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The draft report is a compilation of mitigation options drafted by members of the Four Corners Air Quality Task Force. The agencies involved have not reviewed or adopted these options at this time. These options will be considered following the completion of the Task Force in December 2007.
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Oil and Gas TC "Oil and Gas" \f C \l "1" 

ENGINES TC "ENGINES" \f C \l "2" : STATIONARY RICE TC "STATIONARY RICE" \f C \l "3" 
Mitigation Option: Industry Collaboration TC "Industry Collaboration" \f C \l "4"  

I. Description of the mitigation option:

Overview

· This option explores the possibility of industry collaboration toward affecting mandating emission control technologies [8/4/06] Expansion: (e.g., three-way catalytic converters with air-to-fuel-ratio controllers) that would be implemented by engine manufacturer’s for building future engines, especially those used in association with natural gas fired compressor engines and are smaller horsepower of generally less than 200 hp [8/4/06] Clarification: site-rated.

Air Quality and Environmental Benefits

· This option would result in air quality improvement since all new engines built would meet lowest achievable emission controls at that time for criteria pollutants. 

Economic

· This would require a large capital investment from both companies and engine manufacturer’s to achieve this result.  This would result in replacement of older compressor engines, particularly those less than 200 hp, with new ones at a significant cost to the oil and gas industry.   The salvage value of older compressors is a fraction of the cost of a new compressor engine.  

· It would require companies to commit to ordering new engines over a prescribed time likely ahead of when older units would have been replaced. 

· The manufacturers would need confirmed orders to justify re-tooling their plants to meet the demand.

Trade-offs

· The use of given emission control technology could result in other emissions.  For example, the use of lean-burn technology on a large scale would result in incremental emissions of formaldehyde.  If NSCR is used on a large scale, it is believed ammonia emissions would result. [8/4/06] Expansion: However, it is not known if these emissions would be significant.

· Some engine manufacturers that cannot meet the demand and/or re-tool their factories could lose their market share in the San Juan Basin.  Need to ensure this does not create any restraint of trade concerns.  

II. Description of how to implement 

A. Mandatory or voluntary; It could be both.  The companies could begin a process of placing new orders voluntarily or the agencies, through regulatory/rules, could require emission levels that necessitate ordering new compressor engines. 

B. Indicate the most appropriate agency(ies) to implement: State Environmental Agencies 

III. Feasibility of the option 
A. Technical:  None identified although some field trials and bench scale tests are probably necessary to assess actual emissions on the new engines. 
[8/4/06] Expansion: EPA has established the technological feasibility of controlling these types of engines. (See NSPS Mitigation Option Paper below.)

B. Environmental: Yes, from the Cumulative Effects group depending upon what type of emission control technology is preferred. 

C. Economic: Economic burden associated with engine replacement and manufacturer re-tooling is likely to be substantial.

IV. Background data and assumptions used 

Emission inventories compiled for the Farmington, NM BLM Resource Management Plan (2003); Southern Ute Indian Reservation Oil and Gas Environmental Impact Statement (2002)

· Preliminary discussions with companies and engine manufacturer representatives 

· Will need to integrate any more recent emissions inventory data from the Cumulative Effects Group

V. Any uncertainty associated with the option (Low, Medium, High) High. Especially pertaining to feasibility. Medium due to economics of replacing a large fleet of existing compressor engines and the timing that would be required to begin manufacturing a number of small horsepower engines. 

VI. Level of agreement within the work group for this mitigation option TBD
VII. Cross-over issues to the other source groups (please describe the issue and which groups)
May need to verify with other work groups if manufacturing a large number of new compressor engines, particularly in the smaller horsepower range, could conflict with other new engine initiatives such as building Tier II and Tier III diesel engines.   
Mitigation Option: Install Electric Compression TC "Install Electric Compression" \f C \l "4" 
I. Description of the mitigation option:

Overview 

· Electric Compression would involve the replacement or retrofit of existing internal combustion engines or proposed new engines with electric motors.  The electric motors would be designed to deliver equal horsepower to that of internal combustion engines.  However, the limitation of doing so is predicated by the electrical grid that would exist in a given area to provide the necessary capacity to support electrical compression. 

Air Quality/Environmental

· Elimination of criteria pollutants that occur with the combustion of hydrocarbon fuels (natural gas, diesel, gasoline).  Displacement of emissions to power generating sources (utilities).

.  

Economics

· The costs to replace natural gas fired compressors with electric motors would be costly.  

· The costs of getting electrical power to the sites would be costly.  It could require a grid pattern upgrade which could costs millions of dollars for a given area.  

· A routine connection to a grid with adequate capacity for a small electric motor can be $18K to $25K/site on the Colorado side of the San Juan Basin. 

· A scaled down substation for electrification of a central compression site can range between $250K and $400K.   

· Suppliers/Manufacturers would have to be poised to meet the demand of providing a large number of electrical motors, large and small. 

Tradeoffs

· While the sites where the electrical motors would be placed would not be sources of emissions, indirect emissions from the facilities generating the electricity would still occur such as coal fired power plants.   

· Additional co-generation facilities would likely have to be built in the region to supply the amount of electrical power needed for this option. This would result in additional emissions of criteria pollutants from the combustion of natural gas for turbines typically used for co-generation facilities. 

· There would need to be possible upgrades in the electrical distribution system. However, the limitation of doing so is predicated by the electrical grid that would exist in a given area to provide the necessary capacity to support electrical compression

Burdens

· The cost to replace natural gas fired engines with electrical motors would be borne by the oil and gas industry. 

II. Description of how to implement 

A. Mandatory or voluntary:  Voluntary, depending upon the results of monitoring data over time. 

B. Indicate the most appropriate agency(ies) to implement:  State Air Quality agencies.

III. Feasibility of the option 

A. Technical: Feasible depending upon the electrical grid in a given geographic area

B. Environmental:  Factors such as federal land use restrictions or landowner cooperation could restrict the ability to obtain easements to the site. The degree to which converting to electrical motors for oil and gas related compression is necessary should be a consideration of the Cumulative Effects and Monitoring Groups.  Indirect emission implications for grid suppliers should be considered (e.g., coal-fired plants).  
C. Economic: Depends upon economics of ordering electrical motors, the ability of the grid system to supply the needed capacity and the cost to obtain right of way to drop a line to a potential site. 

IV. Background data and assumptions used 

The background data was acquired from practical application of using electrical motors in the northern San Juan Basin based upon interviews with company engineering and technical staff. 

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

Medium based upon uncertainties of obtaining electrical easements from landowners and/or land management agencies. 

VI. Level of agreement within the work group for this mitigation option TBD
VII. Cross-over issues to the other source groups (please describe the issue and which groups: Possibly the Cumulative Effects Group due to indirect emission increases from coal-fired plants. 

Mitigation Option: Optimization/Centralization TC "Optimization/Centralization" \f C \l "4"  

I. Description of the mitigation option
Overview

· This option outlines the deployment of internal combustion engines used as the source to power various oil and gas related operations with the appropriate horsepower rated to the need of the activity being conducted.  The advantages of this approach would be reducing the cumulative amount of horsepower deployed, thus reducing emissions.  This may also be accomplished by using larger central compression in lieu of deploying numerous smaller compressor engines at a number of individual locations such as well sites.
· [8/4/06] Clarification: Overall fleets of engines in the San Juan basin are currently believed to be loaded at about 50% available hp. This is determined by looking at installed hp, volume of gas being moved, and pressure differentials in the field.
Air Quality and Environmental Benefits
· The benefits would be lower emissions calculated against horsepower assuming smaller horsepower engines would be deployed to replace larger engines.  This would be accomplished by either design or as field conditions changed at individual sites or by centralizing compression horsepower at central site.  While efficiency may improve, application of smaller engines working at or near full load may increase NOx emissions relative to an oversized unit operating at reduced load.   

Economics 

· Optimization: 

· The economics of replacing individual site compression with properly sized horsepower could be difficult.  Some companies bought individual site compression based upon technical considerations at that time.  Unfortunately, due to changing field conditions, which could not be contemplated when the original engine was bought, the existing engine may not be sized properly. To require the purchase of new compressors for changing field conditions over the life of a natural gas field will be an economic strain on the operators.  

· The salvage value of the compressor being replaced is a fraction of a new one.  

· Replacing engine compression several times during the life of well would not be economic.  Purchasing new compression with operating conditions in a given field could jeopardize the economics of a well(s).  

· If the engines are rentals, the situation is much more flexible depending upon the lease/contract with the vendor.  In the San Juan Basin most smaller well site compression is a combination of purchased and leased, both of which depend upon the individual operator’s preferences.  

· Centralization  

· As with optimization, field conditions change and to size equipment properly on a horsepower basis may require numerous iterations of replacement.  

· As above with optimization, the economics of replacing units to fit ever changing field conditions in the cases where the equipment has been purchased will create economic challenges for the operators.
· For leased units, flexibility would be greater, but would depend upon the lease/contract with the vendor.  

· Use of larger centralized engines increases the opportunity to use low emission lean burn engines.   

Tradeoffs

· The tradeoffs for centralization appear to have the most concern.  

· There could be an air quality benefit by centralizing, but there would be more long term surface disturbance involved and dust generation from construction.  For instance, a central compressor serving multiple sites would likely need to be built at a new site making it more equitable from a operational perspective to serve its purpose.  A new central site would then require surface disturbance for a new site and, whether an existing site could be used or not, underground piping from the central site to multiple sites would be necessary.  This could result in permanent new disturbance (if a new site had to be built) and short term disturbance for the pipeline to multiple sites until this was reclaimed.  

· While above ground pipelines are a possibility, for safety reasons these have not been generally used in the San Juan Basin. 

· Emissions tradeoffs based on relative operating loads would need to be considered.
· [8/4/06] Expansion: There is potential for increased noise for those living close to these centralized facilities.
Burdens

· The burden for optimization and/or centralization would fall to industry.  The cost of pursuing this approach should be carefully considered due to the impact it could have on the economic viability of a given well. 

II. Description of how to implement 

A. Mandatory or voluntary. This option should be voluntary given the economic impacts.

B. Indicate the most appropriate agency(ies) to implement. NA; would be voluntary by the companies since they must assess the technical and economic feasibility.  

III. Feasibility of the option 

A. Technical:  Technical concerns would include trying to size compression properly either with optimization or centralization considering the unknowns associated with changing field conditions. 

B. Environmental: Potential environmental benefit would need to be more closely reviewed depending upon the specific scenario.  At best, little or marginal benefits are likely to be realized.

C. Economic: While some centralized options could be considered, well-level optimization is not economically feasible considering all the variables that exist with field operations. .

IV. Background data and assumptions used 

Discussions with company field and engineering staff

· Input from engine manufacturers and engine consultants 

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

High. [8/4/06] Clarification: For optimization: The sizing of engines is based on the maximum flow from a well. As wells decline through time the initial hp needs are no longer appropriate. Replacement of this existing hp would be cost prohibitive. For centralization: collection systems are already in place and centralizing would require retrofitting, which is cost prohibitive. Further, in NM, well sites and gathering systems have different owners. Competitors would need to collaborate to centralize, which would be unlikely.
VI. Level of agreement within the work group for this mitigation option TBD

VII. Cross-over issues to the other source groups (please describe the issue and which groups None identified at this time.

Mitigation Option: Follow EPA New Source Performance Standards (NSPS) TC "Follow EPA New Source Performance Standards (NSPS)" \f C \l "4" 
I. Description of the mitigation option

EPA is in the process of developing the first national requirements for the control of criteria pollutants from stationary engines.  Separate rulemakings are in process for compression-ignition (CI) and spark-ignition (SI) engines.  These NSPS will serve as the national requirements, leaving states with the authority to regulate more stringently as might be required in unique situations.

CI NSPS:  The final NSPS for stationary CI (diesel) engines was published in the Federal Register on July 11, 2006.  It requires that new CI engines built from April 1, 2006, through December 31, 2006, for stationary use meet EPA’s non-road Tier 1 emission requirements.  From January 1, 2007, all new CI engines built for stationary use must be certified to the prevailing non-road standards.  (Minor exceptions are beyond the scope of this discussion.)   

SI NSPS:  The NSPS proposal for stationary SI engines, including those operating on gaseous fuels, was published in the Federal Register on June 12, 2006.  Per court order, the rule is to be finalized by December 20, 2007.  Like the CI NSPS, certain elements of the SI NSPS will be retroactively effective once finalized.  The following summarizes the proposed requirements:

[image: image1.emf]EPA SI NSPS NPRM
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Notes:   Standards do not apply to engines ordered before proposal publication date (expected to be about 6/7/06).

NG & LB LPG, 25-50 hp, may instead comply with 40 CFR 1048.

Engines < 40 hp that are < 1000 cc may instead comply with 40 CFR 90.

Landfill / digester gas
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All new stationary engines in the Four Corners region will have to meet the new EPA requirements.  Deferring to the EPA NSPS will provide the most cost effective emissions control because manufacturers will have compliant products for sale across much of the country.  Compliance with the EPA NSPS will provide a level of emissions control that is federally mandated and will impose a certain financial burden that is not elective.  The premise for this mitigation option is that additional control beyond the EPA NSPS would not be needed for new engines. 

II. Description of how to implement 

A. Mandatory:  Compliance with the EPA NSPS will be mandatory. [8/4/06] Clarification: This would apply to all newly manufactured, modified and reconstructed engines after the NSPS effective dates.
B. Indicate the most appropriate agency(ies) to implement:  No additional work would be needed other than what EPA is mandating.  Any permitting would continue to be at the State’s discretion.

III. Feasibility of the option

A. Technical:  EPA has spent the past year working with engine manufacturers during its development of the CI and SI NSPS.  The requirements have been shown to be technologically feasible.

B. Environmental:  EPA’s regulatory documents do/will provide details of the expected environmental benefits and the conclusion that this level of control is appropriate for areas not in advanced levels of non-attainment.

C. Economic:  EPA’s Regulatory Impact Analyses (RIA) for the two rulemakings will provide explanations of the expected costs of compliance.

IV. Background data and assumptions used

None beyond material in EPA’s rulemakings.

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

Essentially no uncertainty that the NSPS will soon provide new, emissions-controlled stationary engines in the Four Corners region.

VI. Level of agreement within the work group for this mitigation option
The RICE subgroup anticipates Oil & Gas Workgroup consensus that EPA’s mandatory compliance with its new NSPS will provide appropriate short- and long-term emissions control that is commensurate with the needs of the Four Corners region.

VII. Cross-over issues to the other source groups

Assistance from Cumulative Effects Work Group needed to assess air quality benefits in the Four Corners area.

Mitigation Option: Adherence to Manufacturers’ Operation and Maintenance Requirements TC "Adherence to Manufacturers’ Operation and Maintenance Requirements" \f C \l "4" 
I. Description of the mitigation option:

Engine manufacturers provide to end-users recommended procedures for the initial installation and adjustment of spark-ignition (SI) engines, in addition to on-going preventative maintenance recommendations.  Adherence to these recommendations provides long-term, intended performance, emission levels, durability, etc.

II. Description of how to implement 

A. Mandatory or voluntary:  While adherence to engine manufacturers’ ‘recommended’ procedures is generally voluntary from a regulatory perspective, this mitigation option instead proposes that such adherence be mandatory.  This could be considered for existing engines as well as for new engines.
B. Indicate the most appropriate agency(ies) to implement:  EPA’s proposed New Source Performance Standards (NSPS) for, in particular, SI engines, includes several related aspects that will likely be mandatory. [8/4/06] Expansion: Those aspects of engine manufacturers’ recommended procedures that are not included in the NSPS will be implemented by the states.

1.  40 CFR 60.4234:  “Owners and operators of stationary SI ICE must operate and maintain stationary SI ICE that achieve the emission standards as required in 60.4233 according to the manufacturer’s written instructions or procedures developed by the owner or operator that are approved by the engine manufacturer, over the entire life of the engine.”

2.  40 CFR 60.4241(f):  “Manufacturers may certify their engines for operation using gaseous fuels in addition to pipeline-quality natural gas; however, the manufacturer must specify the properties of that fuel and provide testing information showing that the engine will meet the emission standards specified in 60.4231(d) when operating on that fuel.  The manufacturer must also provide instructions for configuring the stationary engine to meet the emission standards on fuels that do not meet the pipeline-quality natural gas definition.  The manufacturer must also provide information to the owner and operator of the certified stationary SI engine regarding the configuration that is most conducive to reduced emissions where the engine will be operated on particular fuels to which the engine is not certified.”


