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Executive Summary 

The purpose of this study was to directly measure emission rates of volatile organic compounds 

(VOC) from breathing, working, and flash loss emissions from tank batteries at designated sites 

located in the Dallas-Fort Worth (DFW) area.  Tank vent gas samples were collected and 

analyzed in order to determine tank-specific product compositions and component 

concentrations.  VOC emission rates from the tank battery were continuously measured over 

24-hour periods.  Site-specific production information and parameters required to estimate 

annual VOC emissions from tank batteries and other site-specific information designated by the 

TCEQ was collected by ENVIRON International Corp. (ENVIRON) and encompassed the 

complete 12-month period immediately preceding the tank emission rate testing.  Liquid 

samples were collected from the pressurized separators at the tank batteries and analyzed for 

input to Exploration and Production (E&P) TANK software. 

VOC emission measurements were made at seven tank batteries in the DFW area during July 

2010 using a single thief hatch adapter sampling apparatus.  Tank vapors from all condensate 

and produced water tanks at the tank battery were routed through the common sampling 

apparatus, which consisted of flow rate measurement devices and vent gas sampling 

equipment.  Although measuring emission rates on a single tank basis was not possible except 

for single tank batteries, the thief hatch adapter sampling apparatus was an effective method for 

measuring total VOC emissions from the entire tank battery.  Flow rates were measured using 

both a Fox FT2-151 thermal mass flow meter and a GE Panametrics Model GM868 ultrasonic 

flow meter.  Vent gas samples were collected using evacuated stainless steel canisters and 

analyzed using Gas Processors Association (GPA) Method 2286.  VOC emission rates based 

on the measurements are presented in Tables ES-1 and ES-2.  Average hourly VOC emission 

rates were calculated by dividing the measured 24-hour VOC emission rate by 24 hours.  

Annual VOC emission rates were calculated by multiplying the measured 24-hour VOC 

emission rate by the ratio of the June 2009 – May 2010 total liquid production to the 24-hour 

measured liquid production for the site:1 

VOC Emission Rate (tpy) = VOC Emission Rate (lb/day) x {(June 2009 – May 2010 Total Liquid 

Production Rate (bbl/yr) / (Measured Total Liquid Production Rate (bbl/day)} / 2,000 lb/ton 

Annual VOC emission rates are presented in detail in Tables ES-1a and ES-2a. 

                                                           
1
 Liquid production includes both condensate and produced water.  This is the site-specific production data requested 

from operators through ENVIRON questionnaire. 
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Table ES-1. VOC Emission Rates – Fox FT2-151 Thermal Mass Flow Meter 

Site County Area 
Qventgas

1
 

(scf/day) 

MWventgas 

(lb/lb-

mole) 

FVOC
2
 

VOC Emission Rate 

Average Hourly
4
 

 (lb/hr) 

24-hour  

(lb/day) 

Annual
5
  

(tpy) 

Ann Bingham 

Pad
3
 

Johnson Barnett Shale 
3,409 44.01 0.00 0.00 0.00 0.00 

Little Hoss B Johnson Barnett Shale 1,119 51.02 0.86 5.28 126.80 19.97 

Gage Pitts Wise Barnett Shale 7,807 44.902 0.79 29.91 717.91 96.75 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 127 47.702 0.81 0.53 12.72 1.02 

Day Lease 

Central 
Tarrant 

Northeast 

Barnett Shale 2,197 23.387 0.002 0.01 0.28 0.17 

R. M. Alliston
3
 Tarrant 

Northeast 

Barnett Shale 4 44.01 0.00 0.00 0.00 0.00 

First Baptist 

Church Slidell 

No. 1 

Wise Barnett Shale 

126 44.714 0.78 0.47 11.34 3.92 

Minimum 4 23.39 0.00 0.00 0.00 0.00 

Maximum 7,807 51.02 0.86 29.91 717.91 96.75 

Mean 1,119 44.71 0.78 5.17 124.15 17.40 

Standard Deviation 2,113 42.82 0.46 11.07 265.79 35.72 
1 

Measured during testing period. The accuracy of the measurements ranges from ±1% of the reading ±0.2% of full scale. 
2
 Fraction of VOC on a weight percent basis (air-free) 

3
 The vent gas compositional analyses for both sites resulted in carbon dioxide (CO2) weight compositions of 100% on an air-free basis, but no 

detectable VOC. 
4
 Average hourly VOC emission rate is calculated by dividing the 24-hour emission rate by 24 hours. 

5
 Annual emission rate is calculated by multiplying the 24-hour emission rate by the ratio of June 2009 – May 2010 total production to 

measured production during the testing period and dividing by 2,000 pounds per ton. 
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Table ES-1a. Calculation of Annual VOC Emission Rates – Fox FT2-151 Thermal Mass Flow Meter 

Site County Area 

VOC Emission 

Rate  

(lb/day) 

June 2009 – May 

2010 Production 

Rate
1
  

(bbl/yr) 

Measured 24-

hour Production 

Rate
2
  

(bbl/day) 

Ratio
3
 

(day/yr) 

VOC Emission 

Rate
4
  

(tpy) 

Ann Bingham Pad Johnson Barnett Shale 0.00 65,883 145.3 453.43 0.00 

Little Hoss B Johnson Barnett Shale 126.80 94,855 301.2 314.92 19.97 

Gage Pitts Wise Barnett Shale 717.91 38,140 141.5 269.54 96.75 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 12.72 1,881 
11.69 

160.91 1.02 

Day Lease 

Central 
Tarrant 

Northeast Barnett 

Shale 0.28 13,015 
10.44 

1246.65 0.17 

R. M. Alliston Tarrant 
Northeast Barnett 

Shale 0.00 684 
0.85 

804.71 0.00 

First Baptist 

Church Slidell No. 

1 

Wise Barnett Shale 

11.34 6,904.46 10 690.45 3.92 
1
 Total condensate and produced water production rate for period of June 2009 – May 2010 was reported by operators. 

2
 Total condensate and produced water production during 24-hour testing period as measured by operators. 

3
 Ratio (day/yr) = June 2009 – May 2010 Production Rate (bbl/yr) / Measured 24-hour Production Rate (bbl/day) 

4
 VOC Emission Rate (tpy) = VOC Emission Rate (lb/day) x Ratio (day/yr) / 2,000 lb/ton 
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Table ES-2. VOC Emission Rates – GE Panametrics Model GM868 Ultrasonic Flow Meter 

Site County Area 
Qventgas

1
 

(scf/day) 

MWventgas 

(lb/lb-mole) 
FVOC

2
 

VOC Emission Rate 

Average Hourly
4
 

 (lb/hr) 

24-hour 

 (lb/day) 

Annual
5
  

(tpy) 

Ann Bingham 

Pad
3
 

Johnson Barnett Shale 
3,540 44.01 0.00 0.00 0.00 0.00 

Little Hoss B Johnson Barnett Shale 2,314 51.02 0.86 11.15 267.53 42.13 

Gage Pitts Wise Barnett Shale 6,820 44.902 0.79 26.66 639.85 86.23 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 1,030 47.702 0.81 4.39 105.29 8.47 

Day Lease 

Central 
Tarrant 

Northeast 

Barnett Shale 2,561 23.387 0.002 0.01 0.33 0.21 

R. M. Alliston
3
 Tarrant 

Northeast 

Barnett Shale 394 44.01 0 0.00 0.00 0.00 

First Baptist 

Church Slidell 

No. 1 

Wise Barnett Shale 

384 44.714 0.78 1.47 35.26 12.17 

Minimum 384 23.39 0.00 0.00 0.00 0.00 

Maximum 6,820 51.02 0.86 26.66 639.85 86.23 

Mean 2,314 44.71 0.78 6.24 149.75 21.32 

Standard Deviation 2,435 42.82 0.46 9.87 236.76 32.28 
1 

Measured during testing period. The accuracy of the measurements ranges from ±1 to 2% of the reading with a repeatability of ±0.2 to 0.5% of 

the reading. 
2
 Fraction of VOC on a weight percent basis (air-free) 

3
 The vent gas compositional analyses for both sites resulted in carbon dioxide (CO2) weight compositions of 100% on an air-free basis, but no 

detectable VOC. 
4
 Average hourly VOC emission rate is calculated by dividing the 24-hour emission rate by 24 hours. 

5
 Annual emission rate is calculated by multiplying the 24-hour emission rate by the ratio of June 2009 – May 2010 total production to measured 

production during the testing period and dividing by 2,000 pounds per ton. 
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Table ES-2a. Calculation of Annual VOC Emission Rates – GE Panametrics Model GM868 Ultrasonic Flow Meter 

Site County Area 

VOC Emission 

Rate  

(lb/day) 

June 2009 – May 

2010 Production 

Rate
1
  

(bbl/yr) 

Measured 24-

hour Production 

Rate
2
  

(bbl/day) 

Ratio
3
 

(day/yr) 

VOC Emission 

Rate
4
  

(tpy) 

Ann Bingham Pad Johnson Barnett Shale 0.00 65,883 145.3 453.43 0.00 

Little Hoss B Johnson Barnett Shale 267.53 94,855 301.2 314.92 42.13 

Gage Pitts Wise Barnett Shale 639.85 38,140 141.5 269.54 86.23 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 105.29 1,881 11.69 160.91 8.47 

Day Lease 

Central 
Tarrant 

Northeast Barnett 

Shale 0.33 13,015 10.44 1246.65 0.21 

R. M. Alliston Tarrant 
Northeast Barnett 

Shale 0.00 684 0.85 804.71 0.00 

First Baptist 

Church Slidell No. 

1 

Wise Barnett Shale 

35.26 6,904.46 10 690.45 12.17 
1
 Total condensate and produced water production rate for period of June 2009 – May 2010 was reported by operators. 

2
 Total condensate and produced water production during 24-hour testing period as measured by operators. 

3
 Ratio (day/yr) = June 2009 – May 2010 Production Rate (bbl/yr) / Measured 24-hour Production Rate (bbl/day) 

4
 VOC Emission Rate (tpy) = VOC Emission Rate (lb/day) x Ratio (day/yr) / 2,000 lb/ton 
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Four of the tested tank batteries produced only water during the 24-hour testing, while the 

remaining three produced water and condensate.  At each tested tank battery, all tanks in the 

battery were configured with a common vent manifold system.  A total of 23 tanks were tested.  

The tank battery population included 17 produced water tanks and 6 condensate tanks.  Total 

measured production rates of liquids, including condensate and produced water, during the 24-

hour testing period ranged from 0.85 to 301.2 barrels of total liquids per day (bbl liquid/day).  

The measured production rate during the testing period was used to calculate VOC emission 

factors for each tank battery.  Figure ES-1 is a comparison of the calculated VOC flash emission 

factors for each tank battery.  As the VOC emission factor for the Ann Bingham Pad and R.M. 

Alliston sites is 0 lb VOC/bbl liquid, they are excluded from Figure ES-1. 

      

 

 

 

 

 

 

 

 

 

Figure ES-1. Comparison of Calculated VOC Emission Factors 

 

Using the pre-flash liquid composition for condensate, ENVIRON performed E&P TANK 

simulations for the four sites with condensate production during the testing period.  Figure ES-2 

presents a comparison of VOC emission factors derived using predicted E&P TANK emissions 

with emission factors derived using measured vent gas emissions, excluding the Ann Bingham 

Pad, Day Lease Central and R.M. Alliston sites, which showed no condensate production during 

testing. 
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Figure ES-2.  Comparison of Calculated and Predicted VOC Emission Factors 

A summary of total liquid production rate measured during the testing and calculated VOC 

emission factors is provided in Table ES-3. 

Table ES-3. Comparison of Calculated and Predicted VOC Emission Factors 

Site County 

VOC Emission Factor (lb VOC/bbl liquid) 

Thermal Mass 

Flow Meter 

Ultrasonic Mass 

Flow Meter 

E&P TANK 2.0 

– Total Liquid 

Production 

E&P TANK 2.0 

– Condensate 

Production 

Only 

Ann Bingham Pad
1
 Johnson 0 0 N/A N/A 

Little Hoss B
2
 Johnson 0.42 0.89 7.01 N/A 

Gage Pitts Wise 5.07 4.52 11.42 11.48 

Waggoner Crystelle Wise 1.09 9.01 7.49 7.56 

Day Lease Central
1
 Tarrant 0.03 0.03 N/A N/A 

R. M. Alliston
1
 Tarrant 0 0 N/A N/A 

First Baptist Church 

Slidell No. 1 
Wise 1.13 3.53 0.67 0.72 

1
 No condensate samples were collected at this site. 

2
 No condensate production was measured at this site. 
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VOC emission rates were directly measured during this testing.  However, as discussed in this 

report, application of the results is limited because of the various levels of uncertainty in the 

direct measurements.  For example, uncertainties are inherent in the flow meter measurements, 

laboratory analyses, and production rate measurements.   

Results are presented within this report for a limited number of tank batteries.  The results from 

this small sampling of the total tank battery population are limited, and should not necessarily be 

applied to the larger population of tank batteries.  Given the relatively high costs associated with 

directly testing individual tank batteries, ENVIRON recommends that future studies focus on the 

collection of large numbers of easily collected samples.  For example, collect and analyze 

pressurized separator liquid samples from a larger sampling of tank batteries to determine pre-

flash liquid compositions.  Run E&P TANK, or a dynamic process simulator, such as HYSIS, to 

determine VOC emission rates and emission factors.  Specifics for such a study have not been 

formulated. 
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1 Introduction 

1.1 Project Purpose 

The purpose of this study was to directly measure emission rates of volatile organic compounds 

(VOC) from breathing, working, and flash loss emissions from tank batteries at designated sites 

located in the Dallas-Fort Worth (DFW) area, including, but not necessarily limited to, sites in 

Parker, Johnson, Tarrant, and Denton counties.  An example tank battery is shown in Figure 1.  

Tank vent gas samples were collected and analyzed in order to determine tank-specific product 

compositions and component concentrations.  VOC emission rates from the tank battery were 

continuously measured over 24-hour periods.  Site-specific production information and 

parameters required to estimate annual VOC emissions from tank batteries and other site-

specific information designated by the TCEQ was collected by ENVIRON International Corp. 

(ENVIRON) and encompassed the complete 12-month period immediately preceding the tank 

emission rate testing. 

 

 

 

 

 

 

 

 

 

Figure 1.  Oil or Natural Gas Liquids Storage Tank Battery  

(Source: U.S. Department of Energy, National Energy Technology Laboratory) 

1.2 Background 

VOC emissions at tank batteries are composed of working losses, breathing losses, and 

flashing losses from storage tanks.  VOC emissions from working losses are due to 

displacement of the vapors within the storage tank as the tank is filled.  VOC emissions from 

breathing losses are due to displacement of vapor within the storage tank due to changes in the 

tank temperature and pressure throughout the day and throughout the year.  VOC emissions 

from flashing losses occur in addition to working and breathing losses at tank batteries when 

produced liquids are sent to an atmospheric storage vessel from the last pressurized vessel or 

at wellhead sites when produced liquids are sent to an atmospheric storage vessel from the last 

pressurized vessel. 
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Several tank batteries were imaged using the HAWK GasFindIR camera, a passive infrared 

camera capable of visualizing hydrocarbon plumes, during aerial surveys in the DFW and the 

Texas Gulf Coast areas in 2007.  Twenty (20) sites were selected for follow-up investigations 

based on the apparent magnitude of the hydrocarbon plumes imaged.  Texas Commission on 

Environmental Quality (TCEQ) Office of Compliance and Enforcement personnel from the 

regional and central offices collected production data from these sites for the purpose of 

estimating VOC emissions with Exploration and Production (E&P) TANK software, the Vasquez-

Beggs equation, and the Houston Advanced Research Center (HARC) H051C emissions 

factors.  A comparison of resulting emissions estimates using the different methodologies 

showed that the emissions estimates varied significantly.  Project results indicated potential for 

subsequent research to improve emissions estimates by conducting actual measurements at 

selected sites. 

1.3 ENVIRON Scope of Work 

ENVIRON’s Scope of Work as detailed in TCEQ Work Order No. 582-7-84005-FY10-25, 

Amendment 2, is as follows: 

 Task 1 – Work Plan:  Submit and obtain approval of a Work Plan describing the work to 

be performed for TCEQ.  As part of Task 1, ENVIRON was also to submit and obtain 

approval of a Quality Assurance Project Plan (QAPP) describing the quality assurance / 

quality control (QA/QC) procedures to be followed in executing the Work Order. 

 Task 2 – Data Sampling Plan:  Prepare and submit a plan that specifies how ENVIRON 

would measure each tank battery’s total VOC emissions from tank vents, headers, thief 

hatches, any installed control equipment, and other auxiliary ports continuously over a 

minimum 24-hour period.  This task included identification of potential testing 

subcontractors and qualifications as well as preparation of a TCEQ-approved 

questionnaire to be used in gathering information from site operators. 

 Task 3 – Monthly Status Report:  Prepare and submit a monthly project status report to 

the TCEQ Project Manager.  The report was to include a summary of events and activities 

completed during the previous month as well as planned activities for the upcoming month.  

The report was also to identify any problems encountered as well as recommendations 

and/or efforts toward resolution. 

 Task 4 – Specifications for Requested Information to be Collected from Tank Battery 

Sites:  Requesting of information from site owners/operators as specified in the Work Plan.   

 Task 5 – Tank Testing:  Coordination of tank testing and test scheduling with the TCEQ.  

Tank testing was conducted by the TCEQ-approved contractor following the Data 

Sampling Plan developed under Task 2.  During the course of the tank testing program, 

routine teleconferences were held to report on progress as well as any difficulties 

encountered and resolutions taken. 

