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General Introduction

The integrated nature of the Oil Program helps ensure its success in achieving all stated goals and objectives.  The following report focuses on the highly successful Field Demonstration Programs associated with the Fossil Energy National Oil Program since the creation of the Department of Energy in 1978.  It is a series of programs designed to meet the specific needs of the industry and the country through time.

This report describes one segment of the National Oil Program, which is a fully integrated, comprehensive program designed to increase the public’s overall benefit from developing the Nation’s domestic crude oil natural resource.  To achieve this desired condition, the Department of Energy, through the National Petroleum Technology Office, uses many planning and analysis techniques to 1) optimize “program integration”, 2) ensure industry participation in all phases of program development cycles, 3) ensure that the program supports the Administration’s and the Congress’s stated goals and objectives, and 4) see that the program makes the most effective use of the public dollars expended.

Our economy is supported by crude oil.  In the first half of the 20th century, the United States developed an infrastructure and industry that developed our natural oil, gas and coal resources, and this industry supported developing the United States as the world leader in creating products for world distribution and use.  In doing so, the United States also became absolutely dependent upon its oil, gas and coal.  It needed them to provide the sources of energy the industrial complex, that the public needed to increase its quality of life, and that the research community needed to maintain the U.S. as the leader in technology development.  As the century matured, our exploitation of our natural resources expanded to meet the needs of our Nation and those needs of the world in general.  Also, during this maturing process, we developed and expanded our awareness of environmental concerns and how they will impact us today and in the future.  Currently, our need for some sources of energy, such as crude oil, far exceed our ability to produce that energy.  Other sources of energy will follow this example, primarily that for natural gas.

In the 1940’s and 1950’s, the oil and gas industry developed huge corporations with budgets for research and development.  These products from research made the U.S. the world leader in exploration, extraction, and refining technology development and use.  This process continued until the oil price collapse in 1986 which heralded restructuring, downsizing, and greatly reduced budgets for research and development.  The production from today uses the technologies developed as much as 20 years ago.  Without this continued investment in technology, our future for crude oil production is considerably more difficult.  As exploitation of the Nation’s oil and gas resources matures, it becomes more difficult to economically and environmentally produce those resources because they are located in increasingly harsh environments and produce less viable economic conditions.  This requires further technology development to initiate or to continue production.

Another effect of the 1986 restructuring is the demographics of the oil producing industry.  Starting in the 1940’s and continuing until the 1990’s, most production was performed by major, integrated oil companies.  Today, most major companies have abandoned the onshore domestic arena and have moved offshore or to other parts of the world.  This means the Oil Program’s customer focus must be upon the independent producers and their approach to technology development and utilization.  This change in focus, however, is an excellent example of how the Oil Program analyzes its customers and their needs and puts this in perspective in developing an effective research and development program.

With the reduced funding for technology development and with the limited funds available through the government, it is imperative that the Department use every effort to leverage its money and focus on technologies that will have the most beneficial impact on further exploitation of our domestic resources.  To achieve this, the Department developed planning techniques such as roadmapping, analytical tools such as the Total Oil Recovery Information System, and implementation strategies such as cost sharing to increase our overall efficiencies in implementing the oil program.   An oil company focuses on their assets and the “bottom line” associated with their assets.  The Oil Program maintains a National focus.  This focus allows us to maximize the public good of technologies developed through public funds.

Through extensive analysis of and input from our customers, analysis of technological “fixes” needed today and for tomorrow’s demands, and current situations associated with oil resource exploitation and refining, the Oil Program has developed an intensive research and development program that will support the effective extraction and utilization of crude oil. The research program today includes elements for reservoir characterization, drilling/completion/stimulation, extraction, environmental, demonstration and refining.   Each element provides its relative contribution to the overall program plan and, specifically, to other program elements to support their successful development. 

Demonstrating the products of this research and development program in actual field conditions is the goal of the Field Demonstration Program.  For example, the demonstration program provides near-term projects to maintain access to the resource base while the extraction element is developing improved extraction techniques to more effectively produce the crude oil from the reservoir.   The integrated nature of the Oil Program helps ensure its success in achieving all stated goals and objectives.  This report specifically focuses on the highly successful Demonstration Program.

Open results, normal less-than-perfect conditions, real time activity, real-life complications, bottom-line economics are all a part of an oilfield demonstration.  The demonstration of a new technology or process can be viewed by the world and the world can embrace the results and move forward to use or improve the technology.  Transfer of information and dialogue between the researchers and the users is fastest when the users are interested.  The field demonstration program has captured the attention of the oil industry because it is information that can be applied today, not some day in the future.  It has captured the attention of researchers as well because it indicates the directions for future technologic advance.

