehama


Table 13. Mileage of transmission pipeline per county 

for CCOS II participating counties.

	County
	Proportion of 

State Mileage
	Mileage

	Amador 
	0.3%
	 29 

	Butte 
	2.2%
	 250 

	Calaveras 
	0.2%
	 26 

	Colusa 
	2.6%
	 296 

	El Dorado 
	0.0%
	 3 

	Glenn 
	1.8%
	 206 

	Mendocino 
	0.8%
	 87 

	Nevada 
	0.2%
	 23 

	Placer 
	0.7%
	 78 

	Sacramento 
	2.3%
	 259 

	Shasta 
	2.2%
	 246 

	Solano 
	2.5%
	 282 

	Sutter 
	1.4%
	 153 

	Tehama 
	2.3%
	 253 

	Yolo 
	1.9%
	 217 

	Yuba 
	0.8%
	 84 

	California
	100%
	11,221


Table 14.   Distribution pipeline mileages and service connections by construction material 

(Department of Transportation, 2001).

	Pipeline Mileage
	Number of Service Connections

	Cast Iron
	Unprotected Steel
	Protected Steel
	Plastic Main
	Total
	Unprotected Steel
	Protected Steel

	359
	11,212
	42,077
	38,364
	7,530,457
	235,064
	3,175,142


Emissions

Methane emissions were calculated according to emission factors that have been recommended by the Emission Inventory Improvement Program (Table 15).  TOC and VOC emissions were calculated in a manner that is consistent with analyses of natural gas compositions for San Francisco and Los Angeles (Perry’s Chemical Engineers’ Handbook, 1983) (Table 16).  VOCs were estimated to be non-methane, non-ethane hydrocarbons.

Table 15.   Methane mission factors for natural gas transmission and distribution systems 

(Emission Inventor Improvement Program, 1999).

	Emissions Source
	Emission Factor
	units (annual)

	Compressor Stations
	982
	tons per station

	Underground Gas Storage Fields
	1008
	tons per field

	Transmission Pipeline
	0.75
	tons per mile

	Cast Iron Pipeline
	5.10
	tons per mile

	Unprotected Steel Pipeline
	2.38
	tons per mile

	Protected Steel Pipeline
	0.12
	tons per mile

	Plastic Main Pipeline
	0.46
	tons per mile

	Services
	0.015
	tons per service

	Unprotected Steel Services
	0.036
	tons per service

	Protected Steel Services
	0.0039
	tons per service


Table 16.  Natural gas analyses for San Francisco and Los Angeles

(Perry’s Chemical Engineers’ Handbook, 1983).

	
	Range
	

	Species
	Low
	High
	Mid-point

	Methane
	86.50%
	88.69%
	87.60%

	Ethane
	7.01%
	8.00%
	7.51%

	Propane
	1.90%
	1.93%
	1.92%

	Butane
	0.28%
	0.30%
	0.29%

	Pentanes
	0.03%
	0.10%
	0.07%

	Hexanes
	0.00%
	0.10%
	0.05%

	CO2
	0.50%
	0.62%
	0.56%

	N2
	1.43%
	2.60%
	2.02%


Emissions for Tehama County were estimated as follows.  Tehama County has 1 compressor station, which is estimated to emit 982 tons per year, and no underground storage fields.  Emission factors were applied to mileages of transmission and distribution pipeline and numbers of service connectors as follows.

253 miles transmission pipeline ( 0.75 tons per mile = 190 tons per year

1 mile cast iron distribution pipeline ( 5.1 tons per mile = 5.1 tons per year
22 miles unprotected steel distribution pipeline ( 2.38 tons per mile = 52.4 tons per year
81 miles protected steel distribution pipeline ( 0.12 tons per mile = 9.7 tons per year
74 miles plastic pipeline ( 0.46 tons per mile = 34.0 tons per year

14,517 total service connectors ( 0.015 tons per service = 217.8 tons per year
453 unprotected steel service connectors ( 0.036 tons per service = 16.3 tons per year
6121 protected steel service connectors ( 0.0039 tons per service = 23.9 tons per year
Methane emissions are estimated as the sum total of emissions from the compressor station, pipelines, and service connections (1535 tons per year).  VOC and TOG emissions were estimated according to the speciation profile for natural gas (see Table 14).