3.  60.4243:  “If you are an owner or operator, you must operate and maintain the stationary SI internal combustion engine and control device according to the manufacturer’s written instructions or procedures developed by the owner or operator that are approved by the engine manufacturer.  In addition, owners and operators of certified engines may only change those settings that are allowed by the manufacturer to ensure compliance with the applicable emission standards.  ...The engine must be installed and configured according to the manufacturer’s specifications to ensure compliance with the applicable standards.”


4.  60.4245(a):  “Owners and operators of all stationary SI ICE must keep records of...maintenance conducted on the engine.”
III. Feasibility of the option

A. Technical:  Prudent operators follow manufacturers’ recommended procedures.  Properly maintained engines operate more efficiently and at lower total cost.  Ignition maintenance, in particular, can significant impact on the performance and life of catalysts.

B. Environmental:  Properly maintained engines produce lower emissions.  Instead of a fix-as-fail mentality, proper maintenance can avoid or detect failed O2 sensors or spark plugs, thus avoiding an increase in HC and CO.  

C. Economic:  The overall, long-term cost of a properly maintained engine is lower than that of a neglected engine.

IV. Background data and assumptions used

V. Any uncertainty associated with the option Low
VI. Level of agreement within the work group for this mitigation option

VII. Cross-over issues to the other source groups

Mitigation Option: Use of SCR for NOx control on lean burn engines TC "Use of SCR for NOx control on lean burn engines" \f C \l "4" 
I.   Description of the mitigation option:

NOx emissions from lean burn engines (natural gas and diesel fueled) can be reduced by chemically converting NOx into inert compounds.  The most effective equipment to achieve NOx reductions is a SCR (selective catalytic reduction) system.  Reactant injection of industrial grade urea, anhydrous ammonia, or aqueous ammonia is required to facilitate the chemical conversion.  The overall catalyst reaction is as follows:


NH3 + NO + NO2 > N2 + H2O

The SCR systems utilize programmable logic controller (PLC) based control software for engine mapping / reactant injection requirements.  Sampling cells are utilized for closed loop feedback of dosing requirements depending on the amount of NO measured downstream of the catalyst bed.

SCR system components include catalyst housing, housing insulation, control/dosing panel, exhaust dosing/mixing section, and reactant injector.  Depending on the reactant medium, a storage tank will be required with a potential minimum temperature requirements of 40F.

SCR systems [8/4/06] Clarification: can be constructed with the addition of oxidation catalysts, for the added conversion requirements of CO, VOCs and Formaldehyde.  This oxidation catalyst is a dry reaction and is not dependant on injection of a reactant. [8/4/06] Ed: See the mitigation option on the use of oxidation catalysts for reduction levels achieved for the pollutants.
II. Description of how to implement 

A. Mandatory or voluntary
Voluntary:  May be enhanced by the state supplementing a percentage of the cost.

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

III. Feasibility of the option 
A. Technical: Dependent on site readiness, installation and start-up would require 7-10 days.

B. Environmental: Post catalyst NOx levels of <0.15g/bhp-hr.

C. Economic: Cost of SCR system and maintenance are an increased cost to the packager and end user.

IV. Background data and assumptions used 

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

Medium.  Negative perception of reactant handling and injection, though the technology has proven itself to be very user friendly.

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

VII. Cross-over issues to the other source groups (please describe the issue and which groups None.
Mitigation Option: Use of NSCR / 3-Way Catalysts and Air/Fuel Ratio Controllers on Stoichiometric Engines TC "Use of NSCR / 3-way Catalysts and Air/Fuel Ratio Controllers on Stoiciometric Engines" \f C \l "4" 
I. Description of the mitigation option, including benefits (air quality, environmental, economic, other) and burdens (on whom, what) 

NOX, CO, HC, and Formaldehyde emissions from a stoichiometric engine can be reduced by chemically converting these pollutants into harmless, naturally occurring compounds.  The most common method for achieving this is through the use of a catalytic converter.  In a catalytic converter, the catalyst will either oxidize (oxidation catalyst) a CO or fuel molecule or reduce (reduction catalyst) an NOX molecule.  The general catalyst reactions are as follows:

NO + CO = N2 + CO2
NOX + CH4 = N2 + CO2 +H2O

NOX + H2 = N2 + H2O

These reactions are reducing the NOX to nitrogen and oxidizing the fuel and CO molecules.  These reactions oxidize some of the CO and NMHC molecules, however further conversion is accomplished with and oxidizing catalyst.  The oxidizing reactions are shown below:

CO + O2 = CO2
CH4 + O2 = CO2 + H20

CnHm + O2 = CO2 + H20

H2 + O2 = H2O

A 3-way catalyst contains both reduction and oxidation catalyst materials and will convert NOX, CO, and NMHCs to N2, CO2, and H2O.  A process which causes reaction of several pollutant components is referred to as a Non Selective Catalyst Reduction (NSCR).  NSCR are utilized on stoiciometric engines.  A very narrow air/fuel ratio operating range is necessary to maintain the catalyst efficiency.  This can only be consistently maintained by utilizing electronic air/fuel ratio controls.

Maintaining low emissions in a stoichiometric combustion engine using exhaust gas treatment requires a very closely regulated air/fuel ratio.  Without an air/fuel ratio controller, emission reduction efficiencies vary through the catalyst.  Many Air/Fuel Ratio Controllers (AFRCs) are available on the market today.   AFRCs are available from both the engine manufacture or can be purchased from an after-market supplier.  Most controllers utilize closed loop control based on the readings of an exhaust gas oxygen sensor to determine the air/fuel ratio.  

Air/Fuel Ratio Control will only maintain an operator determined set point.  For this set point to be at the lowest possible emissions setting an exhaust gas analyzer must be utilized.  Operators should utilize quarterly emission tests to ensure units are maintaining compliance.
[8/4/06] Clarification: This mitigation option is distinct from the mitigation option on using oxidation catalysts on lean burn engines because NSCR controllers are applied only to rich burn engines.

II. Description of how to implement 

A. Mandatory or voluntary:  

Voluntary: May be enhanced by state funding a percentage of the cost.

Mandatory: Mandatory enforcement would give the state the power to eliminate, at the minimum, 90% of NOX, CO, HC, and Formaldehyde emissions from stationary elements.

[8/4/06] Differing Opinion: This option should be mandatory, implemented and enforced by the states.

B. Indicate the most appropriate agency(ies) to implement:  [8/4/06] Ed: States, Tribes and/or BLM, due to the fact that they are already involved in air quality regulations.

III. Feasibility of the option

A. Technical:  Engines can be retrofitted in the field ½ a day or less.  Catalysts do have a life span and will lose their efficiencies.  However, under ideal operating parameters and with consistent engine maintenance, the life span of a catalyst can easily be up to 5 years.  Catalysts can be washed to increase the lifespan in the case of oil spray or ashing.  AFRC oxygen sensors should be replaced quarterly to assure constant compliance.

B. Environmental:  Minimum of 90% NOX, CO, HC, and Formaldehyde emission reduction. [8/4/06] Expansion: Some increase in ammonia emissions would result, however, it is not known if this increase would be significant.
C. Economic:   The cost of catalyst and AFRC are an added cost to both packager and end user, however, as technologies have advanced, producers have a number of cost effective options.  The fact of the matter is the cost to the producer to maintain compliance is much greater than the cost of a catalyst or AFRC.  In order to maintain compliance of any kind, the producer is forced to have more man power, more thorough engine maintenance programs, and adequate testing of their units to assure that they are in constant compliance.

IV. Background data and assumptions used

1. G. Sorge “Update on Emissions”

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

LOW, this is a proven technology with years of results.  One issue of merit is the production of ammonia through a 3-way catalyst.  This issue has been thoroughly researched and the following are the generalized results:

The problem of NH3 formation across catalyst equipped rich burn CNG engines is associated with problems of the A/F controllers.  If the A/F ratio is allowed to drift rich, considerable NH3 can be formed. 
This is shown in the following graph: [image: image2.png]Removal Efficiency (%)
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For a variety of reasons the A/F controllers have failed to control at the desired set point, 02 sensors failing, a not particularly sophisticated controller, etc.  Today’s AFRCs are very exact machines with the ability to easily maintain a precise set point.  If a rich burn engine is operated with a properly functioning air/fuel ratio controller plus 3-way catalyst, it will meet emissions requirements without producing a noticeable amount of ammonia. 

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

VII. Cross-over issues to the other source groups None at this time.

Mitigation Option: Use of Oxidation Catalysts and Air/Fuel Ratio Controllers on Lean Burn Engines TC "Use of Oxidation Catalysts and Air/Fuel Ratio Controllers on Lean Burn Engines" \f C \l "4" 
I. Description of the mitigation option:

CO, HC, and Formaldehyde emissions from a lean burn engine can be reduced by chemically converting these pollutants into harmless, naturally occurring compounds.  Lean Burn Engines already have low uncontrolled NOX emission values.  The most common method for achieving this is through the use of a catalytic converter.  In a catalytic converter, the oxidation catalyst will oxidize (oxidation catalyst) a CO or fuel molecule.  The general oxidizing reactions are shown below:

CO + O2 = CO2
CH4 + O2 = CO2 + H20

CnHm + O2 = CO2 + H20

H2 + O2 = H2O

Air/fuel ratio control helps to maintain the catalyst efficiency.  This can only be consistently maintained by utilizing electronic air/fuel ratio controls.  However, most air/fuel ratio controllers are utilized to maintain engine performance due to ambient conditions.

Maintaining low emissions in a lean combustion engine using exhaust gas treatment is enhanced by the use of an Air/Fuel Ratio Controller, however, not necessary.  Many Air/Fuel Ratio Controllers (AFRCs) are available on the market today, from both the engine manufacture in certain cases and after-market suppliers.  Most controllers utilize closed loop control based on the readings of an exhaust gas oxygen sensor to determine the air/fuel ratio.  

Air/Fuel Ratio Control will only maintain an operator determined set point.  For this set point to be at the lowest possible emissions setting an exhaust gas analyzer must be utilized.  Operators should utilize quarterly emission tests to ensure units are maintaining compliance

II. Description of how to implement 

A. Mandatory or voluntary:  

Voluntary: May be enhanced by state funding a percentage of the cost.

Mandatory: Mandatory enforcement would require give the state the power to eliminate, at the minimum, 90% of CO, HC, and Formaldehyde emissions from stationary elements.  Lean Burn Engines already have low uncontrolled NOX emission values.

[8/4/06] Differing Opinion: This option should be mandatory, implemented and enforced by the states.

B. Indicate the most appropriate agency(ies) to implement:  [8/4/06] Ed: States, Tribes and/or BLM, due to the fact that they are already involved in air quality regulations.
III. Feasibility of the option

A. Technical:  Engines can be retrofitted in the field ½ a day or less.  Catalysts do have a life span and will lose their efficiencies.  However, under ideal operating parameters and with consistent engine maintenance, the life span of a catalyst can easily be up to 5 years.  Catalysts can be washed to increase the lifespan in the case of oil spray or ashing.  AFRC oxygen sensors should be replaced quarterly to assure constant compliance.

B. Environmental:  Minimum of 90% CO, HC, and Formaldehyde emission reduction.

C. Economic:   The cost of catalyst and AFRC are an added cost to both packager and end user, however, as technologies have advanced, producers have a number of cost effective options.  The fact of the matter is the cost to the producer to maintain compliance is much greater than the cost of a catalyst or AFRC.  In order to maintain compliance of any kind, the producer is forced to have more man power, more thorough engine maintenance programs, and adequate testing of their units to assure that they are in constant compliance. 

IV. Background data and assumptions used

1. G. Sorge “Update on Emissions”

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

LOW, this is a proven technology with years of results.

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

VII. Cross-over issues to the other source groups None at this time.
Mitigation Option: Install Lean Burn Engines TC "Install Lean Burn Engines" \f C \l "4" 
I. Description of the mitigation option

Using gas fueled (reciprocating) Lean Burn Engines as the main prime mover in gas compression and generator set applications in the Four Corners area.

Gas engines are the predominant prime mover used to power gas compressor packages. Gas engines are classified as either Rich Burn or Lean Burn.  The industry acknowledges a lean burn engine to have an oxygen level measured at the exhaust outlet of about 7-8%. This typically translates into a NOx emissions rating of 2 g/bhp-hr or less.

Lean burn engines have this lower NOx rating without using a catalyst or any other form of emissions after-treatment.  Some lean burn engine incorporate an Air Fuel Ratio Control installed at the engine manufacturing plant.

Typically lean burn engines have a HP rating above 300 HP. This reflects today’s manufacturing emphasis. 

The main advantage of using a lean burn is in its capability to offer low emissions without after-treatment. In addition, lean burn engines operate at cooler temperatures and may offer longer life between major repairs.  

II. Description of how to implement:

A. Voluntary – lower emissions should be the goal. How the operator gets there is his selection and responsibility. In  other words, allow an operator to either use a lean burn engine without emissions after-treatment or a rich burn engine with emissions after-treatment to achieve the emissions level needed.

B. Most appropriate agency to implement: EPA and state air boards.

III. Feasibility of the option 

A. Technical: Some [8/4/06] Ed: states have shown preference to accept engines with lean burn technology over rich burn engines using after-treatment. But as of mid-2006 no engine manufacturers offer the lean burn engine at less than 300 HP. So manufacturers would have to develop a new engine to meet this requirement. 

B. Environmental: Study the effect of HAPs formation in lean burn emission and whether further reduction is necessary. 

C. Economic: This is the best economic solution when the power rating is available and the total emissions for all pollutants meet the requirement. Typically this is a more economically viable solution than having a rich burn engine with added controls, catalysts and air to fuel ratio.  

IV. Background data and assumptions used 

Since there are no known lean burn engines under 300 hp, engine manufacturers may be interested in developing them. The development of these engines may be the most acceptable solution to users, EPA, and states.
V. Any uncertainty associated with the option (Low, Medium, High)

The uncertainty is not in the lean burn technology but in the ability to meet the air emission requirement across all hp ratings (from 25 - 425 hp) and the acceptance of the final composition of the exhaust gases (including HAPs). 

Manufacturers are not unwilling to create new technologies but there is a risk associated with the types of investment returns on technologies developed for small engines. 

VI. Level of agreement within the work group for this mitigation option
Some believe that after-treatment is the best option.  This is acceptable to an engine manufacturer but this option adds cost related to the additional equipment needed, permitting and monitoring process. In addition, there is the suspicion that engines with after-treatment may be working out of compliance at any one point. 

VII. Cross-over issues to the other source groups (please describe the issue and which groups)
[8/4/06] Expansion: A study should be conducted on what would achieve the lowest emissions:

· lean burns with no after‑treatment

· lean burns with oxidation catalysts and AFRs

· or rich burns with catalysts and AFRs.

From the results, select the option that produces the lowest emissions.
Mitigation Option: Interim Emissions Recommendations for Stationary RICE TC "Interim Emissions Recommendations for Stationary RICE" \f C \l "4" 
I. Description of the mitigation option
The following mitigation option paper is one of three that were written based on interim recommendations that were developed prior to the convening of the Four Corners Air Quality Task Force. Since the Task Force's work would take 18-24 months to finalize, and during this time oil and gas development could occur at a rapid pace, an Interim Emissions Workgroup made up of state and federal air quality representatives was formed to develop recommendations for emissions control options associated with oil and gas production and transportation. The Task Force includes these recommendations as part of its comprehensive list of mitigation options.

Require a 2 g/bhp-hr limit on engines less than 300 HP:

· May lead to 60 to 80 percent reduction in NOx

· Help with visibility impairment in Class I areas in four corners region

· Several manufacturers offer engines that meet this specification

· NSCR catalytic reduction can be added at reasonable cost

· Ammonia emissions may increase from use of NSCR catalyst

· Increased ammonia may or may not affect visibility in the region

· Without implementation, air quality standards may be exceeded

Require a 1 g/bhp-hr limit on engines larger than 300 HP:

· Lean burn technology is widely available from manufacturers

· The lean burn technology will help protect visibility in the region

· The NAAQS and PSD increments will be less affected

· Deposition of NOx and related compounds would be reduced

II. Description of how to implement
BLM in New Mexico and Colorado are currently requiring these emission limits as a Condition of Approval for their Applications for Permits to Drill.  These limits currently apply only to new and relocated engines.  These limits should be mandatory for all new and relocated engines and potentially for existing engines as well.  The most appropriate agencies to implement this would be BLM and the New Mexico and Colorado environment departments.

