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Mitigation Option: Best Management Practices (BMPs) for Operating Tank Batteries TC "Best Management Practices (BMPs) for Operating Tank Batteries" \f C \l "4" 
I. Description of the mitigation option  

This option involves implementing [1/10/07] Ed.: and/or adoption of various Best Management Practices (BMPs) for operating tanks that contain crude oil and condensate.  The specific BMPs include the use of Enardo valves, closing thief and other tank hatches, maintaining valves in leak-free condition, closing valves, etc. so as to minimize VOC losses to the atmosphere.

Economic burdens are minimal since these practices are largely followed and considered a normal cost of doing business as part of responsible operations.

There should not be any environmental justice issues associated with following these practices in socio-economically disadvantaged communities.

II. Description of how to implement 

A. Mandatory or voluntary:  The implementation of measures to implement BMPs for operating tank batteries are envisioned as “voluntary” measures to enhance operating efficiency and could be easily incorporated as a BMP in voluntary programs such as the NMED San Juan VISTAS program.  There are currently no mechanisms or rules to require BMPs as standards and this seems implausible as a mandatory approach..

B. Indicate the most appropriate agency(ies) to implement: The states.
III. Feasibility of the option

A. Technical:  The use of BMPs for operating tank batteries is technically feasible as is software to maximize routing efficiency.

B. Environmental:  The environmental benefits of reduced VOC pollution are well documented.

C. Economic:  These BMPs need to be explored by individual companies as to their economic viability.

IV. Background data and assumptions used

1. Tank batteries containing crude oil and condensate are necessary in NM and Colorado due to the lack of pipeline infrastructure to pipe the fluids directly to refineries. 

2. Oil and gas producing companies will need to educate their workforce on the validity and importance of these BMPs.

3. Employees will not react adversely to following these practices as a normal course of being a lease operator.

V. Any uncertainty associated with the option Low.
VI. Level of agreement within the work group for this mitigation option
General agreement within working group members that this is viable and probable.

Mitigation Option: Installing Vapor Recovery Units (VRU) TC "Installing Vapor Recovery Units (VRU)" \f C \l "4" 
I. Description of the mitigation option 

This option involves using Vapor Recover Units (VRUs) on crude oil and condensate tanks so as to capture the flash emissions that result when crude oil or condensate is dumped into the tank from the production separator.  The air quality benefits would be to minimize VOC losses to the atmosphere and if sufficient flash gas were present, there would be economic benefits as well.

Economic burdens are substantial since these units are costly to install and maintain.

There should not be any environmental justice issues associated with installing and operating these units in socio-economically disadvantaged communities.

II. Description of how to implement 

A. Mandatory or voluntary:  The implementation of measures to implement VRUs for operating tank batteries are envisioned as “voluntary” measures since the feasibility of VRUs in the Four Corners area is negative.  In certain areas of the country where ozone non-attainment areas exist, VRUs are commonly mandated by the respective Air Quality Control agency as Best Available Control Technology (BACT) or Lowest Achievable Emission Rate (LAER).  Since the Four Corners area is not in ozone non-attainment and the costs economics will not generally justify installation of VRUs for economic benefit, a voluntary approach is recommended.

B. Indicate the most appropriate agency(ies) to implement:  The states.

III. Feasibility of the option

A. Technical:  The use of VRUs for operating tank batteries is technically feasible. 

B. Environmental:  The environmental benefits of reduced VOC pollution are well documented.

C. Economic:  The use of VRUs for recovering the flash emissions from produced crude oil/condensate are economically feasible where the Gas Oil Ratio (GOR) from produced crude oil/condensate is high and the daily production volume is at least 50 barrels/day or greater.  Most wells in the Four Corners area typically produce less than 1 bbl/day of crude oil or condensate so VRUs are not economically feasible.

IV. Background data and assumptions used

1. Tank batteries containing crude oil and condensate are necessary in NM and Colorado due to the lack of pipeline infrastructure to pipe the fluids directly to refineries. 

2. The minimal production levels for most wells make the use of VRU economically infeasible.

V. Any uncertainty associated with the option Low.
VI. Level of agreement within the work group for this mitigation option
General agreement within working group members that the use of VRUs in the Four Corners areas is economically infeasible and an unlikely source for voluntary adoption.

Mitigation Option: Installing Gas Blankets Capability TC "Installing Gas Blankets Capability" \f C \l "4" 
I. Description of the mitigation option 

This option involves modifying existing and installing new designed crude oil and condensate tanks that would be capable of placing an inert gas blanket over these tanks to minimize vapor loss. [1/10/07] Clarification: The inert gas would fill the space above the condensate/crude oil to minimize volatilization and vapor loss.  The air quality benefits would be to minimize VOC losses to the atmosphere and if sufficient flash gas is present, there would be economic benefits as well.

Economic burdens are substantial since these units are costly to install and maintain.

There should not be any environmental justice issues associated with installing and operating these units in socio-economically disadvantaged communities.

II. Description of how to implement 

A. Mandatory or voluntary:  The implementation of measures to implement gas blankets for operating tank batteries are envisioned as “voluntary” measures since the feasibility of gas blanket technology in the Four Corners area is negative.  In certain areas of the country where ozone non-attainment areas exist, gas blanket technology is one of several measures commonly mandated by the respective Air Quality Control agency as Best Available Control Technology (BACT) or Lowest Achievable Emission Rate (LAER). Since the Four Corners area is not in ozone non-attainment and the cost economics will not generally justify installation of gas blankets for economic benefit, a voluntary approach is recommended.

B. Indicate the most appropriate agency(ies) to implement:  The states.

III. Feasibility of the option

A. Technical:  The use of gas blankets for operating tank batteries is technically feasible but requires the tanks to be designed to handle the increased pressures that will result when crude oil/condensate enters the tank, thereby pressurizing the gas blanket.  Currently crude oil/condensate tanks are designed as atmospheric tanks and are designed only to withstand 5 psig of internal pressure.  Using gas blanket technology requires such tanks to withstand about 100 [1/10/07] Ed.: psig, which increases the costs for tanks substantially.

B. Environmental:  The environmental benefits of reduced VOC pollution are well documented.

C. Economic:  The use of gas blanket technology for preventing the release of flash and vapor emissions from produced crude oil/condensate are economically feasible for large, centrally located tank batteries where the crude oil/condensate can be piped from numerous wells to a centralized facility.  Most wells in the Four Corners area typically produce less than 1 bbl/day of crude oil or condensate so the use of pipelines to transport the crude oil/condensate to a centralized facility is uneconomic.

IV. Background data and assumptions used

1. Individual tank batteries rather than large, centralized tank batteries containing crude oil and condensate are necessary in NM and Colorado due to the minimal daily production volumes (i.e., less than 1 barrel/day). 

V. Any uncertainty associated with the option Low.
VI. Level of agreement within the work group for this mitigation option
General agreement within working group members that the use of gas blanket technology in the Four Corners areas is economically unfeasible and an unlikely source for voluntary adoption.

Mitigation Option:  Replace Glycol Dehydrators with Desiccant DehydratorsTC "Replace Glycol Dehydrators with Desiccant Dehydrators" \f C \l "4" 
I. Description of the mitigation option.     

Desiccant dehydrators utilize moisture-absorbing salts to remove water from natural gas. Desiccants can be a cost-effective alternative to glycol dehydrators. Additionally, there are only minor air emissions from desiccant systems. 

Desiccant dehydrators are very simple systems.  Wet gas passes through a “drying” bed of desiccant tablets (e.g., salts such as calcium, potassium or lithium chlorides).  The tablets pull moisture from the gas, and gradually dissolve to form a brine solution.  Maintenance is minimal - the brine must be periodically drained to a storage tank, and the desiccant vessel must be refilled from time to time.  Often, operators will utilize two vessels so that one can be used to dry the gas when the other is being refilled with salt.

Desiccant dehydrators have the benefit of greatly reducing air emissions.  Conventional glycol dehydrators continuously release methane, volatile organic compounds (VOC) and hazardous air pollutants (HAP) from reboiler vents; methane from pneumatic controllers; CO2 from reboiler fuel; and CO2 from wet gas heaters.  The only air emissions from desiccant systems occur when the desiccant-holding vessel is depressurized and re-filled – typically, one vessel volume per week.1  Some operators have experienced a 99% decrease in CH4/VOC/HAP emissions when switching over to a desiccant system.2
Other potential benefits of desiccant dehydrators include: reduced ground contamination; reduced fire hazard; low maintenance requirements (because there are no moveable parts to be replaced and maintained); and the elimination of an external power supply.3
Solid desiccants are commonly used at centralized natural gas plants, but glycol dehydrators are still the most popular form of dehydration used in the field.4 Most probably this is because there are particular conditions under which desiccant dehydrators work best:  

· The volume of gas to be dried is 5 MMcf/day or less.  Many wells in the San Juan Basin average less than 5 MMcf/day,5 so this should not be a constraint to using desiccant systems.

