Attachment L:  Fuel Combustion For Oil and Gas Production

This section discusses emissions from fuel combustion for oil and gas production.  These emissions categories, which are listed below, are associated with well, field, and/or lease operations.  These operations include drilling operations, well workovers, and field equipment such as heaters, gas dehydrators, and compressors.  Some counties may include all or some of these types of emissions sources in their point source inventory.  If so, the emissions estimates provided here should be adjusted to reflect this.

Description
EIC Code
CES Number
I.C. reciprocating engines-gaseous fuel (unspecified)
30-040-0100-0000
82081

I.C. reciprocating engines-liquid fuel (unspecified)
30-040-1000-0000
82073

Drilling rigs-diesel (unspecified)
30-060-1210-0000
82198

Workover rigs-diesel (unspecified) 
30-065-1210-0000
82321

Table 1 lists the counties of the CCOSII area that have natural gas wells and provides well drilling activity data for each.  (None of the CCOSII counties have oil wells.)  The estimated footages for well drilling activities were estimated by multiplying the number of wells drilled in each county with the average drilling depths for northern California that were reported by the California Department of Conservation (2001).  The CCOSII counties produced 21% of California natural gas and completed 13% of natural gas well drilling footage in 2000.

Table 1.   Natural gas production and well drilling activity data for year 2000 

(California Department of Conservation, 2001).

County
Gas Production Activity
Well Drilling Activity


No. Producing

Gas Wells
Gas Production

(Mscf)
Starts
Completes
Re-drills
Estimated 

Footage

Butte
13
649,561
0
0
0
0 

Colusa
136
5,832,582
10
4
0
66,705 

Glenn
150
11,317,353
30
18
0
200,114 

Sacramento
69
13,831,140
5
2
0
33,352 

Solano
181
18,705,027
32
25
2
222,422 

Sutter
174
5,979,536
2
1
0
13,341 

Tehama
66
3,967,187
16
7
0
106,727 

Yolo
56
8,315,949
19
6
0
126,739 

CCOSII Total
845
68,598,335
114
63
2
769,400 

California Total
1,155
333,222,321
2,666
2,131
184
6,114,591

We estimated fuel consumption of natural gas, diesel for drilling operations, and diesel for other operations as described below.  Table 2 summarizes county-specific estimates of fuel consumption.  In order to estimate emissions, fuel consumption estimates were multiplied by the emission factors listed in Table 3.

· The Oil and Gas Division at the California Department of Conservation maintains monthly consumption estimates of natural gas for lease fuel according to each operator and gas field in California.  For each gas field, we allocated fuel consumption to the county or counties in which the field was located.  When a gas field straddled county boundaries, its fuel consumption was divided evenly between all the counties that it intersected.

· Santa Barbara and Kern counties provided historical data summaries of survey data that allowed us to estimate diesel usage rates as a function of drilling footage (Kern County Air Pollution Control District, 1988; Santa Barbara County Air Pollution Control District, 1992):  1.55 gallons per foot drilled (with a range from 1.4 to 1.7 gallons per foot drilled).  We estimated county-specific diesel consumptions for drilling operations by multiplying this usage rate by the estimated drilled footages tabulated in Table 1.  Associated emissions were assigned to the emissions category for drilling rigs-diesel (EIC 300-601-2100-000).