1535 tons CH4 per year (  (1.92% + 0.29% + 0.07% + 0.05%) ( 87.6%

= 41 VOC tons per year

1535 tons CH4 per year ( 100% ( [1 ( (0.56% + 2.02%)]= 1576 tons TOG per year

Emission estimates for natural gas transmission are presented in Tables 17 and 18.  For the CCOSII counties that are split between air basins – El Dorado, Placer, and Solano – emissions from distribution pipelines should be geographically disaggregated by housing units; emissions from transmission pipelines should be disaggregated by pipeline length; and emissions from compressor stations or storage fields should be assigned to the locations of these facilities.
Temporal Allocation

Emissions from natural gas transmission and distribution systems are due to leaking pipelines and equipment.  Although natural gas consumption varies over the course of the year, continuous pressure must be maintained in natural gas lines.  Therefore, it is recommended that emissions are distributed evenly throughout the year.

Table 17. Year-2000 estimated emissions from natural gas transmission 

for CCOSII participating counties.

	County
	Pipe-line Mileage

	No.

Compressors

	No.

Storage Fields

	Emissions (tpy)

	
	
	
	
	Methane (CH4)
	VOC
	TOC

	
	
	
	
	From

Pipeline
	From

Compressor
	From

Storage Fields
	Total
	Total
	Total

	Amador                                  
	 29 
	
	
	 22 
	
	
	 22 
	 1 
	 22 

	Butte                                   
	 250 
	
	1
	 187 
	
	 1,008 
	 1,195 
	 32 
	 1,227 

	Calaveras                               
	 26 
	
	
	 20 
	
	
	 20 
	 1 
	 20 

	Colusa                                  
	 296 
	1
	
	 222 
	 982 
	
	 1,204 
	 32 
	 1,236 

	El Dorado                               
	 3 
	
	
	 2 
	
	
	 2 
	 0 
	 2 

	Glenn                                   
	 206 
	
	
	 154 
	
	
	 154 
	 4 
	 158 

	Mendocino                               
	 87 
	
	
	 65 
	
	
	 65 
	 2 
	 67 

	Nevada                                  
	 23 
	
	
	 18 
	
	
	 18 
	 0 
	 18 

	Placer                                  
	 78 
	
	
	 58 
	
	
	 58 
	 2 
	 60 

	Sacramento                              
	 259 
	
	
	 194 
	
	
	 194 
	 5 
	 199 

	Shasta                                  
	 246 
	
	
	 184 
	
	
	 184 
	 5 
	 189 

	Solano                                  
	 282 
	
	1
	 212 
	
	 1,008 
	 1,220 
	 32 
	 1,252 

	Sutter                                  
	 153 
	
	
	 115 
	
	
	 115 
	 3 
	 118 

	Tehama                                  
	 253 
	1
	
	 190 
	 982 
	
	 1,172 
	 31 
	 1,203 

	Yolo                                    
	 217 
	
	1
	 163 
	
	 1,008 
	 1,171 
	 31 
	 1,202 

	Yuba                                    
	 84 
	
	
	 63 
	
	
	 63 
	 2 
	 65 

	State Total
	 11,221 
	2
	3
	 1,869 
	 1,964 
	 4,032 
	 6,857 
	 182 
	 7,039 


	Table 18.   Activity and annual emissions data for natural gas distribution pipelines in California.



	
	
	Mileage of Distribution Pipeline

	No. Servicesd
	Emissions (tpy)

	County
	No. Housing Units

	Cast Iron
	Un-protected Steel
	Protected Steel
	Plastic Main
	Total
	Un-protected Steel
	Protected Steel
	CH4
	VOC
	TOC

	Alameda 
	540,183 
	16 
	496 
	1,861 
	1,697 
	333,031 
	10,396 
	140,419 
	8,334 
	 221 
	 8,554 

	Alpine 
	1,514 
	0 
	1 
	5 
	5 
	933 
	29 
	394 
	23 
	 1 
	 24 

	Amador 
	15,035 
	0 
	14 
	52 
	47 
	9,269 
	289 
	3,908 
	232 
	 6 
	 238 

	Butte 
	85,523 
	3 
	79 
	295 
	269 
	52,726 
	1,646 
	22,231 
	1,319 
	 35 
	 1,354 