III. Feasibility of the Option

The feasibility of a 2 g/bhp-hr limit has been demonstrated and equipment is commercially available.  The economic feasibility is acceptable for new engines since the equipment is somewhat more expensive.  The technical feasibility of a 1 g/bhp-hr limit has been demonstrated in commercial applications.  The environmental benefits are significant. New lean burn engines can achieve this emission limit with no add-on controls, and rich burn engines can utilize add-on controls to achieve this limit.  The cost is acceptable given the large amounts of gas being compressed by these engines. 

IV. Background data and assumptions used

The 2 g/bhp-hr limit is based on existing engine technology in conjunction with an NSCR catalyst.  The assumptions are that these engines are more than 40 HP and less than 300 HP and that they are natural gas fueled.  Further, these engines would be operated with an air fuel ratio controller.  The technology for the 1 g/bhp-hr engines larger than 300 HP in natural gas is well established.

V. Any uncertainty associated with the option

The uncertainty associated with this option is the potential formation of ammonia emissions as a result of add on controls.  Ammonia emissions could worsen the air quality in the region.  (See ammonia monitoring mitigation option paper.]

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

TBD

VII. Cross-over issues to the other source groups

The cumulative effects and monitoring groups need to address the concerns with ammonia emissions.

ENGINES: MOBILE/NON-ROAD TC "MOBILE/NON-ROAD" \f C \l "3" 
Mitigation Option: Fugitive dust control plans for dirt/gravel road and land clearing TC "Fugitive dust control plans for dirt/gavel road and land clearing" \f C \l "4" 
I.  Description of the mitigation option:

Fugitive dust emissions from traffic on dirt roads and construction sites are a nuisance and cause frequent complaints.  Health concerns related to PM 10 (particulate matter less than 10 microns in size) exposure to high concentrations are breathing, aggravated existing respiratory and cardiovascular disease, lung damage, asthma, chronic bronchitis, and other health problems.  Adequate measures could include wind breaks and barriers, water or chemical applications, control of vehicle access, vehicle speed restrictions, gravel or surfacing material use, and work stoppage when winds exceed 20 miles per hour.  Activities occurring near sensitive and/or populated areas should receive a higher level of preventive planning.  Sensitive receptors would include schools, housing, and business areas.  

Economic burdens include increase business costs associated with increased road maintenance, loss of time and productivity associated with work stoppage during high wind days, and increased travel times due to speed restrictions.  However, reduced wear on roads and vehicles may be recognized through vehicle speed restrictions.  

II. Description of how to implement:
A.  Mandatory or voluntary:  Speed restrictions, regular road maintenance, and construction activity restrictions during high wind days would be mandatory.  Road surfacing, wind breaks and barriers and vehicle access control would be voluntary.  

B. Indicate the most appropriate agency (ies) to implement:  NMED, CDPHE, tribal governments, BLM, FS, County, and Industry.   

III. Feasibility of the option
A. Technical:  The current BLM Road committee is a functional working group with 13 road maintenance units.  An industry representative is assigned to each unit to oversee road construction and maintenance activities through a cost sharing program.  BLM law enforcement along with county and state law enforcement could enforce speed restrictions.  Industry could make observing speed limits a company policy.  Conditions of approval could be added to permitted activities to restrict surface disturbing activities during high wind days.  However, industry would prefer the use of other mitigation measures such as road surface treatments (e.g. fresh water or special emulsion) during high wind days.

B. Environmental:  The environmental benefits from regular and proper road maintenance, speed restrictions, and surface disturbing activities during high wind days are well documented.  

C. Economic:  Cost sharing is an important purpose of the current roads committee which is very active and functional work group with regularly scheduled meetings.  Funding for speed enforcement is an intricate part and regularly funded operation of BLM, county and state law enforcement. 

IV. Background data and assumptions used
1. BLM Gold Book-Surface Operating Standards for Oil and Gas Exploration and Development.

2. Numerous studies on road related erosion issues and standards exist.

3. Studies on excessive road speed and dust development.

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

VI. Level of agreement within the work group for this mitigation option
4 members drafting team support this option

VII. Cross-over issues to the other source groups None at this time.

Mitigation Option: Use produced water for dust reduction TC "Use produced water for dust reduction" \f C \l "4" 
I.  Description of the mitigation option:

This option involves using produced water on roads for dust suppression.  Large volumes of water are often produced in conjunction with natural gas production, especially coal bed methane (CBM) production.  Wells often produce up to 100-400 barrels/day.  CBM produced water quality ranges from nearly fresh water to well above 10,000 ppm total dissolved solids (TDS) and is readily available as an option for road dust suppression. [8/4/06] Clarification: The produced water used for dust mitigation would have to have low TDS and low sodium levels that meet BLM and county standards. Some CBM water meets these standards but not all of it.
Economic benefits could be realized by oil and gas operators in reduced trucking and disposal costs.  Likewise, there are associated environmental benefits to this reduced trucking as is outlined in another mitigation strategy.  However, the use would be as needed and seasonal (during prolonged dry periods or drought).     

Environmental concerns and issues would arise concerning (1.) salt build up along roadways, (2.) migration [8/4/06] Clarification: of water and associated pollutants off the roadway, (3) impacts to vegetations, (4.) salt loading to river systems.  

[8/4/06] Differing Opinion: Produced water in the Four Corners region contains toxins and therefore should not be used for dust mitigation.
[8/4/06] Expansion: The potential environmental concerns include more than just salt-related impacts.  Produced waters are of variable quality.  Depending on the source, the water may contain high concentrations of constituents other than salts.  Data on produced water quality is not widely available to the public.  One example of produced water quality, however, was published in a recent report prepared with support from the U.S. Department of Energy. The data show that in the New Mexico portion of the San Juan Basin, there can be elevated concentrations of various metals and other constituents in produced water (in addition to elevated salts – those data not shown).

	
	McGrath SWD

	Four CBM injection wells


	All values in mg/L
	Max
	Min
	Max
	Min

	Barium
	8.0
	0.72
	23.9
	1.86

	Boron
	3.0
	1.0
	2.87
	1.6

	Bromium
	21.8
	7.1
	15.2
	2.4

	Copper
	0.019
	ND
	
	

	Chromium
	0.035
	ND
	0.005
	

	Iron (dissolved)

	187
	1.1
	0.843
	0

	Selenium
	0.080
	ND
	0.0171
	ND

	Silver 
	
	
	0.20
	ND

	Strontium
	55
	7.2
	34.5
	1.73

	Lead
	0.031
	ND
	0.1
	

	Total Petroleum Hydrocarbons (TPH)
	520
	23
	17
	ND

	Zinc
	
	
	0.298
	ND


* ND is non-detected

Produced water may also contain chemical additives put downhole during the drilling, stimulation or workover of the wells.  Some of these treatment chemicals, such as biocides, can be lethal to aquatic life at levels as low as 0.1 part per million.
  It is very difficult to obtain information on the concentrations of treatment chemicals and additives in produced water.  
[8/4/06] Expansion: Environmental Justice Issues: Only with the permission of surface owners, municipalities, counties, etc. should produced water be applied to roads.  And these entities should be provided with produced water quality information prior to road spreading.

Wyoming requires landowner consent prior to road spreading, which is an important provision to ensure that surface owners have a say in the application of large quantities of water that could affect their property.  In Pennsylvania, other jurisdictions, such as municipalities, also have a say with respect to whether or not road spreading is allowed.
 
II. Description of how to implement
A. Mandatory or voluntary: The use of produced water would be voluntary; however, ultimate approval to do so would be up to the [8/4/06] Ed: state authority that has primacy over the disposal and use of produced water.

B. Indicate the most appropriate agency(ies) to implement:  OCD, BLM, FS

[8/4/06] Expansion: It may also be necessary to include the states in the implementation of any permitting process related to roadspreading since these agencies have the expertise and develop the environmental standards related to surface and groundwater pollution.  There is a precedent for involving environment departments.  In Wyoming, although the Oil Conservation Commission is responsible for permitting roadspreading applications, the operations must also be approved by their Department of Environmental Quality.
  

III. Feasibility of option
A. Technical: This option is technically feasible, but would require strict controls and monitoring.
[8/4/06] Expansion: “Because of the potential for contaminants from the brine to leach into surface or ground waters, the Department of Environmental Protection (DEP) has developed guidelines that must be followed when spreading brine on unpaved roads.”
  It would be advisable for the responsible agencies to develop their own guidelines or policies to ensure that roadspreading practices are carried out in an environmentally sound manner.
B. Environmental:  Would require constraints on the allowable TDS and/or SAR content of the water and volumes applied.  Baseline field testing for migration/movement would be required to determine if salt build-up is occurring.  The use of boom type sprayer (i.e. spreader bars) to prevent pooling and washing off of roadway needs to be highly considered.  A responsible party on site during application would be necessary and signage indicating road maintenance being conducted.  
[8/4/06] Expansion: Most jurisdictions that allow roadspreading do not require chemical data on anything but the salts or dissolved solids (TDS).  While TDS includes constituents such as dissolved metals, it does not provide any specific information as to the concentrations of the various metals. Basing the acceptability of using produced water for roadspreading on salt content or TDS overlooks the potential impacts from other produced water constituents like metals, hydrocarbons, treatment chemicals and radionuclides (e.g., strontium).
Prior to application of produced water for roadspreading purposes, it would be prudent to analyze the water for all potentially harmful constituents.  In 2000, there was a case in Garfield County, CO, where a company illegally spread flowback fluids from a workover operation.  Samples of the produced water subsequently showed that TDS levels and BTEX were above state drinking water standards.

Prohibit spreading of flowback water. In Pennsylvania, operators are not allowed to spread produced water that main contain treatment chemicals.  “Only production or treated brines may be used. The use of drilling, fracing, or plugging fluids or production brines mixed with well servicing or treatment fluids, except surfactants, is prohibited. Free oil must be separated from the brine before spreading.”  Essentially, this would mean that the operator would have to wait a certain period of time to allow the majority of the treatment chemicals to flow out of the well before using the produced water for roadspreading purposes.
C. Economic:  Some operators may see a reduction in hauling and trucking cost associated using produced water for dust control.
IV. Background data and assumptions used
1. Currently produced water is used in some areas for road reconstruction and maintenance, but not for dust reduction.  Current levels allowed are 5,000 TDS for maintenance and 18,000 TDS for reconstruction.   

2. Could consider higher TDS levels of use with tight restriction on applications methods and timing.

3.  Assume applications would be seasonal (during summer dry months)

4.  Restricted to main collector road or on all roads with high traffic flow.

5.  Need to protect operator’s investment for road work already completed.

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

Medium uncertainty to environment (water quality and vegetation).

VI. Level of agreement within the work group for this mitigation option.
All members of drafting team support this option.

VII. Cross-over issues to other source groups None at this time.

Mitigation Option: Pave roads to mitigate dust TC "Pave roads to mitigate dust" \f C \l "4"  

I.  Description of the mitigation option 

This option involves paving roads that service the vast amounts of oil and gas locations in the four corners region.  The benefits to air quality would be a significant reduction in dust generated by traffic in the San Juan Basin.  Consideration should be given to paving only those collector roads that are located near populated areas and those that received heavy traffic and excessive dust because of high cost of paving.  Currently a pilot project is being proposed to use hot emulsified asphalt on reconstructed collector roads.  The hot asphalt would be incorporating it into the sandstone caps material using a road re-claimer or blade in an effort to create a durable driving surface.     

Economic burdens would be extreme costs to oil and gas operators, federal, state and local governments associated with paving and maintaining a vast network of roads in the San Juan Basin.   There would be an immediate increase in traffic accidents associated with an eminent increase in speed associated with paved roads.

II. Description of how to implement
A. Mandatory or voluntary: The construction and road base preparation necessary to properly pave a road would be voluntary

B. Indicate the most appropriate agency(ies) to implement:  Industry, OCD, BLM, FS, County, State.

III. Feasibility of option
A. Technical: This option is technically feasible but not practical to pave all roads.  Consideration needs to be given to highly travel collector roads and road near heavily populated areas.  Portions of heavily travel roads could be considered for paving. 

B. Environmental:  Would reduce long term dust emissions from vehicle traffic throughout the San Juan Basin but there would be some shorter term increases in emissions associated with asphalt production, paving, and the construction equipment paving the road itself.  However, increase accidents and speeding could be drawbacks.  Additional law enforcement would be required or re-prioritized work load to curtail speeding. 

C. Economic:  The cost to prepare, pave, and maintain roads throughout the San Juan Basin are not practical on all roads.  Furthermore, the cost to reclaim “paved roads” as part of the restoration process upon well abandonment would be substantial.  Consideration could be give to paving only portions of main collector roads, especially in populated areas with heavy traffic. 

IV. Background data and assumptions used
1. Pilot project currently proposed.  Need to evaluate the effectiveness of using hot emulsified asphalt.  Not practical to pave all roads in the San Juan Basin.   

2. Restricted to main collector road with heavy traffic, dust problems, and populated areas.

3. Would require addition capital outlay and cost sharing.

V. Any uncertainty associated with the option (Low, Medium, High)
High, due to cost and feasibility.

VI.  Level of agreement within the work group for this mitigation option.
Members agree that this option has some merit but in limited areas.  Not practical to consider the entire San Juan Basin.

VII. Cross-over issues to other source groups None at this time.

Mitigation Option: Automation of Wells to Reduce Truck Traffic TC "Automation of wells to reduce truck traffic" \f C \l "4" 
I. Description of the mitigation option
This mitigation option would involve equipping wells with a variety of technology for the ultimate purpose of being able to decrease traffic to well sites when everything is operating normally.  The potential air quality benefits include reduced dust and tailpipe emissions from vehicle traffic.  Other potential environmental benefits include reduced vehicular fuel consumption (and therefore the need for crude oil feedstocks).  Economically, the energy companies could benefit by reducing their workforces and the expenses paid for contractors.  As this automation may require the electrification of the equipment, the air quality benefits may be offset by emissions elsewhere and of a different nature.  Costs for implementing this option may entail the installation of massive electrification systems to power the sensors, radios, and automated valves (vista issues).  Additionally, should every well not be checked on a daily basis, there is believed to be a high likelihood that leaks small enough to be undetectable by the automation sensors could go on unabated until the next time the well was visited.  This would represent a real tradeoff of risk (air quality vs. soil / water impact).  Significant burden would fall on the operator in such a situation.

[8/4/06] Expansion: An additional benefit of this option is that once electricity is available at the site, it would increase the feasibility of the electric compressor option included under Stationary RICE.
II. Description of how to implement 

The oil & gas industry already uses automation technology where technically and economically feasible.  Therefore, this mitigation option would best be implemented in a voluntary manner.  As such, agency involvement would not be required.

III. Feasibility of the option
A. Technical: The technology exists today to implement this mitigation option. 

B. Environmental: A study would need to be made to determine the relative benefit of reducing emissions at the well site but increasing emissions during electrification and offsite power generation.  (Cumulative Effects Work Group task?)

C. Economic: In some cases the implementation of this technology is economically feasible.  In many others it is not.  Forced implementation could very well hasten the uneconomic status of a well resulting in the premature abandonment of the well and its hydrocarbon products.

IV. Background data and assumptions used 

While EPA does have AP-42 emission factor data available for unpaved roads (13.2.2), no input information was available in the time frame desired to make any calculations / determinations.  Hence the high-level and qualitative analysis.  (Cumulative Effects Work Group task?)
V. Any uncertainty associated with the option (Low, Medium, High)
High.  The feasibility of implementing this option is very situation specific.  It is believed that widespread implementation (75% of wells) is probably not feasible.

VI. Level of agreement within the work group for this mitigation option
Subgroup is in agreement with this option.

Cross-over issues to the other source groups (please describe the issue and which groups)
None at this time. 
Mitigation Option: Reduced Vehicular Dust Production by Enforcing Speed Limits TC "Reduced Vehicular Dust Production by Enforcing Speed Limits" \f C \l "4" 
I. Description of the mitigation option
This mitigation option would involve enforcing speed limits on unpaved roads in an attempt to reduce dust emissions.  The potential air quality benefits include reduced dust emissions from slowed vehicle traffic.  Another potential environmental benefit (albeit marginal) is reduced vehicular fuel consumption (and therefore the need for crude oil feedstocks).  Economically, although theoretically less work would be accomplished in the same time period, this impact would be insignificant since the degree of excess over the speed limit is probably not such that implementation of this mitigation strategy would make a significant difference. 

A. Public Roads:  Enforcement on public roads would be most easily accomplished using local law enforcement agencies.  Costs for stepping up enforcement of the speed limits on public roads might include additional funds for increased staff for the local law enforcement agencies.

