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Cumulative Effects: Preface  TC "Preface" \f C \l "2"  

Overview

The Charter of the Cumulative Effects Work Group was:

Using existing information, the cumulative effects work group was to assist the source work groups to understand current and future air quality conditions in the region.  The cumulative effects work group was to also assist the other work groups in performing the analysis of the mitigation strategies that are being developed within the scope of the Task Force’s timeframe and resources.  This work group was to also suggest ways for filling technical gaps and addressing uncertainty as identified by the other work groups.

Group Membership

The Cumulative Effects Work Group has been a small group with approximately a half dozen active members representing state governments, tribal governments, local citizens, industry, and the federal government.

Scope of Work

The following was the original scope of work for the Cumulative Effects Work Group.

Specific Tasks

1) Evaluate air quality effects of candidate mitigation measures as requested by other AQTF workgroups, or provide guidance on how candidate mitigation measures could be evaluated.

2) Prepare overarching cumulative estimate of the air quality effects from implementation of all the AQTF recommended mitigation measures.

3) Describe a “gold standard” for the best technical analyses that can be done, and provide recommendations for future analyses.  Describe the uncertainty associated with the air quality estimates.

4) Respond to issues referred to the CE workgroup from other workgroups.

5) Recommend additional analysis, studies, etc. that may be necessary for the CE workgroup to fully carry out its tasks.  For example, the CE may feel that it is necessary to conduct an ozone precursor field study with advice from the monitoring group, or an ammonium field study for particulate matter.

Discussion

In accomplishing #1, the Cumulative Effects Work Group was charged with assessing upwards of twenty of the numerous mitigation options being proposed by the source-related Work Groups.  For these options, the emissions reductions associated with undertaking the mitigation approach have been estimated.  In addition, the Work Group is also detailing methods, assumptions, limitations, and sources of information.  

All of the tasks associated with estimating emissions reductions have been relative to the oil and gas sector.  In order to make much of this work as accurate as possible, the Cumulative Effects Work Group undertook improvements to the base case inventory for drilling and production activities in the Four Corners region.  The base case inventory shows what current and future emissions would be in the absence of additional air pollution mitigation.  The best data from the Western Regional Air Partnership (WRAP), the States of New Mexico and Colorado, the Southern Ute Indian Tribe, and industry participants were consolidated and quality assured to create a more accurate and complete inventory than previously existed.  Using estimates of the effectiveness of the various mitigation options and applying them to the base case, estimates of the number of tons of pollution that would be reduced by each mitigation option were calculated.  Emissions reductions associated with mitigation options directed and motor vehicles used in oil and gas activities were also estimated.

Because of the length of time and resources required to set up modeling analyses and to accomplish it the modeling task (#2) has been moved outside the Task Force process. It will inform regulatory agencies of the air quality benefits of options after the Task Force report is completed. The approach taken is akin to the “gold standard,” and thus #3 will not be undertaken as well.

Consistent with #4, the Cumulative Effects work group is also responding to requests for additional information relative to a few of mitigation options, for example, answering questions about monitoring at a power plant and providing a bit more detailed description of overall emissions. 

Related to #5, suggestions for future research associated with implementation of the mitigation options are presented, for example, with regard to the sources and impacts of ammonia emissions and the economic effect of various mitigation options.
OVERVIEW OF WORK PERFORMED TC "OVERVIEW OF WORK PERFORMED" \f C \l "2" 
The Cumulative Effects work group was requested to provide information on a number of mitigation options described by the source work groups. The following table summarizes the reasons why the Cumulative Effects work group may or may not have researched a particular question, and a brief description of the outcome if work was performed.

Table 1. Summary of mitigation option findings.

	OPTION
	ACTION TAKEN BY CE
	SUMMARY OF RESULT

	Tax or Economic Incentives for Environmental Mitigation
	CE did not have expertise to address this option.
	No action.

	Selective Catalytic Reduction (SCR) on Drilling Rig Engines
	There was insufficient time to address this option.
	Some data exists on drilling emissions. The State of Wyoming evaluated this technology based on a pilot study in the Jonah Field & concluded that is not a cost effective technology, but further analysis is needed.

	Implementation of EPA’s Non Road Diesel Engine Rule – Tier 2 through Tier 4 Standards for Drilling Rigs
	There was insufficient time to address this topic.
	An important piece of information is that these engines typically last 4 to 10 years and then need to be replaced. This means that there will be a constant infusion of new technology engines over time, however, faster turnover would reduce emissions in the near-term.

	Industry Collaboration for RICE
	This option was not evaluated because it is not possible to quantify emission reductions.
	No action.

	Install Electric Compression for RICE
	This option was evaluated.
	Replacement of low emission engines with electric power grid would result in an overall increase in emissions. A reduction in NOx emissions would occur, however, there would be an increase greenhouse gas emissions due to increased electrical generation requirements.

	Follow EPA New Source Performance Standards (NSPS) for RICE
	This option was evaluated.
	This proposed emission standard will become the baseline for new engines. Future year projections indicate that these standards will minimize growth in oil and gas emissions from natural gas fired engines.

	Install Selective Catalytic Reduction (SCR) on Lean Burn Engines for RICE
	This option was evaluated.
	There is very little information on the installation of this control technology on natural gas fired engines. What is available indicates that in the Four Corners area the installation of this technology would result in small NOx reductions. In addition, the cost to control emissions would be relatively high. 

Differing Opinion: Participant thinks the last two sentences should be struck.

	Install Non Selective Catalytic Reduction (NSCR) on Rich Burn Engines for RICE 
	This option was evaluated.
	It was found that installation of NSCR on small engines could reduce NOx emissions significantly. The USEPA performance standard for rich burn engines will likely require installation of NSCR for rich burn engines. 

	Install Lean Burn Engines for RICE
	This option was evaluated.
	Emission inventory data indicated that on large engines of greater than 500 horsepower this technology or NSCR is already being used on the majority of the engines in the region. The use of these engines results in significant reductions in NOx over the use of rich burn engines, and may be beneficial when applied to smaller engines.

	Install Selective Non Catalytic Reduction (SNCR) for RICE
	This option was evaluated.
	It was determined that this technology is unlikely to be used because it is less effective than SCR or NSCR.

	Install Oxidation Catalyst on Lean Burn Engines for RICE
	This option was evaluated.
	This mitigation option was evaluated in terms of HAPs emissions and VOCs. Previous modeling analyses indicated that HAPs impacts are localized. It was found that VOC emission reductions would be primarily methane and ethane which have a low photochemical reactivity, and likely do not contribute to ozone formation. 
Differing opinion: Participant contests the previous statement as to accuracy. However, methane is a greenhouse gas and reduction of methane emissions is desirable in combating global climate change.

	Install Optimized/Centralized Compression
	This option was evaluated.
	It was concluded that there would be no opportunities for reducing emissions as a result of implementing this option.

	Next Generation Control Technology for RICE
	This option was evaluated.
	Because these technologies are emerging, it is not possible to quantify the additional benefits of controls.

	Automation of Wells to Reduce Truck Traffic
	This option was evaluated.
	Potential fugitive dust emission reductions were evaluated. The effect of dust emissions which are primarily PM10 is not regional. Although there are dirt roads over much of the area, impacts will be localized.

	Centralized Produced Water
	This option was evaluated.
	Potential fugitive emission reductions were evaluated. The effect of dust emissions which are primarily PM10 is not regional. Although there are dirt roads over much of the area, impacts will be localized.

	Efficient Routing of Water Trucks
	This option was evaluated.
	Potential fugitive emission reductions were evaluated. The effect of dust emissions which are primarily PM10 is not regional. Although there are dirt roads over much of the area, impacts will be localized.

	Cover Lease Roads with Rock or Gravel
	This option was evaluated.
	Potential fugitive emission reductions were evaluated. The effect of dust emissions which are primarily PM10 is not regional. Although there are dirt roads over much of the area, impacts will be localized.

	Enforcing Speed Limits on Dirt Roads
	This option was evaluated.
	Potential fugitive emission reductions were evaluated. The effect of dust emissions which are primarily PM10 is not regional. Although there are dirt roads over much of the area, impacts will be localized.


Emissions Summary
The overall emissions of nitrogen oxides (NOx) and volatile organic compounds (VOC) broken into broad source categories can provide some perspective when reductions from various mitigation options are presented in subsequent sections. Table 2 shows the relative importance of groups of sources in the Four Corners region:

Table 2. Percentage of total future year emissions in 2018 by pollutant.

	SOURCES
	NOx EMISSIONS (%)
	VOC EMISSIONS (%)

	Mobile
	2
	5

	Area
	1
	23

	Oil & Gas
	26
	32

	Power Plants
	40
	1

	Other Point Sources
	30
	39


This table demonstrates that oil and gas production, electrical generation, and other industrial activities are the largest emitters of nitrogen oxides, while oil and gas production, industrial facilities other than those related to power plants and oil and gas production, and area sources emit the majority of VOC. Area sources are those industrial and commercial activities that are small enough to not be required to obtain an air quality permit to operate. Area sources also include a broad range of human activities that result in small amounts of pollution on an individual basis.

