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I. EXECUTIVE SUMMARY 

 

 A. Introduction 

 

In April 2015, the United States Environmental Protection Agency (USEPA) finalized 

new AP-42 flare emission factors. These revised emission factors applied to any flare system 

(regardless if unassisted, air assisted, or steam assisted) that is not an enclosed thermal oxidizer or 

low NOx design. Per the new AP-42 guidelines, the CO emission factor decreased to 

0.310 lb/MMBtu from the existing 0.370 lb/MMBtu factor. The ROC emission factor increased to 

0.570 lb/MMBtu from the previous factor of 0.0861 lb/MMBtu. 

 

B. Background 

 

Members of the Santa Barbara County oil and gas industry as well as environmental 

consultants expressed concern regarding the dramatic increase in the flare ROC potential-to-emit 

due to the revised emission factor. It is believed that the revised ROC emission factor was not 

representative of flares at Santa Barbara County’s onshore oil and gas production facilities. 

Following a review of the AP-42 document, the District determined that the EPA flare study was 

primarily applicable to oil refineries and chemical manufacturing facilities. Therefore, the new 

emission factor was not representative of Santa Barbara County’s oil and gas production facility 

flares. The District’s Engineering Division concluded that determining a new, countywide 

production flare ROC emission factor would lead to more accurate potential-to-emit calculations 

from oil and gas production facilities. 

  

 C. Recommendation 

 

The Engineering Division recommends that a ROC emission factor of 0.200 lb/MMBtu 

be used to calculate ROC potential-to-emit for all onshore oil and gas production flares meeting 

the criteria of this study. Analysis of the data showed no outliers in the dataset. All individual 

facility emission factors fall within two standard deviations of the proposed emission factor. The 

District considers this emission factor to be representative of production flare ROC emissions at 

onshore oil and gas production facilities within Santa Barbara County. 
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II. OVERVIEW 

 

 A. Onshore Oil and Gas Production Flare Background 

 

After well drilling operations have ceased, oil and gas production facilities begin to 

extract an emulsion composed primarily of water, crude petroleum and natural gas. As the 

emulsion passes through a production facility, the various components are separated. Produced 

gas recovered from the emulsion is typically sold, reinjected into the wells, or destroyed in a 

combustion process. In addition, process issues and pressure upsets at the facility may require 

venting of the produced gas, which must be combusted before its release to the atmosphere, as a 

safety measure.  

 

In order to operate an oil and gas production flare, a series of headers are installed 

throughout the facility which feed into the flare system. As the produced gas enters a flare, the 

reactive content of the gas is combusted and converted to non-reactive waste products: CO, CO2, 

and water vapor. Although flare combustion is designed to be highly efficient, a small fraction of 

the produced gas will inadvertently pass through the flare as un-combusted emissions. 

Additionally, due to variations in operating parameters, including outside factors such as 

humidity, temperature, wind speeds, turbulence of the gas, and the instantaneous quality of the 

gas being burned, flare ROC emissions naturally vary over time.  

 

 B. EPA Flare Study- 1983 

 

In 1983, the EPA, in conjunction with Chemical Manufacturers Association, The John 

Zink Company, and Engineering Science Inc., conducted a full scale experimental study to 

determine flare operational characteristics which led to a stable flame and good combustion 

efficiencies. A suspended sample probe located in the flare plume was used to obtain direct 

emissions data. The report concluded that combustion efficiencies of 98 percent (mass basis) 

were achievable. Furthermore, the EPA established working parameters for flare operations that 

have been incorporated into the technology based standards of District Rule 359. 

 

 C.  District Emission Factor Guidance Document- 2007 

 

A 2012 report prepared by the EPA Office of Air Quality Planning and Standards 

combined data from several experimental flare efficiency studies. The report was comprised of 

data sets from ten independent studies conducted between July 1983 and August 2011. Each of 

the studies focused entirely on refinery flares, chemical plant flares, or industrial flares using 

either extractive or remote sensing test methods such as pFTIR or aFTIR to collect emissions 

data. Using extrapolated data, the report concluded that a 96.5 percent combustion efficiency 

demonstrates good flare performance which translates to a 98 percent destruction efficiency 

(mass basis).  

 

D. EPA Flare Study- 2015 

 

As a result of a May 2013 lawsuit related to Section 130 of the Clean Air Act, the EPA 

conducted an extensive study of refinery and manufacturing plants in an attempt to update 

emission factors for various operational units including flares. Using multiple direct emission test 

reports and data from a DIAL study conducted in the Houston area, the EPA compiled seven 

emission test reports from ten flares and developed an updated ROC emission factor of 

0.570 lb/MMBtu. After reviewing the updated figure and available background data, the District 

had several concerns with the applicability of the new flare emission factor.  
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1. The study used data collected from refinery flares, whereas flares operated in Santa 

Barbara County are typically production flares. The nature of a refinery operations lends 

itself to flaring gas products with large fluctuations in heat content. At any given 

moment, off gasses collected from multiple vessels may be combusted in a refinery flare. 