 Task 6 – Draft Report:  Prepare and submit a Draft Report on the methodologies and 

findings of this study. 
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 Task 7 – Final Report: Prepare and submit a Final Report on the methodologies and 

findings of this study. 
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2 Pre-Testing Activities 

2.1 Team Selection 

In consultation with TCEQ project team members, it was determined that the services of one or 

more subcontractors would need to be procured to conduct the actual sampling and analysis.  

This process included: 

 ENVIRON identified potential testing subcontractors and provided a list of those firms 

and their qualifications to the TCEQ for review.  ENVIRON made efforts to determine if 

there were one or more Historically Underutilized Businesses (HUBs) who were both 

interested and capable of doing the work.  A determination was made that there were no 

HUBs that met the criteria. 

 In consultation with TCEQ personnel a decision was made to use COMM Engineering 

(COMM) (www.commengineering.com) to conduct the field testing campaign. 

 COMM recommended using SPL (www.spl-inc.com) to analyze the tank vapor samples 

collected by COMM as well as to collect and analyze the pressurized liquid samples.  

Coast to Coast Analytical Specialists (CCAS) (www.ccaslab.com) was proposed by 

ENVIRON for performing duplicate vapor analyses.  TCEQ approved the selection of 

these National Environmental Laboratory Accreditation Program (NELAP)-accredited 

laboratories.2   

2.2 Operator Survey Questionnaire Development 

ENVIRON prepared a questionnaire for use in requesting information from the owners or 

operators of the tank batteries participating in the testing program.  Requested information 

included: 

 Administrative information including location, Railroad Commission of Texas (RRC) 

Identification number, TCEQ regulated entity and/or air account numbers, 

owner/operator names and contacts; 

 Site plot plan and process flow diagrams; 

 Site-specific production records; 

 Site-specific API gravity measurements; 

 Identification and location of wells served by the tank battery; 

                                                           
2
 TCEQ approved ENVIRON’s selection of testing and laboratory subcontractors in an email from Ms. Julia Segura 

dated May 12, 2010. 

http://www.commengineering.com/
http://www.spl-inc.com/
http://www.ccaslab.com/
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 Information on separators including type, operating pressures and operating 

temperatures, as well as physical condition; 

 Site-specific oil and gas analysis records; 

 Information on tanks including identification numbers, size, condition, contents and 

physical properties of the contents; 

 Tank gauging measurements; 

 Gas venting records; 

 Production data; and 

 TCEQ authorizations. 

ENVIRON transmitted the “Requested Information” questionnaire to the site contact(s) prior to 

the tank battery testing activities via email along with an introductory letter on July 6, 2010.  

Each questionnaire included document tracking and version numbers.  ENVIRON made initial 

follow-up contact with each site contact via email on July 19, 2010 and requested that 

completed questionnaires be returned by August 9, 2010.  A copy of the questionnaire is 

included as Appendix A. 

2.3 Testing Site Selection 

Based upon HAWK GasFindIR images collected during aerial surveys in 2007 and 2010 and a 

2009 Barnett Shale ambient air quality study, 12 tank batteries were selected by TCEQ as the 

preliminary designated testing sites identified in Table 1.  The locations of these 12 sites are 

shown in Figure 2. 

Prior to scheduling the actual tank battery testing, COMM attended a pre-test site visit at each 

designated test site.  The purpose of these meetings was to determine a site’s suitability for 

testing, and included the following activities: 

 Identification of factors that might have invalidated results; 

 Identification of non-testable tank battery configurations; 

 Observation of tank battery equipment integrity; 

 Collection of information on condensate and/or produced water production rates; and 

 Collection of information that might influence the testing schedule and ensure coordination 

between the TCEQ and its contractors.   

TCEQ field operations personnel also attended pre-test meetings.  COMM performed pre-test 

site visits for all preliminary designated test sites – except for the two Chesapeake sites – during 

the week of June 21, 2010.  Chesapeake pre-test site visits were performed on July 8, 2010 due 

to site accessibility delays.  Following these pre-test site visits, COMM worked with each 
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operating company and the TCEQ to establish a mutually agreeable schedule for testing and to 

arrange for site access.  Note that the HRB Operating Company Inc. (HRB) McKissick Unit #1 

and the Devon Pirkle sites were eliminated from the testing program by TCEQ due to issues 

discovered during the pre-test site visits.  The HRB tank battery was found to be non-

operational and equipment in poor condition.  The tanks were rusted and had holes on the side, 

which would have prevented proper functioning of the tank thief hatch adapter sampling 

apparatus.  At COMM’s recommendation, the HRB site was eliminated from the testing 

program.  The Devon Pirkle tank battery site receives multiple wells.  However, only two tanks in 

the battery have a common vent manifold.  Tank vent manifold modifications would have been 

required to properly test this tank battery.  Additionally, TCEQ field personnel did not observe a 

plume with the GasFindIR camera during the pre-test site visit.  Therefore, TCEQ excluded it 

from the list of final testing sites. 

Table 1.  Preliminary Designated Testing Sites 

Operator Tank Battery Name County 
Final Testing 

Site
1
 

Actually 

Tested 

Map 

Number 

Burlington Resources 
Oil & Gas Company 

LP (owned by 
ConocoPhillips) 

Hughston Unit Denton   1 

Waggoner-Crystelle Gas Unit Wise   2 

Gage Pitts Wise   3 

Wise County Poor Farm Gas 
Unit #1-B 

Wise   4 

Chesapeake 
Operating Inc. 

Little Hoss B Production Facility Johnson   5 

Ann Bingham Pad Johnson   6 

Devon Energy 
Production Company 

LP 

Day Lease Central Battery Tarrant   7 

Alliston, R. M. Gas Unit Tarrant   8 

Pirkle
2
 Denton   9 

HRB Operating 
Company Inc. 

McKissick Unit #1
3
 Wise   10 

Pioneer Energy First Baptist Church Slidell No 1 Wise   11 

Range Production 
Company 

City of Denton Airport Facility Denton   12 

1
 Based on the findings of the pre-test site visits performed by COMM, 10 tank batteries were selected by TCEQ for 

testing.  Pre-test visits were performed by COMM at all listed tank batteries. 
2
 The Pirkle tank battery was eliminated from final testing at COMM’s recommendation because tank vent manifold 

modifications would have been required to properly test this tank battery. 
3
 The McKissick Unit #1 tank battery was eliminated from final testing at COMM’s recommendation because the 

tank battery was found to be non-operational and equipment in poor condition, including rusted and compromised 

tanks.  
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Figure 2.  Preliminary Designated Testing Site Locations 
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As shown in Table 1, 10 of the 12 preliminary designated testing sites identified by TCEQ were 

selected for final testing by TCEQ.  Seven tank batteries were ultimately tested.  Due to 

budgetary constraints, not all of the identified final testing sites could be tested.  Which of the 

sites to test was determined by ranking the sites based on condensate and produced water 

production rates:  the higher the production rates, the higher the ranking.  Consideration was 

also given to the current condition of the tanks and production equipment and if any equipment 

modifications would be required prior to testing.  The Burlington Resources Hughston Unit and 

the Range Production Company City of Denton Airport Facility ultimately were ranked lowest 

due to low production rates and were excluded from the testing because of budgetary 

constraints.  Through use of an IR camera, prior to initiation of testing, the TCEQ determined 

that certain tankage at the Burlington Resources Wise County Poor Farm Gas Unit #1-B 

(WCPFGU) tank battery may have been leaking and the testing was cancelled, replaced by 

testing at the Chesapeake Ann Bingham Pad – a site that had been ranked lower than the Poor 

Farm Gas Unit #1-B due to lower condensate and produced water production.  At the WCPFGU 

tank battery, a leak was observed from the bottom of one tank.  This leak would have prevented 

the tank thief hatch adapter sampling apparatus from functioning properly as not all tank vapors 

would have been routed through the sampling apparatus, thereby invalidating the sampling 

results.    

2.4 Equipment Calibration 

As specified in the Data Sampling Plan and QAPP, which are available on compact disc (CD) 

submitted to the TCEQ under separate cover, the ultrasonic and thermal mass flow meters were 

calibrated prior to use.  The Fox FT2-151 (serial numbers 5035 and 5036) thermal mass flow 

meters were calibrated by the manufacturer prior to use.3  Both Fox FT2-151 thermal mass flow 

meters were used during the study.  The calibration certificate, which is included as Appendix B, 

indicates that the calibration is traceable to the National Institute of Standards and Technology 

(NIST) to an uncertainty of ±1.0% of reading ±0.2% of full scale using measurements traceable 

to NIST Standards in accordance with Mil-Std-45662A.  GE Sensing personnel performed a 

mechanical inspection and verification, including zero-flow verification and a simulated flow 

verification, of the GE Panametrics Model GM868 (serial number 1028) ultrasonic flow meter on 

June 28, 2010.  As shown in the documentation included in Appendix B, the flow meter passed 

the mechanical inspection and both verifications.       

The portable weather station, which was used to record ambient conditions during testing, was 

received new and pre-calibrated from the manufacturer and did not require calibration by 

COMM. 

                                                           
3
 Calibrations on serial numbers 5035 and 5036 were performed by the manufacturer on May 29, 2009 and July 1, 

2009, respectively.  According to the manufacturer, calibrations are valid for a period of two years. 
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3  Testing and Data Collection 

3.1 Field Testing 

Seven tank batteries were tested by COMM and their subcontractors according to the Data 

Sampling Plan and QAPP.  Tank testing activities began on July 6, 2010 and were completed 

by July 20, 2010.  Table 2 summarizes the testing activities conducted at each of the seven tank 

batteries.  As shown in Table 2, duplicate tank vapor samples were collected at three of the 

seven tank batteries, which is equivalent to a rate of approximately 43% of the total tank vapor 

samples.  At sites with 3-phase pressurized separators, both condensate and produced water 

samples were collected.  At sites with 2-phase pressurized separators, a single produced water 

sample was collected. 

Table 2.  Summary of Testing Activities 

Operator & Tank Battery 
Sampling 

Dates 
Separator 

Liquid Samples Vapor Samples 

Condensate 
Produced 

Water 
Primary Duplicate 

Burlington Resources 
Waggoner-Crystelle 

July 15 – 16, 
2010 

3-Phase     

Burlington Resources Gage 
Pitts 

July 14 – 15, 
2010 

3-Phase     

Chesapeake Little Hoss B July 12 – 13. 
2010 

3-Phase     

Chesapeake Ann Bingham 
Pad 

July 19 – 20, 
2010 

3-Phase *    

Devon Day Lease Central July 6 – 7, 
2010 

2-Phase     

Devon Alliston July 7 – 8, 
2010 

2-Phase     

Pioneer First Baptist Church 
Slidell No 1

**
 

July 9 – 10, 
2010 

3-Phase     

* Although the site had a 3-phase separator, SPL was not able to collect a liquid condensate sample due to the 

negligible condensate production rate at the site. 

** SPL technicians had difficulty collecting the condensate sample from the pressurized liquid separator.  Ultimately, 

the condensate sample was collected from the pressurized separator when it was operating at a lower pressure than 

during the collection of the produced water sample.  

 

At each tank battery site, COMM performed the primary testing activities, including installation of 

the tank thief hatch adapter sampling apparatus and the sealing and bagging of all vents using 

standard practices for this type of tank testing.4  Tank thief hatches were sealed with tape, and 

tank vents were bagged and sealed with tape.  TCEQ field personnel supported the process by 

using the GasFindIR camera to verify that there were no leaks from any sealed thief hatches or 

vents prior to testing.  A schematic of the tank thief hatch adapter sampling apparatus is 
                                                           

4
 COMM did not bag the relief valve at the Devon Day Lease site after confirmation from TCEQ field operations 

personnel that the relief valve was not leaking based on recorded IR camera images. 
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provided in Appendix C.  At all test sites the tank thief hatch adapter sampling apparatus was 

installed on the first tank receiving liquids from the pressurized separator in accordance with the 

Data Sampling Plan.  This approach ensured that the tank thief hatch adapter sampling 

apparatus was installed on a producing tank, although the testing methodology is valid 

regardless of the tank that is sampled.  All tanks at all tested tank batteries vented to a common 

manifold header, which ensured that all tank vapors were routed through the tank thief hatch 

adapter sampling apparatus.  The installed tank thief hatch adapter sampling apparatus at the 

Chesapeake Little Hoss B site is shown in Figure 3.         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Tank Thief Hatch Adapter Sampling Apparatus at Chesapeake Little Hoss B 

Site 

 

Only the Burlington Resources Gage Pitts tank battery is equipped with a vapor combustor for 

emission control.  The vapor combustor at the Burlington Resources Gage Pitts tank battery 

was shutdown prior to testing.  Therefore, emissions measured during the testing of this tank 

battery are uncontrolled emissions.  Process flow diagrams for each tested site, including the 

location of the sampling points, are included as Appendix D. 

 

SPL technicians collected the pressurized separator liquid samples according to the Data 

Sampling Plan.  Details are presented in the Data Sampling Plan.  At sites with multiple 

pressurized separators, SPL collected the pressurized separator liquid samples from a 
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randomly selected low pressure separator.  At a given tank battery, the selected separator 

should be representative of the other separators.  Note that separators can operate at varying 

pressures (e.g., lower pressure following separator dump to storage tank).  Therefore, the 

samples collected by SPL are representative of the operating conditions at the time of sample 

collection.        

 

ENVIRON observed the testing activities at two sites, the Burlington Resources Gage Pitts and 

Waggoner-Crystelle sites.  ENVIRON observations are presented in Section 3.2.  Names of key 

personnel involved in the testing program and their primary responsibilities are presented in 

Table 3. 

Table 3.  Roles and Responsibilities of Testing Team 

Organization Name Role 

ENVIRON Dr. Shagun Bhat Field observations of Burlington 

Resources Gage Pitts and Waggoner-

Crystelle testing activities 

COMM Mr. Ryan Broussard Lead Measurement Specialist 

COMM Mr. Andrew Goodyear Measurement Specialist 

SPL Mr. Nick Morgan and Mr. Lee 

Mason 

Pressurized Separator Liquid Sample 

Collection 

 

At each tank battery site, operating company personnel performed the tank liquid gauging 

procedure at the beginning and end of the 24-hour testing period and provided COMM with the 

resulting production rates.  The actual gauging method for each tank battery site is presented in 

Table 4.  This information was provided by COMM to ENVIRON. 

 

Table 4.  Tank Gauging Methods 

Company Battery Method 

Burlington Resources 
Waggoner-Crystelle Gas Unit Manual tank gauging 

Gage Pitts Automatic tank gauging 

Chesapeake 
Little Hoss B Production Facility Automatic tank gauging 

Ann Bingham Pad Automatic tank gauging 

Devon 
Day Lease Central Battery Automatic tank gauging 

Alliston, R. M. Gas Unit Visual sight gauge (manually validated)
1
 

Pioneer Energy First Baptist Church Slidell No 1 Manual tank gauging 
1
 Operating personnel used the sight gauges to read the liquid levels, but also manually gauged the tanks to verify 

the sight gauge readings. 

 

Photographs taken by COMM during field testing activities are included in Appendix E. 

 

3.2 ENVIRON Observations 

ENVIRON personnel observed the tank testing activities at the Burlington Resources Gage Pitts 

and Waggoner-Crystelle Gas Unit tank battery.  Observations at these two sites indicated that 
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testing was performed in accordance with the Data Sampling Plan.  These observations are 

summarized below. 

Gage Pitts observations: 

 Site assessment was conducted on 7/13/2010; 

 The site was clean in general, except some water in the containment area surrounding the 

2 produced water and 2 condensate tanks and 2 vertical 3-phase separators; 

 The common atmospheric vent from the 2 produced water and 2 condensate tanks was 

connected to a portable combustor. However, the combustor was taken offline before 

setup; 

 The sampling manifold was setup on the thief hatch of produced water tank 5H; 

 2 canisters were connected to the manifold to collect vent gas samples; 

 The existing common atmospheric vent was bagged at one end and the individual thief 

hatches were sealed with tape; 

 Based on the handheld IR camera operated by TCEQ staff, no visible emissions were 

observed from the bagged common atmospheric vent or the sealed thief hatches or the 

manifold, except from the common manifold vent pipe connected by COMM, as expected; 

 The Fox thermal mass flow meter and the totalizer were working as expected and 

measuring the vent gas flow rate; 

 According to Conoco personnel, this is a relatively new site and production at this site had 

started in December 2009; and 

 Sampling was started at 12:15 PM on 7/14/2010. 

Waggoner-Crystelle observations: 

 Site assessment was conducted on 7/14/2010; 

 The site was clean in general and consisted of 1 produced water tank and 1 condensate 

tank and a single vertical 3-phase separator; 

 The sampling manifold was setup on the thief hatch of the produced water tank; 

 2 canisters were connected to the manifold to collect vent gas samples; 

 Atmospheric vents on both the produced water as well as the condensate tank were 

bagged with the assistance of a crane lift and the individual thief hatches were sealed with 

tape; 

 Based on the handheld IR camera operated by TCEQ staff, no visible emissions were 

observed from the bagged atmospheric vents or the sealed thief hatches or the manifold; 

 The Fox thermal mass flow meter was working as expected and measuring the vent gas 

flow rate; 
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 The GE Panametrics ultrasonic flow meter was showing fluctuations in the vent gas flow; 

 According to Conoco personnel, this is an old, low-producing site; and 

 Sampling was started at 4:00 PM on 7/15/2010. 

