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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:  The states, 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
Four member 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. 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 of water and associated pollutants off the roadway, (3) impacts to vegetations, (4.) salt loading to river systems.  

Differing Opinion: Produced water in the Four Corners region contains toxins and therefore should not be used for dust mitigation.  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.  

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 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.

It may also be necessary to include the states in the implementation of any permitting process related to road spreading 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 road spreading 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.

“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 road spreading 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.  

Most jurisdictions that allow road spreading 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 road spreading 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 road spreading 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.  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
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
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“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. 

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 

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 TBD.

VII. Cross-over issues to the other source groups 

It is believed that this issue will cross-over to the Other Sources 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.  This could be a 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 

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

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).

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

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.

The most appropriate agency to implement would be the 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 

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

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).

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.  This could be a 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.

Low sulfur diesel can continue to be 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 High.

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

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.

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 (including produced water tanks, condensate tanks and/or crude oil tanks) in socio-economically disadvantaged communities.

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:  The states.

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.

V. Any uncertainty associated with the option 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 None at this time.

Differing opinion:  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. 

Differing opinion: The EPA study only looked at the “summer” blend of diesel emulsion.  There is no data available to evaluate neither the compatibility with winter temperatures nor the emissions effects at winter temperatures.
· 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.

Differing Opinion:  CARB’s verified NOx reductions were lower (14%) than EPA’s as shown in the above table.  This suggests a need for a more extensive review prior to finalizing this option.

· 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.The power loss is potentially a fatal flaw in this method.  Most rig engines are sized for the maximum load expected and would have to be refitted with larger engines to handle the equivalent maximum loads.
· Will expect a 15% increase in fuel consumption for equipment operating on fuel with emulsion additive.  [This will increase SO2 emissions by 15%.  The mass will depend on the sulfur content of the fuel.  It will also increase fuel delivery truck emissions by 15% along with road dust emissions due to fuel hauling by 15%. 
· 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.  

Differing opinion: The increased fuel cost on top of the 15% increase in fuel consumption makes this a very expensive option.  For a “typical” 16 day Wyoming Green River Basin well using 19,816 gallons of diesel, the 15% fuel penalty would represent about $6,000 additional fuel cost and the average premium ($0.15/gal) would represent about $3,400 additional fuel cost for a NOx benefit of about 1 ton reduction – or a cost of about $9,400 per ton of NOx.  This seems very excessive and does not include the additional costs required for separate mixing and storage of the emulsified fuel.  There may also be incremental labor costs for the technicians to operate the system.  The incremental cost per gallon needs to be updated and verified – the cost quoted dates to the original study date.  Installation of oxidation catalyst to control hydrocarbon and CO emissions would add additional cost and complexity to an already cost prohibitive option.
· 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. 

Differing opinion: The power penalties, incremental mixing and storage equipment, and increased technical knowledge necessary make this option do-able, but not necessarily simple.  

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. 

Differing opinion:  This option should be characterized as an expensive one.  Using a “typical” 16 day Wyoming Green River Basin well using 19,816 gallons of diesel the 15% fuel penalty would represent about $6,000 additional fuel cost and the average premium ($0.15/gal) would represent about $3,400 additional fuel cost for a NOx benefit of about 1 ton reduction – or a cost of about $9,400 per ton of NOx. This seems very excessive and does not include the additional costs required for separate mixing and storage of the emulsified fuel.  There may also be incremental labor costs for the technicians to operate the system.

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. 

Differing opinion:  The evaluation of applicability in cold weather needs to be done.
V. Any uncertainty associated with the option (Low, Medium, High)

Low uncertainty as this is a verified, simple retrofit. 

Differing opinion: Given the high apparent cost, no evaluation in cold weather, different reduction percentages from separate evaluations, and complexity, this option should not be considered low uncertainty.
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

Install natural gas fired engines on rigs in the Four Corners region.
Benefits

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

· ~ 85% reduction of NOx vs. Tier I engines.  
Differing opinion: Given the variable load (and often low load) on drilling rig engines, the “best” lean burn natural gas engine performance expected would be in the range of 2 to 3 grams per hp-hr.  This represents about a 65-75% reduction from Tier 1 diesel engines. Please note this would require lean burn engines.
· ~ 91% reduction of NOx vs. Tier 0 engines 

Differing opinion: Given the variable load (and often low load) on drilling rig engines, the “best” lean burn natural gas engine performance expected would be in the range of 2 to 3 grams per hp-hr.  This represents about a 65-75% reduction from Tier 1 diesel engines. Please note this would require lean burn engines.