The data presented in Table 1 have been derived primarily from the Western Regional Air Partnership (WRAP) emission inventory. For these categories, the Four Corners Air Quality Task Force requested an extraction from the WRAP regional database for the Four Corners area that encompasses portions of Colorado, New Mexico, Arizona, and Utah. The one exception is for oil and gas sources, which were estimated using updated information developed by the Cumulative Effects Work Group.
Suggestions for Future Work
As the Cumulative Effects Workgroup completed the tasks of evaluating mitigation options, it became clear that there is a need for future work to provide regulatory agencies additional information on the benefits of reducing pollution emissions into the air in the Four Corners region. Additional detailed modeling is planned that will provide more refined information regarding the actual effects of proposed mitigation programs. The modeling analysis is scheduled for completion in the Fall of 2007. Leading into the analysis of mitigation programs, some updating of source information will be necessary. An example would be for drilling rigs.
To supplement the modeling analyses, additional monitoring of pollutants and meteorology throughout the Four Corners region would be useful. This monitoring would provide a basis for establishing whether model predictions are accurate and would help determine air quality trends.. Currently there are relatively few air monitoring sites in the Four Corners region to use in testing model performance. Monitoring for ammonia would be particularly useful as it enhances the ability of the model to estimate the effects of air pollutant emissions on visibility.. 
The Cumulative Effects workgroup was required to delve into agency emissions inventories in detail, and this work exposed many weaknesses in state and tribal inventories. For future analysis of options, it is recommended that states and tribes require more robust reporting of industrial entities, including reporting of facilities that may currently fall below permitting or reporting thresholds. States and tribes may require regulatory changes to reporting requirements to accomplish this. Lack of detailed reported data introduces a high level of uncertainty into analysis of options for mitigation. State and tribal agencies need to be able to quantify cumulative reductions with certainty in order to appropriately evaluate and prioritize options.

The workgroup also recommends a review of existing field test data and an expansion of the existing state and tribal field testing programs for source emissions. Improvement of inventory emissions estimates will result in better modeled estimates of air pollution concentrations. A focused effort to obtain and share emissions data from a variety of oil and gas engines under different operating conditions would be particularly beneficial in inventory improvement.

Finally, the workgroup recommends that economic analysis of options be conducted to provide cost/benefit information to state and tribal agencies. The workgroup did not have the time or resources to conduct economic modeling, but economic data is of great importance in analyzing and prioritizing options. Such modeling could analyze “bundled” options to minimize analysis costs.
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Mitigation Option: Install Electric Compression TC "Install Electric Compression" \f C \l "4" 
Description of Option

Under this option, existing or new natural gas fired internal combustion engines would be replaced with electric motors for powering compressors. Electric motors would be selected to deliver equal horsepower to that of the internal combustion engines being replaced.1
Assumptions

It is assumed that electricity to power the electric motors would come from the existing electrical grid. The majority of the base load electricity in the region is produced from coal-fired electrical generation.
This option did not consider the installation of natural gas generation systems (cogeneration), which would have entirely different emissions characteristics from coal-fired electrical generation. In this approach, small high-emission natural-gas engines would be replaced by electric motors driven by a larger low-emission natural-gas engine. Although the cogeneration approach has not been used in the region, its feasibility for possible future use should be investigated.

In evaluating the changes in emissions for shifting from natural gas to electric (coal) powered compression, it is necessary to examine the emissions for each power source on an equivalent energy basis. Thus, for the same amount of energy consumption, the change in emissions from natural gas versus electricity must be considered. 

In the evaluation of this mitigation option, it is not appropriate to consider emission modifications to existing electrical generating facilities. While such modifications may occur or new lower emitting facilities may be developed, the inclusion of such changes in emissions are speculative at this point in time. Table 3 presents a summary of emissions from PNM, Xcel and Tri-State generation stations in the 4-Corners Region. This mix of facilities is assumed to reflect the “grid” average for the 4-Corners Region.

Table 3. Summary of emissions from coal-fired generating plants in the Four Corners region.2

	 

 Owner
	Generation (MWhs)
	Emissions in Tons
	Emission Rates (lbs/MWh)

	
	
	
	All Sources
	Fossil Fuel Plants
	Coal Plants

	 
	Total
	Fossil Fuel
	Coal
	SO2
	NOx
	CO2
	Hg
	SO2
	NOx
	CO2
	SO2
	NOx
	CO2
	SO2
	NOx
	CO2
	Hg

	PNM Resources
	10,301,726
	7,434,239
	7,235,445
	9,504
	16,581
	7,684,272
	0.21
	1.8
	3.2
	1,492
	2.6
	4.5
	2,067
	2.6
	4.5
	2,088
	0.06

	Tri-State
	10,928,949
	10,927,196
	10,858,096
	8,194
	19,446
	12,485,729
	0.13
	1.5
	3.6
	2,285
	1.5
	3.6
	2,285
	1.5
	3.6
	2,297
	0.02

	Xcel
	81,283,493
	66,604,435
	54,673,970
	157,324
	124,237
	69,809,043
	1.09
	3.9
	3.1
	1,718
	4.7
	3.7
	2,096
	5.7
	4.3
	2,320
	0.04

	Total or Average
	102,514,168
	84,965,870
	72,767,511
	175,022
	160,264
	89,979,044
	1
	3.41
	3.13
	1,755
	--
	--
	--
	--
	--
	--
	--


In this analysis, it was assumed that for visibility SO2 and NOx emissions are equivalent in terms of impacts because they cause approximately the same amount of visibility impairment. This is because the dry scattering coefficients for converting SO4 and NO3 concentrations into visual range are approximately equivalent. NOx emissions do participate in photochemical reactions that produce ozone. 

However, ozone modeling analyses performed by the state of New Mexico as part of the Early Action Compact (EAC) and ozone monitoring data in the area suggest that ozone formation is VOC limited and consequently NOx emission reductions may cause increases in ozone concentrations. Both SO2 and NO2 ambient concentrations are in compliance with federal and state air quality standards. 

As a first order approximation, 1 ton per year of SO2 emissions will result in the same amount of potential visibility impairment as 1 ton per year of NOx. In reality, because of the more complex and competitive reactions involving both SO4 and NO3, SO2 emissions may result in more visibility impairment than NOx emissions. 
From an economic basis, conversion of natural gas-fired engines to electric compression is only practical for large engines and only in areas where electricity is already available within close proximity. This is because most locations do not currently have electrical power and it would not be cost effective to install power for small engines. 
In Colorado, most large engines (greater than 500 hp) are lean burn or have NSCR installed to reduce emissions (average emission factor for this size engine is 1.4 g/hp-hr). In addition, any new engines in this size category must achieve an emission limit of 1 g/hp-hr.3 These engines are typically located at remote sites where power is not available.

In New Mexico, for large engines (greater than 500 hp) the average emission factor is 3.0 g/hp-hr. There are a total of 354 engines in this size category.4 Of that total, 221 engines have NOx emission less than or equal to 1.5 g/hp-hr (62 percent), 108 engines have NOx emissions in the range of 1.6 to 5 g/hp-hr (31 percent) and 25 engines have NOx emissions greater than 5 g/hp-hr (7 percent). Under a recent BLM EIS Record of Decision (ROD), new engines must achieve 2 g/hp-hr. 

Method

The energy consumption of a typical lean burn engine was calculated, converted into pounds per mega watt-hour and was compared to SO2 and NOx emissions from existing coal-fired power plants (Table 2). This was done assuming an emission factor between 1 g/hp-hr and 5 g/hp-hr. It was then assumed that the computed emissions per mega watt of power represented emissions for 1-hour and were converted into tons per year by multiplying by 8760 hours per year and dividing by 2000 pounds per ton.

As indicated in Table 4, a shift from natural gas to electric (coal) for an engine of 1 MWhr capacity (approximately 1,342) hp with an emission factor of 1 g/hp-hr would result in an increase of 117 tons per year of SO2 + NOx. With engine emissions of approximately 2.5 g/hp-hr there is no net change in overall emissions by shifting from natural gas to electric. For all cases, the shift from natural gas to electricity results in higher greenhouse gas emissions. Table 5 presents the change in emissions by converting the 25 worst engines in New Mexico from natural gas to electric. The reduction in SO2 and NOx emissions was a reduction of 1,333 tons per year. However, greenhouse emissions increased by approximately 20,149 tons per year.

Conclusions

Converting from natural gas compression to electric compression for the highest emitting engines in New Mexico (25 engines) results in a net reduction 1,333 tons per year of SO2 and NOx (combined).

NOx emissions from large engines in Colorado and the remaining engines in New Mexico are currently controlled at sufficient levels so that shifting from natural gas to electric compression may only result in a small reduction in emissions and in many cases would result in an increase in SO2 and NOx emissions.

For all categories of engines, greenhouse emissions would increase by shifting compressors from natural gas to electric.
Table 4. Change in SO2, NOx and Greenhouse Gas Emissions by shifting from Natural Gas Compression to Electricity
	4 Corners Grid Average Emissions
lbs/MWh
	tons/MWh/yr

	SO2
	3.41
	14.9

	NOx
	3.13
	13.7

	NOx + SO2
	6.54
	28.6

	CO2
	1,755
	7686.9


	Caterpillar 3608 LE Average Emissions

lbs/MWh (equivalent)
	Other NOx Emission Rates (gr/hp-hr)

	SO2
	0
	0
	0
	0
	0
	0

	hp/kw-hr
	1.342
	1.342
	1.342
	1.342
	1.342
	1.342

	hp/mw-hr
	1,342
	1,342
	1,342
	1,342
	1,342
	1,342

	Cubic feet gas/mw-hr
	9,815
	9,815
	9,815
	9,815
	9,815
	9,815


	Caterpillar 3608 LE Average Emissions

lbs/MWh (equivalent)
	Other NOx Emission Rates (gr/hp-hr)

	NOx Emission Rate gr/hp-hr
	1
	
	
	
	
	

	SO2 lbs/mw-hr
	0
	0
	0
	0
	0
	0

	NOx lbs/mw-hr
	3.0
	
	
	
	
	

	CO2 lbs/mw-hr
	1,138
	1,138
	1,138
	1,138
	1,138
	1,138


	SO2 tons/MWh/yr
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	NOx tons/MWh/yr
	13.0
	25.9
	38.9
	51.8
	64.8
	207.4