· Wellhead gas temperature is low (< 59º F for CaCl and < 70º for LiCl). If the inlet temperature of the gas is too high, desiccants can form hydrates that precipitate from the solution and cause caking and brine drainage problems.  It is possible to cool or compress gas to the appropriate temperatures, but this increases the cost of the desiccant system.
· Wellhead gas pressure is high (> 250 psig for CaCl and >100 psig for LiCl).

II. Description of how to implement   

A. Mandatory or voluntary

Where feasible, it should be mandatory, since it is both cost effective and virtually eliminates air emissions from field dehydrators.

B. Indicate the most appropriate agency(ies) to implement    

Dehydration is not a down-hole issue, therefore, is not the sole purview of the oil and gas commissions.  Furthermore, this option relates specifically to minimizing air emissions.  Thus, the most appropriate agencies to implement this option would be the environment/health agencies in the different states.

III. Feasibility of the option (indicate if assistance is needed from Cumulative Effects and/or Monitoring work groups)  

A. Technical  

Desiccant dehydration is currently feasible under certain operating conditions (i.e., temperature and pressure of inlet gas).  It may be possible to expand the applicability with add-on technologies (e.g., auto-refrigeration units to chill the inlet gas).6 

B. Environmental  

Under some environmental conditions (e.g., high temperatures) this option becomes less feasible.  

C. Economic   

For new dehydration systems, desiccant systems have been shown to be a lower cost alternative (both for capital and operating costs) than glycol dehydrators.7 The payback period to replace an existing glycol dehydrator with a desiccant system has been shown to be less than 3 years.8
IV. Background data and assumptions used (indicate if assistance is needed from Cumulative Effects and/or Monitoring work groups)    

See endnotes.

V. Any uncertainty associated with the option (Low, Medium, High)    

Low.

VI. Level of agreement within the work group for this mitigation option.    

VII. Cross-over issues to the other Task Force work groups (please describe the issue and which groups) 

Notes:

1.
U.S. Environmental Protection Agency.  Natural Gas STAR Program.  “Lessons Learned  - Replacing Glycol Dehydrators with Desiccant Dehydrators.” p. 5. http://epa.gov/gasstar/pdf/lessons/ll_desde.pdf 

2.
U.S. Environmental Protection Agency.  Natural Gas STAR Program.  “Lessons Learned  - Replacing Glycol Dehydrators with Desiccant Dehydrators.” p. 1. http://epa.gov/gasstar/pdf/lessons/ll_desde.pdf 

3.
Acor, L.  Design Enhancements to Eliminate Sump Recrystalization in Zero-Emissions Non-Regenerative Desiccant Dryer. In:  The Tenth International Petroleum Environmental Conference, Houston, TX. November 11-14, 2003 http://ipec.utulsa.edu/Conf2003/Papers/acor_78.pdf  

4.
Smith, Glenda, American Petroleum Institute, written comments to Dan Chadwick, USEPA/OCEA,  September 22, 1999.  In.  EPA Office of Compliance.  Oct. 2000. Sector Notebook Project - Profile of the Oil and Gas Extraction Industry. EPA/310-R-99-006.  p. 31

5.
Lippman Consulting.  May 16, 2005. “Production levels increase in San Juan Basin,” Energy Quarterly.  http://www.businessjournals.com/ artman/publish/article_898.shtml

6.
U.S. EPA.  Natural Gas Star.  Replace Glycol Dehydrator with Separators and In-Line Heaters.  PRO Fact Sheet No. 204. http://www.epa.gov/gasstar/pdf/pro_pdfs_eng/replaceglycoldehydratorwithseparators.pdf


Auto-refrigeration has been used in other oilfield applications, such as chilling gas to enhance water condensation and separation.

7.
U.S. Environmental Protection Agency.  Natural Gas STAR Program.  “Lessons Learned  - Replacing Glycol Dehydrators with Desiccant Dehydrators.” p. 16. http://epa.gov/gasstar/pdf/lessons/ll_desde.pdf  


For a system processing 1 MMcf/day natural gas, operating at 450 psig and 47 F: 


Total implementation (capital plus installation): $22,750 (desiccant) vs. $35,000 (glycol)


Total annual operating costs: $3,633 (desiccant) vs. $4,847 (glycol)

8.
U.S. Environmental Protection Agency.  Natural Gas STAR Program.  “Lessons Learned  - Replacing Glycol Dehydrators with Desiccant Dehydrators.” p. 17. http://epa.gov/gasstar/pdf/lessons/ll_desde.pdf


This payback period was reported for a glycol dehydrator system that was replaced with a two-vessel desiccant dehydration system.

Mitigation Option: Installation of Insulation on Separators TC "Installation of Insulation on Separators" \f C \l "4" 
I. Description of the mitigation option 

This option involves modifying existing and installing new separators that are insulated so as to reduce fuel usage.  The air quality benefits would be to minimize combustion emissions to the atmosphere (NOx, CO, NMHC).

Economic burdens are significant but not insurmountable if the cost recovery factor from reduced fuel usage over the anticipated life of the unit shows a positive return on investment.

There should not be any environmental justice issues associated with installing and operating these units in socio-economically disadvantaged communities.

II. Description of how to implement 

A. Mandatory or voluntary:  The implementation of measures to implement insulated separators and vessels are envisioned as  “voluntary” measures since the feasibility of installing insulation on new units or retrofitting existing units must be evaluated for a positive Net Present Value (NPV) or Return on Investment (ROI) in the Four Corners area.  If the NPV or ROI meets a company’s investment targets, then utilization of this technology should be encouraged as a best practice.  There are no existing mandates by the respective Air Quality Control agencies to require insulated vessels as BACT.  Since the Four Corners area is not in ozone non-attainment and the cost economics will not always justify installation of insulation for economic benefit, a voluntary approach is recommended.

B. Indicate the most appropriate agency(ies) to implement: The states.
III. Feasibility of the option

A. Technical:  The application of insulation to separators, tanks, or other heated vessels is technically feasible.  Currently some companies are insulating newly installed on production separators and larger produced water tanks on a case by case basis.

B. Environmental:  The environmental benefits of reduced NOx, CO, and NMHC pollution are well documented.

C. Economic:  The application of insulation to separators, tanks, or other heated vessels for reducing fuel usage and minimizing combustion emissions from separators, tanks, or other heated vessels are economically feasible where the there is payback that meets the respective companies targets for investments (i.e., ROI or NPV).  For older units or vessels where the remaining life of the equipment is limited, the economics may not justify the application of insulation.

IV. Background data and assumptions used

 Most fired units in the Four Corners area are utilized during the time period from November through March to achieve their objective.

V. Any uncertainty associated with the option (Low, Medium, High) Low.
VI. Level of agreement within the work group for this mitigation option  TBD.
Mitigation Option: Portable Desiccant Dehydrators TC "Portable Desiccant Dehydrators" \f C \l "4"  

I. Description of the mitigation option, including benefits (air quality, environmental, economic, other), tradeoffs (one pollutant for another, etc.) and burdens (on whom, what).

Desiccant dehydrators utilize moisture-absorbing salts (e.g., calcium, potassium or lithium chlorides) to remove the water from natural gas. 

Glycol dehydrators may be more suitable than desiccant systems in some field gas dehydration situations (e.g., when inlet gas has a high temperature and low pressure).  But glycol dehydrators require regulator maintenance for optimal performance.  During maintenance periods production wells are either shut-in or vented to the atmosphere (rather than running wet gas into the pipeline). Venting is especially popular for low-pressure wells, because it can be difficult to resume gas flow once they are shut in. 
Portable desiccant dehydrators can be brought on-site during glycol dehydrator maintenance (or break-down) periods.  This allows the gas to be processed and sent to the pipeline, rather than requiring the well to be shut-in, or the gas to be vented.  These portable dehydrators can also be used to capture and dehydrate gas during “green completion” operations.

The benefits of utilizing portable desiccant dehydrators are: the ability to continue producing a well during glycol dehydrator maintenance; the elimination of methane, VOCs and HAPs that would otherwise be vented while glycol dehydrators are being serviced.

II. Description of how to implement   

A. Mandatory or voluntary  

Voluntary at this point in time. There are technologies that would result in much more significant air emissions reductions that should have higher regulatory priority.

B. Indicate the most appropriate agency(ies) to implement    

Environment/Health Departments, which have the responsibility for the regulation of air quality.
III. Feasibility of the option (indicate if assistance is needed from Cumulative Effects and/or  Monitoring work groups)  

A. Technical  

A portable desiccant dehydrator requires a truck that has been modified to house the dehydrator; and ancillary equipment (e.g., piping) to re-route gas flow from the glycol to the desiccant dehydrator.