3.3 Difficulties Encountered 

Several difficulties were encountered during the testing activities.  At the Pioneer Energy First 

Baptist Church Slidell No. 1 tank battery, a change in pressure caused by a surging well caused 

the sealed thief hatch on one of the tanks to lift during the testing period for a short period of 

time.  This may result in the calculated VOC emission rates being biased low, although a 

quantification of the bias is not possible.  At the same tank battery site, SPL technicians had 

difficulty collecting the condensate sample from the pressurized liquid separator.  Ultimately, the 

condensate sample was collected from the pressurized separator when it was operating at a 

lower pressure than during the collection of the produced water sample.  The condensate 

sample, which was collected using cylinder #10008, was collected on July 9, 2010, at a 

separator operating pressure of 22 psig.  The water sample, which was collected using cylinder 

#11993, was collected on July 9, 2010, at a separator operating pressure of 40 psig.  The 

anticipated impact is that the measured flash emissions from the condensate sample could be 

lower than normal, which would lower the VOC emissions calculated using E&P TANK.  Note 

that pressurized separators operate at a range of pressures.  A lower pressure would be 

expected following a discharge from the pressurized separator to the tank battery.          

3.4 Clarifications 

The testing activities at the Chesapeake Little Hoss B and Ann Bingham sites require 

clarification because information received during previous discussions and observations was 

determined to be incorrect.   

Following the pre-test site visit at the Little Hoss B site, but prior to the testing activities, 

Chesapeake modified the tank battery manifold and installed new thief hatches on the six tanks 

at the site.  Previously, each of the six tanks had individual relief valves.  The modifications 

resulted in two sets of three tanks each.  Each set of tanks were routed via a manifold to a 

common relief valve.  These modifications had no impact on the testing.  Although previously 

communicated to ENVIRON by TCEQ, tank battery contents were not emptied prior to testing.  

Chesapeake personnel confirmed that a vacuum truck was used on-site prior to testing to 

remove liquids from a containment area, but that tank contents were not emptied.      

At the Chesapeake Ann Bingham site, in accordance with the Data Sampling Plan, COMM 

installed the thief hatch adapter sampling apparatus on the first tank receiving liquids from the 

separator(s).  This tank had an initial liquid level at the beginning of testing and received liquids 

during the testing period.  During the testing period, only water was produced.  No condensate 

samples were available for collection from the pressurized separator.                



 
Upstream Oil and Gas Tank Emission Measurements  
TCEQ Project 2010 – 39   

 
 

 ENVIRON Project Number 06-17477X 22 

3.5 Test and Field Data 

The Work Plan specifies collection of the following information for each tank battery tested.  The 

information was collected primarily by COMM and provided to ENVIRON.  The following 

information is referenced and discussed throughout this report.     

 Field sampling logs (hardcopy); 

 Field data collection forms (hardcopy); 

 Data logs/continuous measurement records for tank pressure, temperature, and tank liquid 

level (electronic spreadsheet); 

 Data logs/continuous measurement records for ambient conditions including ambient 

temperature, barometric pressure, wind speed and direction (electronic spreadsheet); 

 Raw tank battery gas flow rate measurement data for all measured emission point(s) 

(electronic spreadsheet); 

 Laboratory data reports for compositional analysis (hardcopy or secure PDF); 

 Laboratory data reports for bubble point measurements; 

 Laboratory data reports for canister samples; 

 Site process flow diagrams (PDF);  

 Speciated hydrocarbon and total VOC measurements of flash, breathing, and working loss 

emissions (electronic spreadsheet); 

 Tank name, tank type, tank shell and roof color, tank height and diameter, tank capacity, 

tank contents, and photographs of each tank; 

 Description of the VOC emission sampling locations (including a diagram); 

 Descriptions of any emissions control equipment that the tank(s) being tested may be 

equipped with, if applicable; 

 Descriptions, reasons, and justifications for any deviations from the original testing plans;  

 Descriptions of any problems encountered with sampling;  

 Copies of all pre- and post-calibration data on equipment used for measuring VOC 

emissions; 

 Laboratory data sheets and laboratory QA/QC documentation; 

 Names of key personnel involved in the testing; and 

 GPS coordinates of site and wellhead locations in TCEQ approved format. 

3.6 TCEQ Activities in Support of Tank Testing 

TCEQ field personnel were on-site to observe the testing and to offer support with use of the 

GasFindIR camera to survey the tank batteries.  The camera surveys were used to check that 

all visible hydrocarbon emissions were being vented through the thief hatch being sampled and 
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that no leaks were visible elsewhere prior to initiation of the testing activities.  As noted 

previously, one of the tank batteries included in the list of final test sites was ultimately excluded 

due to observations with the GasFindIR camera.  Through use of an IR camera, prior to 

initiation of testing, the TCEQ determined that certain tankage at the Burlington Resources 

WCPFGU tank battery may have been leaking and the testing was cancelled, replaced by 

testing at the Chesapeake Ann Bingham Pad – a site that had been ranked lower than the 

WCPFGU due to lower condensate and produced water production.  At the WCPFGU tank 

battery, a leak was observed from the bottom of one tank.  This leak would have prevented the 

tank thief hatch adapter sampling apparatus from functioning properly as not all tank vapors 

would have been routed through the sampling apparatus, thereby invalidating the sampling 

results.   

TCEQ field personnel collected independent ambient canister samples upwind and downwind of 

the tank batteries.  Ambient monitoring activities were not part of this Work Order and are not 

addressed further within this report.  If additional information is desired, we suggest contacting 

the TCEQ Project Manager.   

3.7 Laboratory Analysis 

3.7.1 Gas Analysis 

ENVIRON’s TCEQ-approved NELAP-accredited laboratories, SPL and Coast to Coast, 

completed all laboratory analyses.  Primary canister samples were delivered directly to the SPL 

laboratory, while duplicate canister samples were delivered directly to the Coast to Coast 

laboratory.  SPL performed the compositional analysis of the vent gas samples from each tank 

battery site using Gas Processors Association (GPA) Method 2286.  Coast to Coast performed 

the compositional analysis of the duplicate vent gas samples collected from the Burlington 

Resources Gage Pitts and Waggoner-Crystelle and the Chesapeake Little Hoss B sites using 

the same GPA Method 2286.  Compounds included in the GPA Method 2286 analysis are 

methane, individual C2 through C12 alkanes, benzene, toluene, ethylbenzenes, isomers of 

xylenes, nitrogen, carbon disulfide, carbonyl sulfide, hydrogen sulfide and oxygen.  In addition to 

the GPA Method 2286 analysis required under this Work Order, SPL performed an EPA Method 

TO-15 analysis on the summa canister samples.  EPA Method TO-15 determines the 

concentration of VOCs in air collected using summa canisters by gas chromatography/mass 

spectroscopy (GC/MS).       

3.7.2 Pressurized Liquid Separator Samples Analysis 

SPL personnel collected the pressurized separator liquid samples (i.e., before the hydrocarbon 

liquid has been allowed to flash) for each tank battery site using GPA Standard 2174-93 

(Obtaining Liquid Hydrocarbon Samples for Analysis by Gas Chromatography).  At sites with 

two-phase separators, SPL collected a single liquid sample using a constant pressure cylinder.  

At sites with three-phase separators, SPL collected two liquid samples using appropriate 

cylinders.  SPL collected produced water samples using constant pressure cylinders and 

condensate samples using constant volume cylinders and the water displacement method.  SPL 

flashed the produced water samples in the laboratory and analyzed the gas using GPA Method 



 
Upstream Oil and Gas Tank Emission Measurements  
TCEQ Project 2010 – 39   

 
 

 ENVIRON Project Number 06-17477X 24 

2286.  Condensate samples were analyzed using a modified GPA Method 2103 with GPA 

Method 2186 to speciate the benzene, toluene, ethylene and xylenes (BTEX) components.   

SPL also conducted bubble point measurements for each liquid sample.  The bubble point is the 

temperature where the first bubble of vapor forms in a liquid.  For a pure liquid, the bubble point 

is the same as the boiling point.  For mixtures, such as the liquid separator samples, the bubble 

point will be different than the boiling point. 

The API gravity was also determined for each liquid sample.  The API gravity is a measure of 

how heavy or light a hydrocarbon liquid is relative to water.  A liquid with an API gravity of 

greater than 10 is lighter than water and will float on water.  Conversely, a liquid with an API 

gravity of less than 10 is heavier than water and will sink.  API gravity of the liquid condensate 

samples was measured directly using a hydrometer as detailed in American Society for Testing 

and Materials (ASTM) D287.  Laboratory analyses as described above are included on a CD 

submitted to TCEQ under separate cover. 
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4 Testing Results 

Tank testing data which has been collected, analyzed, quality reviewed and provided to 

ENVIRON by COMM is presented below.  Data consists of testing and field data, including 

laboratory analyses, provided by COMM and Requested Information collected by ENVIRON 

from the participating site contacts.  Testing and field data and Requested Information are used 

by ENVIRON to develop hourly and annual VOC mass emission rates and emission factors for 

each tank battery tested.  Pre-flash liquid compositions are used as inputs to run E&P TANK 2.0 

software to compare the predicted emissions factors with the calculated emissions factors 

based on field measurements.   

4.1 Operator Survey Responses 

As noted in Section 2.2, ENVIRON prepared a questionnaire for the owner or operator of each 

tank battery, requesting information about that tank battery, including site-specific production 

data for June 2009 through May 2010 that was used in the VOC annual emission calculations 

for each tank battery.  Information was received from operators for each of the seven tank 

batteries included in the survey.  Collected information is being provided to the TCEQ in a 

separate Microsoft Excel summary spreadsheet for each tank battery.  A summary of the 

information received is provided in Tables 5, 5a, and 5b. 
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Table 5.  Information Received from Tank Battery Operators 

Operator Tank Battery Tracking 

Number 

Information Received Date of 

Receipt 

Ave. Monthly 

Gas 

Production 

Rate 

(mscf/month) 

Ave. 

Monthly 

Condensate 

Production 

Rate 

(bbl/month) 

No. of 

Tanks in 

Tank 

Battery 

No. of 

Separators 

at Tank 

Battery 

No. of 

Wells at 

Tank 

Battery 

Burlington 
Resources 

Waggoner 
Crystelle 

2010-39-
06 

Completed survey 
questionnaire 

July 29, 
2010 

5,767.75 80.17 2 1 1 

Gage Pitts 
2010-39-

05 
Completed survey 
questionnaire, Plot Plan 

July 29, 
2010 

21,057.75 947.08 4 2 2 

Chesapeake 

Little Hoss B 
2010-39-

09 

Completed survey 
questionnaire, Gas 
Analysis, Extended Liquid 
Analysis 

August 9 
and 11, 

2010 
30,887 294.75 6 7 5 

Ann Bingham 
Pad 

2010-39-
10 

Completed survey 
questionnaire, Gas 
Analysis 

August 9 
and 11, 

2010 
64,142 N/A 4 5 5 

Devon 

Day Lease 
Central 

2010-39-
01 

Completed survey 
questionnaire 

August 9, 
2010 

37,776.58 0 3 7 7 

R. M. Alliston 
2010-39-

02 
Completed survey 
questionnaire 

August 9, 
2010 

1,383.08 0 1 1 1 

Pioneer 
First Baptist 
Church Slidell 
No. 1 

2010-39-
03 

Completed survey 
questionnaire, Production 
Graph, Gas Analysis, 
Simulated PVT Analysis, 
Water Analysis 

July 27, 
2010 

5,359.17 66.37 3 1 1 
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Table 5a. Tank Information Received from Tank Battery Operators 

Operator Tank Battery Tank Name - 

Questionnaire 

Tank Name 

– Gauging 

Form 

Stored Contents Tank 

Height  

(ft) 

Tank 

Diameter  

(ft) 

Are Daily 

Tank 

Levels 

Measured?  

Are Records 

Kept of 

Known 

Volumes of 

Gas Emitted 

to 

Atmosphere? 

Average 

of Daily 

Tank 

Levels  

(ft) 

Burlington 
Resources 

Waggoner 
Crystelle 

Tank #1 402118-1 Condensate 15 12 No No N/A 

Tank #2 N/A Water 15 12 No No N/A 

Gage Pitts 

26429 5H-409117 Condensate 15 12 Yes No 7.5 

26431 6H-409118 Condensate 15 12 Yes No 7.5 

26432 5H – N/A Water 15 12 Yes No 7.5 

26430 6H – N/A Water 15 12 Yes No 7.5 

Chesapeake 

Little Hoss B 

22241 5997402 Condensate 8 15.5 Yes Yes 3.018 

21084 N/A Condensate 8 15.5 Yes Yes 3.367 

21087 5997406 Water 8 15.5 No Yes N/A 

21086 5997405 Water 8 15.5 No Yes N/A 

21085 5997404 Water 8 15.5 No Yes N/A 

23770 5997403 Water 8 15.5 No Yes N/A 

Ann Bingham 
Pad 

19884 19884 Water 15 12 No Yes N/A 

24146 24146 Water 15 12 No Yes N/A 

19883 19883 Water 15 12 No Yes N/A 

19882 19882 Water 15 12 No Yes N/A 

Devon 

Day Lease 
Central 

1 D.O. 5885 Produced Water 15 12 No No N/A 

2 D.O. 5886 Produced Water 15 12 No No N/A 

3 D.O. 5887 Produced Water 15 12 No No N/A 

R. M. Alliston 1 MO 456 Produced Water 15 12 No No N/A 

Pioneer 
First Baptist 
Church Slidell 
No. 1 

7546 194828 Condensate NR NR Yes No 4.34 

15223 194827 Condensate NR NR Yes No NR 

15453 N/A Water NR NR Yes No NR 
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Table 5b. Separator Information Collected from Tank Battery Operators 

 

Operator Tank Battery 
Separator ID – 

Questionnaire 

Separator ID 

– Process 

Flow 

Diagram 

Operating 

Pressure 

(psig) 

Operating 

Temperature 

(°F) 

Separator Type 
Physical Condition of 

Separator(s)
1
 

Separator 

Analytical 

Data 

Available 

Burlington 
Resources 

Waggoner 

Crystelle 

Crystelle 

Waggoner 24-B 

Well 24B 3-

phase Sep 119 90 3-phase, horizontal Operable Sales gas 

Gage Pitts 
Gage-Pitts 5H 

3-phase 5H 

Sep 171 84 3-phase, vertical Operable Sales gas 

Gage-Pitts 6H 

3-phase 6H 

Sep 171 84 3-phase, vertical Operable Sales gas 

Chesapeake 

Little Hoss B 

D000052-016 B3H Sep 121 86 3-phase, vertical Operable 

Sales gas, 

liquid 

D000052-018 B5H Sep 122 86 3-phase, vertical Operable 

Sales gas, 

liquid 

D000052-004 B6H Sep 121 86 3-phase, vertical Operable 

Sales gas, 

liquid 

D000052-015 B8H Sep 118 86 3-phase, vertical Operable 

Sales gas, 

liquid 

D000052-001 B10H Sep 122 86 3-phase, vertical Operable 

Sales gas, 

liquid 

MM9M78601-01 Not Shown
2
 60 86 3-phase, horizontal Operable 

Sales gas, 

liquid 

MM9M19401-03 Not Shown
2
 60 86 2-phase, vertical Operable 

Sales gas, 

liquid 

Ann Bingham 
Pad 

3737 A1 Sep 165 86 2-phase, vertical 

Separator dump was 

leaking 3-22-09 to 4-20-

09. Sales gas 

3723 A2 Sep 83 86 2-phase, vertical 

Separator dump was 

leaking 3-22-09 to 4-20-

09. Sales gas 

3725 A3 Sep 210 86 2-phase, vertical 

Separator dump was 

leaking 3-22-09 to 4-20-

09. Sales gas 



 
Upstream Oil and Gas Tank Emission Measurements  
TCEQ Project 2010 – 39   

 
 

 ENVIRON Project Number 06-17477X 29 

Operator Tank Battery 
Separator ID – 

Questionnaire 

Separator ID 

– Process 

Flow 

Diagram 

Operating 

Pressure 

(psig) 

Operating 

Temperature 

(°F) 

Separator Type 
Physical Condition of 

Separator(s)
1
 

Separator 

Analytical 

Data 

Available 

4327 A4 Sep 180 86 2-phase, vertical 

Separator dump was 

leaking 3-22-09 to 4-20-

09. Sales gas 

4326 A5 Sep 232 86 2-phase, vertical 

Separator dump was 

leaking 3-22-09 to 4-20-

09. Sales gas 

Devon 

Day Lease 
Central 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

NR N/A 151 65 2-phase, vertical Operable  Sales gas 

R. M. Alliston 
NR 

Well 1 2-

phase Sep 257 65 2-phase, vertical Operable Sales gas 

Pioneer 

First Baptist 

Church Slidell 

No. 1 3A003-003 

3-phase #1H 

Sep NR NR 3-phase, horizontal Operable 

Sales gas, 

water analysis 
1
 Operable indicates no stuck or inoperable liquid dump valves or any other condition that prevents the separator from operating normally.  

2
 “Skimmer” and compressor scrubber separators are not shown on process flow diagram. 

