Four Corners Air Quality Task Force

Oil & Gas Work Group – Rig Engines Subgroup

Draft – June 2006


Mitigation Option: Diesel Fuel Emulsions

I. Description of the mitigation option, 

Diesel Fuel Emulsions:  

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

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

· Air quality benefit:

	
	% Reductions2,3

	Non-Road 1
	PM
	CO
	NOx
	HC

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

	100-175 hp
	17
	13
	17
	(80)

	175-300 hp
	17
	13
	19
	(73)

	>300 hp
	17
	13
	20
	(30)


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

2. (##) indicates an increase

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

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

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

· Emulsions have about a 12 month shelf life.

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

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

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

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

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

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

II. Description of how to implement 

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

III. Feasibility of the option:

A. Technical

Technically this is one of the simplest options available.

B. Environmental


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

C. Economic



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

IV. Background data and assumptions used:

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

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

Low uncertainty as this is a verified, simple retrofit.

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

TBD.

VII. Cross-over issues to the other source groups (please describe the issue and which groups 
Mitigation Option: Natural Gas Fired Rig Engines

I. Description of the mitigation option:
Description

Install natural gas fired engines on rigs in San Juan Basin.
Benefits

· Air Quality - Natural gas engines emit less NOx, 

· ~ 85% reduction vs. Tier I engines 

· ~ 91% reduction vs. Tier 0 engines

· Cost Savings? 

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

· Savings in fuel cost is very sensitive to product price.

Tradeoffs

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

Burdens

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

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

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

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

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

A. Mandatory or voluntary:  Voluntary  

.

B. Indicate the most appropriate agency(ies) to implement:  None  
III. Feasibility of the option

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

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

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

IV. Background data and assumptions used

Utilized Encana data obtained from Ensign 88 – Natural Gas Rig (2 3516 LE Natural Gas Engines on 1200 KW Generators)
V. Any uncertainty associated with the option (Low, Medium, High)

High 

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

VII. Cross-over issues to other source groups

Mitigation Option: Selective Catalytic Reduction (SCR)

I. Description of the mitigation option:

Selective Catalytic Reduction (SCR)

Description

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

Benefits

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

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

· Technology is available currently.

Tradeoffs

· Ammonia Slip

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

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

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

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

· The SCR system needs operator attention.

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

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

· Potential for ammonia slip
· Cost (Retrofit)

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

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

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

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

Non-Selective Catalytic Reduction (NSCR)

NSCR is not applicable to diesel engines.

II. Description of how to implement 

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

.

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

III. Feasibility of the option

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

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

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

IV. Background data and assumptions used

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

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

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

The workgroup agrees that this is a potential mitigation option, but requires more information regarding ammonia emissions and the overall contribution of NOx emissions from rigs.

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

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

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

Mitigation Option: Selective Non-Catalytic Reduction (SNCR)

I. Description of the mitigation option:

Selective Non-Catalytic Reduction (SNCR)

Description

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

Benefits

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

· Avoids the expense of a catalyst.

· Technology is available currently.

Tradeoffs

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

Burdens

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

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

II. Description of how to implement 

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

.

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

III. Feasibility of the option

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

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

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

IV. Background data and assumptions used

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

V. Any uncertainty associated with the option 

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

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

The workgroup agrees that this is a potential mitigation option, but requires more information regarding ammonia emissions and the overall contribution of NOx emissions from rigs.

VII. Cross-over issues to the other source groups 

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

Mitigation Option: Implementation of EPA’s Non Road Diesel Engine Rule – Tier 2 through Tier 4 standards.

I. Description of the mitigation option:


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

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

The pertinent regulations are as follows:

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

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

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

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

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

[image: image1]
OR


[image: image5.emf]NO

x

 Factors for Large Nonroad Diesel Engines

0

2

4

6

8

10

12

14

16

300 to 600 hp 600 to 750 hp > 750 hp Gen sets 750 to 1200 hp Gen sets > 1200 hp

g/hp-hr

AP-42

Tier 1

Tier 2

Tier 3

Tier 4 transitional

Tier 4 final


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

A. Mandatory or voluntary

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

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

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

III. Feasibility of the option 

A. Technical

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

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

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

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

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

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

B. Environmental

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

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

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

C. Economic

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

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

EPA estimated that the average cost increase for 15 ppm S fuel will be 7 cents per gallon. This figure would be reduced to 4 cents by anticipated savings in maintenance costs due to low sulfur diesel.

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

[How much air quality improvement would be realized from implementation of the Tier 2 through Tier 4 standards by a specified (%?) fleet average of rig engines in the 4 Corners area – by timeframes specified in regulation or some accelerated schedule?  Days of visibility improvement?  Reduced flux of Nitrogen deposition?] This question can’t be answered until you get an inventory or engines and estimated emissions.

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

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

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

N.A. for complying with national regulations.

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

All new “non-road” diesel engines used in the 4 Corners area will have to comply with these regulations.

Effective Dates of Tier Standards, Nonroad Diesel Engines, by Horsepower
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