	Calaveras 
	22,946 
	1 
	21 
	79 
	72 
	14,147 
	442 
	5,965 
	354 
	 9 
	 363 

	Colusa 
	6,774 
	0 
	6 
	23 
	21 
	4,176 
	130 
	1,761 
	105 
	 3 
	 107 

	Contra Costa 
	354,577 
	10 
	325 
	1,221 
	1,114 
	218,602 
	6,824 
	92,171 
	5,470 
	 145 
	 5,615 

	Del Norte 
	10,434 
	0 
	10 
	36 
	33 
	6,433 
	201 
	2,712 
	161 
	 4 
	 165 

	El Dorado 
	71,278 
	2 
	65 
	246 
	224 
	43,944 
	1,372 
	18,529 
	1,100 
	 29 
	 1,129 

	Fresno 
	270,767 
	8 
	249 
	933 
	850 
	166,932 
	5,211 
	70,385 
	4,177 
	 111 
	 4,288 

	Glenn 
	9,982 
	0 
	9 
	34 
	31 
	6,154 
	192 
	2,595 
	154 
	 4 
	 158 

	Humboldt 
	55,912 
	2 
	51 
	193 
	176 
	34,471 
	1,076 
	14,534 
	863 
	 23 
	 885 

	Imperial 
	43,891 
	1 
	40 
	151 
	138 
	27,059 
	845 
	11,409 
	677 
	 18 
	 695 

	Inyo 
	9,042 
	0 
	8 
	31 
	28 
	5,575 
	174 
	2,350 
	139 
	 4 
	 143 

	Kern 
	231,564 
	7 
	213 
	798 
	727 
	142,763 
	4,456 
	60,194 
	3,572 
	 95 
	 3,667 

	Kings 
	36,563 
	1 
	34 
	126 
	115 
	22,542 
	704 
	9,504 
	564 
	 15 
	 579 

	Lake 
	32,528 
	1 
	30 
	112 
	102 
	20,054 
	626 
	8,456 
	502 
	 13 
	 515 

	Lassen 
	12,000 
	0 
	11 
	41 
	38 
	7,398 
	231 
	3,119 
	185 
	 5 
	 190 

	Los Angeles 
	3,270,909 
	96 
	3,002 
	11,268 
	10,273 
	2,016,566 
	62,947 
	850,265 
	50,461 
	 1,336 
	 51,798 

	Madera 
	40,387 
	1 
	37 
	139 
	127 
	24,899 
	777 
	10,499 
	623 
	 17 
	 640 

	Marin 
	104,990 
	3 
	96 
	362 
	330 
	64,728 
	2,020 
	27,292 
	1,620 
	 43 
	 1,663 

	Mariposa 
	8,826 
	0 
	8 
	30 
	28 
	5,441 
	170 
	2,294 
	136 
	 4 
	 140 

	Mendocino 
	36,937 
	1 
	34 
	127 
	116 
	22,772 
	711 
	9,602 
	570 
	 15 
	 585 

	Merced 
	68,373 
	2 
	63 
	236 
	215 
	42,153 
	1,316 
	17,773 
	1,055 
	 28 
	 1,083 

	Modoc 
	4,807 
	0 
	4 
	17 
	15 
	2,964 
	93 
	1,250 
	74 
	 2 
	 76 

	Mono 
	11,757 
	0 
	11 
	41 
	37 
	7,248 
	226 
	3,056 
	181 
	 5 
	 186 

	Monterey 
	131,708 
	4 
	121 
	454 
	414 
	81,200 
	2,535 
	34,237 
	2,032 
	 54 
	 2,086 

	Napa 
	48,554 
	1 
	45 
	167 
	153 
	29,934 
	934 
	12,621 
	749 
	 20 
	 769 

	Nevada 
	44,282 
	1 
	41 
	153 
	139 
	27,301 
	852 
	11,511 
	683 
	 18 
	 701 

	Orange 
	969,484 
	28 
	890 
	3,340 
	3,045 
	597,702 
	18,657 
	252,015 
	14,956 
	 396 
	 15,353 

	Placer 
	107,302 
	3 
	98 
	370 
	337 
	66,153 
	2,065 
	27,893 
	1,655 
	 44 
	 -   

	Plumas 
	13,386 
	0 
	12 
	46 
	42 
	8,253 
	258 
	3,480 
	207 
	 5 
	 -   

	Riverside 
	584,674 
	17 
	537 
	2,014 
	1,836 
	360,460 
	11,252 
	151,985 
	9,020 
	 239 
	 -   

