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RECOMMENDED APPROACHES FOR BETTER QUANTIFYING 
THE BENEFITS OF THE

DOE/FE OIL AND NATURAL GAS RESEARCH PROGRAM

EXECUTIVE SUMMARY

As part of an effort to improve Oil and Natural Gas Program analytical capabilities, its characterizations of program benefits, and the justification for current and future program activities, the U.S. Department of Energy (DOE)/Office of Fossil Energy (FE) recognizes the need to develop a better and more comprehensive representation of the benefits resulting from its oil and natural gas research and development (R&D) programs. These enhancements include the better characterization of the economic and energy supply benefits attributable to its Oil and Gas Environmental Program, and the development of a methodology for characterizing the environmental benefits attributable to the entire FE oil and natural gas R&D program. 
In this regard, the intent of this white paper is two-fold:

· To recommend methodological improvements for estimating the economic and energy security benefits of Oil and Natural Gas Environmental Program activities.

· To recommend an approach for estimating environmental benefits to be incorporated as part of the Oil and Natural Gas Program’s metrics process.

Recommended improvements to better represent the economic and energy security benefits of Oil and Natural Gas Environmental Program activities are as follows:
· Incorporate Environmental Costs Escalation throughout the Analysis Period. In previous efforts to characterize Environmental Program Metrics, incremental changes in environmental costs were phased in over time, for each scenario, as it was anticipated that new requirements would become effective and as new technologies were developed and introduced into the marketplace. This trend was assumed to continue throughout the forecast period, explicitly for each scenario. In future metrics analyses, it is recommended that the trends in environmental costs continue to change over the entire forecast time frame, consistent with the scenario definitions assumed. 
· Reduce Capital Availability Due to Environmental Requirements. One important impact of increasing environmental expenditures is that these expenditures utilize industry capital that, in theory, could otherwise be deployed for additional drilling and resource development.  Therefore, it is recommended that the incremental environmental expenditures associated with a given scenario be deducted from industry cash flow available for drilling, thus reducing the number of wells drilled.
· Increase Level and Pace of Access to Resources on Federal Lands. DOE/FE, along with other federal agencies, is pursuing efforts to help increase and expedite industry access to oil and gas resources under federal lands, while still protecting the environment.  The economic and energy security benefits associated with these efforts should be incorporated into future metrics analyses. The method for incorporating federal lands considerations should be consistent with recent program activities and the revised resource characterizations developed as part of work performed as directed by the Energy Policy and Conservation Act (EPCA). 
· Update Underlying ‘Expected Environmental Costs’ Characterization. Technology, current and potential future governmental policies and environmental requirements, and industry approaches for addressing environmental concerns continue to evolve.  Moreover, the focus of the program’s R&D activities also continues to evolve.  Therefore, it is strongly recommended that a complete reexamination of the assumptions, costs, and future expectations for environmental compliance requirements be updated for current conditions, and that the Environmental Program’s characterization of the benefits attributable to it reflect current and planned program activities.  

Potential approaches for characterizing the environmental benefits associated with Oil and Natural Gas Program activities as part of the program’s metrics development process can be summarized as follows:
· Forecast Drilling of Lower Impact Wells. DOE/FE is pursuing activities to develop and demonstrate more ‘enlightened’ or ‘environmentally friendly’ drilling technologies and processes, such as slim-holes, micro-boreholes, and coiled tubing technologies. The application of these technologies can reduce the environmental impact of drilling operations.  These impacts range from less generated wastes, smaller drilling footprints, and reduced emissions from drilling operations. The methodology recommended assumes that DOE Oil and Natural Gas Program activities stimulate U.S. drilling of low impact wells to, by 2015, a level of activity comparable to that currently drilled in Canada, and, by 2025, a level of drilling that is double the current level in Canada.

· Reduction in Drilling Wastes Generated. DOE/FE is pursuing program activities to reduce the amount of waste generated from drilling operations, reducing the impact the disposal of these wastes will have on the environment, and identifying and encouraging alternative beneficial uses for some of these wastes.  FE program activities can be assumed to: (1) reduce the average drilling waste volume per well drilled, (2) increase the portion of waste generated that is recycled, reused, or reclaimed, and (3) increase the volume of drilling waste generated that is managed and disposed in a manner such that the risks associated with it are minimized. In addition, lower impact wells, such as slim-holes, will result in at least half the volume of drilling wastes that would otherwise be generated from traditional wells. 
· Reductions in Industry Footprint. DOE/FE is pursuing activities focused on reducing the footprint of E&P operations, and in increasing the reservoir volume that can be contacted from a single well pad. Lower impact wells, such as those drilled with coil tubing, for example, require about one-third the space of a traditional well, amounting to a 1.5-acre reduction in well pad footprint. 

· Reduced Emissions from Greater Energy Use Efficiency. DOE/FE is pursuing several efforts to improve the energy use efficiency of oil and gas E&P operations, such as demonstrating better engine technology and improved operation and maintenance procedures that can reduce energy use. As a result, air emissions from these facilities are reduced. Furthermore, lower impact wells such as slim-holes typically have one-fourth to one-half the fuel requirements of traditional wells, with a corresponding decrease in emissions. 

· Reduced Water Production. DOE/FE efforts to help reduce water production include R&D activities to improve reservoir management and more strategic well placement to reduce water production.  In addition, FE has supported efforts to demonstrate the use of technologies for the downhole separation of oil and water. The benefits attributable to program efforts in downhole oil/water separation include those associated with both decreased water production and increased oil production. 

· Reduced Oil Spills.  Reduced oil spill impacts can result from DOE/FE activities, primarily efforts to help reduce crude oil imports by increasing domestic production.  This assumes that each incremental barrel of domestic production offsets a barrel that would have otherwise been imported. In addition, reduced damage from oil pipeline spills could result from FE efforts to assist in the development of improved remote sensing technologies to identify leaks quicker. 
· Reduced Methane Emissions from Natural Gas Operations.  DOE/FE efforts build upon current EPA outreach programs by pursing R&D that can lower the cost of methane emission reduction options that are currently uneconomic. NETL’s goal is to reduce fugitive emissions from domestic operations by 50% per MMcf consumed by 2010. Based on this target, but assuming that EPA programs reach their goals and reduce emissions by 32%; implies that DOE programs contribute 18% to the emissions reduction target. 