B. Private Roads:  To the extent the unpaved roads are private, the setting and enforcing of speed limits would have to take place in a cooperative agreement between local landowners and energy companies.  Since energy companies are not staffed, trained or equipped to be law enforcement agents, this would represent a significant cost shift to the energy companies.  Costs for implementing this option on private roads would entail legal review to understand on what basis such a “private law enforcement” could take place, the negotiating of agreements with landowners, the posting of signs, and the staffing, training, and equipping of workers to fulfill this function.  

C. Assistance: Cumulative Effects work group would be needed to understand the relative benefit of reduced speed on dust production. 

II. Description of how to implement 

A. On public unpaved roads, enforcement of existing speed limits could be seen as mandatory.  The most appropriate agencies to implement are the existing local law enforcement agencies.

B. On private roads, implementation would have to be voluntary as no agency can force a landowner to undertake such a proposition.  It is not appropriate for any agencies to get involved in the implementation of this mitigation option.  It would be most appropriate for the environmental agencies to simply recognize this as a bona fide emission reduction strategy, then let the energy company determine where and when to implement such a strategy.

III. Feasibility of the option

A. Technical – Greater enforcement of speed limits on public unpaved roads would be feasible.  Establishing and enforcing speed limits on private unpaved roads is feasible but less so. 

B. Environmental - Assistance from the Cumulative Effects work group would be needed to understand the relative benefit of reduced speed on dust production (how much reduction in speed is needed to have a significant reduction of dust?). 

C. Economic - Assistance from the Cumulative Effects work group would be needed to understand the relative economic benefit of reduced speed on dust production. 

[8/4/06] Expansion: D. Public Perception – This could be an issue based on the assumption that most people would want any additional funding for police activities to go toward safety/crime issues.
IV. Background data and assumptions used:  

While EPA does have AP-42 emission factor data available for unpaved roads (13.2.2), no input information was available in the time frame desired to make any calculations / determinations.  Hence the high-level and qualitative analysis in this option paper.  The governing equations do however include speed as a component.  
V. Any uncertainty associated with the option (Low, Medium, High):  

High.  Assistance from the Cumulative Effects work group would be needed to understand the relative economic benefit of reduced speed on dust production.  Once that is understood, an analysis could be made to reduce the economic and regulatory uncertainty associated with this option. 
VI. Level of agreement within the work group for this mitigation option.  

VII. Cross-over issues to the other source groups (please describe the issue and which groups:  

It is believed that this issue will cross-over to the Other Source group.
Could the issue described in IV above be addressed by the Cumulative Effects work group? 
Mitigation Option: Reduced Truck Traffic by Centralizing Produced Water Storage Facilities TC "Reduced Truck Traffic by Centralizing Produced Water Storage Facilities" \f C \l "4" 
I. Description of the mitigation option 

This mitigation option would involve reducing vehicular traffic on unpaved roads (and hence dust production) by centralizing produced water storage facilities and pumping water to them.  Much of the large truck traffic on unpaved lease roads is water haulers.  Therefore, one strategy to reduce dust is to reduce water hauler traffic.  However, unless the produced water could be piped directly to the disposal (injection well) location, the same volume of truck traffic would exist.  Therefore, to reap the benefits from this strategy, it would be necessary to either pipe the water directly to the disposal location, or to site the centralized produced water storage facility along a paved road such that the water transporters would not be driving on unpaved roads and creating dust.  
Benefits from this strategy include dust reduction, vehicle tailpipe exhaust emission reduction (potential), reduced road maintenance, and marginally safer roads.  Burdens would fall exclusively on the energy companies. These burdens would include obtaining rights-of-way to lay the needed pipelines, securing the pipe, securing trenching and installation services, and paying crews to make the necessary tie-ins.  As much of the produced water in southern Colorado is essentially fresh in nature, heat tracing may be needed to prevent the freezing and bursting of pipes. 
Tradeoffs would include the pollutants emitted at the source of the power used to drive the transfer pumps.  This power production could be either at the well location (natural gas fired) or at the power plant (electric).  Additionally, the dust emissions are currently dispersed over a large area.  Centralizing storage would greatly increase tailpipe emissions locally and potentially produce local air quality, noise, and traffic safety issues.  Additionally, aggregating produced water in one location increases the potential for a catastrophic release.  This would represent a real tradeoff of risk (air quality vs. soil / water impact).  Additional tradeoffs include the emissions produced at the point of pipe manufacture and the emissions from the trenching operations.  Assistance is needed from the Cumulative Effects work group to estimate the net air quality gain from centralizing produced water storage facilities. 
II. Description of how to implement
A. This mitigation option should be implemented on a voluntary basis.  Forced implementation could hasten the uneconomic status of groups of wells resulting in premature abandonment of the wells and their hydrocarbon products.

B. The most appropriate agency to implement would be the environmental agency through permitting incentives/offsets.  It would be necessary to first understand the relative benefit of reducing emissions from lease road traffic but increasing emissions elsewhere (Cumulative Effects Work Group task).

III. Feasibility of the option
A. Technical: The technology exists today to implement this mitigation option.

B. Environmental: A study would need to be made to determine the relative benefit of reducing emissions from lease road traffic but increasing emissions elsewhere (Cumulative Effects Work Group task).

C. Economic: In some cases the implementation of this technology will be economically feasible.  In many others it will not be.

IV. Background data and assumptions used:  
While EPA does have AP-42 emission factor data available for unpaved roads (13.2.2), no input information was available in the time frame desired to make any calculations / determinations.  Hence the high-level and qualitative analysis.  (Cumulative Effects Work Group task?)
V. Any uncertainty associated with the option (Low, Medium, High): 
High.  Assistance from the Cumulative Effects work group would be needed to understand the relative economic benefit of reduced truck traffic vs. laying miles of pipelines and setting many pumps.  Once that 
is understood, an analysis could be made to reduce the economic and regulatory uncertainty associated with this option. 
VI. Level of agreement within the work group for this mitigation option
V. Cross-over issues to the other source groups
It is believed that this issue will not cross-over to any other source work group. Assistance from the Cumulative Effects work group on the issue in V above would be helpful.
Mitigation Option: Reduced Vehicular Dust Production by Covering Lease Roads with Rock or Gravel TC "Reduced Vehicular Dust Production by Covering Lease Roads with Rock or Gravel" \f C \l "4" 
I. Description of the mitigation option:  

This mitigation option would involve reducing vehicular dust production by covering unpaved roads with rock or gravel.  Benefits from this strategy include only dust reduction.  Burdens would fall exclusively on the energy companies.  These burdens would include obtaining the road material and paying crews to install it.  Additionally, the presence of rock on the roads makes snow removal more difficult, and is hard on snow removal equipment.  Therefore, road maintenance costs may increase during the winter months.  Tradeoffs would include the pollutants emitted during the trucking and installation of the road material.  Assistance is needed from the Cumulative Effects work group to estimate the net air quality gain from centralizing produced water storage facilities.

II. Description of how to implement: 

A. This mitigation option should be implemented on a voluntary basis.  Forced implementation could hasten the uneconomic status of groups of wells resulting in premature abandonment of the wells and their hydrocarbon products.

B. The most appropriate agency to implement would be the environmental agency through permitting incentives/offsets.  It would be necessary to first understand the relative environmental benefit of covering roads with rock (Cumulative Effects Work Group task).

III. Feasibility of the option: 

A. Technical – The technology exists today to implement this mitigation option.

B. Environmental – A study would need to be made to determine the relative emission reductions due to covering the roads with rock (Cumulative Effects Work Group task).

C. Economic – In some cases the implementation of this technology will be economically feasible.  In others it will not be.

IV. Background data and assumptions used:  
While EPA does have AP-42 emission factor data available for unpaved roads (13.2.2), no input information was available in the time frame desired to make any calculations / determinations.  Hence the high-level and qualitative analysis.  (Cumulative Effects Work Group task?)
V. Any uncertainty associated with the option (Low, Medium, High):  
High.  Assistance from the Cumulative Effects work group would be needed to understand the relative emission reduction benefit from covering lease roads with rock.  Once that is understood, an analysis could be made to reduce the economic and regulatory uncertainty associated with this option. 
VI. Level of agreement within the work group for this mitigation option.  

VII. Cross-over issues to the other source groups (please describe the issue and which groups
 It is believed that this issue may cross-over to the Other Sources work group.
Mitigation Option: Reduced Truck Traffic by Efficiently Routing Produced Water Disposal Trucks TC "Reduced Truck Traffic by Efficiently Routing Produced Water Disposal Trucks" \f C \l "4" 
I. Description of the mitigation option 

This mitigation option would involve setting up a produced water hauler coordinating / dispatch service to route water haulers as efficiently as possible in order to reducing vehicular traffic on unpaved roads (and hence dust production).  Much of the large truck traffic on unpaved lease roads is water haulers.  Therefore, one strategy to reduce dust is to minimize water hauler traffic.  To accomplish this goal, it would be necessary institute a central dispatch concept among all of the water haulers in the area such that (a) only full truck loads are hauled from a given area and (b) the water is hauled to the closest disposal facility possible.  Benefits from this strategy include dust reduction, vehicle tailpipe exhaust emission reduction, and reduced vehicular fuel consumption (and therefore the need for crude oil feedstocks).  Burdens would fall both on the water hauling service companies and on the water disposal companies.  These burdens would include agreements to cooperate (which would include the setting of prices), the purchase of compatible radio equipment, and the implementation of a central dispatch facility.  There would be no tradeoffs associated with this strategy.  Assistance is needed from the Cumulative Effects work group to estimate the net air quality gain from optimizing produced water hauling routes.

II. Description of how to implement
A. This mitigation option could be implemented on a mandatory basis.  In order to set fair prices on water hauling and disposal (like taxi cabs), it would be necessary to involve other agencies and potentially special legislation.

B. The most appropriate agency to implement would be the [8/4/06] Ed: states’ regulatory entity for the oil and gas industry.  It would be necessary to first understand the relative benefit of reducing emissions from lease road traffic due to optimization (Cumulative Effects Work Group task).

III. Feasibility of the option 

A. Technical – The technology exists today to implement this mitigation option.

B. Environmental – A study would need to be made to determine the relative benefit of reducing emissions from lease road traffic due to optimization (Cumulative Effects Work Group task).

C. Economic – Implementation of this technology should be economically feasible.  

IV. Background data and assumptions used

No input information was available in the time frame desired to make any calculations / determinations.  Hence the high-level and qualitative analysis.  (Cumulative Effects Work Group task?)
V. Any uncertainty associated with the option (Low, Medium, High) 
Low.  Assistance from the Cumulative Effects work group would be needed to understand the relative environmental benefit of optimized truck traffic.  Once that is understood, an analysis could be made to reduce the economic and regulatory uncertainty associated with this option. 
VI. Level of agreement within the work group for this mitigation option 

VII. Cross-over issues to the other source groups (please describe the issue and which groups
It is believed that this issue will not cross-over to any other source work group.
Mitigation Option: Use Alternative Fuels and Maximize Fuel Efficiency to Control Combustion Engine Emissions TC "Use Alternative Fuels and Maximize Fuel Efficiency to Control Combustion Engine Emissions" \f C \l "4"  
I. Description of the mitigation option: 

This option involves the implementation of alternative fuels, ultra low sulfur diesel (15 ppm) and improved fuel efficiency for heavy duty trucks (Class 7 – GVW 26,001 to 33,001).  The air quality benefits include potential reduction of sulfur, greenhouse gases and aromatic compounds throughout the region.  Other environmental impacts include a reduction in petroleum consumption and conservation of natural resources.  

Economic burdens include the cost of the new alternative fuel/fuel efficient vehicle and cost and availability of the fuel.

There would not be adverse environmental justice issues associated with the implementation of alternative fuels.  There is potential for air quality improvements from travels through socio-economically disadvantaged communities with improved fuel efficiency.

[8/4/06] Expansion: Low sulfur diesel can continue to used in 2006 and older highway vehicles until 2010.  Any new 2007 model year highway diesel vehicle will be required to use ultra low sulfur diesel (ULSD).  ULSD must be available at retail by October 15, 2006. Terminals should be turned over to ULSD by the end of July.  They could consider using ULSD for the non-road equipment too and get even more reductions in PM as well.
II. Description of how to implement 

A. Mandatory or voluntary:  There may be some mandatory upgrades for new heavy duty trucks purchased after a set date.  The immediate move to alternative fuel vehicles should be a voluntary program and could be incorporated into the San Juan Vistas or similar program. Likewise the states could adopt tax advantaged strategies under a voluntary program to encourage the adoption of alternative fuels.

B. Indicate the most appropriate agency(ies) to implement:  NM Dept. of Transportation, Colorado Dept. of Transportation, Federal Highway Administration.

III. Feasibility of the option

A. Technical:  Oil and gas industry have developed a diesel fuel made from natural gas through the Fischer-Tropsch (F-T) process, there are other synthetic liquid fuels and major heavy-duty diesel engine companies are working on engines with reduced NOx and particulate emissions.

B. Environmental:  The environmental benefits would primarily be associated with reduced consumption of petroleum resources.

C. Economic:  The market will have to drive economically viable alternatives.  According to referenced studies, Class 7 Heavy Duty Vehicles use a smaller percentage of fuel than Class 8 trucks (long-haul tractor- trailers), Class 2b vehicles (light trucks) or Class 6 vehicles (delivery vans).  

IV. Background data and assumptions used

1. Life Cycle Analysis for Heavy Vehicles by Argonne National Laboratory Transportation Technology R&D Center.

2. Heavy Vehicle Technology and Fuels September 2004 – Argonne National Laboratories Transportation Technology R&D Center.

3. Green Machines facts and figures associated with fuel type, consumption rates, and emissions factors (reference)

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

VI. Level of agreement within the work group for this mitigation option.
VII. Cross-over issues to other source groups None at this time.
Mitigation Option: Utilize Exhaust Emission Control Devices for Combustion Engine Emission Controls TC "Utilize Exhaust Emission Control Devices for Combustion Engine Emission Controls" \f C \l "4" 
I. Description of the mitigation option
This option involves the implementation of exhaust emission control devices for heavy duty trucks (Class 7 – GVW 26,001 to 33,001) such as diesel oxidation catalysts (DOC), diesel particulate filters and/or traps.  The air quality benefits include potential reduction of particulate matter and NOx throughout the region.  

Economic burdens include the cost associated with the installation and maintenance of the exhaust emission control devices.

There would not be environmental justice issues associated with the implementation of emission controls.  

II. Description of how to implement 

A. Mandatory or voluntary:  There may be some mandatory upgrades for new heavy duty trucks purchased after a set date.  The immediate move to emission controls should be a voluntary program and could be incorporated into the San Juan Vistas or similar program.

B. Indicate the most appropriate agency(ies) to implement:  [8/4/06] Ed: The states.
III. Feasibility of the option

A. Technical:  Technology exists.

B. Environmental:  The environmental benefits would primarily be associated with reduced particulates and NOx.

[8/4/06] Expansion: Most devices are also effective at reducing VOCs, and therefore air toxics and ozone. In fact, the most common, inexpensive, and most demonstrated technologies are oxidation catalysts, which are more effective at removing VOCs than PM and NOx.  After treatment technologies for reducing NOx (especially on mobile engines) are still evolving, and so strategies for reducing NOx typically rely on fuel emulsifiers, engine modifications/repair, and engine replacements.  

C. Economic:  The market will have to drive economically viable alternatives.  According to referenced studies, Class 7 Heavy Duty Vehicles use a smaller percentage of fuel than Class 8 trucks (long-haul tractor- trailers), Class 2b vehicles (light trucks) or Class 6 vehicles (delivery vans).  

IV. Background data and assumptions used

1. Life Cycle Analysis for Heavy Vehicles by Argonne National Laboratory Transportation Technology R&D Center.

2. Heavy Vehicle Technology and Fuels September 2004 – Argonne National Laboratories Transportation Technology R&D Center.

3. US EPA Clean Diesel and Trucks Rule

4. Green Machines facts and figures associated with fuel type, consumption rates, and emissions factors (reference)

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

VI. Level of agreement within the work group for this mitigation option
VII. Cross-over issues to other source groups
Mitigation Option: Exhaust Engine Testing for Combustion Engine Emission Controls TC "Exhaust Engine Testing for Combustion Engine Emission Controls" \f C \l "4" 
I. Description of the mitigation option: 

This option involves the implementation of an inspection and maintenance program to determine if emission controls and engines are functioning properly resulting in reduced emissions.  Compliance with the standards set in the 2000 Heavy Duty Highway Clean Diesel Trucks and Buses Rule can be tested with an inspections and maintenance testing program. Environmental benefits include potential reduction of sulfur, NOx and particulates throughout the region.  