· We estimated diesel consumption for other field operations by consulting several sources of information.  For the year 2000, the Energy Information Administration (2002b) reports consumptions of diesel/distillate by petroleum companies, which includes fuel consumed for oil and gas field operations, drilling operations, and refinery operations
:  684,620,000 gallons in the US as a whole; 33,643,000 gallons in PAD District V
; and 6,244,000 gallons in California.  The Energy Information Administration (2001) reports that year-2000 refinery consumption in PAD District V was 235 thousand barrels, or 9.87 million gallons.  Thus, in PAD District V, refinery consumption represents 29.3% (or 9.87 ( 33.643) of consumption by oil companies.  From this proportion, we estimated that non-refinery consumption in California was 4,145,000 gallons (or 6.244 million gallons ( [1 ( 0.293]).  We subtracted the consumption that was estimated for drilling operations in California (1,192,570 gallons) in order to estimate non-refinery, non-drilling consumption of diesel:  3,222,000 million gallons.  This statewide consumption figure was apportioned proportionally according to the number of oil and gas wells in each county.  We cannot distinguish consumption for workovers from that of other field operations.  Therefore, associated emissions were assigned only to the category for I.C. reciprocating engines-liquid fuel (EIC 300-401-0000-000).

Table 2.  Estimated consumptions of natural gas and diesel fuel for 

petroleum production operations.

County
Natural Gas Consumed

as Lease Fuel (Mscf)
Diesel Consumed

for Drilling (gal)
Diesel Consumed for

Workover and Field Ops (gal)

Butte
     8,329 
0
123

Colusa
 132,319 
103,392
10,175

Glenn
 134,187 
310,177
6,742

Sacramento
   39,735 
51,696
9,807

Solano
 187,253 
344,754
11,156

Sutter
 203,211 
20,678
7,601

Tehama
   33,576 
165,428
2,329

Yolo
   24,665 
196,445
4,168

CCOS Total
763,275
1,192,570
52,100 

California Total
58,379,852
9,477,616
3,222,000

Table 3.   Emission factors for commercial and industrial processes that employ liquid fuels

(EPA, 2000; EPA, 1996).

Emission Factorsa (lb/thousand gallons fuel consumption)

Fuel Type and Process
SOxb
NOx
CO
TOC
VOC
PMc
PM10

Diesel fuel no. 2;

IC engine ((600 hp)d
138
440
120
12
11
7.9
7.9


Emission Factorse (lb/Mscf)

Natural gas;

IC engine (4-stroke, lean burn)
0.000617
0.89
0.585
1.54
0.124
0.0105
0.0105

a For diesel, units of measure were converted from lb/MMBtu to lb/thousand gal by using the following conversion rates: 0.0193 MMBtu/lb ( 7.1 lb/gal ( 1000 gal/thousand gal = 137 MMBtu/thousand gal.

b Where applicable, SOx = SO2  + SO3.  Sulfur content of 0.05% was assumed.

c Total PM = filterable PM + condensable PM.  Also, PM = PM10.

d The VOC emission factor for diesel IC engines is based on the EPA’s speciation profile for this source (weight percents 11.6% methane, 2.8% ethane) (EPA, 199b) and the assumption that VOC equals non-methane non-ethane hydrocarbons.

e For natural gas, units of measure were converted from lb/MMBtu to lb/thousand scf by using a conversion rate of 1050 Btu/scf.

Example calculations are provided for Solano County, below.  Results for all counties and pollutants are listed in Table 4.  For Solano County, which is split between two air basins, emissions may be further disaggregated spatially according to the number of gas wells in each area.

187,253 Mscf (Solano) ( 0.89 lb NOx/Mscf ( 2000 lb/ton 

= 84 tons NOx emissions from natural gas combustion

For 2000, the California Department of Conservation reports that the average drilling footages observed in northern California were 6,670 feet for new natural gas wells and 4,484 feet for re-drilling at existing natural gas wells.

6,670 ft/ well ( 32 new wells (Solano) + 4,484 ft/well ( 2 re-drills (Solano) = 222,422 ft

222,422 ft ( 1.55 gal/ft = 344,754 gal of diesel consumed for drilling in Solano County

344,754 gal ( 7.9 lb PM10/1000 gal ( 2000 lb/ton 

= 1.4 tons PM10 emissions from diesel combustion for drilling
For 2000, the California Department of Conservation reports that (1) there were 181 producing gas wells and zero producing oil wells in Solano County, and (2) there were 46,453 producing gas wells and 1,155 producing oil wells in California as a whole.