· Environmental Benefits Associated with the Increased Use of Natural Gas. Increased supplies of natural gas resulting from DOE/FE R&D activities will help cause wellhead prices to decline, allowing gas-fired power generation to be more cost-effective relative to coal-fired generation, if all else remains the same. Gas-fired power generation has lower air pollutant emissions rates than coal-fired generation. DOE programs can stimulate the increased use of natural gas, relative to coal, in the power generation sector, resulting in reduced emissions of NOx, SOx, mercury, and CO2.

· Putting Coalbed Methane Produced Water to Beneficial Use. DOE/FE is pursuing efforts to investigate the feasibility of converting water produced in association with coal bed methane in the Powder River Basin and other coal bed methane basins in the west to beneficial use.  About 10% of the produced water in Wyoming was reused for beneficial purposes in 1995. DOE/FE programs can help to continue to increase the amount of the produced water from coalbed methane that is used beneficially.  
INTRODUCTION

In 2000, the National Petroleum Technology Office (NPTO) of the U.S. Department of Energy (DOE)/ Office of Fossil Energy (FE) developed preliminary, quantitative estimates of the benefits that were realized as a result of historical NPTO program activities since 1978. In addition to determining the economic and energy supply (security) benefits associated with these historical program activities, one important aspect of this effort was to estimate the environmental benefits resulting from these activities.  
The 2000 effort focused on DOE programs that were the subject of a National Research Council (NRC) study
. The results of the analysis were provided in terms that responded directly to an NRC request for information to provide input for incorporation into the various cells in a table summarizing potential categories of benefits, as replicated below:

	
	REALIZED1
	OPTIONS2
	KNOWLEDGE3

	ECONOMIC
	
	
	

	ENVIRONMENTAL
	
	
	

	SECURITY
	
	
	


1. Technologies already in the marketplace.

2. Technologies where R&D has been essentially completed, but market conditions have not allowed commercialization.  

3. Technologies where more R&D is required.  Knowledge produced thus far may have already produced benefits.
(The 2000 study referred to above focused on benefits pertaining to the shaded area of the above matrix.)

In addition, although efforts have been made in the past to estimate the future economic benefits associated with Oil and Natural Gas Environmental Program activities, recent work has highlighted the need for methodological improvements in developing these estimates and making them more consistent with other FE program metrics.

Study Objective

Therefore, the objective of this white paper is twofold:

· To recommend methodological improvements for estimating the economic and energy security benefits of Oil and Natural Gas Environmental Program activities.

· To recommend an approach for estimating environmental benefits to be incorporated as part of the Oil and Natural Gas Program’s metrics process.

RECOMMENDED METHODOLOGICAL IMPROVEMENTS FOR QUANTIFYING ECONOMIC AND ENERGY SECURITY BENEFITS OF ENVIRONMENTAL PROGRAM ACTIVITIES
In March 2003, a proposed approach for incorporating the cost equations and methodology developed for the 2000 Environmental Program metrics
 into FE’s current oil and gas program metrics processes was developed and presented to FE personnel. This consisted of incorporating summary equations, based on the 2000 metrics, into FE’s Total Oil Recovery Information System (TORIS) and Gas Systems Analysis Model (GSAM) to represent incremental costs associated with environmental protection activities for two R&D cases (a With DOE R&D Case and a No DOE R&D Case).  In the spring and summer of 2003, these equations were incorporated into GSAM and TORIS and program benefit estimates were developed from model runs based on this approach.  The TORIS runs were completed in early June, and the GSAM runs were completed in early September.

The results of the 2000 and 2003 sets of metrics runs were compared, focusing on two primary estimates of program benefits: 1) producer expenditures (annual and cumulative) for environmental protection associated with exploration and production (E&P) operations, and 2) incremental production (annual and cumulative) of oil and natural gas. In aggregate, the two sets of runs provided comparable estimates for total producer savings resulting from reduced expenditures for environmental protection due to Environmental Program activities.  However, the estimated incremental oil and natural gas supply benefits did not compare as favorably.  

There were several methodological differences that were determined to account for these different results:

· Environmental costs escalation.  In the 2000 Environmental Program Metrics runs, incremental changes in environmental costs were phased in over time, for each scenario, as it was anticipated that new requirements would become effective and as new technologies were developed and introduced into the marketplace. The trend established by this phasing in of costs was assumed to continue throughout the time frame of the analysis.  In the 2003 runs, in contrast, the incremental costs were assumed to be effective immediately, but once in place, these costs remained constant thereafter (i.e., they did not continue to increase over time.)

· Federal lands considerations.  The 2000 Environmental Program metrics also considered, for the first time, program benefits associated with activities to improve industry access to oil and gas resources on federal lands, and to promote less restrictive development policies where access is allowed.  The 2003 runs did not assume additional access would be provided as a result of DOE programs, or that development where access was allowed could be accelerated.  

· Three-year delay in assumed program implementation.  By 2020 (the benchmark year for comparing the cumulative results in the two analyses), the 2000 Environmental Program metrics had three more years of accumulated benefits to take credit for, compared to the 2003 runs. As a result, all things being equal, the cumulative benefits would be less in the 2003 runs, since the time to accumulate these benefits would be three years shorter.
· Higher assumed oil and gas prices in 2003.  The 2000 Environmental Program metrics runs assumed Reference Case oil and gas prices from the Energy Information Administration’s (EIA) 2000 Annual Energy Outlook (AEO 2000).  In contrast, in the 2003 runs, Reference Case prices from the AEO 2003 were assumed.  The AEO 2003 prices were considerably higher than the AEO 2000 prices. At the lower prices, it is likely that more resource would be impacted by the cost differences between the two scenarios, and therefore, larger impacts on production would result, without (necessarily) larger impacts on producer expenditures.

Nonetheless, the cost inputs from the 2000 Environmental Metrics were successfully incorporated into TORIS and GSAM, proving that Environmental Program activities can be represented in the overall program metrics process in a way that enhances the characterization of overall program benefits.  
Nonetheless, additional improvements are warranted to further enhance modeling approaches to better represent current Oil and Natural Gas Environmental Program activities and to reflect anticipated program and market realities. These recommended improvements are described below.