Economic burdens include the cost of the inspection program, equipment, inspectors, mobile or stationary inspection facilities.

There would not be environmental justice issues associated with the implementation of exhaust engine testing. 

II. Description of how to implement 

A. Mandatory or voluntary:  Mandatory participation would be required.

B. Indicate the most appropriate agency(ies) to implement:  NM Dept. of Transportation, Colorado Dept. of Transportation, Federal Highway Administration.

III. Feasibility of the option

A. Technical:  Numerous states currently use exhaust emission testing.  Details on mobile inspection programs are widely available.

B. Environmental:  The environmental benefits would primarily be associated with reduced sulfur, particulates and compliance with Clean Diesel Trucks Rule.

[8/4/06] Expansion: Most devices are also effective at reducing VOCs, and therefore air toxics and ozone. In fact, the most common, inexpensive, and most demonstrated technologies are oxidation catalysts, which are more effective at removing VOCs than PM and NOx. After treatment technologies for reducing NOx (especially on mobile engines) are still evolving, and so strategies for reducing NOx typically rely on fuel emulsifiers, engine modifications/repair, and engine replacements.  

C. Economic:  The market will have to drive economically viable alternatives.  According to referenced studies, Class 7 Heavy Duty Vehicles use a smaller percentage of fuel than Class 8 trucks (long-haul tractor- trailers), Class 2b vehicles (light trucks) or Class 6 vehicles (delivery vans).  

IV. Background data and assumptions used

1. Life Cycle Analysis for Heavy Vehicles by Argonne National Laboratory Transportation Technology R&D Center.

2. Heavy Vehicle Technology and Fuels September 2004 – Argonne National Laboratories Transportation Technology R&D Center.

3. US EPA Clean Diesel and Trucks Rule

4. Green Machines facts and figures associated with fuel type, consumption rates, and emissions factors (reference)

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

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

Mitigation Option: Reduce Trucking Traffic in the Four Corners Region TC "Reduce Trucking Traffic in the Four Corners Region" \f C \l "4" 
I. Description of the mitigation option: 

This option involves implementing various measures to reduce the mileage required to truck fluids or equipment for oil and gas exploration, production, or treating operations.  The air quality benefits include increased operating efficiency by 10% which will equate to 10% reduced fuel usage, which results in a net reduction of emissions of NOx by ____tons per day, SOx by __ tons per day, a reduction in greenhouse gas emissions of ______ and PM2.5 emissions by ___tons per day.  Other environmental impacts include reduced dust and noise from the trucks and roads at nearby residences, and reduced unintentional killing of wildlife and livestock that may be killed truck traffic. 

Economic burdens include the cost of centralized facilities and systems designed to maximize routing efficiency, which may be partially offset by the benefits to human health of improved air quality and reduction of highway traffic (and traffic accidents) in the region.  

There should not be any environmental justice issues associated with the placement of the centralized tank batteries [8/4/06] Clarification: (including produced water tanks, condensate tanks and/or crude oil tanks) in socio-economically disadvantaged communities.
[8/4/06] Differing opinion: There are potential health hazards associated with crude oil and condensate tank emissions. Concentrating these facilities in socio-economically disadvantaged communities is an example of environmental injustice.
II. Description of how to implement 

A. Mandatory or voluntary:  The implementation of measures to maximize routing efficiency and reduce truck trips are envisioned as a “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.  Furthermore, the state could adopt tax advantages strategies to allow companies to reduce their taxes by showing reduced emissions from adopting improved routing or operating efficiency. There are currently no mechanisms or rules to require mandatory efficiency standards and this seems implausible as a mandatory approach..

B. Indicate the most appropriate agency(ies) to implement:  NMED, Colorado Air Pollution Control Division.

III. Feasibility of the option

A. Technical:  The use of centralized facilities is technically feasible as is software to maximize routing efficiency.

B. Environmental:  The environmental benefits of reduced vehicle mileage are well documented.

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

IV. Background data and assumptions used

1. Water hauling is necessary in NM due to the lack of pipeline infrastructure to pipe the fluids directly to SWD facilities; Colorado has a greater use of pipelines. 

2. Trucking companies will not react adversely to reduced economics from less vehicle miles

3. 

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

VI. Level of agreement within the work group for this mitigation option.
General agreement among drafting team members that this is viable and probable.

VII. Cross-over issues to other source groups:

[8/4/06] Expansion: Some indication by the Cumulative Effects group of the potential emissions reduced would be helpful.

ENGINES: RIG ENGINES TC "RIG ENGINES" \f C \l "3" 
Mitigation Option: Diesel Fuel Emulsions TC "Diesel Fuel Emulsions" \f C \l "4" 
I. Description of the mitigation option, 

Diesel Fuel Emulsions:  

· This option, which is an EPA verified retrofit technology, reduces peak engine combustion temperatures and increases fuel atomization and combustion efficiency.

· It is accomplished by using surfactant additives to encapsulate water droplets in diesel fuel to form a stable mixture while ensuring that the water does not contact metal engine parts.

· Air quality benefit:

	
	% Reductions2,3

	Non-Road 1
	PM
	CO
	NOx
	HC

	0-100 hp
	23
	(35)
	19
	(99)

	100-175 hp
	17
	13
	17
	(80)

	175-300 hp
	17
	13
	19
	(73)

	>300 hp
	17
	13
	20
	(30)


1. Estimate using 2D fuel, <500 ppm sulfur. 

2. (##) indicates an increase

3. Based on verification results supplied to EPA by Lubrizol for PuriNOx emulsion.

· Can be used in conjunction with a diesel oxidation catalyst to reduce HC and CO emissions and further reduce PM.

· Emission control performance is better in lower load/lower speed applications.

· Emulsions have about a 12 month shelf life.

· Typically experience a 20% power loss when operating at maximum engine horsepower.

· Will expect a 15% increase in fuel consumption for equipment operating on fuel with emulsion additive.

· Not compatible with optical or conductivity-type fuel sensors, water absorbing water separators, water absorbing fuel filters, or centrifugal style water separators.

· Engine must be run for at least 15 minutes every 30 days.

· Incremental cost increase of $0.10 to 0.20 per gallon.

· Requires mixing of fuel with emulsion and a storage unit for the emulsion and or mixed fuel.  Some burden on technicians to properly operate and mix some simple equipment.

II. Description of how to implement 

This voluntary option would be relatively simple using EPA verified retrofit technology.  Some analysis is required to ensure that duty cycle (how long will engine and fuel be idle) and ambient temperatures are compatible with the emulsion product.  Storage tanks and some training and capable technicians will be required to put into operation the relatively simple mixing equipment.

III. Feasibility of the option:

A. Technical: Technically this is one of the simplest options available.

B. Environmental: Fuel emulsion has potential for increased carbon monoxide and hydrocarbon emissions, but this downside could be overcome by use of a diesel oxidation catalyst.  One additional issue with the emulsion option is that if the emulsion is no longer purchased or used the emission benefit goes away, in comparison to permanent exhaust treatments or improved engines or hardware.

C. Economic: There would be capital cost for emulsion and/or mixture storage and ongoing incremental cost per gallon.  

IV. Background data and assumptions used:

As an EPA verified retrofit, the data and assumptions associated with this option have been well evaluated and considered.

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

Low uncertainty as this is a verified, simple retrofit.

VI. Level of agreement within the work group for this mitigation option TBD
VII. Cross-over issues to the other source groups (please describe the issue and which groups  None at this time.
Mitigation Option: Natural Gas Fired Rig Engines TC "Natural Gas Fired Rig Engines" \f C \l "4" 
I. Description of the mitigation option
Description

Install natural gas fired engines on rigs in the [8/4/06] Ed: Four Corners region.
Benefits

· Air Quality - Natural gas engines emit less and NOx, 

· ~ 85% reduction of NOx vs. Tier I engines 

· ~ 91% reduction of NOx vs. Tier 0 engines

· [8/4/06] Expansion: Air Quality – Natural gas engines emit less particulate matter (PM) on a larger percent reduction basis than the NOx percentages above.
· Cost Savings? 

· If the natural gas fuel source is in close proximity and little piping is required, its use may be less expensive than diesel, which is currently hauled to the rig.

· Savings in fuel cost is [8/4/06] Ed: dependent on product price.

Tradeoffs

· CO levels increase with natural gas usage, ~ 175%

Burdens

· Fuel Source
· A natural gas fuel source sufficient to power the rig engines may not be readily available at every site.
· Installation of piping to transport the natural gas may increase safety risks for workers and may potentially require right-of-way that can significantly delay projects (months to years). 
· Natural gas usage may require mineral owner approval, metering and appropriate allocation potentially resulting in permitting delays and increased administrative support
· Fuel supply needs careful tuning and monitoring due to varying amounts of produced water that may be present.

· Rig Operations
· Slower power response and less torque requires learning curve on rigs

· Not well suited for Mechanical Rigs – Electric rigs are preferred

· Cost
· Initial Capital Investment – up to 1.2 MM$ / Rig for retrofit 

· If the natural gas fuel source is distant or not available for other reasons, the associated piping or use of LNG may be significantly more expensive than diesel.
· Availability
· Engine availability is limited
II. Description of how to implement 

A. Mandatory or voluntary:  Voluntary 
B. Indicate the most appropriate agency(ies) to implement:  None  
III. Feasibility of the option

A. Technical:  A natural gas fired rig engine is currently being utilized in Wyoming in the Jonah Field indicating that the technology works.  However, the Jonah field is significantly different from the San Juan Basin enabling easier access to natural gas as a fuel source.  The wells in the Jonah Field are more closely spaced (10 acre vs. 80 acre) and deeper allowing for the directional drilling of several wells from a single well pad and close proximity to currently producing wells.

B. Environmental:  Installation of natural gas fired engines on new rigs will significantly reduce NOx emissions for those rigs, but may result in other environmental impacts, including an increase in CO emissions and potential land disturbance related to installation of natural gas pipelines to deliver the fuel.

C. Economic:  In some cases where a natural gas fuel source is nearby, fuel costs may be lower than for diesel.  In other cases, where access to natural gas can only be obtained by installing a large amount of pipe that potentially requires a right-of-way or by using LNG, the costs may be significantly higher.  

IV. Background data and assumptions used

Utilized Encana data obtained from Ensign 88 – Natural Gas Rig (2 3516 LE Natural Gas Engines on 1200 KW Generators)
V. Any uncertainty associated with the option (Low, Medium, High) High 
VI. Level of agreement within the work group for this mitigation option
VII. Cross-over issues to other source groups

Mitigation Option: Selective Catalytic Reduction (SCR) TC "Selective Catalytic Reduction (SCR)" \f C \l "4" 
I. Description of the mitigation option
Selective Catalytic Reduction (SCR)

Description

Selective catalytic reduction (SCR) is the process where a reductant (typically ammonia or urea) is added to the flue gas stream and is absorbed onto the catalyst (typically vanadium or zeolite) enabling the chemical reduction of NOx to molecular nitrogen and water.  Diesel engines typically have unconsumed oxygen in the exhaust, which inhibits removal of oxygen from the NOx molecules.  To remove the unconsumed oxygen, the catalyst decomposes the reductant causing the release of hydrogen, which reacts with the oxygen.  This creates local oxygen depletion near the catalyst allowing the hydrogen to also react with the NOx molecules to form nitrogen and water.

Benefits

· NOx emission reductions of 80-90% are achieved.

· Potential to reduce hydrocarbon, hazardous air pollutant, and condensable particulate matter (PM) emissions based on emissions tests.

· Technology is available currently.

· [8/4/06] Expansion: SCR systems designed primarily to reduce NOx have been designed with PM filtering capabilities.

Tradeoffs

· Ammonia Slip

The SCR process requires precise control of the ammonia injection rate. An insufficient injection may result in unacceptably low NOx conversions. An injection rate which is too high results in release of undesirable ammonia to the atmosphere. These ammonia emissions from SCR systems are known as ammonia slip.  Ammonia slip will also occur when exhaust gas temperatures are too cold for the SCR Reaction to occur.  Ammonia slip can potentially be controlled by an oxidation catalyst installed downstream of the SCR catalyst.  Diesel oxidation catalysts are often used downstream of NOx catalysts for ammonia reduction.
Burdens

· Minimum and maximum temperature ranges limit the effectiveness of the SCR system.

· The SCR system requires a minimum exhaust temperature of 572°F (300°C) and maximum of 986°F (530°C) for NOx reduction to occur (optimal range).  
· The SCR systems had faults and system errors that can shut the urea injection system off.

· ENSR testing had problems with the NO2 measuring cells that had multiple high and low pressure and measurement alarms.

· The SCR system needs operator attention.

· The SCR system needs to be tuned to the engine operating cycle.  This requires running the engine through a simulation of the operating cycle of the machine it will be fitted to (engine mapping).

· Typically SCR catalysts require frequent cleaning even with pure reductants, as the reductant can cake the inlet surface of the catalyst while the exhaust gas stream temperature is too low for the SCR reaction to take place.    

· Potential for ammonia slip
· Cost (Retrofit)

· Capital Expenditure Costs - ~$130,000 / new SCR unit

· Operating Expenditure Costs - ~$143,000 / year / unit 1

· Costs extrapolated out over a 10-year period would equate to $1.56 MM / engine equipped.  

· Need for reductant (NH3) adds to the engine operating cost (in the range of 4% of the equipment operating fuel cost).

Non-Selective Catalytic Reduction (NSCR)

NSCR is not applicable to diesel engines.

II. Description of how to implement 

A. Mandatory or voluntary:  The workgroup believes that more information is required on the contribution of rig emissions to the total NOx emissions and the potential ammonia emissions impact to visibility prior to determining whether this mitigation should be mandatory or voluntary.  

.

B. Indicate the most appropriate agency(ies) to implement:  Colorado Department of Public Health and Environment (CDPHE), New Mexico Environment Department (NMED).  

III. Feasibility of the option

A. Technical:  The technology is available and effective in reducing NOx emissions.

B. Environmental:  Proven reduction of NOx emissions, however the potential increase of ammonia emissions and subsequent impact to visibility is not well understood.

C. Economic:  Capital costs associated with a new engine with SCR or installation of retrofit SCR are feasible.  Additional costs associated with operation and maintenance may not be feasible for some rig operators.

IV. Background data and assumptions used

Utilized information from ENSR Presentation - Technology Demonstration – Selective Catalytic Reduction (SCR) and Bi-Fuels Implementation on Drill Rig Engines
V. Any uncertainty associated with the option (Low, Medium, High)

Medium – It is clear that SCR is effective in reducing NOx emissions, however an understanding of the potential increase of ammonia emissions and the resulting impacts to visibility need to be understood.

VI. Level of agreement within the work group for this mitigation option
The workgroup agrees that this is a potential mitigation option, but requires more information regarding ammonia emissions and the overall contribution of NOx emissions from rigs.

EPA has SCR listed as a Potential Retrofit Technology for diesel engines.

VII. Cross-over issues to the other source groups (please describe the issue and which groups

Cumulative Effects Workgroup – The Rig Engines Drafting Workgroup requires information on the estimated contribution of NOx emissions from rig engines and on the impact of ammonia emissions on visibility (what are local levels currently, how will increasing ammonia emissions impact visibility?).

Mitigation Option: Selective Non-Catalytic Reduction (SNCR) TC "Selective Non-Catalytic Reduction (SNCR)" \f C \l "4" 
I. Description of the mitigation option:

Selective Non-Catalytic Reduction (SNCR)

Description

Selective Non-Catalytic Reduction (SNCR) is a post-combustion treatment in which ammonia is injected into the flue gas stream.  The ammonia reacts with the NOx compounds, forming nitrogen and water.  In order for this technique to be effective, the ammonia must be injected at a proper temperature range within the stack and must be in the proper ratio to the amount of NOx present. The reduction reaction at temperatures ranging from 925 – 1125ºC does not require catalysis and can achieve 40% NOx control.  More modest NOx reductions are reported in the 725 - 925ºC range.  

Benefits

· NOx emission reductions of ~40% (range 20-55%) are achieved in optimal temperature range.

· Avoids the expense of a catalyst.

· Technology is available currently.

Tradeoffs

· Ammonia Slip – 10 ppm ammonia slip is considered reasonable for SNCR

Burdens

· SNCR tends to have high operating costs - cost is estimated at $600 - $1300/ton 

· Mobile source engines (rig engines) are usually not a good candidate for SNCR because typical operating temperatures are below the levels needed for effective operation.