NR = not reported by operator 
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4.2 Vent Gas Flow Rate Measurements 

All vent gas volumetric flow measurements were measured by COMM at standard conditions 

and therefore, correction from actual to standard conditions was not required.  Vent gas 

volumetric flow rates were measured continuously over at least a 24 hour period by 

simultaneously using two different types of flow meters – an ultrasonic flow meter and a thermal 

mass flow meter.  For the current study, COMM utilized a GE Panametrics Model GM868 (serial 

number 1028) ultrasonic flow meter and two Fox FT2-151 (serial numbers 5035 or 5036) 

thermal mass flow meters.5   

The GE Panametrics Model GM868 ultrasonic flow meter records flow measurements at 10 

second intervals, and is specified for use on pipes ranging diameter from 1 to 120 inches and 

velocities from 6 to 9,000 feet per minute.  The tank thief hatch adapter sampling apparatus 

used in this study utilizes a pipe diameter of 4 inches.  Flow rates measured during this study 

were within the range specified by the manufacturer for all sites except the R.M. Alliston and 

First Baptist Church Slidell No. 1 sites.  The manufacturer’s recommended minimum flow rate is 

754 standard cubic feet per day (scfd).  Both sites each measured less than 400 scfd.  Except 

for the R.M. Alliston and First Baptist Church Slidell No. 1 sites, the accuracy of the 

measurements discussed herein ranges from ±1 to 2% of the reading with a repeatability of ±0.2 

to 0.5% of the reading.  

The Fox FT2-151 thermal mass flow meter records flow measurements at 5 second intervals, 

and is specified for use on velocities ranging from 0 to 32,000 standard feet per minute (i.e., air 

at 70° F and 1 atmosphere).  Flow rates measured during this study were within the range 

specified by the manufacturer.  The accuracy of the measurements discussed herein ranges 

from ±1% of the reading ±0.2% of full scale.       

COMM reported the total vent gas flow for the 24-hour testing period.  The raw tank battery gas 

flow rate measurement data was supplied to TCEQ in electronic spreadsheet format.  A 

summary of the flow rate measurement data and associated flow meter data sheets are 

presented in Appendix F.  Note that the Fox FT2-151 thermal mass flow meter measures the 

flow rate of methane.  As the vent gas is composed of methane and other hydrocarbons, a 

correction of the measured flow rate based on methane to the actual flow rate is required.  In 

consultation with Fox, COMM has developed the appropriate correction factors and applied 

them to the measured flow data.  The measured flow rates in Appendix F for the thermal mass 

flow meter are the methane-based, uncorrected flow rates.  Corrected flow rates are presented 

in Table 6 and discussed within this report.  Additional details regarding the correction factors 

can be obtained from COMM or Fox.   

                                                           
5
 The Fox FT2-151 thermal mass flow meter with serial number 5035 was used at the R.M. Alliston and First Baptist 

Church Slidell No. 1 sites.  The Fox FT2-151 thermal mass flow meter with serial number 5036 was used at the 
remaining sites.  
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ENVIRON calculated average hourly and annual flow rates for each tested tank battery site 

based on the reported 24-hour flow rates.  If the measurement period was not exactly 24 hours, 

then COMM adjusted the total measured flow rate to correspond to a 24-hour period.  For sites 

for which the total sampling time was not equal to 24 hours, the total vent gas flow rates were 

corrected as follows: 

Total Flow Rate (Mscfd) = Total Flow (Mscf) x 1/ Elapsed Time (hours) x 24 hours/day 

 

Tables 6 and 7 summarize the vent gas volumetric flow rates for all sites that were tested as 

part of the current study using the thermal mass flow meter and ultrasonic flow meter, 

respectively.  Table 6 presents the corrected vent gas flow rate for the thermal mass flow meter.  

Descriptive statistics (i.e., range, mean, and standard deviation) are used to describe the 

presented data. 

 
Table 6. Vent Gas Volumetric Flow Rates – Fox FT2-151 Thermal Mass Flow Meter 

Site County Area 

Vent Gas Flow 

Rate – 

Uncorrected 

Vent Gas Flow Rate - Corrected
1
 

24-hour 

(Mscf/day) 

Average 

Hourly
2
 

(Mscf/hr) 

24-hour
3
 

 (Mscf/day) 

Annual
4
 

(Mscf/yr) 

Ann Bingham Pad Johnson Barnett Shale 1.800 0.142 3.409 1244.29 

Little Hoss B Johnson Barnett Shale 1.450 0.05 1.119 408.44 

Gage Pitts Wise Barnett Shale 9.876 0.33 7.807 2849.56 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 
0.161 0.01 0.127 46.36 

Day Lease Central Tarrant 
Northeast Barnett 

Shale 
1.670 0.09 2.197 802.05 

R. M. Alliston
5
 Tarrant 

Northeast Barnett 

Shale 
0.002 0.0002 0.0040 1.46 

First Baptist 

Church Slidell No. 

1 

Wise Barnett Shale 0.157 0.01 0.126 45.99 

Minimum 0.002 0.0002 0.004 1.46 

Maximum 9.876 0.33 7.807 2,849.56 

Arithmetic Mean 2.16 0.09 2.11 771 

Standard Deviation 3.49 0.12 2.81 1,026 
1
 Vent gas flow measurements were reported in units of thousand standard cubic feet per day (Mscf/day) and 

corrected for the actual vent gas composition by COMM as described in Section 4.2.   
2 

Average hourly flow rate equals 24-hour flow rate divided by 24 hours. 
3
 As reported by COMM from beginning to end of testing period. 

4
 Annual flow rate equals 24-hour flow rate multiplied by 365 days per year. 

5
 Less than 1 bbl/day total production measured during testing period. 
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Measured vent gas flow rates using the Fox FT2-151 thermal mass flow meter exhibited a large 

range, R = 7.803 Mscf/day.  The standard deviation is larger than the arithmetic mean, which 

also emphasizes the spread in the data.  These measured vent gas flow rates indicate that tank 

batteries under varying production conditions were tested.     

Table 7. Vent Gas Volumetric Flow Rates – GE Panametrics Model GM868 
Ultrasonic Flow Meter 

Site County Area 

Vent Gas Flow Rate
1
 

Average 

Hourly
2
 

(Mscf/hr) 

24-hour
3
 

 (Mscf/day) 

Annual
4
 

(Mscf/yr) 

Ann Bingham Pad Johnson Barnett Shale 0.15 3.54 1292.10 

Little Hoss B Johnson Barnett Shale 0.10 2.31 844.65 

Gage Pitts Wise Barnett Shale 0.28 6.82 2489.30 

Waggoner Crystelle 
Wise 

Newark East (Barnett 

Shale) 
0.04 1.03 375.95 

Day Lease Central Tarrant Northeast Barnett Shale 0.11 2.56 934.89 

R. M. Alliston Tarrant Northeast Barnett Shale 0.02 0.39 143.85 

First Baptist Church 

Slidell No. 1 Wise Barnett Shale 
0.02 0.38 140.16 

Minimum 0.02 0.38 140.16 

Maximum 0.28 6.82 2,489 

Arithmetic Mean 0.10 2.43 889 

Standard Deviation 0.09 2.27 827 
1
 Vent gas flow measurements were reported in units of thousand standard cubic feet (Mscf). 

2 
Average hourly flow rate equals 24-hour flow rate divided by 24 hours. 

3
 As reported by COMM from beginning to end of testing period. 

4
 Annual flow rate equals 24-hour flow rate multiplied by 365 days per year. 

 

Measured vent gas flow rates using the GE Panametrics Model GM868 ultrasonic flow meter 

exhibited a large range, R = 6.44 Mscf/day.  However, as discussed previously, the measured 

flow rates at the R.M. Alliston and First Baptist Church Slidell No. 1 tank batteries were below 

the manufacturer’s recommended minimum flow rate.  If these two sites are excluded from the 

data, then the range of measured flow rates decreases to 5.79 Mscf/day.  Nevertheless, these 

measured vent gas flow rates indicate that tank batteries under varying production conditions 

were tested. 

Table 7a summarizes the sites for which flow rates were normalized to a 24-hour period.  
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Table 7a. Vent Gas Volumetric Flow Rate Normalizations 

Site County 
Elapsed Time – Fox Thermal 

Mass Flow Meter (hours) 

Elapsed Time – Ultrasonic  

Flow Meter (hours) 

Little Hoss B Johnson 24 23.75 

R.M. Alliston Tarrant 23.77 23.75 

Day Lease Central Tarrant 24.7 23.8 

First Baptist Church 

Slidell No. 1 
Wise 23.75 24 

 

Based on Table 7a, the minimum time for which vent gas sampling was conducted was 23.75 

hours for the Little Hoss B, R.M. Alliston, and First Baptist Church Slidell No. 1 tank batteries. 

The maximum time for which vent gas sampling was conducted was 24.7 hours for the Day 

Lease Central tank battery.  It should be noted that corrections to the total vent gas flow rates 

for the above tank batteries have minimal impact on the emission rate and emission factor 

calculations since the maximum correction to the measured flow rates was only about 1.25 

percent of the total time of measurement at the sites. 

A comparison of the measured 24-hour flow rates for each tank battery site using the thermal 

mass and ultrasonic flow meters is shown in Figure 4.  The corrected flow rates for the thermal 

mass flow meter are presented in Figure 4.  Although reasonable, the agreement between the 

flow meters is still well outside the stated accuracy of the instruments (i.e., approximately 1 to 

2% of the readings). 
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Figure 4.  Comparison of Measured Flow Rates at Tested Sites 

4.3 Vent Gas Compositional Analysis 

SPL performed the compositional analysis of the vent gas samples from each tank battery site 

using GPA Method 2286.  Coast to Coast performed the compositional analysis of the duplicate 

vent gas samples collected from the Burlington Resources Gage Pitts and Waggoner-Crystelle 

and the Chesapeake Little Hoss B sites using the same GPA Method 2286.  The molecular 

weight of the vent gas was provided by SPL after analyzing the vent gas composition using 

GPA Method 2286.6  Table 8 presents the molecular weight of the vent gas at each tested site 

and the vent gas speciation on an air free basis for each site where tank testing was conducted.  

Note that these are the compositions calculated on an air-free basis (i.e., excluding oxygen).  

The tank vapor headspace may contain air remaining from when the tank was emptied or air 

that leaked in through imperfectly sealed thief hatches.  The “with-air” analysis represents the 

compositional analysis of the entire tank headspace, including the volume of oxygen and 

nitrogen in the tank headspace.  However, this is not an accurate representation of vapors 

coming off the liquid stored in the tank.  The air-free compositional analysis is often viewed as 

the correct representation of vapors from liquid stored in the tank.  The analysis performed by 

the laboratory involves subtracting the entire volume of oxygen and reducing the volume of 

nitrogen according to the standard nitrogen to oxygen ambient air ratio.  The composition of the 

remaining components is then re-calculated.  The weight fraction of non-methane/ethane VOC 

                                                           

6
 Gas Processors Association (GPA). 1995. Tentative Method of Extended Analysis for Natural Gas and Similar 

Gaseous Mixtures by Temperature Programmed Gas Chromatography.  
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(NMEVOC, hereinafter referred to as VOC) is calculated using vent gas compositional analysis 

provided by SPL.  As shown in Table 8, the composition of nitrogen in the tank vent gas 

samples exhibits a large range, R = 59.76%.  All values are less than 2% by weight on an air-

free basis except at the Day Lease Central tank battery site, which is 59.87% by weight on an 

air-free basis.  Duplicate samples were not collected from the Day Lease Central tank battery 

site and, therefore, validation of this nitrogen composition was not possible.    

 

Laboratory data reports for compositional analysis and chain of custody forms are included on a 

CD submitted to TCEQ under separate cover.  Laboratory analyses for both GPA Method 2286 

and EPA Method TO-15 are included.   

  



 
Upstream Oil and Gas Tank Emission Measurements  
TCEQ Project 2010 – 39   

 
 

 ENVIRON Project Number 06-17477X 36 

Table 8. Vent Gas Compositional Analysis – Air-Free (Weight Percent) 

Site 

Ann 

Bingham 

Pad 

Little 

Hoss B 

Gage 

Pitts 

Waggoner 

Crystelle 

Day 

Lease 

Central 

R. M. 

Alliston 

First 

Baptist 

Church 

No. 1 

Slidell 

Minimum Maximum 
Arithmetic 

Mean 

Standard 

Deviation 

Molecular 

Weight 
44.01 51.02 44.90 47.70 23.39 44.01 44.71 23.39 51.02 42.82 8.94 

Nitrogen ND 0.52% 0.11% 1.04% 59.87% ND 1.46% 0.11% 59.87% 12.60% 26.43% 

Methane ND 4.87% 8.36% 7.74% 30.85% ND 10.46% 4.87% 30.85% 12.46% 10.48% 

Carbon 

Dioxide 
100% 0.65% 1.06% 1.16% 8.81% 100% 1.11% 0.65% 100.00% 30.40% 47.63% 

Ethane  ND 8.08% 11.27% 8.85% 0.45% ND 9.13% 0.45% 11.27% 7.56% 4.14% 

Propane ND 15.13% 17.66% 14.62% 0.02% ND 13.94% 0.02% 17.66% 12.27% 6.99% 

i-Butane ND 5.90% 6.80% 5.16% ND ND 4.40% 4.40% 6.80% 5.56% 1.03% 

n-Butane ND 13.80% 13.72% 11.81% ND ND 10.69% 10.69% 13.80% 12.51% 1.52% 

i-Pentane ND 22.05% 20.45% 18.42% ND ND 12.95% 12.95% 22.05% 18.47% 3.96% 

n-Pentane ND 17.34% 14.01% 14.26% ND ND 21.25% 14.01% 21.25% 16.72% 3.38% 

i-Hexanes ND 3.10% 1.90% 3.02% ND ND 2.75% 1.90% 3.10% 2.69% 0.55% 

n-Hexane ND 2.37% 1.36% 2.73% ND ND 2.43% 1.36% 2.73% 2.22% 0.60% 

Benzene ND 0.10% 0.07% 0.14% ND ND 0.14% 0.07% 0.14% 0.11% 0.03% 

Cyclohexane ND 0.43% 0.23% 1.11% ND ND 0.57% 0.23% 1.11% 0.59% 0.38% 

i-Heptanes ND 2.22% 1.13% 3.60% ND ND 2.64% 1.13% 3.60% 2.40% 1.02% 

n-Heptane ND 0.88% 0.46% 1.41% ND ND 1.22% 0.46% 1.41% 0.99% 0.42% 

Toluene ND 0.21% 0.14% 0.42% ND ND 0.37% 0.14% 0.42% 0.28% 0.13% 

i-Octanes ND 1.49% 0.76% 3.13% ND ND 2.39% 0.76% 3.13% 1.94% 1.03% 

n-Octane ND 0.23% 0.13% 0.42% ND ND 0.52% 0.13% 0.52% 0.32% 0.18% 

Ethylbenzene ND 0.01% 0.01% 0.02% ND ND 0.02% 0.01% 0.02% 0.01% 0.01% 

m, o, p-Xylene ND 0.12% 0.08% 0.23% ND ND 0.30% 0.08% 0.30% 0.18% 0.10% 

i-Nonanes ND 0.32% 0.17% 0.52% ND ND 0.71% 0.17% 0.71% 0.43% 0.24% 

n-Nonane ND 0.05% 0.04% 0.07% ND ND 0.17% 0.04% 0.17% 0.08% 0.06% 

i-Decanes ND 0.12% 0.08% 0.12% ND ND 0.31% 0.08% 0.31% 0.16% 0.10% 

n-Decane ND 0.02% 0.01% 0.01% ND ND 0.05% 0.01% 0.05% 0.02% 0.02% 
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Table 8. Vent Gas Compositional Analysis – Air-Free (Weight Percent) 

Site 

Ann 

Bingham 

Pad 

Little 

Hoss B 

Gage 

Pitts 

Waggoner 

Crystelle 

Day 

Lease 

Central 

R. M. 

Alliston 

First 

Baptist 

Church 

No. 1 

Slidell 

Minimum Maximum 
Arithmetic 

Mean 

Standard 

Deviation 

i-Undecanes 

Plus 
ND 0.01% 0.01% 0.01% ND ND 0.02% 0.01% 0.02% 0.01% 0.01% 

Total 100% 100% 100% 100% 100% 100% 100%     

NMVOC 0% 93.97% 90.46% 90.07% 0.47% 0% 86.98% 0.00% 93.97% 51.71% 48.26% 

NMEVOC 0% 85.88% 79.19% 81.22% 0.02% 0% 77.84% 0.00% 85.88% 46.31% 43.38% 

ND = not detected 

NMVOC = non-methane VOC 

NMEVOC = non-methane/ethane VOC 
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ENVIRON performed a comparison of vent gas compositional analyses performed by SPL and 

Coast to Coast for the primary and duplicate samples collected from the Burlington Resources 

Gage Pitts and Waggoner-Crystelle and the Chesapeake Little Hoss B sites.  The comparison is 

presented in Table 9.  As shown in Table 9, the composition of VOC on a weight percent basis 

for all three sites agrees within 5%, although the agreement between the analyses for individual 

compounds varied significantly.  This comparison was performed using the compositions 

determined on an air-free basis and calculated using a percent difference method: 

% Difference = absolute value { (x1 – x2) / (x1 + x2) / 2 } 

Where, 

x1 = SPL value, % 

x2 = CCAS value, % 



 
Upstream Oil and Gas Tank Emission Measurements  
TCEQ Project 2010 – 39   

 
 

 ENVIRON Project Number 06-17477X 39 

Table 9. Comparison of Primary and Duplicate Vent Gas Compositional Analyses (Weight Percent)1 