Recommendation 1: Incorporate Environmental Costs Escalation throughout the Analysis Period
In future metrics analyses, it is recommended that the trends in costs for environmental compliance continue to change over time, consistent with the scenario definitions assumed. The specific methodology to be employed, and the cost growth rates to be assumed, should be based on the assumptions associated with these scenarios.  On the other hand, to be consistent with the 2000 Environmental Metrics, a compliance cost growth rate of 3% per year would be assumed in the No DOE R&D Cases, after the initial incremental cost differences are incorporated, while no further changes in real (constant dollar) compliance costs would be assumed in the With DOE R&D Cases.
Recommendation 2: Reduce Capital Availability Due to Environmental Requirements

One important impact of increasing environmental costs is that it utilizes industry capital that, in theory, could otherwise be deployed for additional drilling and resource development.  In subsequent program metrics analyses, it is recommended that the incremental environmental expenditures associated with a given scenario be deducted from industry cash flow available for drilling, thus reducing the number of wells drilled. In other words, the amount of drilling pursued in a given year should be reduced proportionally to the incremental expenditures made for environmental protection in the previous year.

Recommendation 3: Increase Level and Pace of Access to Resources on Federal Lands
DOE/FE is pursuing activities to help increase and expedite industry access to oil and gas resources under federal lands.  The economic and energy supply benefits associated with these efforts should be incorporated into future metrics analyses. The method for incorporating federal lands considerations should be consistent with recent program activities and the revised resource characterizations developed as part of work performed as directed by the Energy Policy and Conservation Act (EPCA). On the other hand, to be consistent with the 2000 Environmental Metrics, it could be assumed that no increase in access to resources on federal lands would be provided in the No DOE R&D Cases, while in the With DOE R&D Cases, the federal acreage available for leasing would increase by 2% per year until 2020, and the time lag between leasing and initial development (for project economic evaluations) would be reduced by one year.

Recommendation 4: Update Underlying ‘Expected Environmental Costs’ Characterization

Substantial changes in technology, current and likely future governmental policies and environmental requirements, and industry approaches for addressing environmental concerns have occurred since the last characterization of Environmental Program metrics in 2000.  Environmental considerations potentially affecting oil and gas E&P operations continue to evolve, and new regulatory proposals are continuously being proposed for consideration.  Moreover, a number of major developments have improved FE’s ability to assess the impacts associated with potential environmental regulatory initiatives and technology developments.  These include updated and improved characterizations of issues such as hydraulic fracturing, the use of synthetic drilling muds in offshore drilling applications, new requirements for managing produced water and storm water discharges, and new approaches for permitting operations on federal lands.

In addition, new program research areas are now being pursued or are under consideration. These include research focused on methane hydrates, oil shale and oil sands, and on CO2-based enhanced oil recovery and ultimate CO2 sequestration.  The environmental benefits associated with these research activities also needs to be considered in any update.

Consequently, it is important that new developments be incorporated, as appropriate, into FE’s analytical systems. It is strongly recommended that a complete reexamination of the assumptions, costs, and future expectations for environmental compliance requirements and technology development opportunities be updated for current conditions.  A revisit of all of these considerations would probably result in modifications and/or enhancements to the first three recommendations discussed above. 
All of the recommendations provided above are somewhat vague.  However, more specific recommendations cannot be made at this time without further discussions among DOE personnel and decisions finalized on how to proceed.
OVERVIEW OF RECOMMENDED APPROACHES FOR QUANTIFYING ENVIRONMENTAL BENEFITS OF OIL AND NATURAL GAS PROGRAM ACTIVITIES
Background

In the NRC study referenced above, quantitative estimates for the following environmental benefits resulting from historical FE Oil and Natural Gas R&D program activities were developed: 

· Reduced oil spills due to reduced imports
· Reduced drilling waste volumes 

· Reduced surface impacts to surface acres 

· Reduced air emissions 
· CO2 emissions 

· Other emissions (CO, NOx, SOx, hydrocarbons) 

· Reduced water production.
In addition, a number of additional environmental benefits were characterized qualitatively. These included:

· Improved protection of habitats, sensitive environments, and cultural resources
· Reduced landfill usage at on-site disposal facilities
· Reduced emissions associated with transporting waste to disposal sites

· Improved protection of water resources
· Reduced noise
· Reduced visual impacts

· Lower exposures to toxic chemicals

· Improved worker safety.

The three primary drivers used for quantifying environmental benefits were:

· The crude oil imports that were avoided as a result of the improved E&P efficiencies resulting from program activities that contributed to increased domestic oil production
· The wells and dry holes that did not have to be drilled to achieve the historical levels of reserve additions and production because of improved E&P efficiencies resulting from program activities

· The water produced in association with oil and gas that was not produced as a result of the improved E&P efficiencies from program activities.
The approach used to support the NRC study was essentially a ‘quick and dirty,’ ‘top down’ approach, which made sense given the short time deadlines imposed on that effort, and the fact that the intention was to look back and characterize the benefits attributable to past program activities. When characterized historically, the majority of the benefits attributable to improved technology in the oil and gas E&P sector were determined to be the result of ‘avoided wells,’ that is, the difference in the number of wells drilled to achieve the levels of reserve additions and production that were realized over the historical time period of interest and the number of wells that would have been required to achieve that same level of reserve additions and production had these developments in reserve addition efficiency per well drilled not taken place.  The nature of these benefits was characterized in the report published by the DOE/FE entitled Environmental Benefits of Advanced Oil and Gas Exploration and Production Technology.
 

 In characterizing future program benefits, on the other hand, the intent is to develop an approach that combines both ‘top down’ and ‘bottom up’ elements, and that attempts to tie benefits to individual projects or program activities, considering a broader range of benefits and drivers, while remaining consistent with other, reported program metrics. 