	CO2 tons/MWh/yr
	4985
	4985
	4985
	4985
	4985
	4985


	Delta SO2 tons/Mwh/yr
	14.9
	14.9
	14.9
	14.9
	14.9
	14.9

	Delta NOx tons/Mwh/yr
	0.7
	-12.2
	-25.2
	-38.1
	-51.1
	-193.7

	Delta NOx +SO2 tons/MWh/yr
	15.7
	2.7
	-10.2
	-23.2
	-36.2
	-178.7

	Delta CO2 tons/Mwh/yr
	2702
	2702
	2702
	2702
	2702
	2702


	Delta SO2 tons/yr
	15
	15
	15
	15
	15
	15

	Delta NOx tons/yr
	-83
	-180
	-276
	-373
	-469
	-1,533

	Delta NOx + SO2 tons/yr
	117
	20
	-76
	-173
	-270
	-1,333

	Delta CO2 tons/yr
	20,149
	20,149
	20,149
	20,149
	20,179
	20,149


Cat. 3608 Assumptions:


9815 Btu/kw-hr


“Sweet” Natural Gas


NOx – 1 gr/hp-hr


1 cu ft gas = 1,000 btu






2285 hp

Table 5.Change in SO2, NOx and Greenhouse Gas Emissions by shifting from Natural Gas Compression to Electricity for High Emitting Engines

	Pollutant
	4 Corners Grid Average Emissions (tons/MWh/y)
	Natural Gas Engine (tons/MWhr/y)
	Change in Emissions (lbs/MWh/y)
	Change in Emissions (t/yr)

	SO2
	15
	0
	14.9
	111

	NOxa
	14
	207
	-193.7
	-1,444

	CO2
	7,687
	4,985
	2,702
	20,149


a) assume 16 g/hp-hr




Total SO2 + NOx

-1,333








Greenhouse Emissions

20,149
Endnotes:

1 The quantification of changes in emissions of this option does not address the cost of implementation or the reliability of the electrical grid. These issues must be considered if this option is deemed beneficial from an environmental perspective.

2 Natural Resources Defense Council (NRDC) “Emissions Data for the 100 Largest Power Producers,” 20

3 Northern San Juan EIS Record of Decision (April 2007)

4 NMED Part 70 permits, Minor source permits and Environ inventory.
Mitigation Option: Use of NSCR for NOx Control on Rich Burn Engines TC "Use of SCR for NOx control on lean burn engines" \f C \l "4" 
Description of the Option
NOX, CO, HC, and formaldehyde emissions from a stoichiometric engine can be reduced by chemically converting these pollutants into nitrogen, carbon dioxide and water vapor. The most common method for achieving this is through the use of a catalytic converter. In a catalytic converter, the catalyst will either oxidize (oxidation catalyst) a CO or fuel molecule or reduce (reduction catalyst) a NOX molecule. 
A process which causes reaction of several pollutant components is referred to as a Non Selective Catalyst Reduction (NSCR) and is applicable only to stoichiometric engines. Engines must operate in a very narrow air/fuel ratio (AFR) operating range in order to maintain the catalyst efficiency. Maintaining low emissions in a stoichiometric combustion engine using exhaust gas treatment requires a very closely regulated air/fuel ratio. Without an AFR, emission reduction efficiencies will vary. Most AFRs utilize closed loop control based on the readings of an exhaust gas oxygen sensor to determine the air/fuel ratio. 
An AFR will only maintain an operator determined set point. For this set point to be at the lowest possible emission setting, an exhaust gas analyzer must be utilized and frequently checked.
Issues Associated With the Use of NSCR on Existing Small Engines
· Engines operate at reduced loads and there is a problem maintaining sufficient stack temperature for catalysts to work

· On engines with carburetors, there is difficulty having the AFR maintain a proper setting

· On older engines, the linkage and fuel control may not provide an accurate enough air/ fuel mixture

· If the AFR drifts low, ammonia will be formed in roughly equal amounts to the NOx reduced 
Assumptions

Currently, recent EIS RODs in Colorado and New Mexico require performance standards for new engines that will accelerate the implementation of the 2008 and 2010 federal NSPS for non road engines. Most engines in the 4 Corners Region in excess of 500 hp are lean burn engines and that trend is expected to continue in the future. These engines meet low emission standards through lean burn combustion technology and NSCR catalyst cannot be installed on this type of source. Therefore, the implementation of NSCR technology would have little or no effect on emission levels for new engines in excess of 500 hp. New engines having capacities of less than 500 hp will be required to meet an emission limit of 2 g/hp-hr in Colorado and New Mexico. Because of the limited availability of lean burn engines in this size range, NSCR will have to be used to achieve the prescribed emission levels. Thus, it is very likely that new engines will use this technology and there will be no additional possible reductions. It is important to note that a properly designed and operated NSCR system can achieve emission levels less than 2 g/hp-hr. However, the question becomes one of maintaining emissions at lower levels on a continuous basis and the operator’s need to have a safety factor for ensuring continuous compliance with source emission limits. Thus, on average, actual emissions will be less than the prescribed regulatory limits, however, there will be times when emissions will approach the regulatory limit.

In order for NSCR technology to result in any reduction of NOx emissions in the 4 Corners Region, it would have to be implemented on existing engines less than 500 hp. Estimates of potential emission reductions were calculated for engines in the range of 300 to 500 hp, 100 to 300 hp and less that 100 hp. These distinctions were made because controlling smaller existing engines will be difficult because of carbureted fuel systems and not having air fuel ratio controllers.
Engine Size >300 hp and < 500 hp 

The average uncontrolled NOx emission factor for existing engines in the 300 hp to 500 hp range is 2.9 g/hp-hr in Colorado and 3.2 g/hp-hr in New Mexico.
A NOx emission reduction of 31 percent would reduce the NOx emission factor to 2 g/hp-hr in Colorado and a 37 percent reduction in New Mexico would result in a NOx emission factor of 2 g/hp-hr.

Engine Size > 100 hp < 300 hp

Case 1

The average uncontrolled NOx emission factor for existing engines in the 100 hp to 300 hp range is 16.3 g/hp-hr in Colorado and 12.5 g/hp-hr in New Mexico.

Because mitigation is being considered on a fleet of older existing engines, it may not be possible to reduce emissions to current prescribed levels for new engines. As a result, it was assumed that NSCR for this situation would reduce NOx emissions by 50 percent in Colorado and New Mexico and would result in a NOx emission factor of 8.1 g/hp-hr in Colorado and 6.3 g/hp-hr in New Mexico.

Engine Size < 100 hp 

Case 1

The average uncontrolled NOx emission factor for existing engines less than 100 hp is 13.4 g/hp-hr in Colorado and 16 g/hp-hr in New Mexico.

Because mitigation is being considered on a fleet of older existing engines, it may not be possible to reduce emissions to current prescribed levels for new engines. As a result, it was assumed that NSCR for this situation would reduce NOx emissions by 50 percent in Colorado and New Mexico and would result in a NOx emission factor of 6.7 g/hp-hr in Colorado and 8.0 g/hp-hr in New Mexico.

Because of non-linear chemistry involved in photochemical reactions of ozone and secondary aerosols that result in a reduction of visibility, NOx emission reductions estimated in this analysis may or may not result in equal improvement in ambient air quality levels. Also, research indicates that if the AFR drifts off the optimal setting, then NOx emissions may be converted (on an equal basis) to ammonia. If this occurs within the discharge plume of an engine, it may accelerate the conversion of NOx emissions into particulate nitrate.

Additional long term testing of the use of NSCR on existing small engines must be performed prior to any large scale implementation of this option.

Method 

Table 6 and Table 7 present the projected changes in NOx emissions if NSCR were installed on existing engines in Colorado and New Mexico respectively.
	Table 6 Mitigation Option: NSCR on Existing Engines Less than 500 HP in Colorado

	 
	Unmitigated Total 2018 Average NOx Emissions (t/yr)
	Average NOx Emission Factor by Source Type
	Units
	Reduction (%)
	Mitigated Emission Factor
	Units
	NOx Reduction (t/yr)
	Mitigated Base Emissions Average NOx Emissions (t/yr)
	Mitigated Colorado Permitted (t/yr)
	Colorado Growth with Unmitigated 2018 Average NOx Emissions (t/yr)
	Mitigated Total 2018 Average NOx Emissions (t/yr)

	Htrs
	199
	100
	lb/MMscf
	0
	100.00
	lb/MMscf
	0
	101
	57
	41
	199

	Eng > 500 hp
	6,820
	1.4
	g/hp-hr
	0
	1.42
	g/hp-hr
	0
	4,904
	928
	987
	6,820

	< 500 hp Eng > 300
	1,277
	2.9
	g/hp-hr
	31
	2.03
	g/hp-hr
	360
	560
	243
	114
	916

	< 300 hp Eng > 100
	508
	16.3
	g/hp-hr
	50
	8.1
	g/hp-hr
	233
	152
	19
	43
	276

	Eng < 100
	286
	13.4
	g/hp-hr
	50
	6.7
	g/hp-hr
	130
	95
	10
	27
	157

	Turb
	378
	0.24
	lbs/MMBtu
	0
	0.24
	lbs/MMBtu
	0
	227
	60
	92
	378

	Total
	
	
	
	
	
	
	
	5,857
	1,316
	1,304
	8,745

	
	
	
	
	
	
	Total Reduction
	723
	
	
	
	

	
	
	
	
	
	
	Percent Reduction
	8
	
	
	
	


	Table 7 Mitigation Option: NSCR on Existing Engines Less than 500 HP in New Mexico

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	 
	Base Emissions Average NOx Emissions (t/yr)
	2018 NM Growth without Mitigation Average NOx Emissions (t/yr)
	2018 Total NM Emissions without Mitigation Average NOx Emissions (t/yr)
	Existing Emission Factors Average NOx Emission Factor by Source Type
	Units
	Reduction Existing Sources (%)
	Mitigated Emission Factor
	Units
	 
	New Emission Factors Average NOx Emission Factor by Source Type
	Units
	Reduction (%)
	Mitigated Emission Factor
	Units
	 