Component 

Little Hoss B Gage Pitts Waggoner Crystelle 

SPL 

Analysis 

CCAS 

Analysis 

Percent 

Difference 

SPL 

Analysis 

CCAS 

Analysis 

Percent 

Difference 

SPL 

Analysis 

CCAS 

Analysis 

Percent 

Difference 

Nitrogen 0.52% 1.90% 114.70% 0.11% ND NA 1.04% 3.70% 112.50% 

Methane 4.87% 5.22% 7.00% 8.36% 8.23% 1.60% 7.74% 6.90% 11.48% 

Carbon Dioxide 0.65% 0.78% 17.73% 1.06% 1.20% 12.20% 1.16% 1.10% 5.05% 

Ethane 8.08% 9.70% 18.21% 11.27% 13.60% 18.71% 8.85% 8.84% 0.12% 

Propane 15.13% 17.50% 14.53% 17.66% 21.10% 17.76% 14.62% 15.60% 6.46% 

i-Butane 5.90% 6.80% 14.24% 6.80% 7.70% 12.36% 5.16% 5.30% 2.70% 

n-Butane 13.80% 15.90% 14.11% 13.72% 15.90% 14.73% 11.81% 12.20% 3.22% 

i-Pentane 22.05% 8.70% 86.81% 20.45% 8.10% 86.52% 18.42% 6.60% 94.48% 

n-Pentane 17.34% 9.90% 54.64% 14.01% 8.10% 53.43% 14.26% 7.50% 62.14% 

i-Hexanes 3.10% NL NA 1.90% NL NA 3.02% NL NA 

n-Hexane 2.37% 4.90% 69.75% 1.36% 3.40% 85.71% 2.73% 5.60% 69.00% 

Benzene 0.10% 0.12% 21.20% 0.07% 0.10% 34.32% 0.14% 0.15% 10.53% 

Cyclohexane 0.43% 0.62% 35.29% 0.23% 0.37% 45.44% 1.11% 1.50% 29.71% 

i-Heptanes 2.22% NL NA 1.13% NL NA 3.60% NL NA 

n-Heptane 0.88% 1.20% 30.44% 0.46% 0.70% 42.21% 1.41% 1.70% 18.65% 

Toluene 0.21% 0.29% 31.08% 0.14% 0.21% 42.77% 0.42% 0.48% 14.05% 

i-Octanes 1.49% NL NA 0.76% 0.24% 104.10% 3.13% 0.59% 136.54% 

n-Octane 0.23% 0.05% 130.18% 0.13% NL NA 0.42% NL NA 

Ethylbenzene 0.01% 0.01% 27.27% 0.01% 0.01% 29.06% 0.02% 0.02% 28.57% 

m, o, p-Xylene 0.12% 0.14% 16.34% 0.08% 0.12% 39.20% 0.23% 0.20% 15.24% 

i-Nonanes 0.32% NL NA 0.17% NL NA 0.52% NL NA 

n-Nonane 0.05% 0.06% 15.65% 0.04% 0.01% 113.04% 0.07% 0.06% 10.37% 

i-Decanes 0.12% 0.02% 147.45% 0.08% NL NA 0.12% 0.01% 176.95% 

n-Decane 0.02% 0.19% 170.73% 0.01% 0.12% 160.90% 0.01% 0.13% 185.19% 

i-Undecanes Plus 0.01% 0.00% 50.00% 0.01% 0.01% 48.28% 0.01% NL NA 
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Table 9. Comparison of Primary and Duplicate Vent Gas Compositional Analyses (Weight Percent)1 

Component 

Little Hoss B Gage Pitts Waggoner Crystelle 

SPL 

Analysis 

CCAS 

Analysis 

Percent 

Difference 

SPL 

Analysis 

CCAS 

Analysis 

Percent 

Difference 

SPL 

Analysis 

CCAS 

Analysis 

Percent 

Difference 

Weight Percent 

NMVOC 
93.97% 92% 2.11% 90.46% 90.20% 0.29% 90.07% 87.20% 3.23% 

Weight Percent 

NMEVOC 
85.88% 82.30% 4.26% 79.19% 76.60% 3.33% 81.22% 78.36% 3.58% 

1
 It should be noted that not all the vent gas components that were listed in the SPL analysis were also listed in the CCAS analysis. 

NL = These components were not listed in the CCAS analysis. 

ND = Detected, but below detection limit 

NA = Not available because one of the reported values was either NL or ND 
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4.4 Emission Rates 

Average hourly, daily, and annual VOC mass emission rates were calculated for each tank 

battery based on direct vent gas flow rate measurements and vent gas compositional analysis.  

The calculated VOC mass emission rates represent the flash, working, and breathing losses 

that occurred during the testing period.  The daily emission rates were calculated using 

Equation (1) as follows: 

Equation (1) ER = (Qventgas x MWventgas x FVOC) / CF 

Where,  

ER  = VOC emission rate, lb/day 

Qventgas
  

= Measured vent gas volumetric flow rate, scf/day 

MWventgas
 

= Molecular weight of the vent gas, lb/lb-mole 

FVOC   = Weight fraction of VOC in the vent gas 

CF = Standard volume to mass conversion factor, scf/lb-mole (379 scf/lb-mole at 

14.7 psia and 60° F for ultrasonic flow meter and 386.68 scf/lb-mole at 14.7 psia 

and 70° F for thermal mass flow meter) 

Note that daily emission rates correspond to a 24-hour period.  Average hourly VOC emission 

rates were calculated by dividing the calculated daily VOC emission rate by 24 hours.  Annual 

VOC emission rates were calculated by multiplying the measured 24-hour VOC emission rate 

by the ratio of the June 2009 – May 2010 total liquid production to the 24-hour measured liquid 

production for the site:7 

VOC Emission Rate (tpy) = VOC Emission Rate (lb/day) x {(June 2009 – May 2010 Total Liquid 

Production Rate (bbl/yr) / (Measured Total Liquid Production Rate (bbl/day)} / 2,000 lb/ton 

As discussed previously, vent gas volumetric flow rates were measured using ultrasonic and 

thermal mass flow meters.  Therefore, VOC emission rates were calculated using both vent gas 

flow rate measurements.  Tables 10 and 11 present the calculated VOC emission rates for flow 

rates measured using the thermal mass flow meter and the ultrasonic flow meter, respectively.  

As shown in Tables 10 and 11, the Ann Bingham Pad and R.M. Alliston tank batteries have 

calculated VOC emission rates of 0 lb/day.  The vent gas compositional analyses for both sites 

resulted in carbon dioxide (CO2) weight compositions of 100% on an air-free basis, but no 

detectable VOC.8  Consequently, the resulting calculated VOC emission rates for both sites 

                                                           

7
 Liquid production includes both condensate and produced water.  This is the site-specific production 

data requested from operators through ENVIRON questionnaire. 
8
 One operator indicated that a produced water flash gas analysis for this type of dry gas (i.e., methane 

with very little ethane and nothing C3+) would be expected to show methane and CO2.  It is reasonable to 
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were zero.  The R.M. Alliston tank battery also was the lowest producer of all tested tank 

batteries.  As previously discussed, the resulting VOC emission rates from the Pioneer First 

Baptist Church Slidell No. 1 site may be biased low because of the tank thief hatch opening for 

a brief period during the testing period.  The Day Lease Central VOC emission rates could also 

be biased low based on the high percentage of nitrogen measured in the tank vent gas sample.  

Annual VOC emission rates are presented in detail in Tables 10a and 11a.  

                                                                                                                                                                                           

expect that other compounds are less than detection limits.  Other than analytical error, the operator has 

no explanation why the vent gas compositional analysis would show 100% CO2 on an air-free basis.  
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Table 10. VOC Emission Rates – Fox FT2-151 Thermal Mass Flow Meter 

Site County Area 
Qventgas

1
 

(scf/day) 

MWventgas 

(lb/lb-

mole) 

FVOC
2
 

VOC Emission Rate 

Average Hourly
4
 

 (lb/hr) 

24-hour  

(lb/day) 

Annual
5
  

(tpy) 

Ann Bingham 

Pad
3
 

Johnson Barnett Shale 
3,409 44.01 0.00 0.00 0.00 0.00 

Little Hoss B Johnson Barnett Shale 1,119 51.02 0.86 5.28 126.80 19.97 

Gage Pitts Wise Barnett Shale 7,807 44.902 0.79 29.91 717.91 96.75 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 127 47.702 0.81 0.53 12.72 1.02 

Day Lease 

Central 
Tarrant 

Northeast 

Barnett Shale 2,197 23.387 0.002 0.01 0.28 0.17 

R. M. Alliston
3
 Tarrant 

Northeast 

Barnett Shale 4 44.01 0.00 0.00 0.00 0.00 

First Baptist 

Church Slidell 

No. 1 

Wise Barnett Shale 

126 44.714 0.78 0.47 11.34 3.92 

Minimum 4 23.39 0.00 0.00 0.00 0.00 

Maximum 7,807 51.02 0.86 29.91 717.91 96.75 

Mean 1,119 44.71 0.78 5.17 124.15 17.40 

Standard Deviation 2,113 42.82 0.46 11.07 265.79 35.72 
1 

Measured during testing period 
2
 Fraction of VOC on a weight percent basis (air-free) 

3
 The vent gas compositional analyses for both sites resulted in carbon dioxide (CO2) weight compositions of 100% on an air-free basis, but no 

detectable VOC. 
4
 Average hourly VOC emission rate is calculated by dividing the 24-hour emission rate by 24 hours. 

5
 Annual emission rate is calculated by multiplying the 24-hour emission rate by the ratio of June 2009 – May 2010 total production to 

measured production during the testing period and dividing by 2,000 pounds per ton. 
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Table 10a. Calculation of Annual VOC Emission Rates – Fox FT2-151 Thermal Mass Flow Meter 

Site County Area 

VOC Emission 

Rate  

(lb/day) 

June 2009 – May 

2010 Production 

Rate
1
  

(bbl/yr) 

Measured 24-

hour Production 

Rate
2
  

(bbl/day) 

Ratio
3
 

(day/yr) 

VOC Emission 

Rate
4
  

(tpy) 

Ann Bingham Pad Johnson Barnett Shale 0.00 65,883 145.3 453.43 0.00 

Little Hoss B Johnson Barnett Shale 126.80 94,855 301.2 314.92 19.97 

Gage Pitts Wise Barnett Shale 717.91 38,140 141.5 269.54 96.75 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 12.72 1,881 
11.69 

160.91 1.02 

Day Lease 

Central 
Tarrant 

Northeast Barnett 

Shale 0.28 13,015 
10.44 

1246.65 0.17 

R. M. Alliston Tarrant 
Northeast Barnett 

Shale 0.00 684 
0.85 

804.71 0.00 

First Baptist 

Church Slidell No. 

1 

Wise Barnett Shale 

11.34 6,904.46 

10 

690.45 3.92 
1
 Total condensate and produced water production rate for period of June 2009 – May 2010 was reported by operators. 

2
 Total condensate and produced water production during 24-hour testing period as measured by operators. 

3
 Ratio (day/yr) = June 2009 – May 2010 Production Rate (bbl/yr) / Measured 24-hour Production Rate (bbl/day) 

4
 VOC Emission Rate (tpy) = VOC Emission Rate (lb/day) x Ratio (day/yr) / 2,000 lb/ton 
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Table 11. VOC Emission Rates – GE Panametrics Model GM868 Ultrasonic Flow Meter 

Site County Area 
Qventgas

1
 

(scf/day) 

MWventgas 

(lb/lb-mole) 
FVOC

2
 

VOC Emission Rate 

Average Hourly
4
 

 (lb/hr) 

24-hour 

 (lb/day) 

Annual
5
  

(tpy) 

Ann Bingham 

Pad
3
 

Johnson Barnett Shale 
3,540 44.01 0.00 0.00 0.00 0.00 

Little Hoss B Johnson Barnett Shale 2,314 51.02 0.86 11.15 267.53 42.13 

Gage Pitts Wise Barnett Shale 6,820 44.902 0.79 26.66 639.85 86.23 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 1,030 47.702 0.81 4.39 105.29 8.47 

Day Lease 

Central 
Tarrant 

Northeast 

Barnett Shale 2,561 23.387 0.002 0.01 0.33 0.21 

R. M. Alliston
3
 Tarrant 

Northeast 

Barnett Shale 394 44.01 0.00 0.00 0.00 0.00 

First Baptist 

Church Slidell 

No. 1 

Wise Barnett Shale 

384 44.714 0.78 1.47 35.26 12.17 

Minimum 384 23.39 0.00 0.00 0.00 0.00 

Maximum 6,820 51.02 0.86 26.66 639.85 86.23 

Mean 2,314 44.71 0.78 6.24 149.75 21.32 

Standard Deviation 2,435 42.82 0.46 9.87 236.76 32.28 
1 

Measured during testing period 
2
 Fraction of VOC on a weight percent basis (air-free) 

3
 The vent gas compositional analyses for both sites resulted in carbon dioxide (CO2) weight compositions of 100% on an air-free basis, but no 

detectable VOC. 
4
 Average hourly VOC emission rate is calculated by dividing the 24-hour emission rate by 24 hours. 

5
 Annual emission rate is calculated by multiplying the 24-hour emission rate by the ratio of 2009 production to measured production during the 

testing period and dividing by 2,000 pounds per ton. 
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Table 11a. Calculation of Annual VOC Emission Rates – GE Panametrics Model GM868 Ultrasonic Flow Meter 

Site County Area 

VOC Emission 

Rate  

(lb/day) 

June 2009 – May 

2010 Production 

Rate
1
  

(bbl/yr) 

Measured 24-

hour Production 

Rate
2
  

(bbl/day) 

Ratio
3
 

(day/yr) 

VOC Emission 

Rate
4
  

(tpy) 

Ann Bingham Pad Johnson Barnett Shale 0.00 65,883 145.3 453.43 0.00 

Little Hoss B Johnson Barnett Shale 267.53 94,855 301.2 314.92 42.13 

Gage Pitts Wise Barnett Shale 639.85 38,140 141.5 269.54 86.23 

Waggoner 

Crystelle 
Wise 

Newark East 

(Barnett Shale) 105.29 1,881 11.69 160.91 8.47 

Day Lease 

Central 
Tarrant 

Northeast Barnett 

Shale 0.33 13,015 10.44 1246.65 0.21 

R. M. Alliston Tarrant 
Northeast Barnett 

Shale 0.00 684 0.85 804.71 0.00 

First Baptist 

Church Slidell No. 

1 

Wise Barnett Shale 

35.26 6,904.46 10 690.45 12.17 
1
 Total condensate and produced water production rate for period of June 2009 – May 2010 was reported by operators. 

2
 Total condensate and produced water production during 24-hour testing period as measured by operators. 

3
 Ratio (day/yr) = June 2009 – May 2010 Production Rate (bbl/yr) / Measured 24-hour Production Rate (bbl/day) 

4
 VOC Emission Rate (tpy) = VOC Emission Rate (lb/day) x Ratio (day/yr) / 2,000 lb/ton 
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4.5 Production Rates 

Production during the testing period was determined by measuring tank liquid levels at the start 

and the end of the testing period.  Total production during the testing period was used in 

calculating VOC emission factors as described in Section 4.6.   

Liquid level measurements were performed for all tanks in the battery, including both produced 

water and condensate storage tanks at the sites.  At all sites, the operator was responsible for 

performing the gauging measurements according to company practices.  The operators 

provided COMM with the gauging measurements and corresponding production rates.  

ENVIRON does not have any information on the uncertainty in the measurements.  Therefore, 

an evaluation of measurement uncertainties was not performed.  Table 12 summarizes the 

condensate, produced water and total production at the sites during the testing period.  At all 

tank batteries, produced water constituted the majority of total production.  Four tank batteries 

measured no condensate production during the testing period.  Continuous measurement 

records for tank pressure and temperature as measured by COMM were supplied to TCEQ in 

electronic spreadsheet format.  Data logs for tank liquid level as measured by operators are 

included in Appendix G. 

Table 12. Measured Production Rates During Testing Period 

Site 

Gauging 

Device 

Type 

Personnel 

Performing Gauge 

Measurements 

Production (bbl/day) 

Condensate 
Produced 

Water 
Total 

Ann Bingham Pad Automatic Site Operator 0 145.3 145.3 

Little Hoss B
1
 Automatic Site Operator 0 301.2 301.2 

Gage Pitts Automatic Site Operator 58.5 83 141.5 

Waggoner 

Crystelle 
Manual Site Operator 3.34 8.35 11.69 

Day Lease Central Automatic Site Operator 0 10.44 10.44 

R. M. Alliston 

Visual 

(Sight 

Gauge on 

Tank)
2
 

Site Operator 0 0.85 0.85 

First Baptist 

Church Slidell No. 

1 

Manual Site Operator 1 9 10 

Minimum 0 0.85 0.85 

Maximum 58.5 301.2 301.2 

Mean 8.98 79.73 88.71 

Standard Deviation 21.87 111.42 113.37 
1 

Condensate production during the test period was measured as 0 bbl/day using an automatic gauging 

device, although a condensate sample was collected from the pressurized separator.  It is possible that 

due to low condensate production rates during the testing period, the separator did not discharge 

condensate to the storage tank.  
2
 Operator verified visual observation by manually gauging the tank liquid level.  
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4.6 Emission Factors 

ENVIRON developed VOC emission factors for each tested tank battery based on the 

calculated 24-hour VOC emission rate and measured 24-hour production.  These VOC emission 

factors account for tank flash, working, and breathing losses during the testing period.  The 

emission factors were calculated using Equation (2) as follows:    

Equation (2) EF = ER / PR 

Where, 

EF = Calculated VOC emission factor, lb VOC/bbl liquid 

ER = Calculated VOC emission rate, lb VOC/day 

PR = Total condensate and water production at the site during testing, bbl/day 

Tables 13 and 14 summarize the calculated emission factors for each site based on vent gas 

flow rate measurements using the thermal mass flow meter and the ultrasonic flow meter, 

respectively.  Production rates listed in Tables 13 and 14 represent the total liquids produced 

during the testing period, including both condensate and produced water.  A VOC emission 

factor for each produced liquid is not possible because of the tank testing configuration.  Tank 

vapors from all condensate and produced water tanks at the tank battery were routed through a 

common sampling apparatus.  Therefore, measured emissions are representative of total liquid 

production during the testing period, including both condensate and produced water.    