Future improvements in exploration and development success rates and in the efficiency in adding reserves are represented in the assumed technology advances attributable to current and future program activities that are input to TORIS and GSAM as part of standard characterizations to develop program metrics. In theory, the total number of ‘avoided wells’ due to technological advances could be represented merely by the difference in forecast well drilling in the With DOE R&D Case and No DOE R&D Case, based on TORIS and GSAM runs. This includes all wells drilled (successful and dry, oil and gas wells, producers and injectors). 
However, forecasts from TORIS and GSAM of the number of these ‘avoided wells’ can be negative. In addition to improving the efficiency of oil and gas operations, the FE R&D program helps to expand the domestic resource base that is accessible for exploration and development, and to reduce the costs associated with this activity.  Consequently, TORIS and GSAM runs often predict an increase in drilling activity attributable to FE programs. Thus, environmental benefits characterizations based solely on ‘avoided wells’ may not useful for projecting future environmental benefits.  
Nonetheless, estimates of future waste stream volumes and emissions will be a function of future levels of drilling, and should therefore be represented in the various technology/R&D scenarios where benefits or impacts are estimated as a function of wells drilled.  
However, ‘avoided wells’ are not the only metric for determining environmental benefits.  In reviewing the current portfolio of DOE R&D projects, as well as considering activities pursued by the Oil and Natural Gas Program not focused solely on technology development and demonstration, the following potential drivers for producing environmental benefits from program activities were identified:

· Improved process efficiencies, measured in units such as reserves added per well or days per well drilled.
· Improved recovery efficiency in discovered reservoirs, as the result of program activities focused on technology development for enhanced oil recovery, stripper well production enhancement, field demos, and CO2 sequestration.
· Research oriented to addressing and mitigating past mistakes, such as improved approaches for soil and/or site remediation, and restoring abandoned well sites.
· Research efforts focused on reducing emissions and wastes generated from oil and gas operations, such as the development of the BAGI technology, and technologies and approaches for engine emissions control and improved produced water treatment.
· The development of approaches and technology for better characterizing risks associated with oil and gas activities, such as efforts to develop Risk-Based Data Management Systems, to characterize the risks associated with the use of synthetic drilling muds in marine environments, or to promote alternative approaches for site remediation.
· The development and demonstration of more ‘enlightened’ and ‘environmentally friendly’ drilling technologies and processes, such as slim-holes, micro-boreholes, coiled tubing and measurement-while-drilling (MWD) technologies.
· The development and demonstration of technologies to improve pipeline reliability by identifying corrosion problems and helping to locate pipe in the subsurface, reducing pipeline accidents and the injuries, fatalities, and the costs associated with such incidents.
· The development of approaches for minimizing the potential of wastes generated by the oil and gas industry to cause environmental harm. This includes DOE efforts to develop and promote slurry fracture injection, geologic CO2 sequestration, and down-hole oil-water separation (DOWS).  Of particular importance in this category is the development of ‘beneficial uses’ for various waste streams.
· Program efforts on ‘getting the word out’ on best practices for environmental performance and regulatory approaches, including efforts such as the state regulatory reviews, and projects promoting best practices for coalbed methane operations.
Not all of these drivers are or can be represented in TORIS and GSAM, and not all of the benefits potentially associated with these drivers can be determined quantitatively.   Nonetheless, these drivers should be considered in developing recommended approaches for estimating environmental benefits associated with Oil and Natural Gas Program activities.

In this section, potential approaches to systematically estimate some of the environmental benefits resulting from current and future FE Oil and Natural Gas Research Program activities are offered.  These recommendations focus on three key factors:

· To expand upon the work performed for the NRC study, with particular attention given to those environmental benefits that can be quantified

· To address environmental benefits from all program activities, not just those associated with the Environmental Program

· To tie explicit environmental benefits to the specific R&D activities being pursued by DOE/FE.

Recommended approaches for estimating some of the environmental benefits associated with DOE program activities are presented in the remainder of this white paper. The focus here is on estimation approaches that can be adapted for incorporation into the TORIS and GSAM-based program metrics analytical processes. 
Hopefully, this set of recommendations represents just an initial set, and can serve to stimulate thinking to assist in the identification and characterization of additional environmental benefits that could be realized as a result of program activities.
In the discussion below, several caveats are worth mentioning here. First, in the recommendations that follow, certain assumptions and forecasts made may need to be modified, to perhaps more consistently tie with other program assumptions and forecasts. Second, while the recommendations presented assume benefits estimation be based on TORIS and GSAM analyses, many could also be incorporated into NEMS-based analyses, though perhaps with less specificity and analytical rigor.  
Forecast Drilling of Lower Impact Wells 

DOE/FE’s Oil and Natural Gas Research Program is pursuing a variety of activities to develop and demonstrate more ‘enlightened’ or ‘environmentally friendly’ drilling technologies and processes, such as slim-holes, micro-boreholes, and coiled tubing technologies. If successful, the application of these technologies could further reduce the impact of drilling operations on the environment.  These impacts range from less generated wastes, smaller drilling footprints, and reduced emissions from drilling operations. 

From 1990 to the end of 2003, about 7,000 coiled tubing wells had been drilled worldwide, though the growth in coiled tubing drilling appears to have reached a plateau since 1998 at about 750-850 wells per year. Most of these wells have been drilled in Canada.  In the U.S., only about 300-coiled tubing wells have been drilled to date.
  

The methodology recommended for estimating the environmental benefits of the greater use of these lower impact drilling technologies assumes that Oil and Natural Gas Program activities stimulate a specified number of such low impact wells per year that would not have otherwise been drilled if DOE programs did not exist.  For purposes of estimating environmental benefits, “low impact wells” are assumed to correspond to slim-holes and micro-holes primarily drilled using coiled tubing technology.  

Approximately 5% of the wells drilled in Canada are low impact wells, based on the characterization of low-impact well drilling in Canada provided above.  It can be assumed that, in the With DOE R&D Case, DOE programs can help U.S. drilling to achieve the Canadian proportion of low impact well drilling by 2015, and can double this by 2025.  Based on this, the percentage of wells drilled per year that can be assumed to be low impact wells are summarized in Table 1.  No improvements are assumed in the No DOE R&D Case.
Low impact wells, most likely consisting of slimhole wells drilled using coiled tubing, can be assumed to achieve reduced well pad footprints, generate less drilling waste, result in lower fuel requirements, and produce fewer emissions from drilling operations. 

The recommended approaches for estimating the environmental benefits associated with low impact wells are described in subsequent sections.