-     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. 
Differing opinion:  On a purely fuel basis this may be true without considering the retrofit costs.
· Savings in fuel cost is 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. Also impacted by variations in fuel quality in the different areas and formations of a field. Could also require the installation of a dehydrator if gas is wet and the field uses a central dehydration system.
· Engine size must increase to achieve an equivalent horsepower yield.  For example a Cat 3512 diesel would have to be replaced with a Cat 3516 natural gas engine to get approximately the same horsepower.
· Rig Operations
· Slower power response and less torque requires learning curve on rigs

· Not well suited for Mechanical Rigs – Electric rigs are preferred.  Information from natural gas fueled engine rigs in Wyoming indicates that a “load bank” is required due to the slower response of the engines to power demand.
· 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. 
Differing opinion:  LNG is not a viable fuel – it is not readily available, requires refrigerated storage, and requires “re-gas” equipment.  Conversion to natural gas fuels essentially limits the utility of a particular rig to just those instances where gas is available.
· 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.  Conversion to natural gas fired engines essentially limits the use of a rig to only those instances where gas is available.  The conversion/retrofit costs are high.

Differing opinion: See LNG comments above.  

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. NOx emission reductions of up to 80-90% are achievable.
· Potential to reduce hydrocarbon, hazardous air pollutant, and condensable particulate matter (PM) emissions based on emissions tests.

· Technology is available currently.

· 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:  The states.

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) 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.  

Differing Opinion: These are very high temperatures and much greater than the temperatures in diesel engine exhaust.  For example, the data sheet for a Cat 3512 diesel rig engine shows a “highest” exhaust temperature of ~792 degrees F.  Based on the degradation in performance reported in the 725 – 925 degrees C it probably would have very little effect at the exhaust temperatures from rig engines.  This technology is really tested for very high temperature boilers only – not engines.  

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.  10 ppm represents about 16 tons/yr of ammonia from a single fully loaded Cat 3512 engine.  Given that most rigs have two or more engines it is not much of a stretch to have very significant ammonia emissions with the number of rigs running in the basin.  This amount of ammonia may enhance secondary particulate formation with consequent effects on PM 2.5 (health based) and visibility (perception based).
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.  

Differing Opinion: There is no available data indicating applicability to engines or much lower temp operation.  This option should be considered as non-feasible.
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 Four 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 Four 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.

Mitigation Options: Various Diesel Controls TC "Various Diesel Controls" \f C \l "4" 
Duel Fuel (or Bi-fuel) Diesel and Natural Gas; Biodiesel; PM Traps; Free Gas Recirculation; Fuel Additives; Liquid Combustion Catalyst; Lean NOx Catalyst; Low NOx ECM - Engine Electronic Control Module (ECM) Reprogram; Exhaust Gas Recirculation (EGR)

I. Description of the mitigation options
Duel fuel (or Bi-fuel) diesel and natural gas

This system allows engines to run on a blend of diesel and natural gas fuels.  The systems consist of an air to fuel (AFR) controller and a fuel mixing chamber.  The AFR constantly adjusts the fuel to air mixture being delivered to the piston chambers and optimizes the stoichiometric relationship in order to balance the NOx and CO emissions.  The mixing chamber establishes the diesel to natural gas mixing ratio.  This system is being tested on drill rig diesel engines in the Pinedale, WY area.  There are preliminary results based on tests of three engines (Cat 398 & 399) Pros:  Operators reported that rig engine fuel costs were reduced by ~ $700 per day, requires minimal engine modification, and has a small footprint.  Cons:  Does not conclusively reduce NOx, increases CO and HC emissions, and the system needs frequent oversight to ensure operation.   

Biodiesel

Biodiesel fuel stock comes from vegetable oil, animal fats, waste cooking oils. Biodiesel can be blended at different percentages up to100% (typically 5 – 20%). Biodiesel at a 20% blend can reduce PM mass emissions by up to 10%, reduce HC and CO up to 20%, and may slightly increase NOx emissions.  Use of biodiesel requires little or no modification to fuel system or engine.  Cold temperatures require special fuel handling such as additives or heating fuel system.  EPA listed “verified retrofit technology.”