II. Description of how to implement 

A. Mandatory or voluntary:  The workgroup believes that more information is required on the contribution of rig emissions to the total NOx emissions and the potential ammonia emissions impact to visibility prior to determining whether this mitigation should be mandatory or voluntary.  

.

B. Indicate the most appropriate agency(ies) to implement:  Colorado Department of Public Health and Environment (CDPHE), New Mexico Environment Department (NMED).  

III. Feasibility of the option

A. Technical:  The technology is available and effective in reducing NOx emissions.

B. Environmental:  Proven reduction of NOx emissions, however the potential increase of ammonia emissions and subsequent impact to visibility is not well understood.

C. Economic:  Costs associated with operation and maintenance may not be feasible for some rig operators.

IV. Background data and assumptions used

State of the Art (SOTA) Manual for Reciprocating Internal Combustion Engines – State of New Jersey, Department of Environmental Protection, Division of Air Quality

V. Any uncertainty associated with the option 

Medium – SNCR is effective in reducing NOx emissions, however an understanding of the potential increase of ammonia emissions and the resulting impacts to visibility need to be understood.

VI. Level of agreement within the work group for this mitigation option
The workgroup agrees that this is a potential mitigation option, but requires more information regarding ammonia emissions and the overall contribution of NOx emissions from rigs.

VII. Cross-over issues to the other source groups 

Cumulative Effects Workgroup – The Rig Engines Drafting Workgroup requires information on the estimated contribution of NOx emissions from rig engines and on the impact of ammonia emissions on visibility (what are local levels currently, how will increasing ammonia emissions impact visibility?).

Mitigation Option: Implementation of EPA’s Non Road Diesel Engine Rule – Tier 2 through Tier 4 standards TC "Implementation of EPA’s Non Road Diesel Engine Rule – Tier 2 through Tier 4 standards" \f C \l "4" 
I. Description of the mitigation option:


In short this option would require the use of engines that at minimum meet EPA Tier 2 non-road on a fleet average basis and that all newly installed engines would meet the most current EPA standard (Tier 2 through 4).
In 1998, EPA adopted more stringent emission standards ("Tier 2" and "Tier 3") for NOx, hydrocarbons (HC), and PM from new nonroad diesel engines. This program includes the first set of standards for nonroad diesel engines less than 50 hp (phasing in between 1999 and 2000), phases in more stringent "Tier 2" emission standards from 2001 to 2006 for all engine sizes, and adds more stringent "Tier 3" standards for engines between 50 hp and 750 hp from 2006 to 2008.

In June 2004, EPA adopted additional nonroad diesel engines emission standards.  These standards are known as “Tier 4.”  This comprehensive national program regulates nonroad diesel engines and diesel fuel as a system. New engine standards will begin to take effect in the 2008 model year, phasing in over a number of years.  

The pertinent regulations are as follows:

Clean Air Nonroad Diesel - Tier 4 Final Rule: Control of Emissions of Air Pollution from Nonroad Diesel Engines and Fuel, 69 FR 38957, June 29, 2004

Tier 2 and Tier 3 Emission Standards - Final Rule: Control of Emissions of Air Pollution from Nonroad Diesel Engines, 63 FR 56967, October 23, 1998

Drill rig engines would be considered "non-road engines" because of the definition of non-road engine in 40 CFR 1068.30 (1)(iii) and (2)(iii) – assuming the rig moves more often than every 12 months.

These non-road diesel standards do not apply to existing non-road equipment. Only equipment built after the start date for an engine category (1999- 2006, depending on the category) is affected by the rule.

The Tier 2, 3, and 4 Emission Standards for large (> 300 hp) are as follows:  [AP42 (Tier 0) and Tier 1 shown for comparison purposes]
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 The Tier 2, 3, and 4 Emission Standards for large (> 300 hp) are as follows:  [AP42 (Tier 0) and Tier 1 shown for comparison purposes]
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II. Description of how to implement 

A. Mandatory or voluntary

Compliance with these regulations is required for new and rebuilt engines after the specified deadlines.  The 4 Corners Task Force is studying the potential for quicker implementation of the standards based on a voluntary agreement to either retrofit existing engines to meet the Tier 2 through Tier 4 standards or use of new Tier 2 through Tier 4 compliant engines.

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

EPA implements the non-road engine regulations nationally by certifying engine manufacture test results, but state regulatory agencies would be involved in any agreements for accelerated implementation of the standards in the 4 Corners area.

III. Feasibility of the option 

A. Technical

Some engine industry authorities indicate anecdotally that the supply of the new, cleaner engines may fall short of the demand for them particularly in the oil and gas industry.

In 1998, EPA adopted more stringent emissions standards for nonroad diesel engines. In that rulemaking, EPA indicated that in 2001 it would review the upcoming Tier 3 portion of those standards (and the Tier 2 emission standards for engines under 50 horsepower) to assess whether or not the new standards were technologically feasible.  EPA drafted a technical paper with a preliminary assessment of the technological feasibility of the Tier 2 and Tier 3 emission standards - http://www.epa.gov/nonroad-diesel/r01052.pdf
In this assessment EPA determined that the standards were feasible with technologies such as the following:

Charge Air Cooling - Air-to-air or air-to-water cooling at intake manifold reduces peak temperature of combustion. (controls NOx)

Fuel Injection Rate Shaping & Multiple Injections - Controls fuel injection rate, limiting rate of increase in temperature & pressure. (controls NOx)

Ignition Timing Retard - Delays start of combustion, matching heat release with power stroke. (controls NOx)

Exhaust Gas Recirculation - (1) Reduces peak cylinder temperature, (2) dilutes O2 with inert gases, (3) dissociates CO2 & H2O endothermic. (controls NOx)

B. Environmental

The Tier 2 and 3 standards will reduce emissions from a typical nonroad diesel engine by up

to two-thirds from the levels of previous standards. By meeting these standards, manufacturers of new nonroad engines and equipment will achieve large reductions in the emissions (especially NOx and PM) that cause air pollution problems in many parts of the country. EPA estimates that by 2010, NOx emissions nationally will be reduced by about a million tons per year because of the Tier 2 and 3 standards.

When the full inventory of older nonroad engines are replaced by Tier 4 engines, annual emission reductions nationally are estimated at 738,000 tons of NOx and 129,000 tons of PM. By 2030, 12,000 premature deaths would be prevented annually due to the implementation of the proposed standards.  EPA estimates that NOx emissions from these engines will be reduced by 62 percent in 2030.

C. Economic

EPA estimates the costs of meeting the Tier 2 and 3 emission standards are expected to add well under 1 percent to the purchase price of typical new non-road diesel equipment, although for some equipment the standards may cause price increases on the order of two or three percent. The program is expected to cost about $600 per ton of NOx reduced, which compares very favorably with other emission control strategies.

The estimated costs for added emission controls for the vast majority of equipment was estimated at 1-3% as a fraction of total equipment price. For example, for a 175 hp bulldozer that costs approximately $230,000 it would cost up to $6,900 to add the advanced emission controls and to design the bulldozer to accommodate the modified engine.

EPA estimated that the average cost increase for 15 ppm sulfur diesel fuel will be seven cents per gallon. This figure would be reduced to four cents by anticipated savings in maintenance costs due to low sulfur diesel.

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

The Cumulative Effects group could assess how much air quality improvement would be realized from implementation of the Tier 2 through Tier 4 standards by a specified percent of rig engines in the Four Corners area, by timeframes specified in regulation or some accelerated schedule. The group could also address the number of days of visibility improvement, and the reduced flux of Nitrogen deposition.
V. Any uncertainty associated with the option (Low, Medium, High)

Low, these diesel engine standards must be met nationally by the specified dates.  The primary uncertainty raised so far is related to supply of new engines sufficient to meet demand.  EPA has studied the technological feasibility of the Tier 2 and Tier 3 emission standards and has determined that they are feasibility [see http://www.epa.gov/nonroad-diesel/r01052.pdf] 

VI. Level of agreement within the work group for this mitigation option N.A. for complying with national regulations.
VII. Cross-over issues to the other source groups (please describe the issue and which groups 

All new “non-road” diesel engines used in the Four Corners area will have to comply with these regulations. 
Mitigation Option: Interim Emissions Recommendations for Drill Rigs TC "Interim Emissions Recommendations for Drill Rigs" \f C \l "4" 
I. Description of the mitigation option

The following mitigation option paper is one of three that were written based on interim recommendations that were developed prior to the convening of the Four Corners Air Quality Task Force. Since the Task Force's work would take 18-24 months to finalize, and during this time oil and gas development could occur at a rapid pace, an Interim Emissions Workgroup made up of state and federal air quality representatives was formed to develop recommendations for emissions control options associated with oil and gas production and transportation. The Task Force includes these recommendations as part of its comprehensive list of mitigation options.

NOx emissions from drill rigs are significant on a year round basis and should be reduced by a requirement  that rig engines meet Tier 2 standards. 

· NOx emissions from rigs contribute to visibility degradation

· This recommendation is consistent with EPA Region 8’s oil and gas initiative and recent Wyoming DEQ recommendations

· The requirement may be impractical for BLM to enforce

States should analyze potential initiatives to achieve emissions reductions from these sources to reduce deposition, the cumulative impacts to visibility, and to ensure compliance with the NAAQS and PSD increments.

II. Description of how to implement

NOx emission limits determined by Tier 2 would be mandatory for new rigs and voluntary for existing equipment.  The agencies to enforce this would be BLM and the New Mexico and Colorado departments of environmental quality.

III. Feasibility of the Option

The feasibility of Tier 2 requirements for new rig engines has been demonstrated in commercial applications.  The environmental benefits include PM and NOx reductions.  The economic feasibility depends on using the technology with new rigs.  The cost for replacement of an existing engine would be high since there might be no market for the used engine.

IV. Background data and assumptions used

The technology for rig engine upgrade to Tier 2 standards is based on the requirement to use Tier 2 certified diesel engines on new rigs.  Under certain circumstances, upgrades might be required on older rigs as well.  

V. Any uncertainty associated with the option 

Tier 2 engines are currently being manufactured, but some uncertainty exists about the effectiveness of add-on controls to meet Tier 2 levels for existing rig engines.

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

TBD

VII. Cross-over issues to the other source groups 

None

ENGINES: TURBINES TC "TURBINES" \f C \l "3" 
Mitigation Option: Upgrade Existing Turbines to Improved Combustion Controls (Emulating Dry LoNOx Technology) where feasible TC "Upgrade Existing Turbines to Improved Combustion Controls (Emulating Dry LoNOx Technology) where feasible" \f C \l "4" 
I. Description of the mitigation option:

This option involves upgrading older units with improved electronic combustion control technology that approaches or meets Dry LoNOx for existing turbines and requires Dry LoNOx technology on all new turbines.  The benefits of this mitigation option are lower NOx emissions, but it is an expensive option that may take several years to implement and may be difficult to achieve with some engine models.  The tradeoffs is that a few people may spend a lot of money and not significantly impact overall nitrogen oxide emissions to meet the region’s emission control objectives.

II. Description of how to implement 

A. Mandatory or voluntary:  Implementation should be assumed as voluntary until the existing turbine population is better understood.

[8/4/06] Differing Opinion: The best technology should be mandatory.

B. Indicate the most appropriate agency(ies) to implement  Federal, state, and tribal agencies responsible for air emissions compliance.

III. Feasibility of the option:
A. Technical  Individual turbine assessment will be needed to confirm appropriate size or design limitations (not all turbines can be retrofitted).

B. Environmental The benefits of a dry LoNOx emissions control technology on air emissions has been proven repeatedly for many large turbines.

C. Economic The economic impact cannot be understood without an inventory of installed turbines.

IV. Background data and assumptions used 

No assumptions have been made at this time on the impact of emissions reductions due to the uncertainty of the existing turbine population.

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

VI. Level of agreement within the work group for this mitigation option High
VII. Cross-over issues to the other source groups (please describe the issue and which groups 
The impact of implementing this option may be further evaluated by the Cumulative Effects or Monitoring groups.

OIL & GAS OVERARCHING TC "OVERARCHING" \f C \l "3" 
Mitigation Option: Lease and permit incentives for improving air quality on public lands TC "Lease and permit incentives for improving air quality on public lands" \f C \l "4" 
I. Description of the mitigation option

This option would provide incentives in the form of exceptions or waivers from lease stipulations or permit conditions of approvals (COAs) for oil and gas drilling on public lands in exchange for a program of environmental mitigation activities that would reduce air emissions along with other types of environmental and ecological impacts.

It would be modeled after the experience in the Pinedale Anticline and Jonah fields in Wyoming where producers face seasonal limitations on drilling due to concerns about wildlife impacts.  As a result, drilling is prohibited for several months during the year, delaying development and increasing costs.  Several producers have applied for and been granted, permission to drill year round in exchange for efforts that mitigate environmental impacts.  These efforts combine improved technologies and innovative practices that, together, greatly reduce adverse impacts. They include: directional drilling to reduce the number of drilling pads, and thus the amount of surface disturbance, by half or more; using natural gas-fired drilling rigs to reduce air emissions; transporting produced water by pipeline to eliminate truck trips; using mat systems on drilling pads to reduce surface impact; partial remediation of drilling pads after the drilling phase; eliminating flares during well testing and completion to reduce air emissions and noise; centralized fracturing and production facilities; low impact road construction techniques; and produced water recycling.  Producers and BLM will monitor wildlife impacts as part of the program. Year round drilling has the added benefits of reducing the duration of drilling operations by one third-to one-half, and increasing stability of the local community as workers move in with their families, rather than commuting seasonally.

This option would involve tradeoffs between seasonal restrictions, which would be relaxed, and a comprehensive wildlife and environmental impact plan which would use the kind of technologies and practices listed above.  This plan would reduce impacts on wildlife, as well as on air quality, land and water resources, and on the local communities.  Ecological and environmental monitoring would assess these impacts and allow for adjustments in the plans as activities proceed.  All of these elements would be contained in agreements between the land management agencies and industry, with public input.

These actions reduce air emissions from drilling rigs, from trucks (both diesel emissions and road dust), and from flaring.  There are also benefits from reduced surface impacts and improved water management, as well as improved community stability.

This option would work well in areas of the Four Corners region where new oil and gas projects are being proposed and where those projects face access limitations from wildlife stipulations or COAs.  In these cases, the land management agencies (principally the BLM and the Forest Service) would have the greatest opportunity to negotiate agreements for infrastructure and operational changes from project start, in exchange for relaxing the access restrictions, along with monitoring for wildlife impacts.  Monitoring of the air quality impacts, including documentation of reductions over similar projects without mitigation, would be required.

In New Mexico, this option could be integrated with NMOGA’s Good Neighbor Initiative.

[8/4/06] Differing Opinion: Year round drilling will not improve air quality. The current drilling seasons are in place to protect the wildlife in the area. The improved technologies and innovative practices described above should be standard industry requirements and not be used in trade for expanded drill seasons. 

II. Description of how to implement 

A. Mandatory or voluntary:  This program would be voluntary and would rely on the operators, the agencies, and any local communities obtaining benefits from the arrangements.

B. Indicate the most appropriate agency(ies) to implement:  BLM and the Forest Service on Federal land.  State and tribal land management agencies may implement this option on state and tribal lands.

III. Feasibility of the option

A. Technical:  The technological approaches to reducing impacts are already being implemented in Wyoming and other locations. 

[8/4/06] Differing Opinion: Four Corners states should use the technological approaches without industry cost being a factor.

B. Environmental:  The environmental benefits of the mitigation measures are currently being documented in Wyoming.  Many of them seem apparent.  The impact of year round drilling (or other permit-related incentives) on wildlife would have to be closely monitored.

C. Economic:  Many environmental mitigation measures turn out to be economically attractive as well (e.g., natural gas drilling rigs can reduce fuel costs by two-thirds).  Year-round drilling can shorten the project length by one-third to one-half, improving project economics.   Producers would have to anticipate an economic benefit in order to enter into agreements.

IV. Background data and assumptions used

Web sites and presentations from operators and BLM on the experience with this kind of agreement in Wyoming.  The NMOGA web site has information on their Good Neighbor Initiative.

See the following web sites:

BLM environmental assessment of year-round drilling in the Pinedale Anticline Field:  http://www.wy.blm.gov/nepa/pfodocs/questar/01ea.pdf 

(See especially section 2.5 on Applicant-Committed Mitigation.)