B. Environmental  

Desiccant dehydration systems work best under certain gas temperature and pressure conditions. 

C. Economic   

Capital cost of a 10-inch portable desiccant dehydrator is estimated to be greater than $4,000.  Operating costs (e.g., labor, transportation, set-up and decommissioning) are on the order of $5,000/yr.  

One operator reports that portable desiccant dehydrators are economical when used on gas wells that produced more than 15.6 Mcf/day.  

Obviously, a company would get the most economic benefit from owning this equipment if the equipment was kept in continual operation – i.e., moved from one site immediately to another. 

IV. Background data and assumptions used (indicate if assistance is needed from Cumulative  Effects and/or Monitoring work groups)    

All information in this mitigation option comes from:  U.S. EPA.  Portable Desiccant Dehydrators.  PRO Fact Sheet No. 207.  Available at:  http://www.epa.gov/gasstar/pdf/pro_pdfs_eng/portabledehy.pdf
V. Any uncertainty associated with the option TBD.   

VI. Level of agreement within the work group for this mitigation option TBD.  

VII. Cross-over issues to the other Task Force work groups None at this time.     
Mitigation Option:  Zero Emissions (a.k.a. Quantum Leap) Dehydrator TC "Zero Emissions (a.k.a. Quantum Leap) Dehydrator" \f C \l "4" 
I. Description of the mitigation option.     

Conventional glycol dehydrators route natural gas through a contactor vessel containing glycol, which absorbs water (and VOCs, HAPs) from the gas.  Typically, gas-driven pumps are then used to circulate glycol through a reboiler/stripper column, where it is regenerated, then sent back to the contactor vessel.  Distillation and reboiling removes VOCs, HAPs and absorbed water from the glycol, and releases these compounds through the “still column” vent as vapor.  Conventional glycol dehydrators vent directly to the atmosphere. Add-on technologies, such as thermal oxidizers, can reduce the amount of methane and VOCs that are vented, but result in increased NOx, particulate matter and CO emissions.1
Natural gas dehydration is the third largest source of methane emissions and causes more than 80% of the natural gas industry’s annual HAP and VOC emissions.2  

The zero emissions dehydrator combines several technologies that lower emissions.  These technologies eliminate emissions from glycol circulation pumps, gas strippers and the majority of the still column effluent.  

· Rather than being released as vapor, the water and hydrocarbons are collected from the glycol still column, and the condensable and non-condensable components are separated from each other.  The two primary condensable products are wastewater, which can be disposed of with treatment; and hydrocarbon condensate, which can be sold.  The non-condensable products (methane and ethane) are used as fuel for the glycol reboiler, instead of releasing them to the atmosphere.

· A water exhauster is used to produce high glycol concentrations without the use of a gas stripper.  

· Methane emissions are further reduced by using electric instead of gas-driven glycol circulation pumps.

Benefits of this technology include:  

· Elimination of methane emissions.3
· Elimination of virtually all VOCs (reduction from multiple tons per year to pounds per year.4
· Has a HAP destruction efficiency of greater than 99%.5
· Reduces emissions of particulate matter, sulfur dioxide, NOx or CO emissions (these compounds are emitted when thermal oxidation, a competing method of reducing glycol dehydrator VOC emissions, is used). 

· Eliminates the Kimray pump, which is typically used to circulate glycol. Kimray pumps require extra gas (which is eventually vented to the atmosphere) for pump power.6 

· Significantly reduces fuel requirements for glycol reboiler. Natural gas that was used for this purpose can now be sent to market.

· Results in collection of condensate, which can be sold.  

II. Description of how to implement   

A. Mandatory or voluntary  

The zero emissions dehydrator system offers incredible reductions in emissions.  States that are experiencing air quality problems could make this a mandatory technology, and achieve large reductions in VOC, HAP and methane emissions.

B. Indicate the most appropriate agency(ies) to implement    

Dehydration is not a down-hole issue, therefore, is not the sole purview of the oil and gas commissions.  Furthermore, this option relates specifically to minimizing air emissions.  Thus, the most appropriate agencies to implement this option would be the environment/health agencies in the different states.

III. Feasibility of the option (indicate if assistance is needed from Cumulative Effects and/or Monitoring work groups)  

A. Technical  

The operation of the glycol circulation pump requires electric utilities or an engine generator set.  The use of electric pumps (rather than fossil fuel driven pumps) will minimize NOx, CO, CO2, SO2 emissions at the wellhead, but will result in some emissions at electrical generation source (e.g., coal-fired power plant).

Zero emissions dehydrators can be newly installed, and existing dehydrators can be retrofitted by modifying the gas stream piping and using a 5 kW engine-generator for electricity needs.7 

B. Environmental  

C. Economic8   

Capital costs of a zero emissions dehydrator are similar to the costs of installing a conventional dehydrator equipped with a thermal oxidizer (>$10,000).  Operating and Maintenance costs are greater than $1,000 per year, but lower than the maintenance costs for conventional glycol dehydrators.

If operators were to install zero emissions dehydrators, EPA estimates that the payback to occur in less than a year.

IV. Background data and assumptions used (indicate if assistance is needed from Cumulative  

Effects and/or Monitoring work groups)

The calculations of methane, VOC and HAP emissions from the zero emissions dehydrator were based on a dehydrator that processed 28 MMcf/day.9  Other assumptions are contained in the endnotes.

If we had emissions data for glycol dehydrators from the San Juan Basin, we could provide a more accurate (and basin-specific) comparison of methane, VOC and HAP emissions from conventional dehydrators versus emissions from zero emissions dehydrators.
V. Any uncertainty associated with the option TBD.   

VI. Level of agreement within the work group for this mitigation option TBD.

VII. Cross-over issues to the other Task Force work groups None at this time.     

Notes:

1.
Permit renewal application by Centerpoint Energy Gas Transmission Co. to Louisiana Department of Environmental Quality. AI# 26802.  March, 2005.  Available at: http://www.deq.louisiana.gov/apps/pubNotice/show.asp?qPostID=2335&SearchText=centerpoint&startDate=1/1/2005&endDate=7/6/2006&category=
The application includes estimated emissions scenarios for controlling glycol dehydrator still column vent emissions with or without thermal oxidation.

2.
McKinnon, H.W. and Piccot, S.D.  2003. “Emissions control of criteria pollutants, hazardous pollutants, and greenhouse gases, Natural Gas Dehydration, Quantum Leap Dehydrator.”  Environmental Technology Verification Program, Joint Verification Statement.  U.S. EPA and Southern Research Institute.  Available at:  http://www.epa.gov/etv/pdfs/vrvs/03_vs_quantum.pdf
3.
ibid. 

4.
Rueter, C.O., Reif, D.L. and Myers, D.B.  1995.  Glycol dehydrator BTEX and VOC emissions testing results at two units in Texas and Louisiana. U.S. EPA Air and Energy Engineering Research Laboratory.  Project No.  EPA/600/SR-95/046.

A study of two glycol dehydrators, processing 3.6 and 4.9 million standard cubic feet of gas per day, were found to have VOC emissions of approximately 19 and 37 tons of VOC/year, respectively.

Tests run on the Zero Emissions Dehydrator, processing 28 million standard cubic feet of gas per day, resulted in average emissions of 0.0003 lb/h (2.6 lbs/yr).  This is a dramatically lower amount of VOC emissions than conventional glycol dehydrators.

5.
McKinnon, H.W. and Piccot, S.D.  2003. (See Note 2)

6.
Fernandez, R., Petrusak, R., Robins, D. and Zavodil, D. June, 2005. “Cost-effective methane emissions reductions for small and midsize natural gas producers,” Journal of Petroleum Technology.  Available at: http://www.icfi.com/Markets/Environment/doc_files/methane-emissions.pdf
7.
U.S. EPA.  “Zero emissions dehydrators,” PRO Fact Sheet No. 206.  Available at: http://www.epa.gov/gasstar/pdf/pro_pdfs_eng/zeroemissionsdehy.pdf
8.
All of the economic information comes from: U.S. EPA.  (see Note 7)

9.
McKinnon, H.W. and Piccot, S.D. 2003. (See Note 2)
Mitigation Option: Venting versus Flaring of Natural Gas during Well Completions TC "Venting versus Flaring of Natural Gas During Well Completions" \f C \l "4" 
I. Description of the mitigation option

Both venting and flaring of natural gas result in the release of greenhouse gases, hazardous air pollutants (HAPs) and others.