The variation in combustion characteristics can be observed in the EPA study’s 

background documentation. Several of the tests showed unstable Btu content indicated by 

large standard deviation swings in the data. By comparison, the gases sent to production 

flares in Santa Barbara County have a stable Btu content extended over multiple years of 

operations.  

 

2. Test results found in study’s background data show large differences in the reactive 

content of the inlet gas with multiple data points exceeding 90 percent reactive content 

and standard deviations as high as 23 percent. Field gas burned in Santa Barbara County 

has much lower and stable reactive content, typically on the order of 10 percent, with a 

relatively consistent composition. 

 

3. Refinery flares have a greater tendency to smoke due to the flared gases’ higher 

molecular weights. Due to these operational considerations, refinery flares typically are 

assisted by air or steam. All of the flares used in the EPA’s study were assisted, thereby 

diluting the highly variable, and in some cases low, inlet Btu content further. A heat 

content less than 300 Btu/scf of gas would not be in compliance with the General 

Provisions of 40 CFR Part 60 and the flare likely would not meet a destruction efficiency 

of 98 percent (mass basis). Assisted flares also present operational problems when 

handling highly variable gas streams like those seen in the study. Steam or air volumes 

require continuous adjustment based on gas composition to prevent soot formation. 

Refinery flared gas compositions may change quickly enough such that control feedback 

issues become apparent, and ideal mixing of the gas with steam or air becomes difficult 

to achieve.  

 

After an extensive review of the data, taking into account concerns from the Santa 

Barbara County oil and gas operators, the District determined the emission factor derived from 

the April 2015 EPA study was not applicable to onshore production flare operations in Santa 

Barbara County. 

 

 E. District Flare Studies (1991 and 2015) 

 

In the early 1990’s, the District determined that several emergency flaring scenarios at 

Exxon’s Santa Ynez Unit and Chevron’s Gaviota processing facilities had the potential to cause 

large sulfur oxide (SOx) emissions and violate state and federal ambient air quality standards for 

SOx in the area. The District commissioned a study to mitigate predicted violations by reducing or 

eliminating excess flaring at the facilities. The report, released in July 1991, also developed 

District wide flare emission factors for criteria pollutants associated with flaring activities. Prior 

to this report, the District used AP-42 factors for Natural Gas Combustion. These AP-42 factors, 

designed for estimating emissions from controlled natural gas combustion inside a boiler or 

process heater, proved unreliable when applied to flaring operations due to the inherent 

differences between the combustion properties of boilers and flares.  

 

Flare emission factors were derived based on available literature and analyses of test data, 

including the EPA’s 1983 Flare Efficiency Study. The data from these studies was evaluated to 

obtain the average ROC/THC mass ratios for each type of flare tested. Only flares with 
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combustion efficiencies greater than 98 percent (mass basis) and steam-to-fuel ratios less than 

one were analyzed. Assumptions of the reactive content range of produced gas were made to 

obtain a final ROC emission factor of 0.086 lb/MMBtu.   

 

While the emission factor derived by the study was used for many years as a best 

available factor, the underlying data used in the study was based on previous EPA studies 

unrepresentative of flaring operations conducted at oil and gas production fields in Santa Barbara 

County. The study also cited the EPA’s 1983 Flare Efficiency Study when excluding all data 

below a base combustion efficiency of 98 percent which corresponds to a 99.5 percent 

hydrocarbon destruction efficiency. According to the more recent EPA’s 2012 Flare Design 

Study, a combustion efficiency of 96.5 percent corresponding to a destruction efficiency of 

98 percent (mass basis) more accurately represented good flare performance. 

 

Due to poor representation of existing ROC emission factors for onshore oil and gas 

production flares, the District proceeded to conduct a new study beginning in July 2015. A 

common challenge all prior studies have encountered is the applicability of an emission factor to 

a wide range of flare designs and operating scenarios in industry. By narrowing the focus of the 

study to flares operating at local onshore oil and gas production facilities, the final emission 

factor would be more representative of operations occurring in the county.  
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III. METHODOLOGY 

 

 A. Introduction 

 

The District established a methodology to determine the worst case scenario flare 

emission factor while taking into account cost and resource restrictions. The District determined 

that conducting direct emissions testing using the pFTIR or DIAL methods found in the EPA 

studies was not a feasible option due to lack of resources. Instead, the District relied on facility 

inspection and permit reports for study data.  