3,222,000 gallons (California) ( 91 producing oil and gas wells (Solano) ( 47,608 producing oil and gas wells (California) = 12,250 gallons

VOC emissions = 12,250 gallons ( 11 lb/1000 gal ( 2000 lb/ton = 0.07 tons VOC emissions from diesel combustion for workover and other field operations

Table 4.   Year-2000 fuel combustion emissions associated with petroleum production 

operations in the CCOSII counties.

County
Emissions from Natural Gas Combustion (tpy)


SOx
NOx
CO
THC
VOC
PM
PM10

Butte
0.00
3.7
2.4
6.4
0.52
0.04
0.04

Colusa
0.04
59
39
102
8.2
0.69
0.69

Glenn
0.04
60
39
104
8.3
0.70
0.70

Sacramento
0.01
18
12
31
2.5
0.21
0.21

Solano
0.06
84
55
145
12
1.0
1.0

Sutter
0.06
91
59
157
13
1.1
1.1

Tehama
0.01
15
10
26
2.1
0.18
0.18

Yolo
0.01
11
7.2
19
1.5
0.13
0.13

Total CCOS
0.2
340.6
223.2
589.1
47.3
4.0
4.0

Total California
18
26,052
17,072
45,055
3,617
306
306

County
Emissions from Diesel Combustion for Drilling (tpy)


SOx
NOx
CO
THC
VOC
PM
PM10

Butte
0
0
0
0
0
0
0

Colusa
0.36
23
6.0
0.64
0.56
0.41
0.41

Glenn
1.1
68
18
1.9
1.7
1.2
1.2

Sacramento
0.18
11
3.0
0.32
0.28
0.20
0.20

Solano
1.2
76
20
2.1
1.9
1.4
1.4

Sutter
0.07
4.5
1.2
0.13
0.11
0.08
0.08

Tehama
0.57
36
10
1.0
0.90
0.65
0.65

Yolo
0.68
43
11
1.2
1.1
0.77
0.77

Total CCOS
0
261
69
7.4
6.5
4.7
4.7

Total California
4.1
2,077
552
58
51
37
37

County
Emissions from Diesel Combustion for Workover and Field Ops (tpy)


SOx
NOx
CO
THC
VOC
PM
PM10

Butte
0.00
0.03
0.01
0.00
0.00
0.00
0.00

Colusa
0.04
2.23
0.59
0.06
0.06
0.04
0.04

Glenn
0.02
1.5
0.39
0.04
0.04
0.03
0.03

Sacramento
0.03
2.1
0.57
0.06
0.05
0.04
0.04

Solano
0.04
2.4
0.65
0.07
0.06
0.04
0.04

Sutter
0.03
1.7
0.44
0.05
0.04
0.03
0.03

Tehama
0.01
0.51
0.14
0.01
0.01
0.01
0.01

Yolo
0.01
0.91
0.24
0.03
0.02
0.02
0.02

Total CCOS
0.18
11
3.0
0.32
0.28
0.20
0.20

Total California
11
706
188
20
17
13
13

Table 5 provides county-specific, monthly distributions of natural gas consumption for lease fuels, which were taken directly from the lease fuel data that were acquired from the Division of Oil and Gas of the California Department of Conservation.  Temporal data were unavailable for diesel consumption, therefore, a flat seasonal profile was assumed.

Table 5.  Monthly distributions of annual natural gas consumption for lease fuels.