Table 13. Calculated VOC Emission Factors – Fox FT2-151 Thermal Mass 
Flow Meter 

Site County 

VOC Weight 

Fraction in 

Vented Gas 

Total 

Production 

(bbl/day) 

VOC 

Emission 

Rate 

(lb/day) 

VOC 

Emission 

Factor (lb 

VOC/bbl 

liquid) 

Ann Bingham 

Pad 
Johnson 0 145.3 0 0 

Little Hoss B Johnson 0.86 301.2 127 0.42 

Gage Pitts Wise 0.79 141.5 718 5.07 

Waggoner 

Crystelle 
Wise 0.81 11.69 13 1.09 

Day Lease 

Central 
Tarrant 0.002 10.44 0.28 0.03 

R. M. Alliston Tarrant 0 0.85 0 0 

First Baptist 

Church Slidell 

No. 1 

Wise 0.78 10 11 1.13 

Minimum 0 0.85 0 0 

Maximum 0.86 301.20 718 5.07 

Mean 0.46 88.71 124.15 1.11 

Standard Deviation 0.43 113.37 265.79 1.82 
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Table 14. Calculated VOC Emission Factors – GE Panametrics Model 
GM868 Ultrasonic Flow Meter 

Site County 

VOC Weight 

Fraction in 

Vented Gas 

Total 

Production 

(bbl/day) 

VOC 

Emission 

Rate 

(lb/day) 

VOC 

Emission 

Factor (lb 

VOC/bbl 

liquid) 

Ann Bingham 

Pad 
Johnson 0 145.3 0 0 

Little Hoss B Johnson 0.86 301.2 268 0.89 

Gage Pitts Wise 0.79 141.5 640 4.52 

Waggoner 

Crystelle 
Wise 0.81 11.69 105 9.01 

Day Lease 

Central 
Tarrant 0.002 10.44 0.3 0.03 

R. M. Alliston Tarrant 0 0.85 0 0 

First Baptist 

Church Slidell 

No. 1 

Wise 0.78 10 35 3.53 

Minimum 0 0.85 0 0 

Maximum 0.86 301.20 640 9.01 

Mean 0.46 88.71 150 2.57 

Standard Deviation 0.43 113.37 237 3.38 

 

Figure 5 is a comparison of the calculated VOC flash emission factors discussed above.  As the 

VOC emission factor for the Ann Bingham Pad and R.M. Alliston sites is 0 lb VOC/bbl liquid, 

they are excluded from Figure 5.  
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Figure 5. Comparison of Calculated VOC Emission Factors 

 

As shown in Figure 5, the calculated VOC emission factors using the thermal mass flow meter is 

much lower than the factor calculated using the ultrasonic meter for the Waggoner Crystelle 

site.  This relates primarily to the large difference in measured flow rates between the 

instruments.   

 

4.7 Flash Gas Analysis 

SPL personnel collected and analyzed the pressurized separator liquid samples for each tank 

battery site using GPA Standard 2174-93 (Obtaining Liquid Hydrocarbon Samples for Analysis 

by Gas Chromatography).  SPL flashed the produced water samples in the laboratory and 

analyzed the gas using GPA Method 2286.  Condensate samples were analyzed using a 

modified GPA Method 2103 with GPA Method 2186 to speciate the BTEX components.  A 

summary of the flash gas analysis on an air-free basis for each site is presented in Table 15. 
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Table 15. Summary of Flash Gas Analysis  - Air-Free 

Site 
Separator 

Type 
Sample Type 

Flash Factor 

(scf/bbl) 

Sample 

Pressure 

(psig) 

Sample 

Temperature 

(°F) 

Ann Bingham 

Pad
1
 

3-Phase Produced Water 1.94 250 87 

Little Hoss B 3-Phase 
Condensate 71.175 82 86 

Produced Water 40.09 82 86 

Gage Pitts 3-Phase 
Condensate 102.84 189 85 

Produced Water 1.38 188 85 

Waggoner 

Crystelle 
3-Phase 

Condensate 63.184 111 90 

Produced Water 1.09 111 90 

Day Lease 

Central 
2-Phase Produced Water 1.40 120 94 

R. M. Alliston 2-Phase Produced Water 0.62 220 99 

First Baptist 

Church Slidell 

No. 1 

3-Phase 

Condensate 8.1695 22 94 

Produced Water 1.71 40 82 

1
 During the testing period, only water was produced.  Therefore, a condensate sample was not 

available for collection. 

  

SPL also conducted bubble point measurements for each liquid sample.  The bubble point is the 

temperature where the first bubble of vapor forms in a liquid.  For multi-component systems, 

such as oil and gas condensate, bubble point calculations can be used to verify the integrity of 

the field samples.  SPL conducted bubble point analyses on all condensate samples collected 

from three-phase separators at the tested sites.  These measurements are attached in 

Appendix J and summarized in Table 15a.   
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Table 15a. Summary of Bubble Point Measurements 

Site 
Separat

or Type 
Sample Type 

Sample 

Temperature
1
 

(°F) 

Sample 

Pressure
1
 

(psig) 

Saturation Pressure
2
  

(psig) 

First Run Pass/Fail
3
 Duplicate Pass/Fail

3
 

Ann Bingham Pad 3-Phase Produced Water 87 250 N/A N/A N/A N/A 

Little Hoss B 3-Phase 
Condensate 86 82 140.22 Fail 211.16 Fail 

Produced Water 86 82 N/A N/A N/A N/A 

Gage Pitts 3-Phase 
Condensate 85 189 157.02 Pass 214.04 Pass 

Produced Water 85 188 N/A N/A N/A N/A 

Waggoner 

Crystelle 
3-Phase 

Condensate 90 111 114.04 Pass 118.3 Pass 

Produced Water 90 111 N/A N/A N/A N/A 

Day Lease Central 2-Phase Produced Water 94 120 N/A N/A N/A N/A 

R. M. Alliston 2-Phase Produced Water 99 220 N/A N/A N/A N/A 

First Baptist 

Church Slidell No. 

1 

3-Phase 

Condensate 94 22 44.61 Pass 44.42 Pass 

Produced Water 82 40 N/A  N/A N/A N/A 

1
 Recorded by COMM from pressurized separator gauge at time of sample collection. 

2
 Result of bubble point measurements performed by SPL. 

3
 Pass/Fail Criteria – Saturation point pressure is within 50 psi of the separator pressure or within 12% if the separator pressure is above 600 psi. 
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For the bubble point analysis, SPL used the offshore allocation criteria to determine the integrity 

of the sample.  As per the offshore allocation criteria, pressurized liquid samples are acceptable 

if the saturation pressure is within 50 psi of the separator pressure, if the separator pressure is 

equal to or less than 600 psi.  For separator pressures greater than 600 psi, the saturation 

pressure must be within 12 percent of the separator pressure.  Condensate samples collected 

at the Chesapeake Little Hoss B Pad site do not meet the criteria.  After comparing the 

compositional analysis and calculated saturation pressures for the original and duplicate 

samples collected at the Little Hoss B Pad site, ENVIRON believes that the presence of an 

already flashed gas (methane) in the liquid samples may be responsible for these samples 

failing to pass the 50 psi criteria. Another possible explanation is field sample collection error.  

Collection of these field samples can be challenging and bubble point analysis failure is not 

uncommon.  Condensate samples collected at all other sites were within the acceptable criteria 

range.  It is important to note that the 50 psi criteria was formulated for samples collected from 

dedicated sampling ports at offshore sites and applicability to sampling conducted as part of the 

current project is uncertain.   

4.8 API Gravity 

The API gravity was also determined for each liquid sample.  API gravity measurements 

reported by SPL are presented in Table 16 and compared to the average API gravity reported 

by the operators.  As a general test of data quality, ENVIRON determined whether the API 

gravity measurements reported by SPL agreed to within ±5° with the average API gravity 

reported by the operators.   
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Table 16. API Gravity Comparison 

Operator Site 

Average API 

Gravity – Reported 

by Operators
1
 

API Gravity – Tank 

Testing Project
2
 

Agreement within 

±5° 

Chesapeake 

Operating Inc. 

Ann Bingham 

Pad 
NR

3
 N/A

4
 N/A 

Little Hoss B 57.5 59.77 Yes 

Burlington 

Resources Oil 

& Gas 

Company LP 

(owned by 

ConocoPhillips) 

Gage Pitts 59 61.22 Yes 

Waggoner 

Crystelle 
61 61.25 Yes 

Devon Energy 

Production 

Company LP 

Day Lease 

Central 
NR

3
 N/A

4
 N/A 

R. M. Alliston NR
3
 N/A

4
 N/A 

Pioneer 

Energy
5
 

First Baptist 

Church 

Slidell No. 1 

45.15 50.97 No 

1
 API gravity was reported by the operators in response to the Requested Information questionnaire. 

2 
API gravity at 60°

 
F based on SPL analysis on condensate samples collected at four sites. 

3
 NR = API gravity data was not provided by the operator. 

4
 Condensate samples were not collected at these sites.  Therefore API gravity was not determined. 

5
 Only one monthly API gravity value was provided by operator. 

 

4.9 Ambient Weather Data 

Ambient conditions, including ambient temperature, barometric pressure, and wind speed and 

direction, were also measured and recorded simultaneously over the same 24-hour periods as 

the flow measurements.  Meteorological conditions did not interfere with tank testing at any of 

the tested sites.  Raw ambient measurements are included in Appendix H.  A summary of 

average ambient conditions during the testing period is presented in Table 17.  
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Table 17. Summary of Average Ambient Conditions During Testing 
Period 

Site 

Ave. 

Temperature 

(°F) 

Ave. Relative 

Humidity (%) 

Ave. Wind 

Speed (miles 

per hour) 

Ave. Pressure 

(in. Hg) 

Ann Bingham Pad 86.2 65.5 8.5 29.1 

Little Hoss B 84.0 72.0 8.5 28.8 

Gage Pitts 86.3 66.8 6.1 29.1 

Waggoner Crystelle 81.6 77.3 2.9 29.1 

Day Lease Central 80.0 79.8 2.7 29.1 

R. M. Alliston 81.7 77.4 2.8 29.1 

First Baptist Church 

Slidell No. 1 

74.8 93.2 1.8 29.1 

 

4.10 Data Quality Objectives and Quality Control 

Table 2 in Section A.7 of the Data Sampling Plan summarizes the quality objectives for the 

project regarding direct measurements, including vent gas flow rate, vent gas composition, 

pressurized separator liquid samples, and API gravity.  Project performance on quality 

objectives is summarized below. 

 Sample duration and frequency objectives for the project were met as specified in the Data 

Sampling Plan.  Vent gas flow rate measurements and vent gas composition samples were 

collected over continuous 24-hour periods.  At least one grab sample was collected from 

one pressurized separator from each tank battery for laboratory analysis. 

 The Data Sampling Plan specified the data completeness objective as 10 or more tank 

batteries tested.  However, budgetary constraints only allowed for seven tank batteries to 

be tested.   

 Accuracy objectives are addressed by measurement type below. 

Vent gas flow rate – The Data Sampling Plan specified an accuracy of ±10% of average reading 

during test.  COMM later provided the accuracy specifications for each flow meter, which are 

reported in Section 4.2 of this report.  Measurement results are presented within this report in 

terms of the accuracy represented by the manufacturer, rather than the accuracy specified in 

the Data Sampling Plan. 

Vent gas composition – The Data Sampling Plan specified an accuracy of ±10% defined as 

analytical repeatability.  ENVIRON compared primary and duplicate sample results to verify 

accuracy.  As shown in Table 9, the composition of VOC on a weight percent basis for all three 

sites at which duplicate samples were collected agrees within 5%, although the agreement 

between the analyses for individual compounds varied significantly.    

Pressurized separator liquid sample – The Data Sampling Plan defined accuracy as laboratory 

bubble point measurement within ±5 psi of liquid separator pressure condition at time of sample 

collection.  Following laboratory sample analysis, ENVIRON learned that pressurized liquid 

samples are acceptable if the saturation pressure is within 50 psi of the separator pressure, if 
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the separator pressure is equal to or less than 600 psi.  For separator pressures greater than 

600 psi, the saturation pressure must be within 12 percent of the separator pressure.  Using 

these criteria, ENVIRON evaluated the accuracy of the sampling results.  Detailed discussion is 

provided in Section 4.7 of this report. 

API gravity – The Data Sampling Plan defined accuracy as agreement between sample and 

historical measurements to within ±5 degrees.  ENVIRON evaluated sampling results based on 

this criterion.  As presented in Table 16, only one sample did not meet this criterion.    

Table 3 in Section B.5 of the Data Sampling Plan lists acceptance criteria for the 

measurements.  Project performance on quality control is summarized below. 

 Flow rate – The thermal mass and ultrasonic flow meters were calibrated by the 

manufacturers prior to use as specified in the Data Sampling Plan.  Measurement 

uncertainty is reported in Section 4.2 of this report.  No corrective action was required.   

 Gas analysis – Duplicate samples were collected at three of the seven tested tank 

batteries, exceeding the specified frequency of 30% of all site samples.  Non-methane 

VOC results of the duplicate samples were all within ±10% of the primary samples.  No 

corrective action was required. 

 Pressurized separator liquid samples – Bubble point measurements were made on all 

condensate samples.  Acceptance criteria in the Data Sampling Plan were specified as ±5 

psi of liquid separator pressure condition at time of sample collection.  However, SPL 

presented more widely accepted criteria with the bubble point measurement results - 

Saturation point pressure is within 50 psi of the separator pressure or within 12% if the 

separator pressure is above 600 psi.  As documented in Section 4.7 of this report, only one 

sample did not meet the SPL criteria.   

 API gravity – API gravity measurements reported by SPL were compared to the average 

API gravity measurements reported by the operators.  As documented in Section 4.8, all 

measurements met the acceptance criteria of ±5° except for one.   

 Production rate – Total liquid production rate measurements were performed by the 

operators according to their standard practices.  ENVIRON does not have any information 

on the accuracy limitations of those measurements.   

 Ambient measurements – COMM purchased a new portable weather station that was 

calibrated by the manufacturer prior to use.   
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5 E&P TANK Analysis 

5.1 Overview 

The American Petroleum Institute (API) developed the E&P TANK Version 2 software to 

estimate tank flashing losses in addition to tank working and standing losses.  The model allows 

the user to input compositional analyses from pressurized oil and gas samples to simulate flash 

generation in storage tanks. Two methods are available for estimating flashing, working, and 

standing losses.  The first method estimates the flash loss using rigorous thermodynamic flash 

calculations and estimates working and standing losses with a fixed roof tank simulation.  The 

second method estimates flash using the same methodology, but calculates working and 

standing losses using AP-42 formulas for storage tanks.  The accuracy of the results depends 

on the quality of input data used.  Some process data, such as separator pressure and 

temperature and separator oil composition, are needed.  The TCEQ has identified E&P TANK 

with pressurized liquid and/or gas sample analysis as one of the preferred methods for 

estimating working, breathing and flash emissions from crude oil and condensate tanks.9 

 

5.2 Inputs and Results 

Site-specific pre-flash liquid compositional analyses, in combination with separator physical 

parameters, are inputs to the E&P TANK software. Table 17 lists the site-specific compositional 

analysis used as inputs to run E&P TANK software.  The values listed in Table 18 are from the 

GPA Method 2103M analyses performed by SPL on the pressurized liquid condensate samples 

collected from the tank batteries with three-phase separators.  The E&P TANK software is not 

designed for aqueous systems.  Therefore, E&P TANK was not run for sites producing water 

only. 

                                                           

9
 TCEQ, Air Permit Reference Guide APDG 5942, Calculating Volatile Organic Compound (VOC) Flash 

Emissions from Crude Oil and Condensate Tanks at Oil and Gas Production Sites, September 2009. 
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Table 18. E&P TANKS 2.0 Input Data - Pre-flash Condensate Compositional Analysis 

Site Little Hoss B Gage Pitts Waggoner Crystelle 
First Baptist Church 

Slidell No. 1 

 

Mole 

Percent 

(%) 

Weight 

Percent 

(%) 

Mole 

Percent 

(%) 

Weight 

Percent 

(%) 

Mole 

Percent 

(%) 

Weight 

Percent 

(%) 

Mole 

Percent 

(%) 

Weight 

Percent 

(%) 

Nitrogen 0.05% 0.01% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 

Methane 3.48% 0.47% 4.04% 0.54% 2.77% 0.40% 1.07% 0.12% 

Carbon Dioxide 0.08% 0.03% 0.19% 0.07% 0.11% 0.04% 0.05% 0.01% 

Ethane  3.64% 0.91% 4.11% 1.04% 3.03% 0.81% 1.13% 0.23% 

Propane 4.35% 1.60% 5.25% 1.94% 4.14% 1.63% 1.61% 0.48% 

i-Butane 1.51% 0.73% 2.12% 1.03% 1.41% 0.73% 0.55% 0.22% 

n-Butane 4.01% 1.95% 5.38% 2.62% 3.94% 2.04% 1.72% 0.68% 

i-Pentane 2.85% 1.72% 4.16% 2.52% 2.81% 1.81% 1.36% 0.66% 

n-Pentane 3.95% 2.38% 5.17% 3.13% 3.74% 2.41% 2.03% 1.00% 

i-Hexanes 2.85% 2.05% 3.44% 2.49% 3.39% 2.61% 1.50% 0.88% 

n-Hexane 3.64% 2.62% 4.13% 2.99% 4.14% 3.19% 2.08% 1.22% 

2,2,4-Trimethylpentane 0.05% 0.04% 0.04% 0.03% 0.06% 0.06% 0.04% 0.03% 

Benzene 0.20% 0.13% 0.26% 0.17% 0.26% 0.18% 0.21% 0.11% 

Heptanes 12.71% 10.32% 11.44% 9.29% 16.28% 13.98% 9.74% 6.42% 

Toluene 1.45% 1.11% 1.46% 1.13% 2.03% 1.67% 1.63% 1.02% 

Octanes 15.31% 13.99% 11.82% 10.78% 20.05% 19.38% 15.89% 11.83% 

Ethylbenzene 0.44% 0.39% 0.26% 0.24% 0.42% 0.40% 0.54% 0.39% 

m, o, p-Xylene 4.32% 3.84% 3.26% 2.90% 4.52% 4.29% 5.72% 4.12% 

Nonanes 8.18% 8.41% 5.68% 5.86% 6.86% 7.55% 10.34% 8.66% 

Decanes Plus 26.97% 47.30% 27.80% 51.23% 20.04% 36.81% 42.79% 61.93% 

Total 100% 100% 100% 100% 100% 100% 100% 100% 
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Table 19 lists additional site-specific and condensate parameters such as separator data, tank 

and shell data and meteorological data used as inputs to run E&P TANK software.   