The venting of natural gas primarily releases methane, a greenhouse gas.  Depending on the composition of the gas, venting will release other hydrocarbons such as ethane, propane, butane, pentane and hexane. In some locations, natural gas contains the EPA-designated HAPs benzene, toluene, ethyl benzene and xylenes (BTEX).  Both hexane (also a HAP) and the BTEX compounds are present in San Juan Basin natural gas, typically accounting for 0.3 - 0.6 % of the natural gas composition.1 Depending on the formation, natural gas may also contain nitrogen, carbon dioxide or sulfur compounds, such as hydrogen sulfide (H2S), which is a highly toxic gas.  In the New Mexico portion of the San Juan Basin, there are at least 375 gas wells, from at least five different producing formations, that contain hydrogen sulfide.2
Flaring is used as a means of converting natural gas constituents into less hazardous and atmospherically reactive compounds. The assumption is that combustion processes associated with flares efficiently convert hydrocarbons and sulfur compounds to relatively innocuous gases such as CO2, SO2, and H2O. 

While industrial flares associated with processes such as refineries have the potential to be highly efficient (e.g., 98-99%), the few studies that have been conducted on oil and gas “field flares” have found much lower efficiencies (62-84%).3  Fields flares without combustion enhancements (e.g., knockout drums to collect liquids prior to entering the flare; flame retention devices; pilots) have a much lower efficiency compared to properly designed and operated industrial flares.4  Other factors, such as improper liquids removal,5 low heating value of the fuel,6 flow rate of gas,7 and high wind speeds,8 also decrease the combustion efficiency of flares.  

There is a dearth of information on combustion efficiencies for flares used during well completion events, but given the fact that these flares are more rudimentary than industrial or even solution gas flares, it is highly possible that they have even lower combustion efficiencies.

When flares burn inefficiently, a host of hydrocarbon by-products that include highly reactive VOCs and polycyclic aromatic hydrocarbons, may be formed.9  Leahey et al. (2001) found more than 60 hydrocarbon by-products, including known carcinogens such as benzene, anthracene and benzo(a)pyrene, downwind of a natural gas flare estimated to be operating at 65% combustion efficiency.10  The inefficient burning of hydrocarbons also produces soot (particulate matter).11  Additionally, nitrogen oxides are formed during the combustion process, even if the flare gas does not contain nitrogen.12
See the Endnotes for a table that summarizes the potential health and environmental effects related to compounds released during flaring and venting.13
Flares operated during well completion activities handle enormous volumes of gas, which is either vented or flared over a short period of time. The amounts of HAPs and VOCs produced during a typical well completion in Wyoming have been calculated.  It has been estimated that a single well completion event, which lasts an average of 10 days, releases:

· 115 tons of VOCs, and 4 tons of HAPs (assumption: 100% venting); or

· 29 tons VOCs, and 1 ton HAPs (assumption: half of the gas is flared per completion, and the flare operates at 50% efficiency).14
While it is clear that flaring reduces the volume (mass) of VOCs and HAPs, questions remain, such as: what are the particular VOC and HAP compounds released during both venting and flaring; what are the concentrations of these compounds in ambient air; 15 and can well completion flares somehow be designed (e.g., better liquid removal, lower gas flow rates going to the flare) to more effectively destroy hazardous compounds.

For a true assessment of the relative benefits of flaring vs. venting (especially with respect to human health), there is a need for a better assessment of venting/flaring emissions from well completions in the San Juan Basin.  This assessment should determine both volumes of emissions, and provide a characterization of VOCs, HAPs and other compounds emitted (volumes and species) during well completion venting and flaring.

II. Description of how to implement 

Using methods similar to those used in Wyoming, calculations could be performed to estimate the amount of VOCs and HAPs released from flaring and venting during well completion events in the San Juan Basin.  Information requirements include:

· volume of gas released (vented or flared) per well completion

· VOC and HAP weight % of the natural gas

· estimates of combustion efficiency of flares

· estimates of how often flares are extinguished (resulting in venting of gas)

Monitoring downwind of sites that are flaring and/or venting is needed, to better characterize concentrations and species of VOCs and HAPs, as well as other flaring by-products.

A. Mandatory or voluntary

Initially, it could be a voluntary initiative, but if that does not produce data or results there may need to be mandatory reporting and monitoring requirements.
B. Indicate the most appropriate agency(ies) to implement

State oil and gas commissions could require the reporting of well completion emissions volumes; and environment/health departments would be the appropriate agencies to require monitoring of venting and flaring emissions.

III. Feasibility of the option 

A. Technical

Emissions volumes from well completions have been determined for Wyoming, so presumably it is technically feasible to determine volumes for the San Juan Basin.  If the data do not exist, perhaps the monitoring work group could work with industry to calculate or develop estimates of these volumes specific to the San Juan Basin.
Researches in Alberta have been able to determine combustion by-products using on-site analytical equipment or through absorbent samplers for confirmatory analyses by combined gas chromatography/mass spectrometry. Flare combustion efficiency were then calculated using a carbon mass balance of combustion products identified in the emissions.  See Strosher (1996), Endnote 4.

B. Environmental

C. Economic

Emissions volumes from well completions:  low cost.  

The identification of compounds emitted during venting and combustion:  unknown.

IV. Background data and assumptions used (indicate if assistance is needed from Cumulative Effects and/or Monitoring work groups)

See Endnotes Section.

V. Any uncertainty associated with the option 
High uncertainty: depends on willingness of industry and regulators to undertake the necessary data collection.

VI. Level of agreement within the work group for this mitigation option TBD.
VII. Cross-over issues to the other source groups  None.

Notes:
1.
Proportions calculated based on data from:  Mansell, G.E. and Dinh, T. (ENVIRON International). September 2003. Emission Inventory Report - Air Quality Modeling Analysis For The Denver Early Action Ozone Compact: Development of the 2002 Base Case Modeling Inventory. p. 3-5.  http://apcd.state.co.us/documents/eac/2002%20Modeling%20EI.pdf
Table 3-5. Average gas profiles (% composition) by formation for the San Juan Basin

	
	Mesa Verde 
	Dakota 
	Pictures Cliffs 
	Gallup  
	

	Nitrogen 
	 0.212 
	 1.603 
	 0 
	 0.965 
	

	Carbon Dioxide 
	 1.388
	  1.034 
	 1.403 
	 0.639 
	

	Methane 
	 84.372 
	 74.979 
	 87.736 
	 76.944 
	

	Ethane 
	 8.221
	  12.163 
	 6.373 
	 10.823 
	

	Propane 
	 3.19 
	 6.488 
	 2.651 
	 6.552 
	

	Butanes 
	 1.432 
	 2,532 
	 1,148 
	 2.551 
	

	Pentanes 
	 0.727 
	 0.765 
	 0.418 
	 0.948 
	

	Hexanes 
	 0.459 
	  0.437 
	 0.270 
	 0.578 
	

	Benzene 
	 0.0145 
	  0.016 
	 0.003 
	 
	

	Toluene
	0.00706
	 0.003 
	 0.0014 
	
	

	Ethyl Benzene 
	 0.00037 
	 0.0001 
	 0.0002 
	
	

	Xylene
	 0.002 
	 0.0006 
	0.001
	
	

	Calculated VOC and HAP content (not in original chart)
	Average for all formations

	HAPS (BTEX + hexane)
	0.483
	0.457
	0.276
	0.578
	0.4483

	VOCs (C1-C4)
	97.94
	96.93
	98.33
	97.82
	97.753


2.
Hewitt, J.  (Bureau of Land Management). 2005.  “H2S Occurrences San Juan Basin,” a presentation at Hydrogen Sulfide: Issues and Answers Workshop. http://octane.nmt.edu/sw-pttc/proceedings/H2S_05/BLM_H2S_SanJuanBasin.pdf
3.
Strosher, M. 1996.  Investigations of Flare Gas Emissions in Alberta. Alberta Research Council, November 1996. 


Strosher (1996) found flaring efficiencies of 62-71% and 82-84% for sweet and sour gas flares, respectively.  The sweet gas had a higher liquid hydrocarbon content than the sour gas being flared.  Leahy et al. (2001, citation in Endnote 9) observed flare efficiencies of 68 ±7 % at sweet and sour gas flares in Alberta.

4.
Seebold, J., Davis, B., Gogolek, P., Kostiuk, L., Pohl, J., Schwartz, B., Soelberg, N., Strosher, M., and Walsh, P.  2003.  “Reaction Efficiency of Industrial Flares:  the perspective of the past.” International Flare Consortium, Combustion Canada ‘03 Paper. http://www.nrcan.gc.ca/es/etb/cetc/ifc/id4_e.html
5.
Russell, J. and Pollack, A.  (ENVIRON International).  2005.  Final Project Report: Oil And Gas Emission Inventories For The Western States.  Report prepared for the Western Governors’ Association.  Appendix A, Wyoming Emission Factor Documentation.  p. A-2. http://www.wrapair.org/forums/ssjf/documents/eictts/OilGas/WRAP_Oil&Gas_Final_Report.122805.pdf

When liquid content is too high, flares don’t or won’t ignite.

6.
Kostiuk, L.W., M.R. Johnson & R.A. Prybysh. 2000 “Recent Research on the Emission from Continuous Flares,” Paper presented at CPANS/PNWIS–A&WMA Conference (Banff, Alberta, April 10-12).  Cited in: Seebold et al. (2003).