Questar presentation on development in Pinedale: http://www.wy.blm.gov/fluidminerals04/presentations/NFMC/028RonHogan.pdf\

BLM assessment of year round drilling demonstration project in the Pinedale Anticline Field:

http://www.wy.blm.gov/nepa/pfodocs/asu/01ea.pdf

Jonah Infill Project: 


Encana release:  http://www.encana.com/operations/upstream/us_jonah_blm.html


BLM air quality discussion:  http://www.wy.blm.gov/nepa/pfodocs/jonah/92FEISAirQualSuppleQ-As.pdf


BLM EIS and Record of Decision:  http://www.wy.blm.gov/nepa/pfodocs/jonah/

NMOGA Good Neighbors Initiative:  http://www.nmoga.org/nmoga/NMOGA%20Good%20Neighbor%20Initiative.pdf

V. Any uncertainty associated with the option (Low, Medium, High)
Medium:  Depends on opportunities (proposed projects) for implementing incentives in exchange for mitigation activities, on producer willingness to participate, and on BLM/FS state and regional office and tribal policy.

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

VII. Cross-over issues to the other source groups Impacts from trucks and roads may overlap with Other Sources WG.

Mitigation Option: Economic-Incentives Based Emission Trading System (EBETS) TC "Economic-Incentives Based Emission Trading System (EBETS)" \f C \l "4" 
I. Description of the mitigation option

The central idea of this option is that inherent economic incentives promote innovative ways to achieve emission reductions, including gains from efficiencies in operation and maintenance and in applications of new innovative engine and control technologies.
This option encourages the use of pollution markets through implementation of an emission trading system (ETS) along with cooperative partnerships to reduce air emissions with the aid of emission reduction incentives.  Basically in an emission trading program, the governing authority (e.g., agency) issues a limited number of allocations in the form of certificates consistent with the desired or targeted level of emissions in an identified region or area.  The sources of a particular air pollutant (e.g., NOx) are allotted certificates to release a specified number of tons of the pollutant. The certificate owners may choose either to continue to release the pollutant at current levels and use the certificates or to reduce their emissions and sell the certificates. The fact that the certificates have value as an item to be sold or traded gives the owner an incentive to reduce the company’s emissions.  Simply stated in an ETS, a producer who has low-emission engines could sell emissions credits to a producer who has high-emission engines.  Typically, 0.8 units of credit could be sold for each unit of reduction below the standard or reference level.  The end result is a ratcheting down of overall emissions. 
Approximately 30 state and federal ETS programs existed or were being developed in the U.S. in the later part of the 1990s.  Examples of ETS that have worked reasonably well  in achieving  emission reductions and providing economic incentives to industry include the Illinois EPA’s Emission Reduction Market System (ERMS), Indiana Department of Environmental Management’s credit registry trading system, U.S. EPA’s Acid Rain Program, and commercial and non-commercial institutions like Chicago Climate Exchange (CCX).  In addition, in 2002 the US EPA approved a plan submitted by the WRAP, which contained recommendations for implementing the regional haze rule.  The plan included an SO2 emissions allowance trading program for nine Western states and eligible Indian tribes. As an example, EPA’s program took about three years to plan and begin implementing.
The proposed economic-incentives based emission trading system (EBETS) mitigation option can be developed or modeled after ETSs which have been successful and tailored to issues specific to the Four Corner region.  Emission credits can accrue through a variety of methods that are complementary to or independent of other mitigation options developed by the 4CAQTF.  For example, credits can be gained through use of partnerships that that provide incentives for voluntary emission reductions, such as in the EPA’s Natural Gas STAR program or New Mexico’s VISTAS program (see the IBEMP mitigation option paper, OOP4).  Credits for use or sale (e.g., sales within the ETS) can also be acquired through use of tax and/or lease incentives and through the initiatives coming from Small and Large Engine Subgroup (e.g., advanced ignition systems, use of electric engines, centralized large engine from many small engine mode of operations).  In addition, opportunities exist for collaboration between engine manufacturers and producers for field testing new engine technology through a swap out program, dirty old for cleaner new.  Finally, use of voluntary laboratory testing of a select group of existing engines (e.g. uncontrolled small, <300 hp, engines) could provide a means to identify innovative cost-effective modifications to improve engine efficiency and reduce engine emissions (SERP, 2006).

Benefits: Joint participation by oil and gas, electric power production, and other source category stakeholders provides opportunities for multi-pollutant emission reductions that cover key criteria air pollutants such as NOx, SO2, VOCs, PM2.5, and PM10.  An added benefit could be realized by also including green house gases such as CO2 and CH4, in the mix.  Examples of the emission reductions that could be achieved by a well designed and implemented ETS are the 50% reduction from 1980 levels of SO2 emissions from utilities under the ETS within US EPA’s Acid Rain Program
 and the 65% reduction from 1990 levels achieved under the Ozone Transport Commission NOx Program (SERP, 2006).  

Tradeoffs: The ETS could be designed to provide for pollutant emission allocation and/or credit tradeoffs (e.g., NOx for SO2 in NOx limited regions) and trades between source groups or categories (e.g., oil and gas NOx with power plant SO2). 

Burdens: The major burden would be administrative in nature.  Who would be responsible for designing, setting up and administering the proposed EBETS program and how would it be funded? 

II. Description of how to implement:

A.
Mandatory or voluntary: Participation in the program would be voluntarily.

B.
Indicate the most appropriate agency (ies) to implement: [8/4/06] Ed: The states.  

III. Feasibility of the option:

A. Technical: The technical feasibility of ETS programs is well established and is in use around the world.

[8/4/06] Expansion: Accurately and reliably measuring the emissions from oil and gas sources will prove challenging.  EBETSs have had broad success because those that have been established rely heavily on good monitoring and reporting, and it is not clear that such techniques are available for the oil and gas sources of interest.  Parametric, as opposed to direct exhaust emissions monitoring is one option, but the less direct/accurate/reliable the measurement, the more likely it is that some offset/discount will be demanded to make up for the uncertainty, e.g., if a source wanted to purchase credits as part of its compliance plan, it would have to purchase two instead of one.  Alternatively, sources with relatively weaker emissions monitoring would be allowed to purchase credits, but not sell them.  This latter approach was taken in the WRAP SO2 Backstop Trading Program.

B.
Environmental: The feasibility in achieving significant emission reductions has been clearly demonstrated through use of well designed and implemented ETS programs.  Inclusion and addition of “Best Management Practices,” innovative technologies, improved maintenance and other pay-back incentives enhance the feasibility of achieving emission reductions required to meet air quality and visibility enhancement goals in the Four Corners Region.

C.
Economic: This program is economically feasible because emission trading provides economic incentives through implementation of complementary voluntary measures that reduce emissions, provide fuel savings, reduce operation and maintenance cost by adoption of BMPs and installation of innovative technologies.  One recent study of projected economic gain by 2010 from the continued implementation of the ETS within the Acid Rain Program estimated it would provide an annual economic benefit of $122 billion (in 2000 $) at an annual cost of approximately $3 billion (or a 1 to 40 cost-benefit ratio).

IV. Background data and assumption used:

1. United States Environmental Protection Agency (USEPA) Acid Rain Program

< http://www.epa.gov/airmarkets/arp/index.html>

2. Illinois Environmental Protection Agency Emission Reduction Market System (ERMS)

<http://www.epa.state.il.us/air/erms/>

3. Argonne National Laboratory, Strategic Emission Reduction Plan, Draft, 2006.

4. Chicago Climate Exchange < http://www.chicagoclimatex.com/>

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

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

VII. Cross-over issues to the other source groups

A key crossover issue to establishing and implementing an effective EBETS is the facilitation of voluntary participation of electric utilities and other major source groups.  This will provide the anticipated needed trade-offs in air pollutants (e.g., NOx and SO2) that participation by one or a limited number of source groups may not be able to provide. 

Mitigation Option: Tax or Economic Development Incentives for Environmental Mitigation TC "Tax or Economic Development Incentives for Environmental Mitigation" \f C \l "4" 
I. Description of the mitigation option

This option provides for regulatory agencies and industry working together to utilize various legislative (state/federal/tribal) processes to achieve real emissions reductions.  Emission reductions would be achieved by providing economic incentives that would encourage the industry to utilize lower emission internal combustion engines in various applications.  

Emission reductions could be achieved through reducing the number of trucks in the field.  This could be accomplished by providing incentives for companies to install underground piping in order to dispose of produced water.  Criteria pollutants could be reduced by installing lower emissions compressor engines.  Industry could be encouraged to install such engines by implementing tax incentives as described below.

Tax incentives provide economic relief to industry by reducing or eliminating taxes on certain equipment or activities.  The equipment or activity must provide a recognized environmental benefit to the taxing entity that grants the incentive.  Some examples of tax incentives currently being utilized are: (1) allowing costs of retrofitting existing engines or installing new engines to be fully deducted in the year they are incurred rather than being capitalized (2) tax credit certificates issued to program participants, which can be redeemed over a specified period of time (3) income tax credits upon installation of approved equipment.

The air quality benefits include net reduction of emissions, primarily of nitrogen oxides.  However, reductions in sulfur oxides, greenhouse gas emissions and particulate matter emissions can also be calculated.  Only positive environmental impacts have been identified.  It is not anticipated that this strategy would cause any negative impacts, other than increased costs to industry.  This strategy specifically provides for relief from such economic impacts.

Economic burdens include the cost to the oil and gas industry, engine manufacturers and other interest groups to develop and lobby legislative proposals. New technology would be more efficient, possibly resulting in increased production and reduced costs.  The increased revenue would provide some offset to the initial costs of installation or retrofitting.  Economic burden to the taxing entity would also occur.  The taxpayers would, in effect, be subsidizing industry efforts to install or retrofit equipment to achieve lower emissions.  Achieving taxpayer approval for such a subsidy might prove difficult.

Assistance from the Cumulative Effects Work Group could be helpful in estimating the potential cost-benefit of this option.      

II. Description of how to implement 

A. Mandatory or voluntary:  Participation by industry or other groups would be voluntary, both in working to establish tax/economic development incentives and in taking advantage of such incentives.

B. Indicate the most appropriate agency(ies) to implement:  States of Colorado and New Mexico. Counties of San Juan, NM; La Plata, CO; and other counties in the Four Corners area of impact.  Indian tribes, including Jicarilla, Ute Mountain Ute, Southern Ute, Navajo, and others.  These groups would need to work with state legislatures and/or Congressional representatives in getting sponsors to help draft an energy bill that includes tax incentives for improving Four Corners air quality.  

III. Feasibility of the option

A. Technical:  Many models of tax and economic development incentives are available.  A list of some models follows, with more details contained in an Appendix to this document.


i.  Mineral Tax Incentives and the Wyoming Economy, May 2001, is an economic model.  http://legisweb.state.wy.us/2001/interim/app/reports/mineraltaxincentives.htm 


ii. Brownfields Tax Incentive (1997 Taxpayer Relief Act P.L. 105-34).  This model allows costs to be fully deductible in the year they are incurred, rather than having to be capitalized.


iii. New York State Green Building Initiative.  This tax credit program was developed by New York State Department of Environmental Conservation as per 6NYCRR Part 638.  Tax credit certificates are issued and can be redeemed at any time over a designated period (i.e. 2006 – 2014).  


iv.  Montana Incentives for Renewable Energy include property tax exemptions, industry tax credit, venture capital tax credits, and a low interest revolving loan program, special revenue local government bonds, and streamlined permitting processes for participants, income tax credits for retro-fitting equipment.


v.   State of Virginia House Bill 2141, July 1997 allows the local governing body of any county, city, or town, by ordinance, to exempt, or partially exempt property from local taxation annually for a period not to exceed five years.


vi. US EPA’s Voluntary Diesel Retrofit Program is a non-regulatory, incentive-based, voluntary program designed to reduce emissions from existing diesel vehicles and equipment by encouraging equipment owners to install pollution reducing technology.  This option would easily fit into the “partnership” mitigation option.  However, it is also a model for the type of equipment that might qualify for a tax incentive.


vii. Philippines Department of Natural Resources developed a single document that consolidates all tax incentives for air pollution control devices.  Not new incentives, but a compilation of existing programs. 


viii. Western Regional Air Partnership diesel Retrofit program for diesel engines could be used as a model for other internal combustion engines.  The guidance document for developing a retrofit program is found on the WRAP website.  See Appendix for information. This option would easily fit into the “partnership” mitigation option.  However, it operates similar to a tax incentive program and gives an example of how to set up a workable program.

B. Environmental:  The environmental benefits of pollutant emissions reductions are well documented.

C. Economic:  The entire concept of this mitigation option is that it must be economically viable.  

IV. Background data and assumptions used

See Appendix for background studies.  

Cooperation between the regulated community; local, state and tribal governments; and equipment manufacturers would have to be garnered in order for this option to work.  

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

VI. Level of agreement within the work group for this mitigation option
 The three member drafting team expressed no disagreement with this option.

VII. Cross-over issues to the other source groups

These tax incentive programs could also apply to other sources, such as power plants or vehicles.

APPENDIX

Mineral Tax Incentives and the Wyoming Economy, May 2001, is an economic model.  http://legisweb.state.wy.us/2001/interim/app/reports/mineraltaxincentives.htm 

This model can be used to show the effects of all tax incentives previously granted, as well as the effects of hypothetical tax incentives or tax relief that might be considered in the future.  Impacts include reduction in taxes; increased production; effects on federal, state and local government revenues.

Brownfields Tax Incentive fact sheets (EPA 500-F-03-223, June 2003) and incentive guidelines (EPA 500-F-01-338, August 2001) can be found on US EPA’s website at www.epa.gov/swerosps/bf/bftaxinc.htm  There are also numerous case studies listed on this site as well as federal resources.

New York State Green Building Initiative credit certificates can be re-allocated to secondary users, if the initial recipient cannot utilize the entire credit amount.  Information available at www.dec.state.ny.us/website/ppu/grnbldg/index.html  or Pollution Prevention Unit (518) 402-9469;  NY business tax hotline (518)862-1090 x 3311

Montana Incentives for Renewable Energy http://deq.mt.gov/Energy/Renewable/TaxIncentRenew.asp
Virginia property tax exemptions for the Voluntary Remediation Program  http://www.deq.state.va.us/vrp/tax.html 

US EPA’s Voluntary Diesel Retrofit Program information at http://www.epa.gov/otaq/retrofit/retroverifiedlist.htm   Includes a list of approved retrofit technology.

Philippines Department of Natural Resources lists many tax incentive and economic incentives at http://www.cyberdyaryo.com/features/f2004_0624_03.htm  Also included are numerous links to related sites.

Western Regional Air Partnership guidance document for diesel retrofit programs can be found at http://www.wrapair.org/forums/msf/offroad_diesel.html
Mitigation Option: Voluntary Partnerships and Pay-back Incentives: Four Corners Innovation Technology and Best Energy-Environment Management Practices (IBEMP) TC "Voluntary Partnerships and Pay-back Incentives: Four Corners Innovation Technology and Best Energy-Environment Management Practices (IBEMP)" \f C \l "4" 
I. Description of the mitigation option: 

This option encourages establishment of partnerships between oil and gas producers and federal, state and local agencies and with engine manufacturers.  Examples of such voluntary partnerships that have worked successfully in reducing emissions and providing cost benefits to industry include the U.S. EPA’s Natural Gas STAR Program, the New Mexico’s Voluntary Innovative Strategies for Today's Air Standards (VISTAS) Program, Green Power and Combined Heat and Power Partnerships.  The Natural Gas STAR Program is one of many voluntary programs established by the U.S. Environmental Protection Agency (EPA) to promote government/industry partnerships that encourage cost-effective technologies and market-based approaches to reducing air pollution.  There are seven San Juan Basin producers
 that are currently active members of the Natural Gas STAR Program.  The VISTA Program is modeled after Natural Gas STAR.
This option involves establishing new partnerships or extending existing partnerships that encourage voluntary measures that reduce emissions and provide industry pay-back through improved operation and maintenance efficiencies.  The IBEMP option is based on and is intended to extend upon the successes achieved in EPA’s Natural Gas STAR Program and to complement the newly established VISTAS Program.

The central ideas of this option:

· Increasing efficiency will result in more productivity, less emission, and increased revenue.

· Complementing EPA’s Natural Gas STAR program and VISTAS program to focus on the pollutants not covered in these programs

· Collection and use of the Best Management Practices (BMPs) from around the world, latest innovative technologies, and innovative solutions found by IBEMP members.