	Table 1

	Estimate of the Percentage of Total Wells that are Low Impact Wells

	Year
	(% Low Impact Wells)

	2004
	0.15%

	2005
	0.59%

	2006
	1.03%

	2007
	1.47%

	2008
	1.91%

	2009
	2.35%

	2010
	2.80%

	2011
	3.24%

	2012
	3.68%

	2013
	4.12%

	2014
	4.56%

	2015
	5.00%

	2016
	5.50%

	2017
	6.00%

	2018
	6.50%

	2019
	7.00%

	2020
	7.50%

	2021
	8.00%

	2022
	8.50%

	2023
	9.00%

	2024
	9.50%

	2025
	10.00%

	2026
	10.00%

	2027
	10.00%

	2028
	10.00%

	2029
	10.00%

	2030
	10.00%


Estimating the Reduction in Drilling Wastes Generated
Over the last decade, the U.S. E&P industry has taken a number of steps to reduce the impact of drilling wastes on the environment.  This has been accomplished through the greater use of closed drilling systems, air or pneumatic drilling systems (particularly in Appalachia), the evaporation of the liquid portion of drilling wastes, and various approaches for using drilling wastes beneficially. For example: 

· In 1995, 93% of drilling wastes were derived from fresh-water based mud systems, compared to 64% of all drilling wastes in 1985.
· In 1985, only 9% of all wells were drilled using closed drilling systems; by 1995 nearly 25% of the wells in the U.S. were drilled using closed systems.
· In 1995, 7% of the drilling wastes generated by the industry were reused for other drilling or other purposes, where almost no drilling waste was reused in 1985. 
· Since 1985, a greater proportion of the wells in the U.S. (see discussion above) were drilling using small bore hole drilling technologies.
DOE is pursuing a variety of activities focused on reducing the amount of waste generated from drilling operations, reducing the impact the disposal of these wastes have on the environment, and identifying and encouraging alternative beneficial uses for the wastes generated from drilling operations.  
The volume of drilling waste generated annually in the future can be forecast by multiplying the forecast footage drilled per year (successful and dry, oil and gas, producers and injectors) by the amount of waste generated per foot drilled. In 1995, about 1.2 barrels of waste was generated per foot drilled.

Alternatively, if it is decided that using actual well depths for each well that GSAM and TORIS predict are drilled is too computationally burdensome, then the average well depths by year can be assumed by extending the historical trend in the average drilled depth per well over the last decade.  
Drilling waste volumes can then be estimated for each year as the product of the number of wells drilled, the average depth per well drilled in a year, and the estimated amount of drilling waste generated per foot drilled. 
The forecast trend in the average depth for all wells drilled is summarized in Table 2. These should be applied to all oil and gas production wells (successful and dry), and all injection wells.
For purpose of this assessment, DOE program activities can be assumed to:

· Reduce the average drilling waste volume per foot drilled by 0.5% per year, beginning in 2005

· Increase the portion of the drilling waste generated that is recycled, reused, or reclaimed by 0.5% per year, beginning in 2005

· Increase the volume of drilling waste generated that is managed and disposed in a manner such that risks associated with it are minimized (such as salt cavern disposal) by 0.5% per year, beginning in 2005.

	Table 2

	Forecast of Average Well Depth (All Wells)

	Year
	Avg. Depth
	
	Year
	Avg. Depth

	
	
	
	
	

	2002
	5,416
	
	2014
	6,196

	2003
	6,213
	
	2015
	6,250

	2004
	5,687
	
	2016
	6,303

	2005
	5,736
	
	2017
	6,358

	2006
	5,785
	
	2018
	6,413

	2007
	5,835
	
	2019
	6,468

	2008
	5,885
	
	2020
	6,524

	2009
	5,936
	
	2021
	6,580

	2010
	5,987
	
	2022
	6,636

	2011
	6,039
	
	2023
	6,694

	2012
	6,091
	
	2024
	6,751

	2013
	6,143
	
	2025
	6,810


It is recommended that these improvements apply in the With DOE R&D Cases. For the No DOE R&D Cases, no improvements should be assumed, and the 1.2 barrels of drilling waste per foot drilled should remain constant throughout the forecast period. 
Lower impact wells, most likely consisting of slimhole wells drilled using coiled tubing, can be assumed to result in wells that are one-fourth the diameter of a typically sized conventional hole.  This will result in at least half the volume of drilling wastes that would otherwise be generated, or about 0.6 less barrels of waste per foot drilled, for these wells. (The approach for estimating the number of these wells drilled was described above.) In addition, the reduced environmental impacts per low impact well are assumed to be constant over the forecast period.  
Therefore, in the With DOE R&D Cases, additional annual reductions in drilling waste generated could be estimated by the product of the incremental lower impact wells drilled per year due to program activities (from Table 1) and the estimated reduction in drilling wastes per well for these lower impact wells (0.6 barrels of drilling waste per foot drilled).  These wells should be assumed to be the same average depth as shown in Table 2. 

No improvements should be assumed for the No DOE R&D Cases.

Estimating Future Reductions Industry Footprint

Industry continues to make progress in reducing the surface area required by oil and gas drilling and production operations. For example, the average well site footprint today is 30% of the size it was in 1970, and through the use of extended reach drilling, an average well can now contact over 60 times more subsurface area. 
 This is particularly apparent on the North Slope of Alaska, where a single, five-acre well pad can today support 35 wells.
 In fact, at the Alpine field on the North Slope of Alaska, surface facilities will account for less than 0.2% of the total area of the 40,000-acre field.

DOE is pursuing efforts to help reduce the footprint of E&P operations and increase the reservoir volume that can be contacted from a single well pad or production facility. The area impacted per well for each scenario can be estimated by taking the product (for each year) of the estimated number of wells drilled and the average acreage required for a typical well pad.  For purposes of this analysis, an average well pad can be assumed to currently occupy 2.5 acres. In the No DOE R&D Cases, this should be assumed to remain constant.  In the With DOE R&D Cases, DOE programs can be assumed to contribute to reducing the average well pad size by 0.5% per year from 2005 to 2025.

Benefits would also result from incremental lower impact wells forecast to be drilled as described in Table 1. For these wells, it should be assumed that they would require about one-third the space, or approximately 1.0 acre for a lower impact well (probably drilled using a coiled tubing unit) versus 2.5 acres for a conventional well drilled using a diesel electric unit. This amounts to a reduction of 1.5 acres per lower impact well drilled. Again, these reductions in environmental impacts should be estimated for each lower impact well drilled.  For purposes of this assessment, it should be assumed that that differential impact remains constant over the forecast period; that is, that the pace of improvement in drilling footprint reduction is the same for both traditional and lower impact wells. 
These benefits would be assumed to be achieved under the With DOE R&D Cases, but not in the No DOE R&D Cases.