7.
Strosher, M. 1996.  Investigations of Flare Gas Emissions in Alberta. Alberta Research Council, November 1996. p. 85.


Combustion efficiencies decreased from 70.6% (flow rate of 1 m3/min) to 67.2 % (flow rate of 5-6 m3/min) for sweet gas being flared at an oil tank battery in Alberta.


Increasing the flow increased the volatile hydrocarbons by about 33%, and the non-volatiles by three times the concentrations found in the lower volume flow.

8.
Leahey, Douglas M., Preston, Katherine and Strosher, Mel.  2001. Theoretical and Observational Assessments of Flare Efficiencies,” Journal of the Air & Waste Management Association. Volume 51. p. 1615


"It has been shown, as well, that flaring can be efficient only at low wind speeds because the size of the flare flame, which is an indicator of flame efficiency, decreases with increasing wind speed. Therefore, the flaring process could routinely result, during periods of moderate to high wind speeds, in appreciable quantities of products of incomplete combustion such as anthracene and benzo(a)pyrene, which can have adverse implications with respect to air quality."

9.
Seebold, J., Gogolek, P., Pohl, J., and Schwartz, R.  2004.  “Practical implications of prior research on today’s outstanding flare emissions questions and a research program to answer them,” Paper presented at the AFRC-JFRC 20004 Joint International Combustion Symposium, Environmental Control of Combustion Processes:  Innovative Technology for the 21st Century.  (Oct. 10-13, 2004; Maui, Hawaii). http://www.nrcan.gc.ca/es/etb/cetc/ifc/id12_e.html

For example, during the 1990s, research conducted as part of the Petroleum Environmental Research Forum’s project 92-19 “The Origin and Fate of Toxic Combustion By-Products in Refinery Heaters” showed that even when burning laboratory grade methane “pure as the drifted snow” traces of higher molecular weight compounds not originally present in the fuel are found in the flue gas (e.g., ethylene, propylene, butadiene, formaldehyde, benzene, benzo(a)pyrene and other hydrocarbons in the gas phase up through coronene). 


Seebold, et al. also report that, “the external combustion of hydrocarbon gas mixtures by any means, including flaring, literally manufactures and subsequently emits to the atmosphere traces of all possible molecular combinations of the elemental constituents present either in the fuel or in the air including the ozone precursor highly reactive volatile organic compounds (HRVOCs) and the carcinogenic hazardous air pollutants (HAPs).

10.
Leahey, Douglas M., Preston, Katherine and Strosher, Mel.  2001.  Theoretical and Observational Assessments of Flare Efficiencies,” Journal of the Air & Waste Management Association. Volume 51. p.1614.  http://www.awma.org/journal/pdfs/2001/12/Leahey.pdf

Speciated data for combustion products observed downwind of the sweet gas flare using solvent extraction methods.

	Product
	Volume

(mg/m3)
	Product
	Volume

(mg/m3)

	Nonane
	 0.41 
	9h-fluorene, 3-methyl- 
	 3.05 

	Benzaldehyde (acn)(dot) 
	 0.53 
	Phenanthrene 
	 10.01 

	Benzene, 1-ethyl-2-methyl- 
	 0.13 
	Benzo(c)cinnoline 
	 2.06 

	1h-indene, 2,3-dihydro- 
	 0.34 
	Anthracene 
	 42.11 

	Decane 
	 1.72 
	1h-indene, 1-(phenylmethylene)- 
	 1.94

	Benzene, 1-ethynyl-4-methyl- 
	 9.83 
	9h-fluorene, 9-ethylidene- 
	 0.89 

	Benzene, 1,3-diethenyl- 
	 1.27 
	1h-phenalen-1-one 
	 1.86 

	1h-indene, 1-methylene- 
	 0.28 
	4h-cyclopenta[def]phenanthrene 
	 3.50 

	Azulene 
	 21.20 
	Naphthalene, 2-phenyl- 
	 1.98 

	Benzene, (1-methyl-2-cyclopropen-1-yl)- 
	 11.47 
	Naphthalene, 1-phenyl- 
	 1.82 

	1h-indene, 1-methyl- 
	 1.66 
	9,10-anthracenedione 
	 0.94 

	Naphthalene (can)(dot) 
	 99.39 
	5h-dibenzo[a,d]cycloheptene, 5-methylene- 
	 0.75 

	Benzaldehyde, o-methyloxime 
	 0.27 
	Naphthalene, 1,8-di-1-propynyl- 
	 1.14 

	1-h-inden-1-one, 2,3-dihydro- 
	 0.74 
	Fluoranthene 51.35 Benzene, 1,1'-(1,3-butadiyne-1,4-diyl)bis- 
	 2.07 

	Naphthalene, 2-methyl- 
	 9.25 
	Pyrene 
	 32.37 

	Naphthalene, 1-methyl- 
	 6.18 
	11h-benzo[a]fluorene 
	 2.25 

	1h-indene, 1-ethylidene- 
	 1.22 
	Pyrene, 4-methyl- 
	 9.13 

	1,1'-biphenyl 
	 58.70 
	Pyrene, 1-methyl- 
	 8.38 

	Naphthalene, 2-ethyl-  
	 1.87 
	Benzo[ghi]fluoranthene 
	 10.16 

	Biphenylene 
	 42.81 
	Cyclopenta[cd]pyrene 
	 29.77 

	Naphthalene, 2-ethenyl- 
	 7.32 
	Benz[a]anthracene 
	17.33 

	Acenaphthylene 
	 7.15 
	Chrysene 
	 2.12 

	Acenaphthene 
	 2.93 
	Benzene, 1,2-diphenoxy- 
	 1.94 

	Dibenzofuran 
	 0.88 
	Methanone, (6-methyl-1,3-benzodioxol-5-yl)phenyl- 
	 0.95 

	1,1'-biphenyl, 3-methyl- 
	 0.31 
	Benzo[e]pyrene 
	 0.71 

	1h-phenalene 
	 21.01 
	Benzo[a]pyrene 
	 1.03 

	9h-fluorene 
	 41.09 
	Perylene 
	 0.62 

	9h-fluorene, 9-methyl- 
	 1.07 
	Indeno[1,2,3-cd]pyrene 
	 0.15 

	Benzaldehyde, 4,6-dihydroxy-2,3-dimethyl 
	 1.16 
	Benzo[ghi]perylene 
	 0.26 

	9h-fluorene, 9-methylene- 
	 1.07 
	Dibenzo[def,mno]chrysene 
	 0.15 

	
	
	Coronene 
	 0.08


11.
U.S. Environmental Protection Agency. 2000. Office of Air Quality Planning and Standards. “Industrial Flares,” AP-42 Fifth Edition. Vol. 1: Stationary Point and Area Sources. p. 13.5-3.


Tendency to smoke or make soot is influenced by fuel characteristics and by amount and distribution of oxygen in the combustion zone.  All hydrocarbons above methane tend to soot.  Soot from industrial flares is eliminated by adding steam or air.


Soot emissions factors developed by EPA for industrial flares are: non-smoking flares, 0 micrograms  per liter (µg/L); lightly smoking flares, 40 µg/L; average  smoking  flares, 177 µg/L; and heavily smoking flares, 274 µg/L.

12.
K.D. Siegel. 1980l. Degree of Conversion of Flare Gas in Refinery High Flares.  Dissertation. University of Karlsruhe, Germany.  Cited in: USEPA Office of Air Quality Planning and Standards. 2000. “Industrial Flares,”AP-42 Fifth Edition. Volume 1:  Stationary Point and Area Sources. p.13.5-5.


Even waste gas that does not contain nitrogen compounds form NO.  It is formed either by fixation of atmospheric nitrogen with oxygen, or by the reaction between hydrocarbon radicals and atmospheric N by way of intermediate states, HCN, CN and OCN.

13.
Health and Environmental Effects of Chemicals Released During Venting and Flaring.

	
	VOCs
	SO2
	NOx
	CO
	PAHs
	H2S
	HAPs
	SMOKE/

SOOT

	Contributes to particulate pollution that can cause respiratory illness, aggravation of heart conditions and asthma, permanent lung damage and premature death.
	
	
	
	
	
	
	
	

	
	FLARING
	FLARING
	FLARING
	
	
	
	
	FLARING

	Aggravates respiratory conditions
	
	
	
	
	
	VENTING
	
	

	
	
	
	
	
	
	
	
	FLARING

	Can cause health problems such as cancer
	VENTING
	
	
	
	
	
	VENTING
	

	
	FLARING
	
	
	
	FLARING
	
	FLARING
	

	Can cause reproductive, neurological, developmental, respiratory, immune system, and other health problems.
	