The air quality benefits include reduction of criteria pollutants such as NOx, SO2, PM2.5, PM10 as well as green house gases CO2 and CH4. The success of the EPA’s Natural Gas STAR Program is well documented.  According to the EPA’s Gas Program, “Since the Program’s launch in 1993, Natural Gas STAR Partners has eliminated more than 220 billion cubic feet (Bcf) of methane emissions, resulting in approximately $660 million in increased revenues.”  One Natural Gas STAR Partner has achieved the 18% to 24% fuel saving and reduction of 128 Mcf of methane emission per unit per year after installing an automated air to fuel ratio (AFR ) control system called REMVue.  According to engine manufacturers, new generation engines have benefits over older generation such as low operating cost, high thermal efficiency, low emissions, maintenance simplicity, and low repair cost which will help in recovering the cost of investment faster.  An example of rapid improvement in the engine technology is the new Cummins-Westport engine, which is capable of peak thermal efficiency of close to 40% with 0.01 g/bhp-hr PM and 0.2 g/bhp-hr NOx emission. Even though Cummins-Westport engines and new generation engines from other engine manufacturers are geared towards transportation sector at present because of tighter emission standards, the improved engine technologies will help reduce the pollution in the other industrial sectors as the demand grows for efficient engines. 

Under this option, the time period to offset the cost of the replacing old engines with a new generation engines can be estimated through analysis of data from laboratory testing.  Such data may be available from engine manufacturers or obtained through independent laboratory engine performance tests.  The voluntary comparative laboratory performance and emissions testing (e.g., operating cost) and documentation would be performed by an independent test laboratory.  In addition, voluntary laboratory and field testing of a select group of existing engines (e.g., uncontrolled small, < 300 hp, engines) could provide a means to identify cost-effective modifications to improve engine efficiency and reduce engine emissions (Lazaro 2006, SERP).  

Under this program the increased revenue from methane mitigation and fuel and maintenance savings can offset the cost of investment in the BMP and new technologies or equipment. In addition, under the proposed IBEMP option, partner members’ mitigation efforts will be fully recognized and promoted similar to the recognition of partner contributions under EPA’s Natural GasSTAR Program and New Mexico’s VISTAS Program. Mitigation efforts can be recognized through awarding of emission credits (which can be traded in an emission market system, OOT-3).  These efforts will also provide benefits to members through improved public and investor relations. 

Since the IBEMP option is a voluntary program, participating members will have control or choice on mitigation decisions that are made.  This provides opportunities for choices that provide a return on investments in best management practices and on new equipment and technology.  As such, this option does not impose a burden on participating partners.  Although, being a partner under this option would not relieve an operator from complying with non-voluntary measures or options, BMPs or other commitments made voluntarily under this option may facilitate compliance with other mandatory measures that may be adopted or come into play.  

II. Description of how to implement:

A.
Mandatory or voluntary: The participation in the program is voluntarily 

B.
Indicate the most appropriate agency(ies) to implement: Through the New Mexico Environment Department under or a part of its VISTAS Program and/or in partnership with the Colorado Department of Public Health and Environment.  The USEPA GasSTAR Program may also be interested in collaborative partnerships with the Four Corners Air Quality Task Force. 

III. Feasibility of the option:
A.
Technical: The success of the EPA’s Natural Gas STAR Program is a clear indicator of the technical feasibility of this program.

B.
Environmental: The Best Management Practices, including equipment upgrades are well established in the oil and gas industry and adoption of these measures will provide opportunities for significant and achievable emission reductions. 

C.
Economic: This program is economically feasible because innovative technologies and BMPs will result in increased productivity, fuel saving, and environmental benefits, which in return offset the cost of investment.  The previously referenced EPA Natural Gas STAR Program example illustrates that significant savings can be achieved in reduced fuel consumption (e.g., in one case that covered 51 engines reduction in excess of 2,900 MMcf or an average of 78 Mcf per day per engine, when adjusted for load, was achieved over a two-year period).  The final payout period was 1.4 years by taking into consideration of fuel saving of $4.35 million at a nominal value of $3/Mcf.

IV. Background data and assumptions used:

1. United States Environmental Protection Agency (USEPA) Natural Gas STAR Program <http://www.epa.gov/gas/>

2. New Mexico San Juan Voluntary Innovative Strategies for Today's Air Standards (VISTAS) <http://www.nmenv.state.nm.us/aqb/projects/SJV/index.html>

3. Engine Manufacturers: <www.cat.com>, <www.cummins.com>, <www.cumminswestport.com>.

4. Argonne National Laboratory, Strategic Emission Reduction Plan, Draft, 2006

5. Near-term commercial availability of small clean efficient engines

6. Near-term commercial availability of advanced engine technology

V. Any uncertainty associated with the option (Low, Medium, and High) Low to medium
VI. Level of agreement within the work group for this mitigation option TBD

VII. Cross-over issues to the other source groups

Establishing and implementing an effective IBEMP is the facilitation of voluntary participation of San Juan oil and gas producers.  There are no key crossover issues with other source groups.

Power Plants TC "Power Plants" \f C \l "1" 
Other Sources TC "Other Sources" \f C \l "1" 
Draft Mitigation Option: Phased Construction Projects TC "Phased Construction Projects" \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)

Construction projects remove large quantities of vegetation leaving bare earth open to wind erosion, as well as to other environmental and biological degradation.  Phasing these projects, large and even single residential development could lessen this environmental problem. Phasing revegetation would also result in decreased wind erosion.

Since phasing includes both small and large projects, this is something that individuals can have a part in as well as participating in for the larger community.

Benefits: 

· Air quality – Particulate matter would decrease, protection of scenic views and economic benefits for tourism

· Environmental – Globally desertification is a big concern. The decrease in wind-blown particulates could delay man-made local desertification.

· Economic—construction would be phased according to building. Therefore, upfront costs would be also coordinated with sales, rather than all at the project beginning.  Construction loans would also be phased.

Burdens:

· Developers may see change in methods as a threat to free enterprise.

· Construction managers would have to keep grading machinery on site locations throughout the project.

II. Description of how to implement

A. Mandatory or voluntary

Both. Mandatory for new construction. Incentives for individual homeowners to plant vegetation on disturbed sites.

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

Counties and towns in land use regulations, building permits. Local and state agencies may also implement programs for free compost or vegetation (e.g., native trees or shrubs for lot sizes over 1 acre).

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

B. Environmental – High 

C. Economic – High – may result in higher costs for construction projects in some areas.

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


Help from monitoring work group to collect data downwind of 

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 source groups (please describe the issue and which groups)

Oil and gas and power plant work groups may look at phased development and revegetation for new projects.
Cumulative Effects TC "Cumulative Effects" \f C \l "1" 
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Mitigation Option: Interim Emissions Recommendations for Ammonia Monitoring TC "Interim Emissions Recommendations for Ammonia Monitoring" \f C \l "4" 
I. Description of the mitigation option:

The following mitigation option paper is one of three that were written based on interim recommendations that were developed prior to the convening of the Four Corners Air Quality Task Force. Since the Task Force's work would take 18-24 months to finalize, and during this time oil and gas development could occur at a rapid pace, an Interim Emissions Workgroup made up of state and federal air quality representatives was formed to develop recommendations for emissions control options associated with oil and gas production and transportation. The Task Force includes these recommendations as part of its comprehensive list of mitigation options.

Implement an ambient monitoring program for ammonia

· Assess importance of ammonia to visibility

· Visibility modeling would be more accurate if ammonia data were available

· Ammonia emission impacts from NSCR can be better evaluated

· US EPA Region 6 will assist with this effort

Evaluate data on ammonia emissions from engines less than 300 HP equipped with NSCR 

· Testing should be done in the field

· Funding would need to be secured

· A contractor to make measurements would need to be found

II. Description of how to implement

The ambient monitoring program for ammonia would be conducted under the auspices of EPA Region 6.  The appropriate agencies to implement this are EPA Region 6 and the New Mexico and Colorado departments of environmental quality.  Collecting data on ammonia emissions from engines less than 300 HP would be voluntary and funding would need to be secured.  

III. Feasibility of the Option

The technical feasibility of the ambient monitoring has already demonstrated.  Specifically,  the technical feasibility of measuring ammonia emissions from engines with NSCR has been demonstrated as part of a research project initially started by Colorado State University. However the exact methodology is not yet chosen. The environmental feasibility is negligible since only samples are collected.  The economic feasibility depends on finding someone to pay for the sampling program

IV. Background data and assumptions used

The ambient monitoring would be conducted either by collecting samples or by real time analysis depending on equipment selected.  Approximate measurements can be made using sampling tubes similar to Draeger tubes.  The assumption is that a baseline ammonia level should be established and that potential increases may be observed because of the use of large numbers of rich burn engines with NSCR catalysts.

This methodology is already being tested in the Colorado State University research project.

V. Any uncertainty associated with the option 

The cost of the ambient monitoring program is not well established because the monitoring technology is not fully specified. Therefore, there is some uncertainty associated with this option.

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

TBD

VII. Cross-over issues to the other source groups 

This mitigation option would cross over to the Oil and Gas work group.

Table of All Mitigation Options TC "Table of All Mitigation Options" \f C \l "1" 
	SECTION
	MITIGATION OPTION TITLE
	WRITTEN
(Y/N)
	 IF NO, RATIONALE FOR     NOT WRITING

	Oil and Gas: Overarching Issues
	Lease and permit incentives for improving air quality on public lands
	Y
	 

	
	Economic-Incentives Based Emission Trading System (EBETS)
	Y
	 

	
	Tax or Economic Development Incentives for Environmental Mitigation
	Y
	 

	
	Voluntary Partnerships and Pay-back Incentives: Four Corners Innovation Technology and Best Energy-Environment Management Practices (IBEMP)
	Y
	 

	Oil and Gas: Turbines
	Upgrade Existing Turbines to Improved Combustion Controls (Emulating Dry LoNOx Technology) where feasible
	Y
	 

	Oil and Gas: Stationary RICE (Small and large engines)
	Industry Collaboration
	Y
	 

	
	Install Electric Compression
	Y
	 

	
	Optimization/Centralization
	Y
	 

	
	Follow EPA New Source Performance Standards (NSPS)
	Y
	 

	
	Adherence to Manufacturers’ Operation and Maintenance Requirements
	Y
	 

	
	Use of SCR for NOx control on lean burn engines
	Y
	 

	
	Use of NSCR / 3-way Catalysts and Air/Fuel Ratio Controllers on Stoiciometric Engines
	Y
	 

	
	Use of Oxidation Catalysts and Air/Fuel Ratio Controllers on Lean Burn Engines
	Y
	 

	
	Install Lean Burn Engines
	Y
	 

	
	Interim Emissions Recommendations for Stationary RICE
	Y
	 

	
	Emission limit on existing engines (1g/hp hr and 2g/hp hr)
	N
	Will highlight the emissions reductions in the other mitigation option drafts but will not be treated as a separate category. Depending upon the draft mitigation options, this item may remain separate but this will be determined later.

	
	Replacing ignition systems to decrease false starts 
	N
	To be written

	
	Replace piston rod packing (pumps) 
	N
	This was deleted as a separate item and instead will be included with O&M section; however it wasn't included in this section

	
	Minimize (control?) engine blow downs 
	N
	This was deleted by the drafting team since it is not an emission control technology

	
	Utilize exhaust gas analyzers to adjust AFR 
	N
	This was included in the Oxidation Catalysts and AFRC on Lean Burn Engines option.

	
	Smart AFRC (air-fuel-ratio-controller)
	N
	Included in the other AFRC options

	
	Replace gas engine starters with electric air compressors 
	N
	This was deleted by the drafting team since it is not an engine emission control technology

	
	Provide training for field personnel on engine maintenance with regard to AQ considerations
	N
	To be written

	Oil and Gas: Rig Engines
	Diesel Fuel Emulsions
	Y
	

	
	Natural Gas Fired Rig Engines
	Y
	 

	
	Selective Catalytic Reduction (SCR)
	Y
	 

	
	Selective Non-Catalytic Reduction (SNCR)
	Y
	 

	
	Implementation of EPA’s Non Road Diesel Engine Rule – Tier 2 through Tier 4 standards
	Y
	 

	
	Interim Emissions Recommendations for Drill Rigs
	Y
	 

	
	Analysis of all drill rigs – replace the dirtiest 20%
	N
	Will reference in Tier 2-4 Mitigation Option Development, but also move to overarching discussion to determine the priority on rig engine reductions

	
	Electric powered drill rig
	N
	Not selected by the drafting team due to low feasibility around availability of electricity

	
	Duel fuel (or Bi-fuel) diesel and natural gas
	N
	No mitigation option development planned at present by the drafting team: these were considered to have a lesser air quality benefit than the ones selected above. Also, the number of options was greater than the writers.
 

	
	Bio diesel
	N
	

	
	PM Traps
	N
	

	
	Free gas recirculation
	N
	

	
	Fuel Additives
	N
	

	
	Liquid Combustion Catalyst
	N
	

	
	Lean NOx Catalyst
	N
	

	
	Low NOx ECM
	N
	

	
	Exhaust Gas Recirculation (EGR)
	N
	

	Oil and Gas: Mobile and Non-Road
	Fugitive dust control plans for dirt/gavel road and land clearing
	Y
	

	
	Use produced water for dust reduction
	Y
	 

	
	Pave roads to mitigate dust 
	Y
	 

	
	Automation of wells to reduce truck traffic
	Y
	 

	
	Reduced Vehicular Dust Production by Enforcing Speed Limits
	Y
	 

	
	Reduced Truck Traffic by Centralizing Produced Water Storage Facilities
	Y
	 

	
	Reduced Vehicular Dust Production by Covering Lease Roads with Rock or Gravel
	Y
	 

	
	Reduced Truck Traffic by Efficiently Routing Produced Water Disposal Trucks
	Y
	 

	
	Use Alternative Fuels and Maximize Fuel Efficiency to Control Combustion Engine Emissions
	Y
	 

	
	Utilize Exhaust Emission Control Devices for Combustion Engine Emission Controls
	Y
	 

	
	Exhaust Engine Testing for Combustion Engine Emission Controls
	Y
	 

	
	Reduce Trucking Traffic in the Four Corners Region
	Y
	 

	Other Sources: Dust
	Phased Construction Projects
	Y
	 

	
	Regional Planning Organizations
	Y
	To be written

	
	Uniformity of regulations between jurisdictions and as applied to construction vs. sand and gravel operations 
	Y
	To be written

	
	Fugitive Dust Mitigation Plan
	Y
	To be written

	Monitoring:

Ammonia
	Implement an ambient monitoring program for ammonia
	Y
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� DiFilippo, Michael N.  August, 2004.  Use of Produced Water in Recirculating Cooling Systems at Power Generating Facilities.  Semi-Annual Technical Progress Report  October 1, 2003 to March 31, 2004.  Report produced with support from U.S. Department of Energy, Award No. DE-FC26-03NT41906.  pp. 12-3.


� McGrath Saltwater Disposal Well (SWD):  data were from a 30 day random sampling of the SWD well), which was operated by Burlington (now, presumably Conoco).


� CBM SWD wells operated by Dugan (Salty Dog 2 and 3 Injection Wells) and Richardson (Turk’s Toast and Locke Taber Injection Wells).


� According to DiFilippo (page 10), most of the iron comes from  aboveground carbon steel pipe used to convey produced water.  So, presumably, if water were applied from trucks getting water from the well site, itself, this would not be a concern.  If it were water being loaded at the SWD facility, then the iron would be present.


� Argonne National Laboratory.  January, 2004. A White Paper Describing Produced Water from Production of Crude Oil, Natural Gas and Coalbed Methane.  Prepared for U.S. Department of Energy.  Contract No. W-31-109-Eng-38.


� http://www.dep.state.pa.us/dep/deputate/minres/oilgas/fs1801.htm


� Rules and Regulations of the Wyoming Oil and Gas Conservation Commission


Chapter 4, Section 1 http://www.cbmcc.vcn.com/dust.htm


“(nn)  Landfarming and landspreading must be approved by the DEQ.   Jurisdiction over roadspreading or road application is shared by DEQ and the Commission. . .”  


� http://www.dep.state.pa.us/dep/deputate/minres/oilgas/fs1801.htm


� Colorado Oil and Gas Information System.  7/6/2000.  Notice of Alleged Violation Report.  Barrett Resourced Corp.  Document No. 850224.  http://oil-gas.state.co.us/cogis/NOAVReport.asp?doc_num=850224


� The success of the Acid Rain Program ETS is evident from emissions data which shows that SO2 emissions were reduced by over 5 million tons from 1990 levels or about 34 percent of total emissions from the power sector. When compared to 1980 levels, SO2 emissions from power plants have reduced by 7 million tons or more than 40 percent.


� 	BP, Burlington Resources, ConocoPhillips, Devon Energy, Williams Production, Energen Resources, and XTO Energy
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