 

The District created a set of criteria that a flare must possess in order to be included in the 

study. After compiling a list of all oil and gas flares in the County, any flares with a lack of 

reported flare data were removed. Using gas analyses and reported flared volumes, the District 

calculated a weighted ROC emission factor for each facility. All of the facility data was 

subsequently averaged to calculate the new county-wide flare ROC emission factor. 

 

B. Assumptions 

 

According to the EPA, properly designed and operated flares, “destroy volatile organic 

compounds (VOC) or volatile hazardous air pollutants (HAP) with a destruction efficiency of 

98 percent or greater”. The District made the assumption that all flares in compliance with the 

technology based standards of District Rule 359.D.2, and the General Provisions of 

40 CFR Part 60 Section 18(b) through (d), are considered “properly operated” and achieve a 

minimum destruction efficiency of 98 percent (mass basis). The technology based requirements 

for flares include smokeless operation, minimum heating content of inlet gas (200 Btu/scf if   

non-assisted and 300 Btu/scf if assisted), and use of a reliable ignition source. To calculate the 

most conservative emission factor, the District deemed it reasonable to apply the 98 percent 

destruction efficiency to all flaring events.  

  

Secondly, the District assumed that the periodic gas analyses used to determine the flared 

gas ROC content is representative of gas quality at the facility over the entirety of a reporting 

period. The District understands that there is an inherent variation for any measurements taken 

over a period of time and that no two gas samples, even taken sequentially, will be identical. 

However, gas from a specific production field tends to have a consistent heat content and 

composition with minimal variation over time. Typically, only operational changes such as the 

production from a new formation or new wells will cause a significant change in overall gas 

composition at the flare header.  

 

C. Study Criteria 

 

The study was limited to onshore oil and gas production flares. Therefore, flares 

operating at oil refineries, gas plants, offshore platforms, wastewater treatment plants, and 

landfills were excluded. These flares combust gases not found at the type of oil and gas 

production facilities being evaluated and would not provide representative data. 

 

Emergency flares were excluded from the study since emergency flaring events are not 

representative of typical operations at a facility. Furthermore, the volume of produced gas 

combusted during unplanned flaring events is minimal in comparison to planned flaring.  
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Offshore flares operating on the OCS oil platforms were removed from consideration due 

to operational differences with flares found at onshore production fields. The offshore platform 

flares often serve as dual purpose production and emergency flares. As noted above, emergency 

flares where not included as part of this study. Additionally, the offshore flares have significantly 

higher maximum heat input ratings compared to their onshore counterparts since the units are 

designed to handle large gas flows. This difference in gas flow rates makes comparing onshore 

and offshore flares difficult.  

 

Lastly, only flares which operated in compliance with District Rule 359.D were used in 

the study. Compliance was determined based on review of District inspection reports. This study 

criteria was included to ensure the flares met the assumed 98 percent destruction efficiency. 

 

The following table summarizes the eighteen oil and gas production flares which met the 

aforementioned study criteria:  

 

Table 1. Flares Meeting Study Criteria 

Company Facility 
Facility 

ID 

Permit 

Number 

Device 

ID 

Flare Rating 

(MMBtu/hr) 

AmRich Energy Bradley II Lease 03226 14409 387954 4.375 

AmRich Energy Chamberlin Lease 11328 13846 113588 87.500 

AmRich Energy Chamberlin 

Hathaway Lease 

11461 14294 387050 3.280 

BE Conway Energy Enos Lease 04114 8496-R8 5846 4.370 

BE Conway Energy Newhall Lease 03841 8042-R8 6227 2.187 

BE Conway Energy Union Sugar 

Lease 

04108 7750-R9 5839 2.187 

ERG Resources Peshine/Tompkins 

Lease 

04129 14617 386944 5.500 

ERG Resources Williams Holding 

Lease  

03009 13500 1671 14.150 

Greka Oil and Gas Armelin Lease 03736 7775-R6 3332 21.870 

Greka Oil and Gas Bradley Lands 04103 7053-R9 5838 12.900 

Greka Oil and Gas Morganti Lease 03303 8096-R9 8428 5.625 

HDT Inc. Los Flores Ranch 11468 14337 387328 20.800 

PetroRock Calderon Lease 11456 14271-01 386923 21.875 

PRE Resources 1 Careaga #1 04017 13719-R1 114417 62.500 

Sierra Resources, Inc. 2 Barham/Boyne 

Leases 

03777 8269-R7 3344 17.500 

Sierra Resources, Inc. 2 Blair Lease (1) 02637 8837-R8 1412 91.880 

Sierra Resources, Inc. Blair Lease (2) 08673 14405 387448 33.400 

Towne Exploration Luton Lease 04106 13903 5838 2.188 

Underground Energy Asphaltea Lease 11312 13980 386661 6.000 

 