County
January
February
March
April
May
June
July
August
September
October
November
December

Butte
15.6%
5.1%
5.2%
12.2%
12.2%
11.2%
13.7%
12.5%
3.0%
3.4%
3.1%
2.9%

Colusa
12.0%
10.7%
10.9%
8.2%
10.1%
7.8%
6.3%
6.6%
6.0%
6.6%
6.8%
8.1%

Glenn
7.6%
7.7%
8.1%
7.5%
7.4%
7.5%
9.9%
8.7%
8.6%
8.2%
10.2%
8.5%

Sacramento
12.7%
8.8%
9.6%
9.1%
8.2%
8.7%
6.0%
6.9%
6.8%
7.0%
7.7%
8.4%

Solano
10.3%
5.3%
7.8%
7.0%
8.7%
8.4%
9.2%
8.5%
8.1%
8.9%
8.6%
9.2%

Sutter
10.7%
9.3%
12.0%
9.5%
11.0%
8.0%
7.0%
6.5%
5.6%
5.6%
6.5%
8.4%

Tehama
17.6%
8.5%
9.9%
7.7%
6.8%
6.7%
7.3%
7.0%
7.3%
6.3%
6.7%
8.2%

Yolo
8.1%
5.0%
8.4%
9.6%
10.6%
11.5%
11.0%
10.5%
7.0%
6.5%
6.0%
5.9%

References

California Department of Conservation (2001) 2000 Annual Report of the State Oil and Gas Supervisor.  Publication no. PRO6 prepared by the Division of Oil, Gas, and Geothermal Resources of the California Department of Conservation, Sacramento.

Energy Information Administration (2002a) Table 15 – Consumption of Natural Gas by State (1993-2000).  From the U.S. Natural Gas State Data website maintained by the Energy Information Administration of the Department of Energy, Washington, D.C., last updated May 31, 2002.  Web site accessed from http://www.eia.doe.gov/emeu/states/_states_ng.html. 

Energy Information Administration (2002b) Table 13.  Adjusted Sales of Distillate Fuel Oil by End Use in the United States: 1996-2000 and Table 16.  Adjusted Sales of Distillate Fuel Oil by End Use, 1999 and 2000.  From website U.S. Petroleum Sector Data maintained by the EIA, last updated March 21, 2002.  http://www.eia.doe.gov/oil_gas/petroleum/info_glance/sector.html
Energy Information Administration (2001) Petroleum Supply Annual, Volume 1.  June http://www.eia.doe.gov/pub/oil_gas/petroleum/data_publications/petroleum_supply_annual/psa_volume1/historical/2000/psa_volume1_2000.html

Kern County Air Pollution Control District (1988) Drilling Rigs.  Inventory methods documentation prepared for submittal to the California Air Resources Board.

Santa Barbara County Air Pollution Control District (1992) Onshore Drilling Rigs.  Inventory methods documentation prepared for submittal to the California Air Resources Board.

US Environmental Protection Agency (2000) Chapter 3.2 ( Natural Gas-fired Reciprocating Engines. In Compilation of Air Pollutant Emission Factors, Volume 1: Stationary Point and Area Sources,” AP-4212. Office of Air Quality Planning and Standards, Research Triangle Park, NC.  5th edition (April).  Accessed from web site http://www.epa.gov/ttn/chief/ap42/index.html. 

US Environmental Protection Agency (1996) Chapter 3.4 ( Large Stationary Diesel And All Stationary Dual-fuel Engines. In Compilation of Air Pollutant Emission Factors, Volume 1: Stationary Point and Area Sources,” AP-4212. Office of Air Quality Planning and Standards, Research Triangle Park, NC.  5th edition (October).  Accessed from web site http://www.epa.gov/ttn/chief/ap42/index.html.

� The Energy Information Administration defines oil company use to include the following:  (1) sales to drilling companies, pipelines or other related oil companies not engaged in the selling of petroleum products; (2) fuel oil purchased or produced and used by company facilities for the operation of drilling equipment, other field or refinery operations, and space heating at petroleum refineries, pipeline companies, and oil-drilling companies; and (3) sales to other oil companies for field use.  Sales for use as refinery charging stocks are excluded.  


� PAD District V includes Washington, Oregon, California, Nevada, Arizona, Alaska, and Hawaii.  