	NOx Mitigated (t/yr)
	NOx Reduction (t/yr)

	Htrs
	739
	366
	1,105
	100
	lb/MMscf
	0
	100.0
	lb/MMscf
	 
	100
	lb/MMscf
	0
	100
	lb/MMscf
	 
	1,105
	0

	Eng > 500 hp
	7,911
	1,205
	9,116
	3.0
	g/hp-hr
	0
	3.0
	g/hp-hr
	 
	1
	g/hp-hr
	0
	1
	g/hp-hr
	 
	9,116
	0

	< 500 hp Eng > 300
	1,510
	368
	1,878
	3.2
	g/hp-hr
	37
	2.0
	g/hp-hr
	 
	1
	g/hp-hr
	0
	1
	g/hp-hr
	 
	1,319
	559

	< 300 hp Eng > 100
	5,251
	189
	5,441
	12.5
	g/hp-hr
	50
	6.3
	g/hp-hr
	 
	1
	g/hp-hr
	0
	1
	g/hp-hr
	 
	2,815
	2,626

	Eng < 100
	12,674
	357
	13,031
	16.05
	g/hp-hr
	50
	8.0
	g/hp-hr
	 
	1
	g/hp-hr
	0
	1
	g/hp-hr
	 
	6,694
	6,337

	Turb
	4,004
	7,534
	11,538
	0.24
	lb/MMscf
	0
	0.2
	lb/MMscf
	 
	0.24
	lb/MMscf
	0
	0.24
	lb/MMscf
	 
	11,538
	0

	Truck Loading
	0
	0
	0
	 
	 
	0
	0.0
	 
	 
	 
	 
	0
	0
	 
	 
	 
	 

	Venting
	0
	0
	0
	 
	 
	0
	0.0
	lb/MMscf
	 
	 
	 
	0
	0
	lb/MMscf
	 
	 
	 

	Dehy overhead plus burner
	7
	3
	10
	100
	lb/MMscf
	0
	100.0
	 
	 
	100
	lb/MMscf
	0
	100
	 
	 
	10
	 

	Equipment
	0
	0
	0
	 
	 
	0
	0.0
	 
	 
	 
	 
	0
	0
	 
	 
	 
	 

	Process Fugitives
	0
	0
	0
	 
	 
	0
	0.0
	 
	 
	 
	 
	0
	0
	 
	 
	 
	 

	Total
	32,096
	10,021
	42,117
	
	
	
	
	
	
	
	
	
	
	
	
	32,595
	9,521

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Total percent reduction
	
	
	23


In Colorado, the installation of NSCR on existing engines less than 500 hp would result in NOx emission reductions of 723 tons per year in 2018 out of a total of 8,745 tons per year (8 percent reduction in NOx emissions). In New Mexico, the installation of NSCR on existing engines less than 500 hp would result in NOx emission reductions of 9,521 tons per year in 2018 out of a total of 32,595 tons per year (23 percent reduction in NOx emissions). 

Conclusions 

1) Installing NSCR on existing engines less than 500 hp in Colorado would result in a reduction of approximately 723 tons per year of NOx over current projected emissions in 2018.

2) Installing NSCR on existing engines less than 500 hp in New Mexico would result in a reduction of approximately 9,521 tons per year of NOx over current projected emissions in 2018.

3) Additional field testing on the installation of retrofit NSCR on engines less than 500 hp is needed to document what level of emission control could be achieved on a continuous basis.

4) Detailed modeling is planned that will quantify the air quality benefit of such reductions either separately or in combination with other potential mitigation measures. For visibility, currently in the Mesa Verde and Wimenuche Class I Areas NOx emissions are a very small portion of the total extinction budget, however in recent years the trend has been flat or showed slight increases. Also, because of complex photochemical reactions involving VOC emissions and NOx emissions, changes in NOx emissions could result in localized increases or decreases in ozone. Regional effects of changes in ozone precursor emissions would need to be determined using a photochemical model.

Mitigation Option: Use of SCR for NOx Control on Lean Burn Engines TC "Use of SCR for NOx control on lean burn engines" \f C \l "4" 
Description of the Option

Using this option, existing or new lean burn natural gas fired internal combustion engines would be installed with selective catalytic reduction (SCR). This technology uses excess oxygen in a selective catalytic reduction system. Reactant injection of industrial grade urea, anhydrous ammonia, or aqueous ammonia is required to facilitate the chemical conversion. A programmable logic controller (PLC) based control software for engine mapping / reactant injection requirements is used to control the SCR system. Sampling cells are used to determine the amount of ammonia injected which depends on the amount of NO measured downstream of the catalyst bed.

In the proposed standards for Stationary Spark Ignition Internal Combustion Engines, EPA states the following with respect to the installation of SCR on natural gas fired engines: “For SI lean burn engines, EPA considered SCR. The technology is effective in reducing NOx emissions as well as other pollutant emissions, if an oxidation catalyst is included. However, the technology has not been widely applied to stationary SI engines and has mostly been used with diesel engines and larger applications thousands of HP in size. This technology requires a significant understanding of its operation and maintenance requirements and is not a simple process to manage. Installation can be complex and requires experienced operators. Costs of SCR are high, and have been rejected by States for this reason. EPA does not believe that SCR is a reasonable option for stationary SI lean burn engines.1 Consequently, this technology is not readily applicable to unattended oil and gas operation that do not have electricity. 
Assumptions

There is very little information in the literature regarding the incremental NOx emission reduction of SCR beyond lean burn technology. This is because there have been very limited installations of this technology for oil and gas compressor engines. Table 8 presents a summary of incremental SCR emission reductions and cost effective control estimates for SCR on a lean burn engine.2

	Table 8

	Incremental Cost-Effectiveness Estimates for ICE
	Control Techniques and Technologies

	 
	 
	 
	Incremental
	Incremental NOX

	Engine Type
	Control Comparison
	Horsepower
	NOX Reduction
	Cost-Effectiveness

	 
	 
	 
	(tons/year)
	($/ton of NOX Removed)

	Lean Burn
	 
	 
	 
	 

	 
	From Low-Emission
	50-150
	0.4
	58,900

	 
	Combustion to SCR
	150-300
	0.8
	3,500

	 
	(96%)
	300-500
	3.3
	8,800

	 
	 
	500-1000
	6.6
	10,300


There are several concerns regarding this information. First, it is not known if the emission reductions are based on actual performance tests or theoretical emission calculations. It is also not known what the reference basis is for the emission reduction of 6.6 tons per year of NOx .
This very limited information was used to make a first order bounding calculation of the potential emission reductions that might be realized by using this technology on lean burn engines in the 4 Corners Region. The following outlines how this information was used.

Case 1

Assume:

Current lean burn engine having a site rate capacity of 1200 hp

NOx emission factor of 1.5 g/hp-hr

Annual emissions equal 17 tons per year

CARB estimate of a reduction of 6.6 tons per year is representative

Net NOx emissions would be 11 tons per year 
This results in an incremental reduction in NOx emissions of 30 percent and would reduce the NOx emission factor to 0.9 g/hp-hr.

Case 2

Assume:

Current lean burn engine having a site rate capacity of 1200 hp

NOx emission factor of 1 g/hp-hr

Annual emissions equal 12 tons per year

CARB estimate of a reduction of 6.6 tons per year is representative

Net NOx emissions would be 5 tons per year 
this results in an incremental reduction in NOx emissions of 46 percent and would reduce the NOx emission factor to 0.0.4 g/hp-hr.

It must be stressed that these estimates are very speculative, probably are not achievable on a continuous basis, are not significantly lower than the proposed NSPS of 1 g/hp-hr in 2010 and are not cost effective (incremental control costs in excess of $10,000/ton of NOx removal).

These two cases were used to estimate potential NOx emission reductions for several scenarios assuming installation of SCR on new lean burn engines in Colorado (tribal and private lands) and in New Mexico. This emission reduction is based on growth projections to 2018 and on recent EIS record of decisions (ROD) in the region. The growth estimates are based on estimated capacity as well as applicable emission limits imposed by the ROD or forthcoming NSPS regulations for engines. 

Because of non-linear chemistry involved in photochemical reactions of ozone and secondary aerosols that result in a reduction of visibility, NOx emission reductions estimated in this analysis may or may not result in equal improvement in ambient air quality levels. Also, excess ammonia slip within the discharge plume of an engine may accelerate the conversion of NOx emissions into particulate nitrate.

Table 9 presents CARB budgetary costs for the installation of SCR on lean burn engines.

Table 9 Cost-Effectiveness Estimates for ICE Control Techniques and Technologies

	Selective Catalytic Reduction for Lean Burn

	Horse Power

Range
	Capital 

Cost (S)
	Installation Cost(S)
	O&M

Cost (S/year)
	Annualized

Cost (S/year)

	50-150

151-300

301-500

501-1000

1001-1500
	32,000

32,000

43,000

116,000

132,000
	13,000

13,000

17,000

33,000

53,000
	20,000

26,000

35,000

78,000

117,000
	27,000

33,000

36,000

78,000

148,000

	Average gt 500 hp
	124,000
	43,000
	97,500
	113,000


It should be noted that in a white paper prepared by Thomas P. Mark regarding control of Engines in Colorado that he estimates the annual operating cost of SCR on an engine having a capacity of 1000 hp is approximately $140,000 per year and is consistent with the CARB estimate.3
Method 
Given the limited amount of information regarding the performance of SCR on natural gas fired engines, a lower bound of 30 percent and an upper bound of 57 percent over current lean burn engines were developed using the two cases previously presented. Emission reductions were estimated using the Colorado and New Mexico emission inventories developed as part of the 4 Corners Task Force Cumulative Effects Group.
Colorado 
In Colorado there are currently 187 lean burn engines having a capacity in excess of 500 hp (total capacity of 154,356 hp) and emissions of 4,904 tons per year.4 By 2018, total actual emissions from all sources are projected to increase by 1,304 tons per year. This represents an increase in 2018 of 987 tons per year (a 10 percent increase in emissions from this source group) in engines having a capacity in excess on 500 hp. This growth in emissions incorporates the recent Northern San Juan EIS ROD which requires that engines of this capacity meet an emission limit of 1g/hp-hr and accelerates the 2010 NSPS proposed requirement of 1.0 g/hp-hr. If SCR were installed on new engines having a capacity in excess of 500 hp and could achieve an additional 30 percent additional reduction in NOx emissions, there would be an additional 296 ton reduction in NOx emissions or 3 percent reduction in total emissions. If it is assumed that SCR installed on new engines in excess of 500 hp could achieve a 57 percent reduction in

emissions over existing levels, the emission reduction would be 549 tons per year or a total emission reduction of 6 percent .