	
	
	
	
	
	VENTING
	

	
	
	
	
	
	
	
	FLARING
	

	Reacts with other chemicals leading to ground-level ozone and smog, which can trigger respiratory problems
	VENTING
	
	
	
	
	
	
	

	
	FLARING
	
	FLARING
	
	
	
	
	

	Reacts with common organic chemicals forming toxins that may cause bio-mutations
	
	
	
	
	
	
	
	

	
	
	
	FLARING
	
	
	
	
	

	Affects cardiovascular system and can cause problems within the central nervous system
	
	
	
	
	
	VENTING
	
	

	
	
	
	
	
	
	
	
	

	Causes haze that can migrate to sensitive areas such as National Parks
	VENTING
	
	
	
	
	
	
	

	
	FLARING
	FLARING
	FLARING
	FLARING
	
	
	
	FLARING

	Contributes to global warming
	VENTING
	
	
	
	
	
	
	



Adapted from:  EPA Office of Inspector General.  2004.  EPA Needs to Improve Tracking of National Petroleum Refinery Program Progress and Impacts.  Appendix D.

14.
Russell, J. and Pollack, A.  (ENVIRON International).  2005.  Final Project Report: Oil And Gas Emission Inventories For The Western States.  Report prepared for the Western Governors’ Association.  Appendix A, Wyoming Emission Factor Documentation.  p. A-2. http://www.wrapair.org/forums/ssjf/documents/eictts/OilGas/WRAP_Oil&Gas_Final_Report.122805.pdf
15.
Strosher, M. 1996.  Investigations of Flare Gas Emissions in Alberta. Alberta Research Council, November 1996.  p. 28.


Strosher measured concentrations of hydrocarbon compounds emitted from sweet and sour solution gas flares in Alberta, and then predicted ground-level concentrations of HAPs at various locations around the well location.  Predicted values of some polycyclic aromatic hydrocarbons in the vicinity of sweet and sour gas flares were comparable to concentrations found in large industrial cities, while predicted values of hazardous VOCs released during flaring were below ambient air quality standards.

Mitigation Option: Installation and/or Optimization of a Plunger Lift System TC "Installation and/or Optimization of a Plunger Lift System" \f C \l "4"   
I. Description of the mitigation option 

Overview

In mature gas wells, the accumulation of fluids in the well-bore can impede and sometimes halt gas production. Fluids are removed and gas flow maintained by removing accumulated fluids through the use of artificial lift (such as a beam pump) or enhanced fluid lift treatments or techniques, such as plunger lifts, velocity strings, swabbing, soap injection, or venting the well to atmospheric pressure (referred to as “blowing down” the well). Fluid removal operations, particularly well blow-downs, may result in substantial methane and associated VOC emissions to the atmosphere. 
Installing a plunger lift system can be a cost-effective alternative for removing liquids on wells where the well-bore configuration, pressure profiles, and production characteristics enable its application. Plunger lift systems have the additional benefit of potentially increasing production, as well as significantly reducing methane and associated VOC emissions associated with blow-down operations. A plunger lift uses gas pressure buildup in a well to lift a column of accumulated fluid out of the well. The plunger lift system helps to maintain gas production and may reduce the need for other remedial operations.

Air Quality and Environmental Benefits
The installation of a plunger lift system serves as an interim well-bore deliquification methodology for the period between natural flowing lift and full artificial lift and can yield environmental and production benefits while reducing well blow-downs and their associated emissions.  The extent and nature of these benefits depend on the individual well characteristics and the method of plunger lift control and operation.

New automation systems and control capabilities can improve plunger lift system optimization, monitoring, and control.  For example, technologies such as programmable logic controllers and remote transmitter units can allow operators to control plunger lift systems thorough control algorithms or remotely, without regular field visits.  These systems can offer enhanced plunger lift operation and effectiveness versus older plunger control systems.   

By reducing the need for well-bore blow-down, plunger lift systems can lower emissions. Reducing repetitive remedial treatments and well work-over may also reduce methane and associated emissions. Natural Gas STAR partners have reported annual gas savings averaging 600 Mcf per well by avoiding blow-down and an average of 30 Mcf per year by eliminating or reducing well work-overs.  

Economics
Lower capital and operational cost versus installing full artificial lift equipment (such as a beam pump). The costs of installing and maintaining a plunger lift are generally lower than the cost to install and maintain artificial lift equipment. 

Lower well maintenance and fewer remedial treatments. Overall well maintenance costs are reduced because periodic remedial treatments such as swabbing or well blow-downs are reduced or no longer needed with plunger lift systems.

More effective well-bore deliquification and continuous production may improve gas production rates and increase efficiency.  With proper optimization and control, plunger lift systems can also conserve the well’s lifting energy and increase gas production. Regular fluid removal allows the well to produce gas continuously and helps prevent fluid loading that periodically halts gas production or “kills” the well. Often, the continuous removal of fluids results in daily gas production rates that are higher than the production rates prior to the plunger lift installation.

Reduced paraffin and scale buildup. In wells where paraffin or scale buildup is a problem, the mechanical action of the plunger running up and down the tubing may prevent particulate buildup inside the tubing. Thus, the need for chemical or swabbing treatments may be reduced or eliminated. Many different types of plungers are manufactured with “wobble-washers” to improve their “scraping” performance. 

Other economic benefits. In calculating the economic benefits of plunger lifts, the savings from avoided emissions and enhanced production are only two factors to consider in the analysis. Additional savings may result from lower operational and well work costs.  

Tradeoffs

Plunger lift systems do fail and can require additional maintenance versus blowing wells down.  If return velocity is not controlled they may also “launch” through the plunger receiver and cause wellhead failure.  Also, dependent on the control systems, they may require regular operator intervention. 

Burdens

Installation of plunger lift systems can involve substantial costs particularly if changes to the well-bore tubulars are required.  If adequate control systems and a means to power them are not available on a particular well, their installation will require additional expenditures.     

II. Description of how to implement 

A. Mandatory or voluntary:  This option should be voluntary given the restrictions on applicability posed by well-bore configuration, pressure and build-up profile, and production characteristics.  Each well must be evaluated for feasibility of plunger lift systems.  A large number of wells in the Four Corners area already have artificial lift systems or other enhanced deliquification techniques already installed.  Requiring all wells in the basin to replace other means of enhanced or artificial lift would be logistically and operationally unreasonable.  A large percentage of the producing wells in the 4-corners area are already equipped with plunger lift systems.  Most operators have an ongoing well evaluation program to determine the appropriate deliquification technology to apply to any particular well.

B. Indicate the most appropriate agency(ies) to implement:  Non-applicable – voluntary implementation.  However, workshops on plunger lift applicability, control, and operation may enhance implementation.

III. Feasibility of the option 

A. Technical: The technical considerations necessary for plunger lift systems are well known and plunger lift systems are feasible where the well characteristics enable application.  For very low pressure/flow environments, such as portions of the San Juan Basin, operation of plunger lifts may require periodic venting (blow-down) of well-bores to the atmosphere to generate enough differential energy to lift the plunger and associated fluids.  Advanced control systems can significantly reduce the need for this type of blow-down but require robust automation capabilities.

B. Environmental:  There are no known environmental issues with plunger lift implementation and they typically reduce emissions. 

C. Economic: the economics of applying plunger lift technology to a particular well must be evaluated on a well-by-well basis.  For wells where they are applicable, plunger lift systems are generally economic. 

IV. Background data and assumptions used N/A

V. Any uncertainty associated with the option
Assuming a well-by-well evaluation of applicability the uncertainty associated with plunger lift implementation should be low.  Due to the large number of wells already equipped with plunger lift or other enhanced or artificial lift systems the scope of available implementation may be limited.

VI. Level of agreement within the work group for this mitigation option

Still being evaluated, but based upon information to date it should be high. 

Mitigation Option: Implementation of Reduced Emission Completions TC "Implementation of Reduced Emission Completions" \f C \l "4"  (Green Completions)

I. Description of the mitigation option
The “green completions” control method reduces methane losses during gas well completions.  During well completions it is necessary to clean out the well bore and the surrounding formation perforations.  This is done both after new well completions and after well workovers.  Operators produce the well to an open pit or tanks to collect sand, cuttings and reservoir fluids for disposal.  Normal practice during this process is to vent or flare the natural gas produced.  Venting may lead to dangerous gas buildup, so flaring is preferred where there is no fire hazard or nuisance issue (concerns about smoke, light, noise, etc.).  Green completions recovers the natural gas and condensate produced during well completions or workovers.  This is accomplished using portable equipment to process the gas and condensate so it is suitable for sale.  The additional equipment may include more tanks, special gas-liquid-sand separator traps, and portable gas dehydration.  The recovered gas is directed through permanent dehydrators and meters to sales lines, reducing venting and flaring.

 II. Description of how to implement 

A. Mandatory or voluntary

This process can be mandatory or voluntary.  