PM Traps

Diesel particulate filters (DPFs) collect or trap PM in the exhaust.  DPFs consist of a filter encased in a steel canister positioned in the exhaust system.  DPFs need a mechanism to remove the PM (regeneration or cleaning) and to monitor for engine backpressure.  DPFs types have different reduction capabilities and applications.  DPFs can be used in conjunction with catalysts (catalyst based (CB) DPFs) to obtain the most effective PM control for a retrofit technology.  CB-DPFs can have over 90% PM mass reduction and over 99% carbon based PM reduction.  CB-DPFs can also control CO and HC resulting in near elimination of diesel smoke and odor.

Flow through filters (FTFs), or partial flow filters, use a variety of media and regeneration strategies.  The filter media can be either wire mesh or pertubated path metal foil.  FTFs are a relatively new technology.  FTF can be catalyzed or used in combination with Diesel Oxidation Catalysts (DOCs) or Fuels Borne Catalysts (FBCs).  PM reduction efficiencies range from 25 to over 60% depending on the type of technology and duty/test cycle.  FTFs have the potential for greater application than conventional DPFs.  Some designs can be used on engines fueled with < 500 ppm sulfur fuel but efficiency decreases.  Has the potential for use on older engines, but high PM levels can overwhelm even a FTF system.  Adequate exhaust temperatures are needed to support filter regeneration.

Diesel exhaust PM traps are EPA listed “verified retrofit technology.”

Free Gas Recirculation 
Crankcase emissions from diesel engines can be substantial. To control these emissions, some diesel engine manufacturers make closed crankcase ventilation (CCV) systems, which return the crankcase blow-by gases to engine for combustion. CCV systems prevent crankcase emissions from entering the atmosphere. Aftermarket open crankcase ventilations (OCV) are available which provide incremental improvements over engines with no crankcase controls, but they still allow crankcase emissions to be released into the atmosphere.  A retrofit CCV crankcase emission control (CCV) system has been introduced and verified for on-road applications by both the U.S EPA and CARB.  Crankcase emissions range from 10% to 25% of the total engine emissions, depending on the engine and the operating duty cycle. Crankcase emissions typically contribute to a higher percentage (up to 50%) of total engine emissions when the engine is idling. The combined CCV/DOC system controls PM emissions by up to 33%, CO emissions by up to 23% and HC emissions by up to 66%.

Fuel Additives

Fuel additives are chemical added to the fuel in small amounts to improve one or more properties of the base fuel and/or to improve the performance of retrofit emission control technologies.  Several cetane enhancers have been verified by EPA that reduce NOx 0 to 5%.  Other additives are undergoing verification.  There thousands of fuel additives on the market that have no emission or fuel efficiency benefit so it is important to verify the manufacturer’s claims regarding benefits.  EPA listed “verified retrofit technology.”

Liquid Combustion Catalyst

Fuels borne catalyst systems (FBCs) are marketed as a stand alone product or as part of a system combined with DPFs, FTFs, or DOCs.  FBCs have included cerium, cerium/platinum copper, iron/strontium, manganese and sodium.  A DPF must be used to collect the catalyst additive so it cannot be emitted to the air.  A FBC/DOC system has been verified by EPA to reduce PM 25 – 50%, NOx 0 – 5%, and HC 40 – 50%.  A FBC/FTF system has been verified by EPA to reduce PM 55 – 76%, CO 50 – 66%, and HC 75 – 89%.  The estimated cost of the verified FBC is approximately $.05 per gallon.  Pre-mixed fuel is recommended for retrofit applications.  FBCs do not require ultra low sulfur diesel and work with a wide range of engine sizes and ages.  EPA listed “verified retrofit technology.”