 

 

                                                            
1 Data is from when Venoco Inc. owned and operated the facility 
2 Previously Purisima Hills, LLC 
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D. Flares Used in Study 

 

Of the eighteen onshore production flares meeting the study criteria, an additional nine 

were excluded from the study due to a lack of data (see Table 2). These included flares operating 

at older facilities that either did not have a gas sampling permit requirement or were idle. 

Additionally, flares at newly permitted facilities which have not yet submitted the results of the 

required gas sampling were not included.  

 

Table 2: Study Flares 

Company Facility 
Facility 

ID 

Permit 

Number 

Device 

ID 

Flare Rating 

(MMBtu/hr) 

BE Conway Energy Enos Lease 04114 8496-R8 5846 4.370 

BE Conway Energy Union Sugar Lease 04108 7750-R9 5839 2.187 

ERG Resources Williams Holding 

Lease  

03009 13500 1671 14.150 

Greka Oil and Gas Bradley Lands 04103 7053-R9 5838 12.900 

Greka Oil and Gas Morganti Lease 03303 8096-R9 8428 5.625 

PRE Resources Careaga #1 04017 13719-R1 114417 62.500 

Sierra Resources, Inc. Barham/Boyne 

Leases 

03777 8269-R7 3344 17.500 

Sierra Resources, Inc. Blair Lease (1) 02637 8837-R8 1412 91.880 

Sierra Resources, Inc. Blair Lease (2) 08673 14405 387448 33.400 

 

E. Flare Data 

 

The District incorporates conditions in oil and gas production facility permits requiring 

the regular sampling of the facility’s produced gas and reporting the volume of produced gas 

flared during the reporting period. These pieces of information allowed the District to calculate 

the Santa Barbara County flare ROC emission factor. 

 

The produced gas analyses were conducted using ASTM D1945, ASTM D3588, or a 

District approved alternative methods. These methods determine properties of the produced gas 

including composition and higher heating value using gas chromatography. Figure 1 on the next 

page shows an example printout of a gas analysis report.   
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Figure 1. Sample Gas Analysis Report 

 
 

The gas analysis results provide both the organic and inert compound fractions found in 

the produced gas. The organic content of a typical natural gas sample consists mainly of methane 

with progressively smaller fractions of heavier hydrocarbons such as propane, butane, pentane, 

etc. These organics are often denoted as C1 through C8+ in gas analyses. District Rule 102 does 

not define methane and ethane as reactive organic compounds.  Therefore, these compounds were 

excluded when determined the flare ROC emission factor.  

 

F. Relevant Equations and Calculations 

 

 The first step to calculate each facility’s flare ROC emission factor was to determine the 

ROC content of the produced gas at the facility. For each reporting period that a gas analysis was 

conducted, Equation 1 was used to calculate the total molecular weight of ROC in the gas sample 

based on each compounds molecular weight and molecular percentage per the gas sample.  

 

Equation 1 

𝑇𝑜𝑡𝑎𝑙 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑊𝑒𝑖𝑔ℎ𝑡 𝐺𝑎𝑠 𝑅𝑂𝐶 
𝑙𝑏

𝑙𝑏 − 𝑚𝑜𝑙
=   ∑((

𝑥𝑖

100
) ×

𝑛

𝑖

𝑀𝑖) 

 
Where 

 𝑥𝑖 = mole percentage  

𝑀𝑖 = molecular weight of reactive organic molecule i (which excludes methane and ethane).                                                                                             
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At standard conditions (60 ºF, 14.696 psia), at which the results of the gas analysis are 

reported, an ideal gas has a molar volume of 379.48 scf/lb-mole. Treating the field gas as an ideal 

gas and using the molar volume, the total mass of reactive compounds per scf entering the flare 

can be calculated using Equation 2.   