Estimating the Environmental Benefits Associated with Greater Energy Use Efficiency


DOE is pursuing several efforts to improve the energy use efficiency of oil and gas E&P operations, such as efforts to develop and demonstrate better engine technology and improved operation and maintenance procedures that can reduce energy use. Improvements in the efficiency of energy use associated with E&P operations will result in reduced emissions of air pollutants.

Emissions of air pollutants from drilling operations can be estimated by taking the product (for each year) of the estimated number of wells drilled and the average emissions per well drilled. Current estimates of emissions from typical drilling operations should be assumed to be as follows:

	
	Emissions per Typical Well 

	
	(Metric Tonnes/Well)

	CO2
	225,825

	CO
	252

	NOx
	315

	Non-methane hydrocarbons
	267

	Methane
	126

	SO2
	291


For the No DOE R&D Cases, these emissions rates should be assumed to remain constant.  For the With DOE R&D Cases, DOE programs can be assumed to contribute to further reducing these emission rates by 0.25% per year over the 2005 to 2025 time period.

Lower impact wells are also anticipated to have substantially lower fuel requirements for operation, and consequently fewer associated emissions. Studies have demonstrated that these lower impact wells should result in one-fourth to one-half the fuel requirements, and corresponding emissions, compared to a traditional well, amounting to a reduction in 1.17 barrels of diesel fuel consumed per well drilled. This results in the following assumed level of emissions per lower impact well drilled:

	
	Reduced Emissions per Typical Low Impact Well

	
	(Metric Tonnes/Well)

	CO2
	17,565

	CO
	18

	NOx
	38

	Non-methane hydrocarbons
	17

	Methane
	11

	SO2
	30


Again, these emission reductions should be estimated for each lower impact well forecast to be drilled.  In addition, the reduced environmental impacts per lower impact well are assumed to be constant over the forecast period. These benefits would be assumed to be achieved under the With DOE R&D Cases, but not in the No DOE R&D Cases.

Estimating the Environmental Benefits from Reduced Water Production 

A major factor contributing to environmental benefits attributable to DOE’s R&D programs is the potential for significant reductions in the amount of produced water brought to the surface for oil and gas operations.  Reductions in produced water volumes can lead to a large number of economic and environmental benefits.  For purposes of this study, the primary factors contributing to reduced water production result from R&D efforts to improve reservoir management and strategic well placement, and, where applicable, to demonstrate the use of technologies for the downhole separation of oil and water. 
The benefits attributable to program efforts in downhole oil/water separation (DOWS) technology include those associated with both decreased water production and increased oil production. To characterize these benefits, the following recommendations are offered for crude oil reservoirs:

· Estimated decline in water production associated with the application of DOWS technology should be assumed as follows:

· For carbonate reservoirs, assume the following decreases in annual water production rates by 2015, improving linearly over time

· For the With DOE R&D Case, assume a 12.4% decrease 

· For the No DOE R&D Case, assume a 7.5% decrease

· For sandstone reservoirs, assume the following decreases in annual water production rates by 2015, improving linearly over time

· For the With DOE R&D Case, assume a 11.0% decrease

· For the No DOE R&D Case, assume a 6.6% decrease

· Estimated incremental oil production associated with the application of DOWS technology should be assumed as follows:

· For carbonate reservoirs, assume the following increases in annual oil production rates by 2015, improving linearly over time

· For the With DOE R&D Case, assume a 0.886% increase

· For the No DOE R&D Case, assume a 0.532% increase

· For sandstone reservoirs, assume the following increases in annual oil production rates by 2015, improving linearly over time

· For the With DOE R&D Case, assume a 0.320% increase

· For the No DOE R&D Case, assume a 0.192% increase

Improvements by year based on these recommendations are summarized in Table 3.

Modifications to TORIS may be required to account for and report total volumes of produced water. If annual water production volumes are not available in TORIS, assume an average water-to-oil ratio of 7.5 barrels of water per barrel of oil.  

In addition, reductions in produced water handling costs should also correspond to these reduced produced water volumes.  

Estimating the Environmental Benefits from Reduced Oil Spills 

Another environmental benefit attributable to DOE activities is associated with reduced oil spills. These benefits are forecast to be the result of reduced oil imports, which are a function of the increase in domestic oil production due to DOE programs, and improved technologies to reduce the occurrence of spills and the volumes of oil spilled per occurrence.  
The reduced spills estimated to be attributable to program efforts to increase domestic production and therefore reduce imports assume that each incremental barrel of domestic production offsets a barrel that would have otherwise been imported.
The reduction in oil spills associated with the reduced imports is estimated by:

· Estimating the volume of oil spills by tankers avoided by the product of the incremental barrels of oil production attributable to program activities, the average incidence of spills by tankers, and the volume of oil spilled per tanker incident.

· Estimating the increased volume of oil spills by pipeline by the product of the incremental barrels of domestic oil production attributable to program activities and the volume of oil spilled per pipeline incident.

Determining the amount of oil spills avoided as the difference in spills per barrel by oil transported by pipeline and that transported by tankers, multiplied by the estimated volume (in barrels) of oil imports avoided due to program activities.

	Table 3

	Impacts of DOE Programs Addressing the Issue 
of Produced Water Management

	
	Decreased Water Production

            (% improvement)
	
	Increased Oil Production                   (% improvement)