The incremental cost of effectiveness of these reductions would be approximately $10,300/ton of NOx removed, a very small reduction at a large cost (annualized cost of $113,000/year)5 and therefore is not cost effective. Using the scaling information developed in the emission inventory analysis for Colorado, it is estimated that 35 new engines in this size category would be installed by 2018. If the CARB annualized cost for installation and operation of SCR is correct, the annualized cost to install and operate SCR is $4,000,000 per year for these sources. 
New Mexico
In New Mexico there are currently 327 lean burn engines having a capacity in excess of 500 hp (total capacity of 378,572 hp) and have resulting emissions of 7,911 tons per year.6 By 2018, NOx emissions from engines having a capacity greater than 500 hp are projected to increase to 1,205 tons per year, a 3 percent increase in emissions for this source category. This growth in emissions incorporates the recent Northern San Juan EIS ROD which requires that engines of this capacity meet an emission limit of 2 g/hp-hr. If SCR were installed and could achieve an additional 30 percent additional reduction in NOx emissions, there would be an additional 361 ton reduction in NOx emissions. If it is assumed that SCR could achieve a 57 percent reduction in emissions, the emission reduction would be 687 tons per year. 

The incremental cost of effectiveness of these reductions would be approximately $10,300/ton of NOx removed, a very small reduction at a large cost (annualized cost of $113,000/year)7 and therefore is not cost effective. Using the scaling information developed in the emission inventory analysis for New Mexico, it is estimated that 50 new engines in this size category would be installed by 2018. If the CARB annualized cost for installation and operation of SCR is correct, the annualized cost to install and operate SCR is $6,000,000 per year for these sources. 
Conclusions 

1)
Installing SCR on new engines in Colorado will result in a first order approximation reduction in the range of 296 to 454 tons per year of NOx over projected emissions based on the current regulatory framework.

2)
Installing SCR on new engines in New Mexico will result in a first order approximation reduction in the range of 361 to 602 tons per year of NOx over projected emissions based on the current regulatory framework.

3)
These emission reductions are very speculative in terms of actual reductions on a continuous basis and would be achieved at a very high cost.
Endnotes:

1 Federal Register Monday, June 12, 2006 40 CFR Parts 69, 63, et al. Standards of Performance for Stationary Spark Ignition Internal Combustion Engines and National Emission Standards for Hazardous Air Pollutants for Reciprocating internal Combustion Engines; Proposed Rule
2 California Environmental Protection Agency Air Resources Board, 2001, “Determination of Reasonably Available Control Technology.
3 Thomas P. Mark, October 31, 2003, Control of Compressor Engine Emissions Related Costs and Considerations.

4 Tribal and State of Colorado sources.
5 In 2001 dollars and are assumed to be representative of an actual installation.

6 All New Mexico sources.

7 In 2001 dollars and are assumed to representative of an actual installation.
Mitigation Option: NSPS Regulations TC "NSPS Regulations" \f C \l "4" 
Description of Option 

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

CI NSPS: The final NSPS for stationary CI (diesel) engines was published in the Federal Register on July 11, 2006. It requires that new CI engines built from April 1, 2006, through December 31, 2006, for stationary use meet EPA’s nonroad Tier 1 emission requirements. From January 1, 2007, all new CI engines built for stationary use must be certified to the prevailing nonroad standards. (Minor exceptions are beyond the scope of this discussion.) 
SI NSPS: The NSPS proposal for stationary SI engines, including those operating on gaseous fuels, was published in the Federal Register on June 12, 2006. Per court order, the rule is to be finalized by December 20, 2007. Like the CI NSPS, certain elements of the SI NSPS will be retroactively effective once finalized. The following summarizes the proposed requirements:

Table 10. New Source performance Standards (NSPS)
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Since the proposed NSPS will become an EPA regulation, it will become the base case for emissions for new engines. As such, the benefits of this regulation are already incorporated into the Cumulative Effects emission inventories.

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

Description of Option

Under this option, natural gas fired internal combustion engines that are used to power various oil and gas related operations would be installed with appropriate sized engines (horsepower) for the activity being conducted. The advantage of this approach would be reducing the cumulative amount of horsepower deployed and might result in reducing emissions. This may also be accomplished by using larger central compression in lieu of deploying numerous smaller compressor engines at a number of individual locations such as well sites.

Assumptions 
1) Current lease agreements for production cannot be easily changed.

2) Engine emission factors do not change with load. 

3) Emission factors on small engines are consistent with large engines (proposed NSPS will require this). 

Method

Short term emissions from compressor engines are based on the amount of fuel used which is a function of capacity (hp) and load. In determining annual emissions, the hours of operation are important. Assuming that emission factors do not change with load, as the load is reduced emissions will decrease. If it is assumed that all engines have the same rate of emissions, simply reducing the number of engines and operating them at higher capacity will likely result in the same amount of fuel usage and the same amount of emissions. 
Conclusions
The implementation of this option will not result in any quantifiable reduction in emissions.

Mitigation Option: Use of Oxidation Catalyst for Formaldehyde and VOC Control on Lean Burn Engines TC "Use of Oxidation Catalyst for Formaldehyde and VOC Control on Lean Burn Engines" \f C \l "4" 
Description of Option

Using this option, existing or new lean burn natural gas fired internal combustion engines would be installed with oxidation catalyst to convert formaldehyde and VOC emissions to CO2. This technology requires the use of an air fuel ratio controller (AFR) in conjunction with the catalyst.

Assumptions

In developing emission inventories for the Four Corners Region, it was assumed that formaldehyde emissions from natural gas fired engines were 0.22 g/hp-hr for all types of engines. There is a large uncertainty in emission factors for formaldehyde which is why a conservative value of 0.22 g/hp-hr was assumed for all engines. In reality, lean burn engines have higher formaldehyde emissions than rich burn engines and therefore it is more appropriate to consider oxidation catalyst technology only for lean burn engines.

The emission inventory for VOC engines used manufacturers’ emission factors. There is a large uncertainty if those emission factors represent total hydrocarbons (THC) or VOCs and also they do not include formaldehyde. THC includes methane (C1) and ethane (C2) which EPA does not regulate because they have low photochemical reactivity. Figure 1 presents the speciation of organics from natural gas fired engines from the EPA Speciate data base and indicates that the majority of the hydrocarbon emissions are methane and ethane. Thus, the projected reductions in hydrocarbon emissions may not affect ozone formation.

Figure 1. Composition of Hydrocarbon Emissions from Natural Gas Fired Engines
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It was assumed that this technology could obtain a 90 percent reduction in hydrocarbons and 80 percent reduction in formaldehyde.

Previous modeling analyses of formaldehyde HAP impacts indicate that maximum impacts for the most likely exposed individual (MLE) are approximately 4x10-6 and have a very localized impact..1,2 A plot indicating the formaldehyde impacts is presented in Figure 2.3
Method

Table 11 presents the projected changes in formaldehyde and hydrocarbon emissions if oxidation catalyst were installed on new engines in Colorado and New Mexico. 

Figure 2. Formaldehyde Isopleths from Northern San Juan EIS
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	Table 11. Estimated Changes in VOC and Formaldehyde Emissions with the Installation of Oxidation Catalyst

	 
	VOC Reduction (t/yr)
	Unmitigated VOC (t/yr)
	Percent VOC Reduction
	Formaldehyde Reduction (t/yr)
	Unmitigated Formaldehyde (t/yr)
	Percent Formaldehyde Reduction

	Colorado
	204
	3115
	7
	42
	471
	9

	New Mexico
	1415
	42,117
	3.4
	382
	365
	40


In Colorado, the installation of oxidation catalyst on new engines greater than 300 hp4 would result in formaldehyde emission reductions of 42 tons per year (a 9 percent reduction in emissions) in 2018. This option would also result in a reduction of 204 tons per year of VOC emissions (a 7 percent reduction in emissions) in 2018. In New Mexico, the installation of oxidation catalyst on new engines greater than 300 hp would result in formaldehyde emission reductions of 385 tons per year (a 40 percent reduction) in 2018. This option would result in a reduction of 1,415 tons per year of hydrocarbon emissions (primarily methane and ethane) and would correspond to a 3.4 percent reduction in total emissions in 2018. 
Conclusions

Installing oxidation catalyst on new engines greater than 300 hp in Colorado would result in a reduction of approximately 42 tons per year of formaldehyde over current projected emissions in 2018. and 204 tons per year of VOCs (primarily methane and ethane). 
Installing oxidation catalyst on new engines greater than 300 hp in New Mexico would result in a reduction of approximately 382 tons per year of formaldehyde and 1,415 tons per year of hydrocarbons (primarily methane and ethane) for new engines in 2018.

There is a large uncertainty in the VOC estimates because the emitted compounds may be methane and ethane which are not regulated VOCs. 

Detailed modeling is necessary to determine the air quality benefit of such reductions with respect to VOCs. 

Previous HAP modeling indicates that there are minimal and very localized HAP impacts from natural gas fired engines.