 

Equation 2 

  
 𝑙𝑏 𝑅𝑂𝐶 

𝑠𝑐𝑓
 = 𝑇𝑜𝑡𝑎𝑙 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑊𝑒𝑖𝑔ℎ𝑡 𝐺𝑎𝑠 𝑅𝑂𝐶 

𝑙𝑏

𝑙𝑏 − 𝑚𝑜𝑙
 ×  

1 𝑙𝑏 − 𝑚𝑜𝑙

379.48 𝑠𝑐𝑓
  

 

Assuming the minimum 98 percent destruction efficiency for all properly designed and 

operated flares, two percent of the total inlet reactive gas entering a flare goes unreacted and 

emitted to the atmosphere as ROC emissions. Using this conservative destruction efficiency as a 

worst case scenario efficiency provides the maximum estimate of ROC content in the flare 

exhaust plume. The flare ROC emission factor (lb/MMBtu) can be determined using the 

calculated reactive organic compounds’ mass per standard cubic foot of gas (Equation 2), the 

98 percent assumed destruction efficiency, and the gas analysis’ dry gross calorific higher heating 

value. Equation 3 below shows this calculation: 

 

 Equation 3 

 
𝑙𝑏

𝑀𝑀𝐵𝑡𝑢
 = (

𝑙𝑏

𝑠𝑐𝑓
 ÷  

𝐵𝑇𝑈

𝑠𝑐𝑓
 ) × 106 × (1 − 0.98) 

 
The calculated flare ROC emission factor is only valid for the reporting period in which a 

gas analysis was conducted. In order to account for the varying operations over the course of 

several reporting periods, the District determined that using a weighted-average based on the 

volume of gas flared would be used to calculate each facility’s flare ROC factor. Equation 4 

converts individual reporting period ROC emission factors into a facility wide emission factor. 

 

Equation 4 

 

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑅𝑂𝐶 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =  ∑(𝐹𝑙𝑎𝑟𝑒𝑑 𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒𝑖 ∗
𝑙𝑏 𝑅𝑂𝐶

𝑠𝑐𝑓
𝑖

𝑛

𝑖

) ∑ 𝐹𝑙𝑎𝑟𝑒𝑑 𝐺𝑎𝑠 𝑉𝑜𝑙𝑢𝑚𝑒𝑖

𝑛

𝑖

⁄  

Where  

i = the first reporting period 

  

 

 Finally, the calculated facility emission factors are averaged to determine the final Santa 

Barbara County-wide onshore ROC production flare emission factor using Equation 5.  

 

 Equation 5 

 

𝐶𝑜𝑢𝑛𝑡𝑦 𝑊𝑖𝑑𝑒 𝑅𝑂𝐶 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 =  
∑ 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑅𝑂𝐶 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟𝑠

𝑛
 

 

Where  

n = the number of Facility ROC Emission Factor data points 
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IV. RESULTS 

 

 A. Facility Emission Factors 

 

 Using the calculation methodologies specified in the previous section, the District calculated the 

following emission factors for each facility used in this study: 

 

Table 3: Facility Emission Factors. 

Company Facility 
Facility 

ID 

Device 

ID 

Flare Rating 

(MMBtu/hr) 

Emission Factor 

(lb/MMBtu) 

BE Conway Energy Enos Lease 04114 5846 4.370 0.159 

BE Conway Energy Union Sugar Lease 04108 5839 2.187 0.247 

ERG Resources Williams Holding 

Lease  

03009 1671 14.150 0.180 

Greka Oil and Gas Bradley Lands 04103 5838 12.900 0.398 

Greka Oil and Gas Morganti Lease 03303 8428 5.625 0.054 

PRE Resources Careaga #1 04017 114417 62.500 0.309 

Sierra Resources, Inc. Barham/Boyne 

Leases 

03777 3344 17.500 0.098 

Sierra Resources, Inc. Blair Lease (1) 02637 1412 91.880 0.170 

Sierra Resources, Inc. Blair Lease (2) 08673 387448 33.400 0.186 

 

Detailed calculations for each facility and supporting documentation may be found in the Appendices. 

 

 B. County-Wide Emission Factor 

  

 The District elected to use a non-weighted average of all the facility factors to calculate the Santa 

Barbara County-wide ROC factor since some facilities had more data available and the District wanted to 

equally representation of the various oil and gas production facilities. The calculated Santa Barbara 

County-wide ROC factor was 0.200 lb/MMBtu. 
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V. DATA ANALYSIS AND VALIDATION 

 

 A major goal of the study was to use sufficiently narrow criteria in the candidate flare selection 

process to remove uncertainty in the data. Since no direct source testing was performed, the District relied 

on the accuracy and precision of the produced gas chromatography analyses conducted by certified state 

laboratories for the individual report data points.  

 

 Unlike EPA’s wide ranging flare studies, the District study solely focused on flare units with 

similar capacity, function, and combusted field gas extracted from geological formations found in Santa 

Barbara County. It is reasonable to expect the reactive content of the gas and calculated emission factors 

to be relatively similar and consistent from year to year at a facility level. The population size of the study 

includes nearly all of the operating onshore production flares in the county. Therefore, any final emission 

factor will likely be representative of production flare emissions in the county. 