B. Indicate the most appropriate agency(ies) to implement

For the 4 Corners area, State regulatory agencies could require green completions through regulation or policy.  For example, in the Pinedale, WY area the State of Wyoming, BLM, and operators have agreed to minimize flaring operations through use of green completions.  FLMs could require this process through stipulations or conditions of approval in leases and applications for permits to drill.  

III. Feasibility of the option 
A.  Technical

The green completion process can apply to the drilling of all natural gas wells, however, a sales line connection and sales agreements need to be arranged before the well drilling is completed.  The green completion process has been reviewed by EPA and is listed under “Recommended Technologies and Practices” on EPA’s Gas Star web site:  http://www.epa.gov/gasstar/techprac.htm

B.  Environmental

Nationally EPA has estimated that 25.2 billion cubic foot (Bcf) of natural gas can be recovered annually using Green Completions - 25,000 million cubic foot (MMcf) from high pressure wells, 181 MMcf from low pressure wells, and 27 MMcf from workovers.  This reduces emissions of methane (a greenhouse gas), condensates (hazardous air pollutants), and nitrogen oxides (precursor to ozone formation and visibility degradation) formed when gas is flared.  An EPA Gas Star Partner reported an estimated methane emissions reduction, as the total recovered from 63 wells, of 7.4 MMcf per year, which is 70 percent of the gas formerly vented to the atmosphere.

C.  Economic

A methane savings of 7 MMcf per year based on completing 60 wells per year at the average recovery reported by an EPA Gas Star partner. The partner also reported recovering a total of 156 barrels of condensate from the 63 wells, an average of 2.5 barrels per well. 

The capital costs include additional portable separators, sand traps, and tanks at a cost reported by the partner of $180,000. This equipment would be moved from well-to-well, so amortizing the cost over 10 years and doing 60 wells per year, the annual capital charges would be under $10,000.  Incremental operating costs are assumed to be over $1,000 per year. At a natural gas price of $3 per Mcf and condensate price of $19 per barrel, green completions will pay back the costs in about 1 year.

IV. Background data and assumptions used 
Information on Green Completions comes from EPA’s Gas Star web site:

http://www.epa.gov/gasstar/techprac.htm
V. Any uncertainty associated with the option
Low, if the well is part of an in-fill and a sales line connection is available.  Other situations may not be suitable for green completions.  

VI. Level of agreement within the work group for this mitigation option TBD.
VII. Cross-over issues to the other source groups None.

Mitigation Option:  Convert High-Bleed to Low or No Bleed Gas Pneumatic Controls TC "Convert High-Bleed to Low or no Bleed Gas Pneumatic Controls" \f C \l "4"  

I. Description of the mitigation option
This option would encourage oil and gas producers and pipeline [1/10/07] Ed.: owners and operators to replace or retrofit high-bleed natural gas pneumatic controls.  This option should be considered when replacement of pneumatic controls with compressed instrument air systems is not practical or feasible (e.g. no electric power supply).  It would enhance EPA’s current efforts in the Natural Gas Star Program and make them specific to the San Juan Basin.  This would result in a significant reduction in methane emissions as well as achieve cost savings for the companies.

Pneumatic instrument systems powered by high-pressure natural gas are often used across the natural gas and petroleum industries for process control. Typical process control applications include pressure, temperature, liquid level, and flow rate regulation.  As part of normal operation, natural gas powered pneumatic devices release or bleeds gas to the atmosphere and, consequently, are a leading source of methane emissions from the natural gas industry.  High–bleed pneumatic devices are defined as those with bleed rates of 6 standard cubic feet per hour (scfh) or 50 thousand cubic feet (Mcf) per year.  An EPA study in 2003 reported the constant bleed of natural gas from these controllers was collectively one of the largest sources of methane emissions in the natural gas industry, estimated at approximately 24 billion cubic feet (Bcf) per year in the production sector, 16 Bcf from processing and 14 Bcf per year in the transmission sector.  Pneumatic control systems emit methane from tube joints, controls, and any number of points within the distribution tubing network.

Companies have found that the payback period can be less than a year for most retrofits from high-bleed to low-bleed pneumatic controllers.  Recent experience indicates that up to 80 percent of all high-bleed devices can be replaced with low-bleed equipment or retrofitted.   If electric power is available, conversion from natural gas-powered pneumatic control systems to compressed instrument air systems will result in greater methane emissions reductions.  However, the investment payback period will likely be longer, and may not be cost effective in some cases.

In compressed instrument air systems, atmospheric air is compressed, stored in a volume tank, filtered and dried for instrument use.  All other parts of a gas pneumatic system work the same way with air as they do with gas. Existing pneumatic gas supply piping, control instruments, and valve actuators of the gas pneumatic system can be reused in an instrument air system.

Reducing methane emissions from pneumatic devices by converting to instrument air systems can yield significant economic and environmental benefits for natural gas companies including: 

· Financial Return From Reducing Gas Emission Losses.  In many cases, the cost of converting high-bleed to low-bleed pneumatic controllers can be recovered in less than a year. 

· Lower Methane Emissions 

II. Description of how to implement 

A. Mandatory or voluntary:  This program would be voluntary.  Due to the fact that almost all high-bleed pneumatics have been replaced by the industry, the economic returns from implementing low bleed systems should motivate producers to implement them.  State and Federal agencies can assist by advertising the benefits, as is currently done by EPA’s Natural Gas Star Program.

B.  Currently most operators have already replaced all high bleed with low bleed systems.

C. Indicate the most appropriate agency(ies) to implement:  EPA and the State environmental agencies would extend and enhance EPA’s current efforts to make them specific to the San Juan Basin.

III. Feasibility of the option

A. Technical:  These systems are off-the-shelf and proven.

B. Environmental:  The environmental benefits of replacing high-bleed with low-bleed pneumatic controls, in terms of lower methane emissions, have been documented by EPA.  Companies reporting to EPA have reduced emissions by 50-260 Mcf per year per controller.

C. Economic:  EPA reports that replacing or retrofitting high-bleed units with low-bleed units have a payback of five to 21 months.

IV. Background data and assumptions used

See the website for EPA’s Natural Gas Star Program:  http://www.epa.gov/gasstar/index.htm
In particular, the lessons learned summaries for low-bleed pneumatics:

http://www.epa.gov/gasstar/pdf/lessons/ll_pneumatics.pdf
V. Any uncertainty associated with the option
Low.  This is proven technology with proven benefits.

VI. Level of agreement within the work group for this mitigation option TBD.

VII. Cross-over issues to the other source groups 

Cumulative effects should review oil and gas tasks and rank those most effective as priorities over those less effective or cost effective.

Mitigation Option: Utilizing Electric Chemical Pumps TC "Utilizing Electric Chemical Pumps" \f C \l "4" 
I. Description of the mitigation option 

This option involves replacing existing gas drive pumps with solar powered, electric-driven chemical pumps.  The air quality benefits would be to minimize methane and VOC emissions to the atmosphere (Methane, VOC).

Economic burdens are significant but not insurmountable if the cost recovery factor from reduced fuel usage over the anticipated life of the unit shows a positive return on investment.

There should not be any environmental justice issues associated with installing and operating these units in socio-economically disadvantaged communities.

II. Description of how to implement 

A. Mandatory or voluntary:  The implementation of measures to install electric-driven, solar powered chemical pumps are envisioned as  “voluntary” measures since the feasibility of installing insulation on new units or retrofitting existing units must be evaluated for a positive Net Present Value (NPV) or Return on Investment (ROI) in the Four Corners area.  If the NPV or ROI meets a company’s investment targets, then utilization of this technology should be encouraged as a best practice.  There are no existing mandates by the respective Air Quality Control agencies to require electric drive pumps as BACT.  Since the Four Corners area is not in ozone non-attainment and the cost economics will not always justify installation of insulation for economic benefit, a voluntary approach is recommended.

B. Indicate the most appropriate agency(ies) to implement: The states.
III. Feasibility of the option

A. Technical:  The purchase and installation of electrically driven chemical pumps is technically feasible.  Currently some companies are installing these pumps on a trial basis to assure performance during the winter months.

B. Environmental:  The environmental benefits of reduced Methane and VOC pollution are well documented.

C. Economic:  The use of electric-driven, solar powered chemical pumps is economically feasible where the there is payback that meets the respective companies targets for investments (i.e., ROI or NPV).  For existing older pumps exist on wells that have a future limited life, the economics may not justify the application of insulation.

IV. Background data and assumptions used

Most chemical pumps in the Four Corners area are utilized year round to achieve their objective.

V. Any uncertainty associated with the option Low.
VI. Level of agreement within the work group for this mitigation option
There is general agreement among working group members that the use of electrical chemical pump technology in the Four Corners areas is economically unfeasible and a likely source for voluntary adoption if the economics show a sufficient NPV.