Endnotes

1 Dames and Moore 1999, “Southern Ute Environmental Impact Statement.

2 RTP Environmental, 2004, “Northern San Juan EIS 2002 Air Quality Impact Assessment Technical Support Document Northern San Juan Basin Coalbed Methane Environmental Impact Statement.”

3 RTP Environmental, 2004, “Northern San Juan EIS 2002 Air Quality Impact Assessment Technical Support Document Northern San Juan Basin Coalbed Methane Environmental Impact Statement.”
4 The lower size cutoff for current lean burn technology.
Mitigation Option: SNCR for Lean-burn Engines TC "SNCR for Lean-burn Engines" \f C \l "4" 
Description of the mitigation option

SNCR stands for Selective Non-Catalytic Reduction. It is similar to Selective Catalytic Reduction (SCR), except that it lacks a catalyst. Like SCR, SNCR can be applied to lean-burn or diesel engines and urea or ammonia is injected into the exhaust manifold. Because it lacks a catalyst, SNCR has a lower conversion efficiency than SCR has.

Do not confuse SNCR with NSCR (Non-Selective Catalytic Reduction), which is applicable to rich-burn engines and uses a catalyst but does not use ammonia or urea as a reductant.

SNCR is used primarily for NOx reduction in boilers. It use in engines has been supplanted by SCR because it has a higher NOx reduction efficiency than SNCR.

SNCR at best can convert only about 60% of the NOx in the exhaust stream compared to about 90% for SCR. Like SCR, SNCR is subject to ammonia slippage.

Because of the low NOx removal rate, the uncertainty in application to natural gas fired engines and because more effective proven technologies exist this option was not evaluated further.
Mitigation Option: Next Generation Stationary RICE Technology TC "Next Generation Stationary RICE Technology" \f C \l "4" 
Description of the mitigation option

In evaluating the next generation RICE control technology, it is important to note that current technology has resulted in substantial NOx reductions in natural gas fired engines compared to engines that were installed 10 years ago. These controls in terms of large engines are achieving approximately 90 percent control, are reliable in terms of operability and pollutant removal rate and the controls are cost effective. In order for the next generation of controls to be implemented in the field they must achieve the same standards. In addition, the benefits of such controls must be evaluated against true environmental air shed benefits and not simply based on emission reductions.
In the short term it is not possible to quantify any emission reductions associated with the implementation on next generation RICE control technology.

This section describes several advanced engine technologies. In the near term lean-burn technology could be applied to engines smaller than 500 hp. This is a decision to be made by the engine manufacturers with the driving force being emissions regulations. Alternatively, the engine manufacturers could develop rich-burn engines with non-selective catalytic reduction (NSCR) and air/fuel ratio controllers. This may be an attractive option for the engine manufacturers because the technology is well developed in the automobile industry. Again, the driving force is emissions regulations.

NOx-trap catalysts are being developed in Europe and the US for automobile and truck diesel engines, but they could also be developed for lean-burn stationary engines. In this technology the NOx trap absorbs NOx. When the trap becomes filled with NOx, it must be regenerated by injecting fuel upstream of the trap. The fuel releases the NOx from the trap and chemically reduces it in the presence of the catalyst. When the trap has been emptied of NOx, the fuel stream is turned off and the cycle repeats. The advantage of this technology is that the NOx reductant is the fuel rather than ammonia or urea. However, the fuel that is consumed by the catalyst does not produce any additional power. One important characteristic of NOx-trap catalysts is that fuel-borne sulfur permanently poisons the catalyst.

Membranes that can separate an air stream into an oxygen-enriched stream and an oxygen-depleted stream are being developed. This gives engineers another independent variable, the percentage of oxygen in the air, to use for NOx reduction. Oxygen-depleted air has an effect on engines similar to exhaust gas recirculation (EGR); it reduces combustion temperature so NOx is formed at a lower rate. Unlike EGR the oxygen-depleted air does not contain combustion products that can shorten the life of the engine.

Laser ignition has four main advantages: (1) the ability to fire leaner air/fuel mixtures than conventional spark plugs, (2) the ability to fire under much higher turbocharging pressure than is the case for conventional spark plugs, (3) the ability to fire at higher compression ratios than is the case for conventional spark plugs, and (4) the potential to eliminate most of the down time needed to change spark plugs. The ability to fire very lean air/fuel mixtures implies lower combustion temperatures and lower NOx emissions. The power loss due to very lean air/fuel mixtures can be recovered by increasing the turbocharger pressure and/or compression ratio. This may give a higher net power density for the engine than is possible with conventional spark plugs.

Lean NOx catalysts that can reduce NOx even with a lean air/fuel ratio are being developed. Unlike SCR catalysts, they do not need a reductant such as ammonia or urea. However, conversion efficiencies are less than those of either SCR or NSCR. The leaner the air/fuel ratio, the lower the conversion efficiency of the lean NOx catalysts.

Homogeneous charge compression ignition (HCCI) engines are under development at several laboratories. In these engines a fully mixed charge of air and fuel is compressed until the heat of compression ignites it. Combustion is unlike either spark ignition or diesel combustion because it proceeds uniformly throughout the entire cylinder rather than having a discreet high-temperature flame front as is the case with spark ignition or diesel engines. The low-temperature combustion of HCCI produces extremely low levels of NOx. The challenge of HCCI is in achieving the correct ignition timing, although progress is being made in the laboratories.
Mitigation Option: Automation of Wells to Reduce Truck Traffic TC "Automation of Wells to Reduce Truck Traffic" \f C \l "4" 
Assumptions

About 50% of traffic on dirt roads in the Four Corners region is oil and gas related.

Substantially less than widespread implementation is likely, assume 25%.

Emissions estimates for road dust are of medium to low quality.

Road dust estimates made by the Western Regional Air Partnership (WRAP) have an EPA-recommended factor applied that estimates the transportable fraction, i.e. that which would move beyond the immediate vicinity.

Automation would not quite “zero out” vehicle-related emissions for those wells that are automated because of non-routine maintenance, perhaps it would be reduced by 80%.

Vehicle miles traveled is proportional to dust generated.

Method

Applying the percent reduction, 80% reduced by 50% to account for extent of oil and gas traffic and further reduced by 75% to account for effectiveness. So, the over all reduction would be 10%.

For road dust, the total PM10 emissions in the region are 1959 tpy (tons per year), while the total of PM2.5 is 196 tpy based on WRAP inventory information. Hence, the estimated reduction in road dust emissions because of automation would by 196 tpy of PM10 and 20 of PM2.5.

For tailpipe emissions, the total NOx emissions in the region are 916 tpy, which means the reduction because of automation would be 92 tpy.

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" 
Assumptions

About 50% of traffic on dirt roads in the Four Corners region is oil and gas related.

Substantially less than widespread implementation is likely because it is voluntary, assume 20% participation which is a bit higher than is usually assumed for regulatory programs.

Emissions estimates for road dust are of medium to low quality.

Road dust estimates made by the Western Regional Air Partnership (WRAP) have an EPA-recommended factor applied that estimates the transportable fraction, i.e. that which would move beyond the immediate vicinity.

Hauling of produced water constitutes about 20% of total O&G traffic.

Streamlining hauling might reduce such traffic by about 50%. 
The relative mix of heavy duty compared to light duty vehicles is unknown, so estimating emissions reductions for this option might be a bit conservative since it is based on an overall average that includes both light- and heavy-duty and the approach is intended just for heavy-duty which produce more dust on a per unit basis.

Method

Based on the above assumptions of 50% of total traffic is oil and gas related, of which 20% are hauling produced water and of which 20% will likely undertake the program. Therefore, of the total unpaved road traffic generating road dust, 2% would be reducing emissions under this approach. One would then apply the 50% control efficiency.

For road dust, the total PM10 emissions in the region are 1959 tpy (tons per year), while the total of PM2.5 is 196 tpy based on WRAP inventory information. Hence, the estimated reduction in road dust emissions because of automation would by 39 tpy of PM10 and 4 tpy of PM2.5.

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" 
Assumptions

About 50% of traffic on dirt roads in the Four Corners region is oil and gas related.

Emissions estimates for road dust are of medium to low quality.

Road dust estimates made by the Western Regional Air Partnership (WRAP) have an EPA-recommended factor applied that estimates the transportable fraction, i.e. that which would move beyond the immediate vicinity.

Hauling of produced water constitutes about 20% of total O&G traffic.

Streamlining hauling might reduce such traffic by about 50%. 
Miles traveled is proportional to dust generated.

The relative mix of heavy duty compared to light duty vehicles is unknown, so estimating emissions reductions for this option might be a bit conservative since it is based on an overall average that includes both light- and heavy-duty and the approach is intended just for heavy-duty which produce more dust on a per unit basis.

Method

Based on the above assumptions of 50% of total traffic is oil and gas related, of which 20% are hauling produced water. Therefore, of the total unpaved road traffic generating road dust, 2% would be reducing emissions under this approach. One would then apply the 50% control efficiency.

For road dust, the total PM10 emissions in the region are 1959 tpy (tons per year), while the total of PM2.5 is 196 tpy based on WRAP inventory information. Hence, the estimated reduction in road dust emissions because of automation would by 196 tpy of PM10 and 20 tpy of PM2.5.

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" 
Assumptions

About 25% of traffic on dirt roads in the Four Corners region is on oil field lease roads.

Once applied, the improved surface would be maintained regularly by grading and reapplying gravel or rock.

Emissions estimates for road dust are of medium to low quality.

Road dust estimates made by the Western Regional Air Partnership (WRAP) have had an EPA-recommended factor that estimates the transportable fraction, i.e. that which would move beyond the immediate vicinity.

The level of emissions reductions achieved by the application of gravel to roadways can vary from place to place.

Considering uncertainties in road dust emissions estimates, the more conservative end of a range will be used.