Table 19. E&P TANKS 2.0 Input Data - Additional Inputs 

Site Little Hoss B Gage Pitts 
Waggoner 

Crystelle 

First Baptist 

Church Slidell 

No. 1 

Separator Data
1
 

Separator Pressure (psi) 82 189 111 22 

Separator Temperature (F) 86 85 90 94 

Ambient Pressure (psi) 14.7 14.7 14.7 14.7 

Ambient Temperature (F) 88 95 98 79 

Specific Gravity, C10+ 0.8104 0.8108 0.8103 0.8126 

Molecular Weight, C10+ (lb/lb-mole) 209.8 219.725 205.462 213.313 

Tank and Shell Data
2
 

Diameter (ft) 15.5 12 12 12 

Shell Height (ft) 8 15 15 15 

Cone Roof Slope 0.063 0.063 0.063 0.063 

Average Liquid Height (ft) 3 7.5 7.5 4.37 

Vent Pressure Range (psi) 0.03 0.03 0.03 0.03 

Solar Absorbance 0.68 0.43 0.43 0.89 

Meteorological Data
3
 

City Dallas, TX Dallas, TX Dallas, TX Dallas, TX 

Ambient Pressure (psi) 14.7 14.7 14.7 14.7 

Ambient Temperature (F) 88 95 98 79 

Min. Ambient Temperature (F) 55 55 55 55 

Max. Ambient Temperature (F) 76.9 76.9 76.9 76.9 

Total Solar Insolation (Btu/ft
2
-day) 1468 1468 1468 1468 

1
 Separator pressure and temperature were recorded at the time of sample collection.  Ambient pressure 

and temperature provided by COMM.  Specific gravity and molecular weight are from the SPL laboratory 

analysis. 
2
 Tank and shell data as reported by the operator. 

3
 Meteorological data is from E&P TANK, except for ambient pressure and temperature which were entered 

for each location based on ambient measurement data collected during the testing period. 

 

5.3 Comparison of E&P TANK Results with Measured Emission Rtes 

Appendix I contains detailed result summaries for E&P TANK runs. Table 20 compares VOC 

emission factors derived using predicted E&P TANK emissions with emission factors derived 

using measured vent gas emissions.  E&P TANK was run using condensate pre-flash liquid 

compositions and total production rate measured during the testing period.  Each of the four 

tank batteries produced both water and condensate during the testing period.  Therefore, it is 

possible that the E&P TANK values overestimate the VOC emission factor when compared to 

the emission factors derived using vent gas measurements.  For comparison, E&P TANK was 

also run using condensate pre-flash liquid compositions and condensate production rate 

measured during the testing period. 
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Table 20. Comparison of Calculated and Predicted VOC Emission Factors 

Site County 

VOC Emission Factor (lb VOC/bbl liquid) 

Thermal Mass 

Flow Meter 

Ultrasonic Mass 

Flow Meter 

E&P TANK 2.0 

– Total Liquid 

Production 

E&P TANK 2.0 

– Condensate 

Production 

Only 

Ann Bingham Pad
1
 Johnson 0 0 N/A N/A 

Little Hoss B
2
 Johnson 0.42 0.89 7.01 N/A 

Gage Pitts Wise 5.07 4.52 11.42 11.48 

Waggoner Crystelle Wise 1.09 9.01 7.49 7.56 

Day Lease Central
1
 Tarrant 0.03 0.03 N/A N/A 

R. M. Alliston
1
 Tarrant 0 0 N/A N/A 

First Baptist Church 

Slidell No. 1 
Wise 1.13 3.53 0.67 0.72 

1
 No condensate samples were collected at this site. 

2
 No condensate production was measured at this site. 

 

Figure 6 presents a comparison of VOC emission factors derived using predicted E&P TANK 

emissions with emission factors derived using measured vent gas emissions, excluding the Ann 

Bingham Pad, Day Lease Central and R.M. Alliston sites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Upstream Oil and Gas Tank Emission Measurements  
TCEQ Project 2010 – 39   

 
 

 ENVIRON Project Number 06-17477X 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Comparison of Calculated and Predicted VOC Emission Factors 

 

As shown in Figure 6, of the four sites for which condensate samples were collected and pre-

flash condensate analysis was performed, three sites exhibit a large variability in calculated 

emission factors and emission factors derived using predicted flash gas analysis from E&P 

TANK 2.0.  For the Waggoner Crystelle site, the calculated and predicted emission factors are 

9.01 lb VOC/bbl liquid and 7.49 lb VOC/bbl liquid, respectively. The largest difference in the 

calculated and predicted VOC emission factors is for the Little Hoss B site where calculated and 

predicted VOC emission factors are 0.42 lb VOC/bbl liquid and 7.01 lb VOC/bbl liquid 

respectively.  The Little Hoss B tank battery did not produce condensate during the tank testing 

period.  Therefore, there are no E&P TANK results for condensate production only for that tank 

battery.   
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6 Conclusions & Recommendations 

VOC emission rates were directly measured during this testing.  However, as discussed in this 

report, application of the results is limited because of the various levels of uncertainty in the 

direct measurements.  For example, uncertainties are inherent in the flow meter measurements, 

laboratory analyses, and production rate measurements.  Given these uncertainties, ENVIRON 

recommends the following future work to clarify or improve upon the findings presented herein. 

1. Tank battery operations, especially at low producing sites, are characterized by non-

steady state conditions.  We recommend that the pre-flash liquid compositions obtained 

through this study be used in an evaluation of a dynamic process simulator, such as 

HYSIS.  A dynamic process simulator may be more appropriate than a steady-state 

model, such as E&P TANK.   

2. Results are presented within this report for a limited number of tank batteries.  The 

results from this small sampling of the total tank battery population are limited, and 

should not necessarily be applied to the larger population of tank batteries.  Given the 

relatively high costs associated with directly testing individual tank batteries, ENVIRON 

recommends that future studies focus on the collection of large numbers of easily 

collected samples.  For example, collect and analyze pressurized separator liquid 

samples from a larger sampling of tank batteries to determine pre-flash liquid 

compositions.  Run E&P TANK, or a dynamic process simulator, such as HYSIS, to 

determine VOC emission rates and emission factors.  Specifics for such a study have 

not been formulated. 

3. If additional direct testing is performed, ENVIRON recommends using a longer sampling 

period, such as multiple days or longer, to address non-steady state conditions typical of 

tank battery operations.  Tanks should also be at least 50% full of liquids during the 

entire testing period to ensure that the tank vapor space canister sample is collecting 

tank vapors and not mostly air. 
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Project Team Members: Mr. Steven H. Ramsey, PE, BCEE 
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Tracking No. 2010-39-01
Version No. 2

The following worksheets should be completed as part of this information request: 
1. Site Information - applies to basic information of the site.
2. Production Information - relates to the production of oil and gas at the tank battery site
3. Well Information - relates to all wells serviced by the tank battery site
4. Separator Information - relates to the separators located at the tank battery site
5. Analyses Information - relates to the analyses of the produced materials from the tank battery site
6. Tank Information - relates to the tanks at the tank battery site
7. Daily Tank Levels - records of tank levels for each storage tank
8. Daily Gas Emissions - records of the gas emissions from the site

Texas Commission on Environmental Quality
Work Order No. 582-7-84005-FY10-25

Upstream Oil and Gas Tank Emission Measurements
Devon Day Lease Central Battery

Background:
VOC emissions at tank battery sites are composed of working losses, breathing losses, and flashing losses from storage tanks.  VOC emissions from working losses are due to displacement of the 
vapors within the storage tank as the tank is filled.  VOC emissions from breathing losses are due to displacement of vapor within the storage tank due to changes in the tank temperature and 
pressure throughout the day and throughout the year.  VOC emissions from flashing losses occur in addition to working and breathing losses at tank batteries when produced liquids are sent to an 
atmospheric storage vessel from the last pressurized vessel or at wellhead sites when produced liquids are sent to an atmospheric storage vessel from the last pressurized vessel.

Project Objective:
The purpose of this study is to directly measure emission rates of volatile organic compounds (VOC) from breathing, working, and flash loss emissions from tank batteries at a minimum of 10 
designated sites located in the Dallas-Fort Worth (DFW) area, including, but not necessarily limited to, sites in Parker, Johnson, Tarrant, and Denton counties.  Samples of tank contents will be 
collected and analyzed in order to determine tank-specific product compositions and component concentrations.  VOC emission rates from the tank vents, headers, thief hatches, any installed 
control equipment, and other auxiliary ports will be continuously measured over 24-hour periods.  Site-specific production information and parameters required to estimate annual VOC emissions 
from tank batteries and other site-specific information designated by the TCEQ will be collected by ENVIRON and will encompass the complete 12-month period immediately preceding the tank 
emission rate testing.

Primary Survey Goal:
Collect site-specific production information and parameters required to estimate annual VOC emissions from the measured tank batteries.      
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Devon Day Lease Central Battery
SITE INFORMATION

Please provide the following information for the tank battery site.  

Owner Information
Company or Other Legal Name:
Company Official Contact Name:
Title:
Mailing Address:
City:
State:
Zip:
Telephone No.:
Fax No.:
E-mail Address:

Operator Information (if different from Owner Information)
Company or Other Legal Name:
Company Official Contact Name:
Title:
Mailing Address:
City:
State:
Zip:
Telephone No.:
Fax No.:
E-mail Address:

Site Information
Property Legal Description:
Site Address:
Nearest City:
County:
Zip:
Directions to Site from the Nearest City:
Railroad Commission of Texas Identification Number:
TCEQ Regulated Entity Reference Number (RN + 9 digits):
TCEQ Air Account Number:

What is produced at the site? Oil Gas Condensate Produced Water

Is site plot plan available?
If yes, please provide a plot plan with the submittal of this 
questionnaire.  Please include the location of the wellheads 
serviced by the tank battery.
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Is a process flow diagram available?

Process Description

Please provide a process description of the tank battery's 
production equipment.

General Physical Condition of the Site

Air Permit Registrations

Registration No. Status Permit No. Status Permit No. Status

PBR 
Registration(s)

NSR 
Permit(s)

Visible Leaking 
Equipment

Inoperable 
Equipment

Please indicate which, if any, of the listed TCEQ authorizations 
exist for the site?  Please provide details on the registration/permit 
numbers and status in the table below.

If yes, please provide a process flow diagram as an attachment to 
the submittal of this questionnaire.

Title V Permit None

Please indicate which, if any, of the listed conditions exist at the 
site. Please expand on other general conditions of the site in the 
cell labeled Other.

Other

Title VNSRPBR
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Devon Day Lease Central Battery
PRODUCTION INFORMATION

For operating conditions spanning from June 2009 through May 2010, please provide site-specific production records for the tank battery site.  

Production records

Month
Oil

(BBL)
Oil API 
Gravity

Produced 
Water
(BBL)

Gas
(MCF)

Condensate
(BBL)

Condensate 
API Gravity

Jun-2009
Jul-2009
Aug-2009
Sep-2009
Oct-2009
Nov-2009
Dec-2009
Jan-2010
Feb-2010
Mar-2010
Apr-2010
May-2010

Total 0 N/A 0 0 0 N/A

Production Records for Site
How will the production records be provided?  Please 
attach production curves for the site.
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Devon Day Lease Central Battery
WELL INFORMATION

For operating conditions spanning from June 2009 through May 2010, please provide information related to all wells that the tank battery services.  

Well Information GPS Coordinates (decimal)
Latitude LongitudePlease provide the Railroad Commission of Texas 

records listed in the table for all wells that the tank 
battery services.

Well No. Field No.Field NameOperator No.
Operator 

NameLease Name District No.Lease No.
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Devon Day Lease Central Battery
SEPARATOR INFORMATION

For operating conditions spanning from June 2009 through May 2010, please provide information related to the separators at the tank battery site

Separator Types
How many separators are on the site?

Has the site sampled any of the following? Oil Gas

If applicable, where has sampling occurred?

Is the separator oil composition available?

Is the separator vent gas composition available?

Physical Condition of Separators

Provide the following information relating to the 
separators.

Please indicate if any of the listed conditions 
apply to the separators at the site.  Please 
expand on other general conditions of the 
separators in the cell labeled Other.

If yes, please provide the composition with the 
submittal of this questionnaire.

If yes, please provide the composition with the 
submittal of this questionnaire.

ID or Name
No. of Separator Phases
Separator Orientation

Gas Specific Gravity
Liquid Specific Gravity
Gas Molecular Weight (lb/lb-mole)

VOC Weight Fraction in Vapor

Measured Volumetric Gas/Oil Ratio

Liquid Molecular Weight (lb/lb-mole)
Ambient Pressure (psig)
Ambient Temperature (°F)
Vapor Pressure of Stored Products (psia)

Separator Pressure
Separator Operating Pressure (psig)
Separator Operating Temperature (°F)
Measured Molar Gas/Oil Ratio

If sampling occurred somewhere other than the 
low or high pressure, please expand on the 
location of the sample in the cell labeled Other.

Low Pressure 
Separator

High Pressure 
Separator Other

Other
Stuck Liquid Dump 

Valves
Inoperable Liquid 

Dump Valves

Percent VOC in Vapor

VOC Weight Fraction in Liquid
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Devon Day Lease Central Battery
ANALYSES RECORDS

For operating conditions spanning from June 2009 through May 2010, please provide site-specific oil and gas records for the tank battery site.

Monthly Analyses Records Oil

Jun-09
Jul-09
Aug-09
Sep-09
Oct-09
Nov-09
Dec-09
Jan-10
Feb-10
Mar-10
Apr-10
May-10

For operating conditions spanning from June 2009 through May 
2010, please provide the following analyses information.

Gas

Month Specific Gravity
Molecular 

Weight
Vapor Pressure 

(psia) Specific Gravity
Vapor Pressure 

(psia)Gas/Oil Ratio

Produced WaterCondensate

Specific Gravity Specific Gravity
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If known, please provide the compositions (mole fraction), specific gravities, and molecular weights in the following table.

Hydrogen Sulfide (H2 S)
Oxygen (O 2 )

Carbon Dioxide (CO2 )
Nitrogen (N 2 )
Methane (C1)

Ethane (C2)
Propane (C3)

Isobutane (i-C4)
n-Butane (n-C4)

Isopentane (i-C5)
n-Pentane (n-C5)
n-Hexane (n-C6)

Hexanes (C6)
Heptanes (C7)
Octanes (C8)
Nonanes (C9)

Decanes+ (C10+)
Benzene
Toluene

Ethylbenzene
Xylenes

2,2,4-Trimethylpentane
Specific Gravity of Decanes+ (C10+)

Molecular Weight of Decanes+ (C10+)

Separator Oil
Separator 
Vent Gas Condensate

Produced 
Water
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Devon Day Lease Central Battery
TANK INFORMATION

For the operating conditions spanning from June 2009 through May 2010, please provide the following information for each storage tank at the site.  Feel free to add more columns and/or rows to provid

Identification Number or Marking
Tank Height (ft.)

Tank Diameter (ft.)
Tank Color/Shade

Paint Condition (Good or Poor)
Tank Contents

Average Liquid Height (ft.)
Vapor Pressure of Stored Product (psia)

VOC Weight Fraction in the Vapor
VOC Weight Fraction in the Liquid

Breather Vent Pressure Setting (psig)
Cone Roof Slope (ft/ft)

Liquid Bulk Temperature (oF)

Daily Tank Levels

Gas Emitted to the Atmosphere

Are daily tank levels measured for each 
storage tank?

Are records kept of known volumes of gas 
emitted to the atmosphere?

If yes, for operating conditions spanning from 
June 2009 to May 2010, please provide the 
daily tank levels for each storage tank in the 
table in worksheet "Daily Tank Levels" or as 
an attachment to the submittal of this 
questionnaire.

If yes, for operating conditions spanning from 
June 2009 through May 2010, please 
provide the volumetric flow rates and weight 
of gas vented daily in the table located in 
worksheet "Daily Gas Emitted" or as an 
attachment to the submittal of this 
questionnaire.