 

With a mean of 0.200 lb/MMBtu and a standard deviation of 0.105 lb/MMBtu, eight of the nine 

flares had calculated emission factors that fell within one standard deviation of the mean and all data fell 

within two standard deviations. Figure 2 below shows the study’s data standard deviation distribution. 

The studies standard deviation of 0.105 lb/MMBtu was normalized and each facilities individual standard 

deviation was plotted, depicting a normal distribution.  

 

 

Figure 2: Facility Data Standard Deviation Distribution. 

 

 

 

Further analysis was required to determine if outlier data was present using the Dixon Q outlier 

test. This method, for identification and rejection of outliers, assumes normal distribution of the data and 

should not be used to reject data more than once in a data set. The first step in conducting this analysis 

was to determine normality in the emission factor data. The unweighted facility emission factors were 

collected and plotted as a histogram. A histogram distributes the data into a range, and the number of 
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values that fall into a specific range is represented by the y axis (frequency). Figure 3 shows the 

comparison of the data distribution to the distribution expected from data which follows a Gaussian 

distribution.  

 

 

Figure 3: Histogram Comparing Data to Gaussian Distribution. 

 

 
While not exact, the data generally follows a normal distribution and allows the Dixon Q outlier 

test to be conducted. Running the data through the Dixon Q outlier test at a 95 percent confidence interval 

yields no outliers in the dataset. The District believes all of the collected data is valid and properly used to 

conduct this study. 
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VI. CONCLUSIONS 

 

The Santa Barbara County, onshore production flare ROC emission factor was calculated 

to be 0.200 lb/MMBtu. The District believes this emission factor should be used in place of the 

current AP-42 ROC emission factor. 
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Appendix A - BE Conway Energy Enos Lease Data 
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A.1  General Information 

 

 
 

 

A.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Permit # 8496-R8

Facility Name Enos Lease

FID 4114

Company BE Conway Energy

Device ID # 5846

Make NAO

Model Unknown

Max Heat Rating (MMBTU/hr) 4.37

Air Assisted? no

Steam Assisted? no
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A.3.1  Annual Flare Volume (2010)  
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A.3.2  Annual Flare Volume (2011)  
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A.3.3  Annual Flare Volume (2012) 
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A.3.4  Annual Flare Volume (2013) 
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A.3.5  Annual Flare Volume (2014) 
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A.4.1 Gas Analysis (2010) 
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A.4.2 Gas Analysis (2011) 
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A.4.3 Gas Analysis (2012) 

 

 
 

 

 

 

 



Appendix A - BE Conway Energy Enos Lease Data 
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A.4.4 Gas Analysis (2013) 
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A.4.5 Gas Analysis (2014) 

 

 
 



Appendix B - BE Conway Energy Union Sugar Lease Data 
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B.1 General Information 

 

 
 

B.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Permit # 7750-R9

Facility Name Union Sugar Lease

FID 4108

Company BE Conway Energy

Device ID # 5839

Make unknown

Model unknown

Max Heat Rating (MMBTU/hr) 2.187

Air Assisted? no

Steam Assisted? no

1 2

Location of Sample: unknown unknown

Actual Year of Analysis: 2010 2013

ROC Mol% 9.42 9.22

BTU Content (Btu/scf) HHV, dry, 14.73 psi 60F 1162.7 1163.3

lb ROC/scf 0.014405973 0.014192059

Assumed Control % 98 98

Outlet ROC (ppmv) 1884 1844

Calculated ROC Emission Factor (lb/MMBtu) 0.247802063 0.243996538

Gas Flared in Year (scf) 4363000 1289000

0.247Weighted Average ROC Emission Factor based on flare volume:

Gas Information from Analysis

notes: none none
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B.3.1 Annual Flare Volume (2010) 
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B.3.2 Annual Flare Volume (2013) 

 

 



Appendix B - BE Conway Energy Union Sugar Lease Data 
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B.4.1 Gas Analysis (2010) 

 
 

 