	
	Carbonates
	Sandstones
	
	Carbonates
	Sandstones

	Year
	w/ DOE R&D
	No DOE R&D
	w/ DOE R&D
	No DOE R&D
	
	w/ DOE R&D
	No DOE R&D
	w/ DOE R&D
	No DOE R&D

	2004
	0.00%
	0.00%
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	0.00%

	2005
	0.00%
	0.00%
	0.00%
	0.00%
	
	0.00%
	0.00%
	0.00%
	0.00%

	2006
	1.24%
	0.75%
	1.10%
	0.66%
	
	0.09%
	0.05%
	0.00%
	0.00%

	2007
	2.48%
	1.50%
	2.20%
	1.32%
	
	0.18%
	0.11%
	0.01%
	0.00%

	2008
	3.72%
	2.25%
	3.30%
	1.98%
	
	0.27%
	0.16%
	0.01%
	0.01%

	2009
	4.96%
	3.00%
	4.40%
	2.64%
	
	0.35%
	0.21%
	0.01%
	0.01%

	2010
	6.20%
	3.75%
	5.50%
	3.30%
	
	0.44%
	0.27%
	0.02%
	0.01%

	2011
	7.44%
	4.50%
	6.60%
	3.96%
	
	0.53%
	0.32%
	0.02%
	0.01%

	2012
	8.68%
	5.25%
	7.70%
	4.62%
	
	0.62%
	0.37%
	0.02%
	0.01%

	2013
	9.92%
	6.00%
	8.80%
	5.28%
	
	0.71%
	0.43%
	0.03%
	0.02%

	2014
	11.16%
	6.75%
	9.90%
	5.94%
	
	0.80%
	0.48%
	0.03%
	0.02%

	2015
	12.40%
	7.50%
	11.00%
	6.60%
	
	0.89%
	0.53%
	0.03%
	0.02%

	2016
	13.64%
	8.25%
	12.10%
	7.26%
	
	0.97%
	0.59%
	0.04%
	0.02%

	2017
	14.88%
	9.00%
	13.20%
	7.92%
	
	1.06%
	0.64%
	0.04%
	0.02%

	2018
	16.12%
	9.75%
	14.30%
	8.58%
	
	1.15%
	0.69%
	0.04%
	0.02%

	2019
	17.36%
	10.50%
	15.40%
	9.24%
	
	1.24%
	0.74%
	0.04%
	0.03%

	2020
	18.60%
	11.25%
	16.50%
	9.90%
	
	1.33%
	0.80%
	0.05%
	0.03%

	2021
	19.84%
	12.00%
	17.60%
	10.56%
	
	1.42%
	0.85%
	0.05%
	0.03%

	2022
	21.08%
	12.75%
	18.70%
	11.22%
	
	1.51%
	0.90%
	0.05%
	0.03%

	2023
	22.32%
	13.50%
	19.80%
	11.88%
	
	1.59%
	0.96%
	0.06%
	0.03%

	2024
	23.56%
	14.25%
	20.90%
	12.54%
	
	1.68%
	1.01%
	0.06%
	0.04%

	2025
	24.80%
	15.00%
	22.00%
	13.20%
	
	1.77%
	1.06%
	0.06%
	0.04%

	2026
	26.04%
	15.75%
	23.10%
	13.86%
	
	1.86%
	1.12%
	0.07%
	0.04%

	2027
	27.28%
	16.50%
	24.20%
	14.52%
	
	1.95%
	1.17%
	0.07%
	0.04%

	2028
	28.52%
	17.25%
	25.30%
	15.18%
	
	2.04%
	1.22%
	0.07%
	0.04%

	2029
	29.76%
	18.00%
	26.40%
	15.84%
	
	2.13%
	1.28%
	0.08%
	0.05%

	2030
	31.00%
	18.75%
	27.50%
	16.50%
	
	2.22%
	1.33%
	0.08%
	0.05%


Estimates of spills from pipelines and tankers come from two sources of information:

· Estimates by MMS of 1.33 spills per billion barrels transported by pipeline, with an average spill size of 7,000 barrels. This compares to their estimates of 1.11 spills per billion barrels transported by tanker, with an average spill size of 27,500 barrels. Combining these two estimates amounts to 0.021 barrels of oil spills avoided for each barrel of imports avoided.

· Using U.S. Coast Guard (USCG) data of the amount of oil spilled in U.S. waters from tankers
 and Association of Oil Pipe Lines (AOPL) data on spills from crude oil pipelines, in combination, results in an estimate of 0.028 barrels of oil spills avoided for each barrel of imports avoided.

For purposes of this effort, estimates based on the USCG and AOPL data are recommended – or 0.028 barrels of oil spills avoided per barrel of imports avoided.


In addition, reduced damage from oil pipeline spills could also result from program efforts to develop improved remote sensing technologies to identify leaks quicker. The key factors in estimating these benefits are the frequency of oil spills associated with pipelines, and the average volume spilled per incidence. Based on the assumptions described above, 1.33 spills can be assumed per billion barrels transported by pipeline, with an average spill size (in 2004) of 7,000 barrels.
  Since TORIS does not estimate U.S. crude oil consumption, it is recommended that EIA forecasts be used to characterize the amount of crude oil transported by pipeline in the U.S. For purposes of this characterization, it can be assumed that the volume of oil transported is equal to the volume of oil consumed (See, for example, Table A21 in the 2004 Annual Energy Outlook.


Based on this, the estimated reduction in spills associated with the improved leak detection by remote sensing is estimated by:
· Estimating the increased volume oil spills by pipeline by the product of the number of pipeline spills and the volume of oil spilled per pipeline incidence.

· Estimating the amount of oil spills avoided by reducing the volume of oil spilled per incidence by pipeline, assuming that improved technology provides a 30% reduction per incidence by 2020, with continued improvements over the forecast period.  

This will result in the following amounts of oil spilled in the U.S. per spill incidence:
	Year
	Volume spilled per pipeline oil spill (Bbls)

	2004
	7,000

	2005
	6,899

	2006
	6,798

	2007
	6,697

	2008
	6,596

	2009
	6,495

	2010
	6,394

	2011
	6,293

	2012
	6,192

	2013
	6,091

	2014
	5,990

	2015
	5,889

	2016
	5,788

	2017
	5,688

	2018
	5,587

	2019
	5,486

	2020
	5,385

	2021
	5,284

	2022
	5,183

	2023
	5,082

	2024
	4,981

	2025
	4,880

	2026
	4,779

	2027
	4,678

	2028
	4,577

	2029
	4,476

	2030
	4,375


These improvements should be applied to the With DOE R&D Cases.  No improvement is assumed in the No DOE R&D Cases.