	Sacramento 
	474,814 
	14 
	436 
	1,636 
	1,491 
	292,730 
	9,138 
	123,427 
	7,325 
	 194 
	 7,519 

	San Benito 
	16,499 
	0 
	15 
	57 
	52 
	10,172 
	318 
	4,289 
	255 
	 7 
	 261 

	San Bernardino 
	601,369 
	18 
	552 
	2,072 
	1,889 
	370,753 
	11,573 
	156,324 
	9,277 
	 246 
	 9,523 

	San Diego 
	1,040,149 
	31 
	955 
	3,583 
	3,267 
	641,268 
	20,017 
	270,384 
	16,047 
	 425 
	 16,472 

	San Francisco 
	346,527 
	10 
	318 
	1,194 
	1,088 
	213,639 
	6,669 
	90,079 
	5,346 
	 142 
	 5,488 

	San Joaquin 
	189,160 
	6 
	174 
	652 
	594 
	116,620 
	3,640 
	49,172 
	2,918 
	 77 
	 2,996 

	San Luis Obispo 
	102,275 
	3 
	94 
	352 
	321 
	63,054 
	1,968 
	26,586 
	1,578 
	 42 
	 1,620 

	San Mateo 
	260,576 
	8 
	239 
	898 
	818 
	160,649 
	5,015 
	67,736 
	4,020 
	 106 
	 4,126 

	Santa Barbara 
	142,901 
	4 
	131 
	492 
	449 
	88,101 
	2,750 
	37,147 
	2,205 
	 58 
	 2,263 

	Santa Clara 
	579,329 
	17 
	532 
	1,996 
	1,820 
	357,165 
	11,149 
	150,595 
	8,937 
	 237 
	 9,174 

	Santa Cruz 
	98,873 
	3 
	91 
	341 
	311 
	60,957 
	1,903 
	25,702 
	1,525 
	 40 
	 1,566 

	Shasta 
	68,810 
	2 
	63 
	237 
	216 
	42,422 
	1,324 
	17,887 
	1,062 
	 28 
	 1,090 

	Sierra 
	2,202 
	0 
	2 
	8 
	7 
	1,358 
	42 
	572 
	34 
	 1 
	 35 

	Siskiyou 
	21,947 
	1 
	20 
	76 
	69 
	13,531 
	422 
	5,705 
	339 
	 9 
	 348 

	Solano 
	134,513 
	4 
	123 
	463 
	422 
	82,929 
	2,589 
	34,966 
	2,075 
	 55 
	 2,130 

	Sonoma 
	183,153 
	5 
	168 
	631 
	575 
	112,917 
	3,525 
	47,610 
	2,826 
	 75 
	 2,900 

	Stanislaus 
	150,807 
	4 
	138 
	520 
	474 
	92,975 
	2,902 
	39,202 
	2,327 
	 62 
	 2,388 

	Sutter 
	28,319 
	1 
	26 
	98 
	89 
	17,459 
	545 
	7,361 
	437 
	 12 
	 448 

	Tehama 
	23,547 
	1 
	22 
	81 
	74 
	14,517 
	453 
	6,121 
	363 
	 10 
	 373 

	Trinity 
	7,980 
	0 
	7 
	27 
	25 
	4,920 
	154 
	2,074 
	123 
	 3 
	 126 

	Tulare 
	119,639 
	4 
	110 
	412 
	376 
	73,759 
	2,302 
	31,100 
	1,846 
	 49 
	 1,895 

	Tuolumne 
	28,336 
	1 
	26 
	98 
	89 
	17,470 
	545 
	7,366 
	437 
	 12 
	 449 

	Ventura 
	251,712 
	7 
	231 
	867 
	791 
	155,184 
	4,844 
	65,432 
	3,883 
	 103 
	 3,986 

	Yolo 
	61,587 
	2 
	57 
	212 
	193 
	37,969 
	1,185 
	16,009 
	950 
	 25 
	 975 

	Yuba 
	22,636 
	1 
	21 
	78 
	71 
	13,955 
	436 
	5,884 
	349 
	 9 
	 358 

	State Total
	2,214,549 
	359 
	11,212 
	42,077 
	38,364 
	7,530,457 
	235,064 
	3,175,142 
	188,437 
	 4,991 
	 193,427 
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