 

mol % mol%/100 MW MW ROC Total Mol Wt. ROC C3 to C6+ 5.466779 lb/lbmol

Methane 76.01 0.7601 16.044 12.16504 At STP 1 lb-mol = 379.48 scf

Ethane 4.98 0.0498 30.07 1.497486 Total lbs of ROC C3 to C6+ per ft3 0.014406

Propane 4.18 0.0418 44.097 1.843255

Iso-Butane 0.67 0.0067 58.12 0.389404

N-Butane 1.84 0.0184 58.12 1.069408

neo-pentane 0 0 72.15 0

i-Pentane 0.7 0.007 72.15 0.50505

n-Pentane 0.64 0.0064 72.15 0.46176

2,2-Dimethylbutane 0.06 0.0006 86.18 0.051708

2,3-Dimethylbutane 0.3 0.003 86.18 0.25854

2-Methylpentane 0.46 0.0046 86.18 0.396428

3-Methylpentane 0 0 86.18 0

n-Hexane 0.08 0.0008 86.18 0.068944

Hexane Plus 0.49 0.0049 86.18 0.422282

ROC Mol% 9.42



Appendix B - BE Conway Energy Union Sugar Lease Data 
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B.4.2 Gas Analysis (2013) 

mol % mol%/100 MW MW ROC Total Mol Wt. ROC C3 to C6+ 5.385602 lb/lbmol

Methane 76.96 0.7696 16.044 12.31709 At STP 1 lb-mol = 379.48 scf

Ethane 4.7 0.047 30.07 1.41329 Total lbs of ROC C3 to C6+ per ft3 0.014192

Propane 4.02 0.0402 44.097 1.772699

Iso-Butane 0.66 0.0066 58.12 0.383592

N-Butane 1.77 0.0177 58.12 1.028724

neo-pentane 0 0 72.15 0

i-Pentane 0.69 0.0069 72.15 0.497835

n-Pentane 0.64 0.0064 72.15 0.46176

2,2-Dimethylbutane 0.05 0.0005 86.18 0.04309

2,3-Dimethylbutane 0.33 0.0033 86.18 0.284394

2-Methylpentane 0.52 0.0052 86.18 0.448136

3-Methylpentane 0 0 86.18 0

n-Hexane 0.04 0.0004 86.18 0.034472

Hexane Plus 0.5 0.005 86.18 0.4309

ROC Mol% 9.22



Appendix C - ERG Resources Williams Holding Lease Data 
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C.1 General Information 

 

 
 

C.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2 3 4

Location of Sample: Fuel Gas@ compressor Fuel Gas@ compressor Fuel Gas@ compressor Fuel Gas@ compressor

Actual Year of Analysis: 2011 2012 2013 2014

ROC Mol% 7.67 6.26 6.5 4.77

BTU Content (Btu/scf) HHV, dry, 14.73 psi 60F 1153.2 1105.2 1100.8 956.7

lb ROC/scf 0.0108 0.0092 0.0108 0.0078

Assumed Control % 98 98 98 98

Outlet ROC (ppmv) 1534 1252 1300 954

Calculated ROC Emission Factor (lb/MMBtu) 0.188 0.167 0.197 0.163

Gas Flared in Year (scf) 79592000 76169000 31258000 13170000

None None None

0.180Weighted Average ROC Emission Factor based on flare volume:

Nonenotes:

Gas Information from Analysis
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C.3.1 Annual Flare Volume (2011) 
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C.3.2 Annual Flare Volume (2012) 
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C.3.3 Annual Flare Volume (2013) 
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C.3.4 Annual Flare Volume (2014) 
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C.4.1 Gas Analysis (2011) 
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C.4.2 Gas Analysis (2012) 
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C.4.3 Gas Analysis (2013) 
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C.4.4 Gas Analysis (2014) 

 
 

 

 



Appendix D - Greka Oil and Gas Bradley Lands/Bradley Consolidated Lease Data 
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D.1 General Information 

 

 
 

D.2  Gas Analysis Summary 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Permit # PTO 7053-R9

Facility Name Bradley Lands/Bradley Consolidated Lease

FID 4103

Company Greka Oil and Gas

Device ID # 5838

Make Kaldair 

Model Indair 

Max Heat Rating (MMBTU/hr) 12.9

Air Assisted? unknown

Steam Assisted? unknown

1 2 3

Location of Sample: unknown unknown unknown

Actual Year of Analysis: 2011 2012 2014

ROC Mol% 15.28 12.832 13.04

BTU Content (Btu/scf) HHV, dry, 14.696 psi 60F 1111.7 1042.11 1049

lb ROC/scf 0.024112536 0.0200 0.0204

Assumed Control % 98 98 98

Outlet ROC (ppmv) 3056 2566.4 2608

Calculated ROC Emission Factor (lb/MMBtu) 0.433795736 0.38304405 0.38939269

Gas Flared in Year (scf) 6030000 13593385 1170651

0.398

Gas Information from Analysis

Weighted Average ROC Emission Factor based on flare volume:

notes: data from annual reports data from annual reports
data from annual 

reports
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D.3.1 Annual Flare Volume (2011) 
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D.3.2 Annual Flare Volume (2012) 
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D.3.3 Annual Flare Volume (2014) 
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D.4.1 Gas Analysis (2011) 
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D.4.2 Gas Analysis (2012) 
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D.4.3 Gas Analysis (2014) 