Method

The total annual road dust emissions of PM10 in the Four Corners region are 1959 tpy (tons per year), and 196 tpy of PM2.5 based on the inventory information from the WRAP.

Based on a comprehensive EPA study (Raile, 1996) conducted in the Kansas City, Missouri area, emissions of PM10 were reduced by 42% to 52% by the application of gravel.

Therefore, emissions of PM10 on lease roads would be reduced by about 206 tpy, and by about 21 tpy of PM2.5. This is based on the following:

reduction of particulate from lease roads = 

total road dust emissions times 25% times 42%.

References:
Raile, M.M. 1996. Characterization of Mud/Dirt Carryout onto Paved Roads from Construction and Demolition Activities. U.S. EPA. EPA/600/SR-95/171.

Mitigation Option: Reduced Vehicular Dust Production by Enforcing Speed Limits TC "Reduced Vehicular Dust Production by Enforcing Speed Limits" \f C \l "4" 
Assumptions

The average posted speed is 30 mph.

About half of the vehicles on dirt road exceed the posted limit by more than 5 mph. The average for these drivers is 40 mph or 10 mph over.

Therefore, the reduction in speed for those exceeding posted limits would be about 10 mph if enforcement was undertaken and was 100% effective. Such enforcement is not 100% effective.

Road dust estimates made by the Western Regional Air Partnership (WRAP) have an EPA-recommended factor that estimates the transportable fraction, i.e. how much would move beyond the immediate vicinity.

The effectiveness of enforcement initiatives is dependent on resources allocated.

Method

The equation for estimating road dust PM10 emissions from EPA’s AP-42 is:

((1.8*(silt content/12)^.1) * (veh. Speed/30)^.5) - .00036) / 

(surface moisture/.5)^.2

Therefore, adjusting the vehicle speed would change the multiplier in the numerator from 1.15 (i.e. (40/30)^.5) to 1.0 (i.e. (30/30)^.5).

So, assuming even 50% effectiveness in mitigating speeding, and generally the assumption is lower, the reduction from enforcing a 30 mph speed limit on dirt roads in the entire Four Corners region would be about 7.5%.

Remembering that half of the traffic on dirt roads are exceeding the speed limit by more than the threshold 5%, applied to the total road dust emissions of PM10 of 1959 tpy, the reduction would be approximately 73 tpy. The reduction in PM2.5 from a total of 196 tpy would be 7 tpy.

Mitigation Option: Emissions Monitoring for Proposed Desert Rock Energy Facility to be Used Over Time to Assess and Mitigate Deterioration to Air Quality in Four Corners Region TC " Emissions Monitoring for Proposed Desert Rock Energy Facility to be Used Over Time to Assess and Mitigate Deterioration to Air Quality in Four Corners Region " \f C \l "4" 
Assumptions

Generally, much post-construction ambient monitoring for permitted facilities by the source is conducted on-site. Air quality permits generally contain conditions to require continuous emissions monitoring from the stacks for criteria pollutants. New federal mercury rules will require continuous emissions monitoring for mercury for Desert Rock Energy Facility beginning in 2010.

Given the tall stack heights of the proposed facility, the greatest air pollution impacts from emissions from the facility will be quite some distance from the facility.

Review of Proposed Approach

Continuous PM2.5 monitoring of primary fine particulate by the facility on-site would not likely provide useful information where the effect of emissions would be well downwind, plus direct fine particulate emissions by more modern power plants are usually not substantial. However, monitoring fine particulates and its chemical components (including ammonia) at off-site locations where models indicate significant impacts from the facility would be useful. Also, since much fine particulate is formed in the atmosphere rather than emitted directly, measurements of sulfur dioxide and oxides of nitrogen offsite would also be useful.

Stack mercury measurements might be useful from a research perspective in performing source apportionment work in the Four Corners region.

As is discussed above, on-site ambient monitoring of volatile organic compounds (VOC) may not be an effective means of understanding the ambient impact of these emissions, but off-site monitoring of ozone precursors like VOC and nitrogen oxides at predicted maximum impact locations would be useful.
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distilate boilers

		

		P_NUMBER		GAS_PROFILE.NAME		QUALITY		CONTROLS		P_DATE		NOTES		TOTAL		MASTER_POL		T_METHOD		NORM_BASIS		ORIG_COMPO		STANDARD		TEST_YEAR		J_RATING		V_RATING		D_RATING		REGION		SIBLING		LEGACY		VOCtoTOG		SPECIE_ID		WEIGHT_PER		UNCERTAINT		UNC_METHOD		ANLYMETHOD		CAS		EPAID		SAROAD		PAMS		HAPS		SPECIE_PROPERTIES.NAME		SYMBOL		SPEC_MW		NonVOCTOG		EPAITN		SPECIATETempID

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		491		4.1		-99		N/A		Unknown		75-28-5				43214						Isobutane		I_BUTA		58.1222

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		592		12.2		-99		N/A		Unknown		106-97-8				43212						N-butane		N_BUTA		58.1222

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		600		0.3		-99		N/A		Unknown		142-82-5				43232						N-heptane		N_HEPT		100.20194

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		601		10.8		-99		N/A		Unknown		110-54-3				43231						N-hexane		N_HEX		86.17536

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		605		4.7		-99		N/A		Unknown		109-66-0				43220						N-pentane		N_PENT		72.14878

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		671		1.2		-99		N/A		Unknown		74-98-6				43204						Propane		N_PROP		44.09562

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		2126		2.6		-99		N/A		Unknown		N/A				43106						Isomers of heptane		S2		100.20194						SPECIATETemp 2199

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		2127		5.2		-99		N/A		Unknown		N/A				43105						Isomers of hexane				86.17536						SPECIATETemp 2200

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		2130		4.7		-99		N/A		Unknown		N/A				43107						Isomers of octane		S3		114.22852						SPECIATETemp 2203

		0002		External Combustion Boiler - Distillate Oil		4		Uncontrolled		05-Jan-89		Information based on stack sample for residual oil analyzed by GC/MS.		100																										1		2132		5.5		-99		N/A		Unknown		N/A				43122						Isomers of pentane		S18		72.14878						SPECIATETemp 2205
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recip diesel

		

		P_NUMBER		GAS_PROFILE.NAME		QUALITY		CONTROLS		P_DATE		NOTES		TOTAL		MASTER_POL		T_METHOD		NORM_BASIS		ORIG_COMPO		STANDARD		TEST_YEAR		J_RATING		V_RATING		D_RATING		REGION		SIBLING		LEGACY		VOCtoTOG		SPECIE_ID		WEIGHT_PER		UNCERTAINT		UNC_METHOD		ANLYMETHOD		CAS		EPAID		SAROAD		PAMS		HAPS		SPECIE_PROPERTIES.NAME		SYMBOL		SPEC_MW		NonVOCTOG		EPAITN		SPECIATETempID

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		46		7		-99		N/A		Unknown		106-99-0				43218						1,3-butadiene		BUDI13		54.09044

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		64		13.4		-99		N/A		Unknown		106-98-9				43213						1-butene		LBUT1E		56.10632

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		282		11.3		-99		N/A		Unknown		74-86-2				43206						Acetylene		ACETYL		26.03728

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		302		7.9		-99		N/A		Unknown		71-43-2				45201						Benzene		BENZE		78.11184

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		438		2.8		-99		N/A		Unknown		74-84-0				43202						Ethane		ETHANE		30.06904

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		452		28.7		-99		N/A		Unknown		74-85-1				43203						Ethylene		ETHENE		28.05316

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		529		11.6		-99		N/A		Unknown		74-82-8				43201						Methane				16.04246

		0008		Reciprocating Diesel Engine		3		Uncontrolled		05-Jan-89		Composite profile developed using data based on GC/MS analysis of fuel combustion exhaust.		100																										1.168224		678		17.3		-99		N/A		Unknown		115-07-1				43205						Propylene		PROPE		42.07974
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natural gas boilers

		P_NUMBER		GAS_PROFILE.NAME		QUALITY		CONTROLS		P_DATE		NOTES		TOTAL		MASTER_POL		T_METHOD		NORM_BASIS		ORIG_COMPO		STANDARD		TEST_YEAR		J_RATING		V_RATING		D_RATING		REGION		SIBLING		LEGACY		VOCtoTOG		SPECIE_ID		WEIGHT_PER		UNCERTAINT		UNC_METHOD		ANLYMETHOD		CAS		EPAID		SAROAD		PAMS		HAPS		SPECIE_PROPERTIES.NAME		SYMBOL		SPEC_MW		NonVOCTOG		EPAITN		SPECIATETempID

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		302		4		-99		N/A		Unknown		71-43-2				45201						Benzene		BENZE		78.11184

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		385		1		-99		N/A		Unknown		110-82-7				43248						Cyclohexane		CYHEXA		84.15948

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		465		8		-99		N/A		Unknown		50-00-0				43502						Formaldehyde		FORMAL		30.02598

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		529		56		-99		N/A		Unknown		74-82-8				43201						Methane				16.04246

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		592		9		-99		N/A		Unknown		106-97-8				43212						N-butane		N_BUTA		58.1222

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		605		6		-99		N/A		Unknown		109-66-0				43220						N-pentane		N_PENT		72.14878

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		671		4		-99		N/A		Unknown		74-98-6				43204						Propane		N_PROP		44.09562

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		717		2		-99		N/A		Unknown		108-88-3				45202						Toluene		TOLUE		92.13842

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		2127		1		-99		N/A		Unknown		N/A				43105						Isomers of hexane				86.17536						SPECIATETemp 2200

		0003		External Combustion Boiler - Natural Gas		4		Uncontrolled		05-Jan-89		Information based on stack sample for natural gas analyzed by GC/MS.		100																										2.272727		2132		9		-99		N/A		Unknown		N/A				43122						Isomers of pentane		S18		72.14878						SPECIATETemp 2205
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recip natural gas 

		