Mitigation Option:  Optical Imaging to Detect Gas Leaks TC "Optical Imaging to Detect Gas Leaks" \f C \l "4" 
I. Description of the mitigation option:

This option would encourage oil and gas producers and pipelines to use optical imaging to detect methane and other gaseous leaks from equipment, processing plants, and pipelines.

Optical imaging refers to a class of technologies that use principles of infrared light and optics to create an image of chemical emission plumes.  They offer more cost-effective use of resources than traditional hand-held emissions analyzers, can screen hundreds of components or miles of pipeline relatively quickly and allow quicker identification and repair of leaks.  The remote sensing and instantaneous detection capabilities of optical imaging technologies allow an operator to scan areas containing tens to hundreds of potential leaks, thus eliminating the need to visit and manually measure all potential leak sites.
Gas imaging can be either active or passive.  Active gas imaging is accomplished by illuminating a viewing area with laser light tuned to a wavelength that is absorbed by the target gas to be detected. As the viewing area is illuminated, a camera sensitive to light at the laser wavelength images it. If a plume of the target gas is present in the imaged scene, it absorbs the laser illumination and the gas appears in a video picture as a dark cloud. Because it relies on the detection of backscattered radiation from surfaces in the scene, the process is referred to as Backscatter Absorption Gas Imaging (BAGI).
Passive gas imaging is based on a complex relationship between emission, absorption, reflection,

and scatter of electromagnetic radiation.  VOCs in the vapor phase have unique spectral emission and absorption properties. By measuring these properties, the gas species can be uniquely identified. By tuning the instrument’s spectral response to the unique spectral region of

the VOC, the camera can make an image of a gas plume.
There is a variety of technologies available and in different stages of development for imaging hydrocarbon gases.  Plume imaging technologies include BAGI and Hyperspectral Imaging systems.  Remote detection sensing instruments include Open-path Fourier Transform Infrared (OP-FTIR), Differential Absorption Spectroscopy (DOAS), Light Detection and Ranging (LIDAR-DIAL), and Tunable Diode Laser Absorption Spectroscopy (TDLAS).  These instruments can be hand held or shoulder mounted, van mounted, or operated from a helicopter or fixed wing aircraft, depending on the technology and the facility to be inspected.

As an example, the ANGEL service, which uses Differential Absorption Lidar (DIAL), can detect specific hydrocarbon gases with color video imaging from a fixed wing aircraft, quantify the plume concentration, encode GPS data on the image, and cover 1000 miles per day.  This technology is most suited to a facility such as a pipeline or tank farm.  For a gas processing plant, a hand held or shoulder mounted camera may be the technology of choice.

The benefits of using optical leak detection in an inspection and maintenance program include:

· Reductions in hydrocarbon gas emissions, both greenhouse gases and hazardous air pollutants;

· Improved safety; and

· Typical payback of less than one year in reduced methane product losses.

II. Description of how to implement 

A. Mandatory or voluntary:  This program would be a voluntary Best Management Practice.  The economic returns from implementing optical leak detection should motivate producers to implement them.  State and Federal agencies can assist by advertising the benefits, as is currently done by EPA’s Natural Gas Star Program.

B. Indicate the most appropriate agency(ies) to implement:  EPA and the state environmental agencies would extend and enhance EPA’s current efforts to make them specific to the San Juan Basin.

III. Feasibility of the option

A. Technical:  Several of these systems are commercially available.

B. Environmental:  The environmental benefits of using optical imaging to detect and repair leaks have been documented. Companies reporting to EPA have reduced emissions significantly.  Individual company results can be found on the EPA Natural Gas Star web site referenced below.

C. Economic:  EPA reports that optical leak detection surveys pay for themselves in less than a year.  

IV. Background data and assumptions used

See the web site for EPA’s Natural Gas Star Program:  http://www.epa.gov/gasstar/index.htm
Individual companies’ experience with optical imaging leak detection:

Dynergy:  http://www.epa.gov/gasstar/pdf/ngstar_fall2005.pdf   

Enbridge:  http://www.epa.gov/gasstar/workshops/houston-oct2005/dodson.pdf
Also see the agendas from the 2003 – 2005 Gas Star annual implementation workshops:

http://www.epa.gov/gasstar/workshops/imp_workshops.htm
Information on the ANGEL-DIAL technology:  http://www.epa.gov/gasstar/workshops/kenai/itt_sstearns.pdf
http://www.epa.gov/gasstar/pdf/ngspartnerup_spring06.pdf   

Texas Commission on Environmental Quality report that includes comparison of various imaging technologies:  http://www.tceq.state.tx.us/implementation/air/terp/Prop_02R04.html
V. Any uncertainty associated with the option
Low.  This is proven technology with proven benefits.

VI. Level of agreement within the work group for this mitigation option
TBD.

VII. Cross-over issues to the other source groups 

None known.

Mitigation Option: Convert Gas Pneumatic Controls to Instrument Air TC "Convert Gas Pneumatic Controls to Instrument Air" \f C \l "4" 
I. Description of the mitigation option

This option would encourage oil and gas producers and pipelines to convert pneumatic controls from natural gas to compressed instrument air systems.  It would enhance EPA’s current efforts in the Natural Gas Star Program and make them specific to the San Juan Basin.  This would result in a significant reduction in methane emissions as well as achieve cost savings for the companies.

Pneumatic instrument systems powered by high-pressure natural gas are often used across the natural gas and petroleum industries for process control. Typical process control applications include pressure, temperature, liquid level, and flow rate regulation.  As part of normal operation, natural gas powered pneumatic devices release or bleed gas to the atmosphere and, consequently, are a major source of methane emissions from the natural gas industry.  The constant bleed of natural gas from these controllers is collectively one of the largest sources of methane emissions in the natural gas industry, estimated at approximately 24 billion cubic feet (Bcf) per year in the production sector, 16 Bcf from processing and 14 Bcf per year in the transmission sector.  Pneumatic control systems emit methane from tube joints, controls, and any number of points within the distribution tubing network.

Companies can achieve significant cost savings and methane emission reductions by converting natural gas-powered pneumatic control systems to compressed instrument air systems. Instrument air systems substitute compressed air for the pressurized natural gas, eliminating methane emissions and providing additional safety benefits. Cost effective applications, however, are limited to those field sites with available electrical power.

In compressed instrument air systems, atmospheric air is compressed, stored in a volume tank, filtered and dried for instrument use.  All other parts of a gas pneumatic system work the same way with air as they do with gas. Existing pneumatic gas supply piping, control instruments, and valve actuators of the gas pneumatic system can be reused in an instrument air system.

Reducing methane emissions from pneumatic devices by converting to instrument air systems can yield significant economic and environmental benefits for natural gas companies including: 

· Financial Return From Reducing Gas Emission Losses.  In many cases, the cost of converting to instrument air can be recovered in less than a year. 

· Increased Life of Control Devices and Improved Operational Efficiency

· Avoided Use Of Flammable Natural Gas. By eliminating the use of a flammable substance, operational safety is significantly increased.

· Lower Methane Emissions 

The conversion of natural gas pneumatics to instrument air system is applicable to all natural gas facilities and plants where an electric power supply is available.  For those sites that do not have electricity available, cost savings and methane emissions reductions can still be achieved by replacing high-bleed pneumatic devices with low bleed devices, retrofitting high-bleed devices, and improving maintenance practices.  Experience has shown that these options often pay for themselves in less than a year.

II. Description of how to implement 

A. Mandatory or voluntary:  This program would be voluntary.  The economic returns from implementing instrument air or low bleed systems should motivate producers to implement them.  State and Federal agencies can assist by advertising the benefits, as is currently done by EPA’s Natural Gas Star Program.

B. Indicate the most appropriate agency(ies) to implement:  EPA and the state environmental agencies would extend and enhance EPA’s current efforts to make them specific to the San Juan Basin.

III. Feasibility of the option

A. Technical:  These systems are off-the-shelf and proven.

B. Environmental:  The environmental benefits of replacing high-bleed pneumatic controls with instrument air, in terms of lower methane emissions, have been documented by EPA.  Companies reporting to EPA have reduced emissions by an average of 20 Bcf per year per facility.

C. Economic:  EPA reports that instrument air systems pay for themselves in less than a year.  Replacing or retrofitting high-bleed units with low-bleed units have a payback of five months to one year.

IV. Background data and assumptions used

See the web site for EPA’s Natural Gas Star Program:  http://www.epa.gov/gasstar/index.htm
In particular, the lessons learned summaries for instrument air: 

http://www.epa.gov/gasstar/pdf/lessons/ll_instrument_air.pdf
And for low-bleed pneumatics:

http://www.epa.gov/gasstar/pdf/lessons/ll_pneumatics.pdf
V. Any uncertainty associated with the option Low: this is proven technology with proven benefits.
VI. Level of agreement within the work group for this mitigation option TBD.
VII. Cross-over issues to the other source groups None known.
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