Estimating Reduced Methane Emissions from Domestic Oil and Natural Gas Operations 

Substantial opportunities exist for reducing fugitive methane emissions (a potent greenhouse gas) from U.S. oil and gas operations, with significant opportunities in exploration and production, gathering and dehydration, gas processing, transportation and storage, and gas distribution.  At the federal level, much of the activity to-date to address this issue has been conducted as part of EPA’s Natural Gas STAR Program.  Natural Gas STAR is a voluntary partnership between EPA and industry, where EPA works with companies to identify and promote the implementation of cost-effective technologies and practices to reduce methane emissions. Today, the program has over 90 partner companies and is endorsed by 11 major industry trade associations. Since 1993, EPA estimates that Natural Gas STAR partners have eliminated more than 176 Bcf of methane emissions, and have saved $528 million by keeping more gas in their systems for sale. 
Current EPA estimates of methane emissions from natural gas systems in the U.S. are as follows
:
	Methane Emissions from Natural Gas Systems
	
	

	Stage
	
	Tg CO2 Eq.
	Gg
	MMTCE
	Bcf

	
	
	
	
	
	

	Field Production
	
	30.8
	1,467
	9.5
	76.0

	Processing 
	
	14.5
	692
	4.1
	32.8

	Trans. & Storage
	
	39.3
	1,870
	12.7
	101.6

	Distribution
	
	32.7
	1,559
	8.9
	71.2

	Reductions
	
	
	
	-1.7
	

	TOTAL
	
	117.3
	5,588
	33.5
	281.6


DOE efforts build upon current EPA outreach programs by pursing R&D that can result in lowering the cost of emission reduction options that are currently uneconomic.

EPA estimates that 10.8 million metric tons of carbon-equivalent (MMTCE) (or 86.4 Bcf/year of methane, 32% of total emissions) could be recovered economically using today’s technology and best practices, at natural gas prices of about $3.50/Mcf (1996 $). NETL’s goal is to reduce fugitive emissions from domestic oil and natural gas transportation operations by 50% per MMcf transported by 2010
. Based on this target, but assuming that EPA programs reach their goal and reduce emissions by 32%; implies that DOE programs contribute 18% to the emissions reduction target. Given annual natural gas consumption levels of 23.3 Tcf in 2001, and the current level of emissions stated above, this implies NETL’s goal is to reduce emissions by 0.0022 Mcf per Mcf of natural gas consumed by 2010.  This would correspond to the following schedule for methane emission reductions from the natural gas transportation sector for the With DOE R&D Cases:
	
	Target reductions – Transportation

	Year
	(Mcf Reduction/Mcf Consumed)

	2003
	0.0003

	2004
	0.0005

	2005
	0.0008

	2006
	0.0011

	2007
	0.0014

	2008
	0.0016

	2009
	0.0019

	2010
	0.0022


It can be assumed that emissions reduction stay constant per Mcf consumed after 2010. No improvements are assumed in the No DOE R&D Cases.

DOE is also pursuing several options for reducing fugitive methane emissions from domestic oil and gas E&P and gas processing operations.  As summarized above, 108.8 Bcf of methane per year are emitted from E&P and gas processing operations. Assuming again that DOE programs contribute 18% to the emissions reductions, this would amount to an emissions reduction target of 19.6 Bcf. Given annual natural gas production levels of 20.0 Tcf in 2001, and the level of emissions stated above, this implies that if NETL reaches its goal, emissions would be reduced by 0.00098 Mcf per Mcf of natural gas produced by 2010.  This would assume the following schedule for methane emission reductions from the oil and gas E&P and gas processing sector:
	Target reductions -- E&P/Processing

	Year
	(Mcf/Mcf Produced)

	2003
	0.0001226
	

	2004
	0.0002452
	

	2005
	0.0003678
	

	2006
	0.0004903
	

	2007
	0.0006129
	

	2008
	0.0007355
	

	2009
	0.0008581
	

	2010
	0.0009807
	


Again, it can be assumed that emissions reductions stay constant per Mcf consumed after 2010, and that no improvements are assumed in the No DOE R&D Cases.

Estimating the Environmental Benefits Associated with the Increased Use of Natural Gas Resulting from Lower Cost Natural Gas Supplies

Increased supplies of natural gas attributable to DOE program activities will cause wellhead prices to decline, allowing gas-fired power generation technologies to be more cost-effective relative to coal-based generation, if everything else remains the same. Gas-fired power generation results in lower emissions rates than coal-fired generation. 

In the recent exercise to estimate program benefits using NEMS, the benefits of natural gas R&D program activities on emissions of a variety of pollutants was a standard output. These benefits were based on the relative emissions associated with different technologies to generate electricity.  Thus, to the extent that DOE’s Oil and Natural Gas Research Programs result in lower cost natural gas supplies, and thus increased use of natural gas, relative to coal, in the power generation sector, then reduced emissions of NOx, SOx, mercury, and CO2 would result.

Like NEMS, capabilities exist in GSAM to estimate reduced emissions due to greater utilization of natural gas fired power generation. Alternatively, GSAM forecasts of the relative future contribution of coal-fired and gas-fired power generation to meeting national electricity requirements could be used to estimate relative emissions under alternative program scenarios.

Estimating the Environmental Benefits Associated with the Sequestration of CO2 in Domestic Oil and Natural Gas Reservoirs


A methodology for estimating the environmental benefits associated with the sequestration of CO2 is currently under development as part of another contractual effort, and can be provided as an amendment to this documentation upon completion.


Putting Coalbed Methane Produced Water to Beneficial Use

As of December 2002, an estimated 1.6 million barrels per day of water was produced in association with 961 MMcf/day of coalbed methane production in the Powder River Basin.
 The economic production and management of this produced water is a major concern impacting both the development of this valuable domestic resource and the quality of the environment from which this production takes place. DOE/FE is pursuing efforts to investigate the feasibility of converting water produced in association with coal bed methane in the Powder River Basin and other coal bed methane basins in the west to beneficial use.  These efforts are helping to determine under what conditions this water can be used beneficially, to promote beneficial uses of this water while simultaneously reducing the costs of produced water management, and to monitor environmental conditions to ensure the long term quality of surface and groundwater resources.

About 10% of the produced water in Wyoming was reused for beneficial purposes in 1995, according to API.
 For purposes of this exercise, it can be estimated that 10% of produced water from coalbed methane nationwide is currently reused for some form of beneficial use, and that DOE/FE programs result in the 1% per year growth in the portion of the produced water from coalbed methane that is used beneficially.  GSAM estimates (but currently does not output) the volume of water produced in association with coalbed methane production.

This assumption applies for the With DOE R&D Cases.  For the No DOE R&D Cases, no improvements should be assumed.
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