		P_NUMBER		GAS_PROFILE.NAME		QUALITY		CONTROLS		P_DATE		NOTES		TOTAL		MASTER_POL		T_METHOD		NORM_BASIS		ORIG_COMPO		STANDARD		TEST_YEAR		J_RATING		V_RATING		D_RATING		REGION		SIBLING		LEGACY		VOCtoTOG		SPECIE_ID		WEIGHT_PER		UNCERTAINT		UNC_METHOD		ANLYMETHOD		CAS		EPAID		SAROAD		PAMS		HAPS		SPECIE_PROPERTIES.NAME		SYMBOL		SPEC_MW		NonVOCTOG		EPAITN		SPECIATETempID

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		25		0.01		-99		N/A		Unknown		526-73-8				45225						1,2,3-trimethylbenzene		BZ123M		120.19158

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		30		0.01		-99		N/A		Unknown		95-63-6										1,2,4-trimethylbenzene  (1,3,4-trimethylbenzene)		BZ124M		120.19158

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		44		0.02		-99		N/A		Unknown		108-67-8				45207						1,3,5-trimethylbenzene		BZ135M		120.19158

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		80		0.01		-99		N/A		Unknown		611-14-3				99915						1-Methyl-2-ethylbenzene		O_ETOL		120.19158

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		89		0.01		-99		N/A		Unknown		620-14-4				99912						1-Methyl-3-ethylbenzene		M_ETOL		120.19158

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		106		0.01		-99		N/A		Unknown		124-11-8				43267						1-nonene				126.23922

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		107		0.01		-99		N/A		Unknown		111-66-0				43265						1-octene				112.21264

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		108		0.01		-99		N/A		Unknown		109-67-1				43224						1-pentene		PENTE1		70.1329

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		122		0.01		-99		N/A		Unknown		75-83-2				43291						2,2-dimethylbutane		BU22DM		86.17536

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		152		0.01		-99		N/A		Unknown		108-08-7				43271						2,4-dimethylpentane		PEN24M		100.20194

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		184		0.02		-99		N/A		Unknown		763-29-1				98040						2-methyl-1-pentene		P1E2ME		84.15948

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		185		0.01		-99		N/A		Unknown		513-35-9				43228						2-methyl-2-butene		B2E2M		70.1329

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		244		0.02		-99		N/A		Unknown		589-81-1										3-methylheptane		HEP3ME		114.22852

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		245		0.01		-99		N/A		Unknown		589-34-4				43295						3-methylhexane		HEXA3M		100.20194

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		248		0.02		-99		N/A		Unknown		96-14-0				43230						3-methylpentane		PENA3M		86.17536

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		279		0.03		-99		N/A		Unknown		75-07-0				43503						Acetaldehyde		ACETAL		44.05256

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		282		0.32		-99		N/A		Unknown		74-86-2				43206						Acetylene		ACETYL		26.03728

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		302		0.11		-99		N/A		Unknown		71-43-2				45201						Benzene		BENZE		78.11184

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		367		0.02		-99		N/A		Unknown		590-18-1				43217						Cis-2-butene		C2BUTE		56.10632

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		385		0.01		-99		N/A		Unknown		110-82-7				43248						Cyclohexane		CYHEXA		84.15948

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		390		0.02		-99		N/A		Unknown		287-92-3				43242						Cyclopentane		CPENTA		70.1329

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		438		14		-99		N/A		Unknown		74-84-0				43202						Ethane		ETHANE		30.06904

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		449		0.01		-99		N/A		Unknown		100-41-4				45203						Ethylbenzene		ETBZ		106.165

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		452		0.63		-99		N/A		Unknown		74-85-1				43203						Ethylene		ETHENE		28.05316

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		465		0.81		-99		N/A		Unknown		50-00-0				43502						Formaldehyde		FORMAL		30.02598

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		491		0.43		-99		N/A		Unknown		75-28-5				43214						Isobutane		I_BUTA		58.1222

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		497		0.02		-99		N/A		Unknown		115-11-7				43215						Isobutylene		LIBUTE		56.10632

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		500		0.02		-99		N/A		Unknown				E17133794		43109						Isomers of decane				142.28168						SPECIATETemp 573

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		507		0.02		-99		N/A		Unknown		1330-20-7				45102						Isomers of xylene				106.165

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		524		0.01		-99		N/A		Unknown		108-38-3				45205						M-xylene		M_XYL		106.165

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		529		76.69		-99		N/A		Unknown		74-82-8				43201						Methane				16.04246

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		550		0.02		-99		N/A		Unknown		108-87-2				43261						Methylcyclohexane		MECYHX		98.18606

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		551		0.04		-99		N/A		Unknown		96-37-7				43262						Methylcyclopentane		MCYPNA		84.15948

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		592		1		-99		N/A		Unknown		106-97-8				43212						N-butane		N_BUTA		58.1222

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		598		0.01		-99		N/A		Unknown		124-18-5				43238						N-decane		N_DEC		142.28168

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		600		0.02		-99		N/A		Unknown		142-82-5				43232						N-heptane		N_HEPT		100.20194

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		601		0.02		-99		N/A		Unknown		110-54-3				43231						N-hexane		N_HEX		86.17536

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		603		0.01		-99		N/A		Unknown		111-84-2				43235						N-nonane		N_NON		128.2551

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		604		0.02		-99		N/A		Unknown		111-65-9				43233						N-octane		N_OCT		114.22852

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		605		0.13		-99		N/A		Unknown		109-66-0				43220						N-pentane		N_PENT		72.14878

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		610		0.01		-99		N/A		Unknown		1120-21-4				43241						N-undecane		N_UNDE		156.30826

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		620		0.01		-99		N/A		Unknown		95-47-6				45204						O-xylene		O_XYL		106.165

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		671		2.91		-99		N/A		Unknown		74-98-6				43204						Propane		N_PROP		44.09562

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		678		1.69		-99		N/A		Unknown		115-07-1				43205						Propylene		PROPE		42.07974

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		717		0.04		-99		N/A		Unknown		108-88-3				45202						Toluene		TOLUE		92.13842

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		737		0.13		-99		N/A		Unknown		624-64-6				43216						Trans-2-butene		T2BUTE		56.10632

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		742		0.01		-99		N/A		Unknown		646-04-8				43226						Trans-2-pentene		T2PENE		70.1329

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		1923		0.01		-99		N/A		Unknown		N/A				45110						C10 Aromatic		S314		133.9050326519						SPECIATETemp 1996

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		1925		0.02		-99		N/A		Unknown		N/A				43125						C10 Olefins		S21		140.2658						SPECIATETemp 1998

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		1964		0.01		-99		N/A		Unknown		N/A				45109						C3/C4/C5 Alkylbenzenes		S313		133.3939371355						SPECIATETemp 2037

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2020		0.04		-99		N/A		Unknown		N/A				43124						C9 Olefins		S20		126.23922						SPECIATETemp 2093

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2108		0.01		-99		N/A		Unknown		25339-56-4				43264						Heptene				98.18606

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2119		0.02		-99		N/A		Unknown		78-84-2				43511						Isobutyraldehyde		S236		72.10572

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2120		0.26		-99		N/A		Unknown		N/A		E17133778		43120						Isomers of butene		S16		56.10632						SPECIATETemp 2193

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2126		0.04		-99		N/A		Unknown		N/A				43106						Isomers of heptane		S2		100.20194						SPECIATETemp 2199

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2127		0.02		-99		N/A		Unknown		N/A				43105						Isomers of hexane				86.17536						SPECIATETemp 2200

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2128		0.01		-99		N/A		Unknown		N/A				43108						Isomers of nonane		S4		128.2551						SPECIATETemp 2201

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2130		0.02		-99		N/A		Unknown		N/A				43107						Isomers of octane		S3		114.22852						SPECIATETemp 2203

		1001		Internal Combustion Engine - Natural Gas		3		Not reported		05-Jan-89		Composite profile developed using samples taken from two reciprocating engines operating under normal conditions. Samples were analyzed using both a FID/PID GC and the MBTH method.		100																										10.74114		2132		0.13		-99		N/A		Unknown		N/A				43122						Isomers of pentane		S18		72.14878						SPECIATETemp 2205
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Natural Gas I/C Engines
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		P_NUMBER		GAS_PROFILE.NAME		QUALITY		CONTROLS		P_DATE		NOTES		TOTAL		MASTER_POL		T_METHOD		NORM_BASIS		ORIG_COMPO		STANDARD		TEST_YEAR		J_RATING		V_RATING		D_RATING		REGION		SIBLING		LEGACY		VOCtoTOG		SPECIE_ID		WEIGHT_PER		UNCERTAINT		UNC_METHOD		ANLYMETHOD		CAS		EPAID		SAROAD		PAMS		HAPS		SPECIE_PROPERTIES.NAME		SYMBOL		SPEC_MW		NonVOCTOG		EPAITN		SPECIATETempID

		0051		Flares - Natural Gas		2		Uncontrolled		05-Jan-89		Information based on composite survey data, engineering evaluation of literature data		100																										2		438		30		-99		N/A		Unknown		74-84-0				43202						Ethane		ETHANE		30.06904

		0051		Flares - Natural Gas		2		Uncontrolled		05-Jan-89		Information based on composite survey data, engineering evaluation of literature data		100																										2		465		20		-99		N/A		Unknown		50-00-0				43502						Formaldehyde		FORMAL		30.02598

		0051		Flares - Natural Gas		2		Uncontrolled		05-Jan-89		Information based on composite survey data, engineering evaluation of literature data		100																										2		529		20		-99		N/A		Unknown		74-82-8				43201						Methane				16.04246

		0051		Flares - Natural Gas		2		Uncontrolled		05-Jan-89		Information based on composite survey data, engineering evaluation of literature data		100																										2		671		30		-99		N/A		Unknown		74-98-6				43204						Propane		N_PROP		44.09562
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