Tracking No. 2010-39-01
Version No. 2

Devon Day Lease Central Battery
DAILY TANK LEVELS

6/1/2009
6/2/2009
6/3/2009
6/4/2009
6/5/2009
6/6/2009
6/7/2009
6/8/2009
6/9/2009

6/10/2009
6/11/2009
6/12/2009
6/13/2009
6/14/2009
6/15/2009
6/16/2009
6/17/2009
6/18/2009
6/19/2009
6/20/2009
6/21/2009
6/22/2009
6/23/2009
6/24/2009
6/25/2009
6/26/2009
6/27/2009
6/28/2009
6/29/2009
6/30/2009
7/1/2009

Tank Identification Number or Marking
Date

For operating conditions spanning from June 2009 through May 2010, please provide the daily tank gauging measurements to at least the 
nearest hundredth of a foot (e.g., 12.25') for each storage tank at the site in the following table.
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7/2/2009
7/3/2009
7/4/2009
7/5/2009
7/6/2009
7/7/2009
7/8/2009
7/9/2009

7/10/2009
7/11/2009
7/12/2009
7/13/2009
7/14/2009
7/15/2009
7/16/2009
7/17/2009
7/18/2009
7/19/2009
7/20/2009
7/21/2009
7/22/2009
7/23/2009
7/24/2009
7/25/2009
7/26/2009
7/27/2009
7/28/2009
7/29/2009
7/30/2009
7/31/2009
8/1/2009
8/2/2009
8/3/2009
8/4/2009
8/5/2009
8/6/2009
8/7/2009
8/8/2009
8/9/2009

8/10/2009
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8/11/2009
8/12/2009
8/13/2009
8/14/2009
8/15/2009
8/16/2009
8/17/2009
8/18/2009
8/19/2009
8/20/2009
8/21/2009
8/22/2009
8/23/2009
8/24/2009
8/25/2009
8/26/2009
8/27/2009
8/28/2009
8/29/2009
8/30/2009
8/31/2009
9/1/2009
9/2/2009
9/3/2009
9/4/2009
9/5/2009
9/6/2009
9/7/2009
9/8/2009
9/9/2009

9/10/2009
9/11/2009
9/12/2009
9/13/2009
9/14/2009
9/15/2009
9/16/2009
9/17/2009
9/18/2009
9/19/2009



Tracking No. 2010-39-01
Version No. 2

9/20/2009
9/21/2009
9/22/2009
9/23/2009
9/24/2009
9/25/2009
9/26/2009
9/27/2009
9/28/2009
9/29/2009
9/30/2009
10/1/2009
10/2/2009
10/3/2009
10/4/2009
10/5/2009
10/6/2009
10/7/2009
10/8/2009
10/9/2009

10/10/2009
10/11/2009
10/12/2009
10/13/2009
10/14/2009
10/15/2009
10/16/2009
10/17/2009
10/18/2009
10/19/2009
10/20/2009
10/21/2009
10/22/2009
10/23/2009
10/24/2009
10/25/2009
10/26/2009
10/27/2009
10/28/2009
10/29/2009
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10/30/2009
10/31/2009
11/1/2009
11/2/2009
11/3/2009
11/4/2009
11/5/2009
11/6/2009
11/7/2009
11/8/2009
11/9/2009

11/10/2009
11/11/2009
11/12/2009
11/13/2009
11/14/2009
11/15/2009
11/16/2009
11/17/2009
11/18/2009
11/19/2009
11/20/2009
11/21/2009
11/22/2009
11/23/2009
11/24/2009
11/25/2009
11/26/2009
11/27/2009
11/28/2009
11/29/2009
11/30/2009
12/1/2009
12/2/2009
12/3/2009
12/4/2009
12/5/2009
12/6/2009
12/7/2009
12/8/2009
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12/9/2009
12/10/2009
12/11/2009
12/12/2009
12/13/2009
12/14/2009
12/15/2009
12/16/2009
12/17/2009
12/18/2009
12/19/2009
12/20/2009
12/21/2009
12/22/2009
12/23/2009
12/24/2009
12/25/2009
12/26/2009
12/27/2009
12/28/2009
12/29/2009
12/30/2009
12/31/2009

1/1/2010
1/2/2010
1/3/2010
1/4/2010
1/5/2010
1/6/2010
1/7/2010
1/8/2010
1/9/2010

1/10/2010
1/11/2010
1/12/2010
1/13/2010
1/14/2010
1/15/2010
1/16/2010
1/17/2010
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1/18/2010
1/19/2010
1/20/2010
1/21/2010
1/22/2010
1/23/2010
1/24/2010
1/25/2010
1/26/2010
1/27/2010
1/28/2010
1/29/2010
1/30/2010
1/31/2010
2/1/2010
2/2/2010
2/3/2010
2/4/2010
2/5/2010
2/6/2010
2/7/2010
2/8/2010
2/9/2010

2/10/2010
2/11/2010
2/12/2010
2/13/2010
2/14/2010
2/15/2010
2/16/2010
2/17/2010
2/18/2010
2/19/2010
2/20/2010
2/21/2010
2/22/2010
2/23/2010
2/24/2010
2/25/2010
2/26/2010
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2/27/2010
2/28/2010
3/1/2010
3/2/2010
3/3/2010
3/4/2010
3/5/2010
3/6/2010
3/7/2010
3/8/2010
3/9/2010

3/10/2010
3/11/2010
3/12/2010
3/13/2010
3/14/2010
3/15/2010
3/16/2010
3/17/2010
3/18/2010
3/19/2010
3/20/2010
3/21/2010
3/22/2010
3/23/2010
3/24/2010
3/25/2010
3/26/2010
3/27/2010
3/28/2010
3/29/2010
3/30/2010
3/31/2010
4/1/2010
4/2/2010
4/3/2010
4/4/2010
4/5/2010
4/6/2010
4/7/2010
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4/8/2010
4/9/2010

4/10/2010
4/11/2010
4/12/2010
4/13/2010
4/14/2010
4/15/2010
4/16/2010
4/17/2010
4/18/2010
4/19/2010
4/20/2010
4/21/2010
4/22/2010
4/23/2010
4/24/2010
4/25/2010
4/26/2010
4/27/2010
4/28/2010
4/29/2010
4/30/2010
5/1/2010
5/2/2010
5/3/2010
5/4/2010
5/5/2010
5/6/2010
5/7/2010
5/8/2010
5/9/2010

5/10/2010
5/11/2010
5/12/2010
5/13/2010
5/14/2010
5/15/2010
5/16/2010
5/17/2010
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5/18/2010
5/19/2010
5/20/2010
5/21/2010
5/22/2010
5/23/2010
5/24/2010
5/25/2010
5/26/2010
5/27/2010
5/28/2010
5/29/2010
5/30/2010
5/31/2010
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Devon Day Lease Central Battery
DAILY GAS EMISSIONS

For operating conditions spanning from June 2009 through May 2010, please provide the daily amo

Units
Date
6/1/2009
6/2/2009
6/3/2009
6/4/2009
6/5/2009
6/6/2009
6/7/2009
6/8/2009
6/9/2009

6/10/2009
6/11/2009
6/12/2009
6/13/2009
6/14/2009
6/15/2009
6/16/2009
6/17/2009
6/18/2009
6/19/2009
6/20/2009
6/21/2009
6/22/2009
6/23/2009
6/24/2009
6/25/2009
6/26/2009
6/27/2009
6/28/2009
6/29/2009
6/30/2009
7/1/2009
7/2/2009
7/3/2009
7/4/2009
7/5/2009
7/6/2009
7/7/2009
7/8/2009
7/9/2009

7/10/2009
7/11/2009
7/12/2009

Daily Average 
Volumetric Flow Rate 

of Gas Vented
Weight of Gas Vented 

Daily
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7/13/2009
7/14/2009
7/15/2009
7/16/2009
7/17/2009
7/18/2009
7/19/2009
7/20/2009
7/21/2009
7/22/2009
7/23/2009
7/24/2009
7/25/2009
7/26/2009
7/27/2009
7/28/2009
7/29/2009
7/30/2009
7/31/2009
8/1/2009
8/2/2009
8/3/2009
8/4/2009
8/5/2009
8/6/2009
8/7/2009
8/8/2009
8/9/2009

8/10/2009
8/11/2009
8/12/2009
8/13/2009
8/14/2009
8/15/2009
8/16/2009
8/17/2009
8/18/2009
8/19/2009
8/20/2009
8/21/2009
8/22/2009
8/23/2009
8/24/2009
8/25/2009
8/26/2009
8/27/2009
8/28/2009
8/29/2009
8/30/2009
8/31/2009
9/1/2009
9/2/2009
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9/3/2009
9/4/2009
9/5/2009
9/6/2009
9/7/2009
9/8/2009
9/9/2009

9/10/2009
9/11/2009
9/12/2009
9/13/2009
9/14/2009
9/15/2009
9/16/2009
9/17/2009
9/18/2009
9/19/2009
9/20/2009
9/21/2009
9/22/2009
9/23/2009
9/24/2009
9/25/2009
9/26/2009
9/27/2009
9/28/2009
9/29/2009
9/30/2009
10/1/2009
10/2/2009
10/3/2009
10/4/2009
10/5/2009
10/6/2009
10/7/2009
10/8/2009
10/9/2009

10/10/2009
10/11/2009
10/12/2009
10/13/2009
10/14/2009
10/15/2009
10/16/2009
10/17/2009
10/18/2009
10/19/2009
10/20/2009
10/21/2009
10/22/2009
10/23/2009
10/24/2009
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10/25/2009
10/26/2009
10/27/2009
10/28/2009
10/29/2009
10/30/2009
10/31/2009
11/1/2009
11/2/2009
11/3/2009
11/4/2009
11/5/2009
11/6/2009
11/7/2009
11/8/2009
11/9/2009

11/10/2009
11/11/2009
11/12/2009
11/13/2009
11/14/2009
11/15/2009
11/16/2009
11/17/2009
11/18/2009
11/19/2009
11/20/2009
11/21/2009
11/22/2009
11/23/2009
11/24/2009
11/25/2009
11/26/2009
11/27/2009
11/28/2009
11/29/2009
11/30/2009
12/1/2009
12/2/2009
12/3/2009
12/4/2009
12/5/2009
12/6/2009
12/7/2009
12/8/2009
12/9/2009

12/10/2009
12/11/2009
12/12/2009
12/13/2009
12/14/2009
12/15/2009
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12/16/2009
12/17/2009
12/18/2009
12/19/2009
12/20/2009
12/21/2009
12/22/2009
12/23/2009
12/24/2009
12/25/2009
12/26/2009
12/27/2009
12/28/2009
12/29/2009
12/30/2009
12/31/2009

1/1/2010
1/2/2010
1/3/2010
1/4/2010
1/5/2010
1/6/2010
1/7/2010
1/8/2010
1/9/2010

1/10/2010
1/11/2010
1/12/2010
1/13/2010
1/14/2010
1/15/2010
1/16/2010
1/17/2010
1/18/2010
1/19/2010
1/20/2010
1/21/2010
1/22/2010
1/23/2010
1/24/2010
1/25/2010
1/26/2010
1/27/2010
1/28/2010
1/29/2010
1/30/2010
1/31/2010
2/1/2010
2/2/2010
2/3/2010
2/4/2010
2/5/2010
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2/6/2010
2/7/2010
2/8/2010
2/9/2010

2/10/2010
2/11/2010
2/12/2010
2/13/2010
2/14/2010
2/15/2010
2/16/2010
2/17/2010
2/18/2010
2/19/2010
2/20/2010
2/21/2010
2/22/2010
2/23/2010
2/24/2010
2/25/2010
2/26/2010
2/27/2010
2/28/2010
3/1/2010
3/2/2010
3/3/2010
3/4/2010
3/5/2010
3/6/2010
3/7/2010
3/8/2010
3/9/2010

3/10/2010
3/11/2010
3/12/2010
3/13/2010
3/14/2010
3/15/2010
3/16/2010
3/17/2010
3/18/2010
3/19/2010
3/20/2010
3/21/2010
3/22/2010
3/23/2010
3/24/2010
3/25/2010
3/26/2010
3/27/2010
3/28/2010
3/29/2010
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3/30/2010
3/31/2010
4/1/2010
4/2/2010
4/3/2010
4/4/2010
4/5/2010
4/6/2010
4/7/2010
4/8/2010
4/9/2010

4/10/2010
4/11/2010
4/12/2010
4/13/2010
4/14/2010
4/15/2010
4/16/2010
4/17/2010
4/18/2010
4/19/2010
4/20/2010
4/21/2010
4/22/2010
4/23/2010
4/24/2010
4/25/2010
4/26/2010
4/27/2010
4/28/2010
4/29/2010
4/30/2010
5/1/2010
5/2/2010
5/3/2010
5/4/2010
5/5/2010
5/6/2010
5/7/2010
5/8/2010
5/9/2010

5/10/2010
5/11/2010
5/12/2010
5/13/2010
5/14/2010
5/15/2010
5/16/2010
5/17/2010
5/18/2010
5/19/2010
5/20/2010
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5/21/2010
5/22/2010
5/23/2010
5/24/2010
5/25/2010
5/26/2010
5/27/2010
5/28/2010
5/29/2010
5/30/2010
5/31/2010
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Doc. No.: 913-363A

Project: 628101028

Date: 28-Jun-10

Date: Date: 

Name: Name: 

Signature: Signature: 

Model Number: 

Serial Number: 

GE Sensing P#: 

124 Trahan St

Lafayette, LA  70505 Lafayette, LA  70506

Contact: Bill Schneider Bill Schneider

General Information & Sign-Off

Installation Personnel

Type of Equipment: 

Telephone: 337-237-4373 EXT 112 337-237-4373 EXT 112

Fax: 

Address: 

Flare Gas Flowmeter

Periodic Field Verification,

Commissioning & Acceptance Report

Cover

GE Industrial
Sensing

FIELD SERVICE 

PROCEDURE

Gas Ultrasonic

GM868

1028

503010051433

Configuration: 

Tag Number: 

Customer PO#: GE-10270-01

Contact: 

Telephone: 

GE Sensing Technician: 

Test Date: 

Test Time: 

Fax: 

N/A

Client Plant Manager: 

John Russell

28-Jun-10

8:00 AM

N/A

Client EHS/Safety Officer: 

Address: PO Box 53463

N/A

Service: 

Unit: 

Diag 45

Client Information Plant Location (if different)

Company Name: Comm Engineering Company Name: OAR Inc

E-Mail: Bill@commengineering.com E-Mail: Bill@commengineering.com

GE Sensing Sign-Off Client Sign-Off

N/A

Vent

28-Jun-10

John Russell

28-Jun-10

Bill Schneider

NOTE: The table numbers in this report correspond to the paragraph numbers in the

Flare Gas Flowmeter Periodic Field Verification, Commissioning and Acceptance Test

Date of This Service Date of Next Scheduled Service

28-Jun-10 28-Jun-11
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Doc. No.: 913-363A

Project: 628101028

Date: 28-Jun-10

54.3

Telephone: 337-237-4373 EXT 112

Contact: Bill Schneider Wall Thickness (t): 0.337

61.1

GE Sensing Field Service Rep: John Russell

GE Industrial
Sensing

FIELD SERVICE 

PROCEDURE

Axial Length (L):

Transient Time (TW):

Company Name: 

Snapshot Data

Field Service Narrative

4.5

11.67

    Input /output programming and verification was completed.  All of the appropriate analog outputs and inputs 

were identified and isolated from their loads to calibrate the analog signals.

8.25

Serial Number: 

Comm Engineering

1028

Outside Diameter (OD):

Path Length (P):

Model Number: GM868

Scan T:

The Periodic Field Verification of the GE Sensing flowmeters supplies a part of the data necessary to assure TCEQ/AQMD 

compliance.  The field verification confirms the equipment is installed and functioning per the manufacturer's specifications 

at 30%, 60%, and 90% of full flow per the monitoring requirements specified in the TCEQ/AQMD regulations.  An Application 

Evaluation Report documents the accuracy and range of measurement of properly installed equipment.  The Application 

Evaluation, in conjunction with the Field Verification, provides complete evidence of the flowmeter' s performance and 

    This meter has passed all of the established GE Sensing criteria for equipment verification.  All of the optimized 

parameters have been programmed and may now be put into regular service.  

    The verification process began with an initial walk down of the customer site and gathering of the As-Found 

data.  The purpose of the walk down was to see if there are any outstanding issues with the installation such as 

wiring, preamp, cabling or spool piece.  As-Found data was collected for meters in service and no As-Found data 

was collected for new installations .  

    The flow meter was then evaluated by using certified reference transducers.  This was done to verify that the 

electronics, preamplifier, coaxial cables and surge protectors if applicable, are in the acceptable ranges of this 

test.  

    A mechanical inspection of the transducers was then completed.  The purpose of this inspection was to 

visually verify the integrity of the gas flow meters transducers and to clean any accumulated debris from the 

transducer faces.  If this is a 180-degree head transducer the insertion depth must be measured. (face of 

transducer to the flange of the insertion mechanism). 

    The next step performed was a zero-flow verification.  The purpose of this test was to evaluate the operation 

of the transducer pair installed in the flare gas process.  The transducers were installed into a zero flow box and 

the P/L dimensions were measured.  Using air as the process, a thermocouple to measure temperature inside of 

the box and a sound speed calculator, a theoretical sound speed was determined.  The actual sound speed that 

the meter calculates must be with in + 1% of the theoretical sound speed to pass.  This meter has passed all 

diagnostics including + 1% of the theoretical sound speed for the zero-flow verification.  

    After the zero-flow tests were completed, the meter was then subjected to simulated flow verification.  The 

purpose of this test was to simulate 30%, 60% and 90% of the gas flow meters full measurement range and then 

back to zero flow.  This meter has passed on all points of the electronic flow simulation.  

    Mechanical inspection of the installation is necessary to achieve certain dimensions such as path length (P), 

axial length (L), outside pipe diameter (OD) and pipe wall thickness (t).  
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Evaluation, in conjunction with the Field Verification, provides complete evidence of the flowmeter' s performance and 

compliance to TCEQ/AQMD specifications.
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