Lean NOx Catalyst

Lean NOx catalyst (LNC) is a flow through catalyst technology similar to diesel oxidation catalyst that is formulated for NOx control.  It typically uses diesel fuel injection ahead of the catalyst to serve as NOx reduction.  Lean NOx catalyst can achieve a 10% to over 25% NOx reduction.  It can be combined with diesel oxidation catalyst (DOC) or diesel particulate filter (DPF).  Over 3500 vehicles and equipment have been retrofitted with Lean NOx catalyst and CB-DPF filter systems in United States.  The sulfur lever level of the fuel has to be less than 15 ppm.  Verified LNC systems use injected diesel fuel as the NOx reducing agent and as a result a fuel economy penalty of up to 3% has been reported.  EPA listed “potential retrofit technology.”
Low NOx ECM - Engine electronic control module (ECM) reprogram

Some engine manufacturers used ECM on 1993 through 1996 heavy-duty diesel engines that caused the engine to switch to a more fuel-efficient but higher NOx mode during off cycle engine highway cruising.  As part of the manufacturers’ requirements to rebuild or reprogram older engines (1993-1998) to cleaner levels, companies developed a heavy-duty diesel engine software upgrade (known as an ECM “reprogram”, “reflash” or “low NOx” software) that modifies the fuel control strategy in the engine’s ECM to reduce the excess NOx emissions.  Low NOx ECM is available as a retrofit strategy to reduce NOx emissions from certain diesel engines.  Emissions control performance is engine specific.  A system verified for a Cummins engine by CARB provided 85% particulate and 25% oxidation reductions.  Over 60,000 heavy-duty diesel engines have received ECM reprograms.  CARB plans to require ECM reprogramming on approximately 300,000 to 400,000 engines.  ECM application is limited to heavy-duty diesel engines with electronic controls.  Most off-road engines are not equipped with electronic controls.  ECM is available throughout the U.S. through engine dealers and distributors.  The software can be installed on-site and the reprogram takes approximately 15 to 30 minutes.  

Exhaust Gas Recirculation (EGR)

The EGR system used in retrofit applications employs low-pressure.  Original Equipment EGR systems typically employ high-pressure.  EGR as a retrofit strategy is a relatively new development but has been proven durable and effective over the last few years.  In the U.S. retrofit low-pressure EGR systems is combined with a CB-DPF to allow the proper functioning of the EGR component.  EGR can reduce the NOx formed by the CB-DPF.  EGR/DPF systems have been verified by CARB.  Over 3000 and exhaust gas recirculation diesel particular filter systems have been retrofitted onto on road vehicles worldwide.  EGR/DPF systems can be applied to off-road engines.  However, experience is limited and the off-road market not the primary target application in the U.S.  Current experience with EGR/DPF systems has been a range of 190 horsepower to 445 horsepower.  The fuel economy penalty from EGR component ranges from 1% to 5% based on technology designed to particular engine and the test/duty cycle.  EPA listed “potential retrofit technology.”

II. Description of how to implement 

These controls would be voluntary retrofits for existing engines.  Some of these controls may be used by engine manufacturers to meet EPA’s diesel standards for new engines.

III. Feasibility of the  option

A. Technical

B. Environmental

C. Economic

See the individual control summary descriptions above.  For more detailed information consult Volume 2 of the WRAP Off-road Diesel Retrofit Guidance Document, to be found at: http://www.wrapair.org/forums/msf/projects/offroad_diesel_retrofit/Offroad_Diesel_Retrofit_V2.pdf
IV. Background data and assumptions used:

As EPA verified retrofits or potential retrofits (with the exception of the bi-fuel option), the data and assumptions associated with this option have been evaluated and considered.  See EPA’s Voluntary Diesel Retrofit Program web pages (http://www.epa.gov/otaq/retrofit/retroverifiedlist.htm  and http://www.epa.gov/otaq/retrofit/retropotentialtech.htm) and Volume 2 of the WRAP Off-road Diesel Retrofit Guidance Document, located at: http://www.wrapair.org/forums/msf/projects/offroad_diesel_retrofit/Offroad_Diesel_Retrofit_V2.pdf for more information on these verified and potential retrofit controls.

V. Any uncertainty associated with the option 

Low to high uncertainty depending on the application, engine, operating conditions.  These are EPA verified or potential retrofits for diesel engines (with the exception of the bi-fuel option), but some controls are limited to specific applications.

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)

All existing or newly introduced diesel engines (on-road, non-road, and stationary) used in the 4 Corners area could utilize these control options with the limitations noted above.

ENGINES: TURBINES TC "TURBINES" \f C \l "3" 
Mitigation Option: Upgrade Existing Turbines to Improved Combustion Controls (Emulating Dry LoNOx Technology) TC "Upgrade Existing Turbines to Improved Combustion Controls (Emulating Dry LoNOx Technology)" \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.

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 High.

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