 

 
 

 



Appendix E - Greka Oil and Gas Morganti Lease Data 
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E.1 General Information 

 

 
 

E.2  Gas Analysis Summary 
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E.3.1 Annual Flare Volume (2011) 
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E.3.2 Annual Flare Volume (2012) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix E - Greka Oil and Gas Morganti Lease Data 
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E.3.3 Annual Flare Volume (2014) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix E - Greka Oil and Gas Morganti Lease Data 
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E.4.1 Gas Analysis (2011) 
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E.4.2 Gas Analysis (2012) 
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E.4.3 Gas Analysis (2014) 

 

 
 

 

 



Appendix F - PRE Resources Careaga #1 Lease Data 

 

1 

 

F.1 General Information 

 

 
 

F.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

1 2

Location of Sample:

Actual Year of Analysis: 2011 2012

ROC Mol% 12.1 15.15

BTU Content (Btu/scf) HHV, dry, 14.73 psi 60F 1243.2 1347.8

lb ROC/scf 0.01779365 0.023441035

Assumed Control % 98 98

Outlet ROC (ppmv) 2420 3030

Calculated ROC Emission Factor (lb/MMBtu) 0.286255635 0.347841443

Gas Flared in Year (scf) 6388200 3796000

0.309

Gas Information from Analysis

Weighted Average ROC Emission Factor based on flare volume:

notes: nonenone
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F.3.1 Annual Flare Volume (2011) 
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F.3.2 Annual Flare Volume (2012) 
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F.4.1 Gas Analysis (2011) 
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F.4.2 Gas Analysis (2012) 

 
 

 

 

 



Appendix G – Sierra Resources Barham/Boyne Lease Data 
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G.1 General Information 

 

 
 

G.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2

Location of Sample: Separator to Flare Separator to Flare

Actual Year of Analysis: 2013 2014

ROC Mol% 2.89 2.58

BTU Content (Btu/scf) HHV, dry, 14.696 psi 60F 906.7 859.2

lb ROC/scf 0.0047 0.0040

Assumed Control % 98 98

Outlet ROC (ppmv) 578 516

Calculated ROC Emission Factor (lb/MMBtu) 0.104 0.092

Gas Flared in Year (scf) 30601600 32200000

0.098

Gas Information from Analysis

Weighted Average ROC Emission Factor based on flare volume:

notes: none none
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G.3.1 Annual Flare Volume (2013) 
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G.3.2 Annual Flare Volume (2014) 
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G.4.1 Gas Analysis (2013) 
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G.4.2 Gas Analysis (2014) 

 

 
 

 



Appendix H – Sierra Resources Blair Lease (1) Data 
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H.1 General Information 

 

 
 

H.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

1 2

Location of Sample: Separator to Flare Separator to Flare

Actual Year of Analysis: 2013 2014

ROC Mol% 6.74 5.49

BTU Content (Btu/scf) HHV, dry, 14.73 psi 60F 1061.2 1023.4

lb ROC/scf 0.010 0.008

Assumed Control % 98 98

Outlet ROC (ppmv) 1348 1098

Calculated ROC Emission Factor (lb/MMBtu) 0.194 0.149

Gas Flared in Year (scf) 201878500 223380000

0.170Weighted Average ROC Emission Factor based on flare volume:

notes: none none

Gas Information from Analysis
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H.3.1 Annual Flare Volume (2013) 
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H.3.2 Annual Flare Volume (2014) 
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H.4.1 Gas Analysis (2013) 
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H.4.2 Gas Analysis (2014) 

 

 
 

 

 

 

 

  

 



Appendix I - Sierra Resources Blair Lease (2) Data 
 

 

I.1 General Information 

 

 
 

I.2  Gas Analysis Summary 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

1

Location of Sample: Separator to Flare

Actual Year of Analysis: 2014

ROC Mol% 7.31

BTU Content (Btu/scf) HHV, dry, 14.696 psi 60F 1146.5

lb ROC/scf 0.0106

Assumed Control % 98

Outlet ROC (ppmv) 1462

Calculated ROC Emission Factor (lb/MMBtu) 0.186

Gas Flared in Year (scf) 450240

0.186

notes:
tested on 12/26/2014 , Drum canyon facility 

began operation on December 9, 2014

Weighted Average ROC Emission Factor based on flare volume:

Gas Information from Analysis
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I.3.1 Annual Flare Volume (2014) 
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I.4.1 Gas Analysis (2014) 

 

 