The focus of the field demonstration program will continue to be important to the American petroleum industry as technologies that are coming off the laboratory benches today will be viewed as high-risk.   If the rest of the research programs in the nation are still searching for new ways to produce more oil, there will continue to be a need to test these technologies under real-life conditions.  But success in a Federal program must be measured.  This report will include our office’s best metrics for the programs’ successes.  Several appendices to this report describe the approach to measuring the impacts and benefits of the program.

Executive Summary

These programs reduce risk.  The DOE Field Demonstration Program supports full field implementation of technologies in real-life conditions while documenting all the information necessary to duplicate the technology use in other fields.  These are not laboratory experiments or small pilot tests.  They are tests of high-risk technology with all the pressures of the business economy’s bottom line.  The successes are documented and delivered to the industry users in the form most useful to them.  Throughout time the field demonstration has created new partnerships between the Federal Government and the industry and State governments in an effort to maximize the domestic potential.  Through 1978 to 2005 the realized economic benefits from projects completed or underway will be over $8.75 billion.

Throughout time, the programs have responded to many different stakeholder needs and inputs.  Although the technologies of the 1970’s had been under research and development for a number of years, they were not being used by industry.  In response to the Energy Crisis of the 1970’s, DOE launched a high-risk Enhanced Oil Recovery Field Demonstration Program to stimulate the use of these critical technologies by the major oil companies in the country.  The projects were focussed on the technologies, and the important lessons learned from this program redefined oil extraction in the world for the next 30 years.

Later, in response to the low oil prices of the mid-1980’s, the Reservoir Life Extension Field Demonstration Program which would be called the Reservoir Class Program in the early 90’s was initiated with a “resource” focus rather than a technology focus.   The domestic reserves addressed were those in danger of premature abandonment with the loss of producible oil and the infrastructure to produce the oil.  The near-term and mid-term projects addressed those reservoirs most likely to be abandoned without using the available technologies because they were unfamiliar to the operators or untried under specific conditions.   

Communication between researchers and users has been enhanced.  Partnering with its associated sharing of information has become a way of doing business in the industry now.   Knowledge is critical to success in the oil industry and the DOE is providing well-documented, easily accessed information about the cutting edge technologies and the benefits of their use. 

While these project were being conducted in the 1990’s, it became clear that the domestic industry was being operated by a larger percentage of independent producers.  These stakeholders became the focus of a new field demonstration program designed to demonstrate to these producers the benefits of applying advanced technology to their operations.  Along with this program has come the improvements and continued development of other technologies.   The majors are not the only producers breaking new ground.

Current and future programs such as the Preferred Upstream Management Practices Program (best practices) and the Technology Verification Through Demonstration (demonstrations of new technologies) will continue to focus on the near-term needs of the industry, distributing the knowledge gained through years of experience and bringing timely evaluations of new technology.  Programs like these will bring another $1.6 billion in benefits to the nation.   The lessons learned from these programs will support tomorrow’s production levels.

This program also demonstrates the successful transitions DOE has made to meet the technology producer, and timing requirements needed for effective resource extraction in the U.S.

FE 1. Briefly describe the selected technologies or projects. 

Background:

The United States has produced more oil than any other nation in history, yet twice that amount still remains unrecovered in known reservoirs.  U.S. proved reserves and production have declined more or less steadily since 1970, while imports are rising dramatically because of the lack of predictable, cost-effective technologies to produce the remaining, known oil under present economic conditions.

Technological advances now offer significant opportunities to produce more oil from our nation=s reservoirs, provided the DOE Oil Research Program, the producing states, and* industry collaborate to implement a targeted strategy for developing sophisticated reservoir descriptions and oil recovery techniques and make them accessible to all aspects of industry.

The U.S. economy=s heavy dependence on oil is likely to remain for decades B the transportation sector alone uses more oil than we produce domestically, relying on oil for 97% of its energy needs.  While economical, environmentally sound substitutes for oil products are under development, their widespread use will be delayed by at least two constraints: (1) cost - as global competition intensifies, the U.S. cannot afford to inflate product costs by choosing high-priced fuel options, and (2) infrastructure - time and substantial capital will be required to replace the existing oil-based infrastructure.  Thus, even to prepare for the fuels that will succeed oil, we need a secure source of oil supply for at least several decades. 

New U.S. oil discoveries will provide only a fraction of our petroleum needs.  The U.S. is a highly explored, mature producing region.  For several decades, exploration has been yielding smaller and smaller discoveries despite increasing drilling efforts.  While the more promising areas of new discovery - Alaska and offshore - are important, they do not have the potential to halt the decline in production, nor to replace the reserves that are now being produced.

Imports fill the growing gap between domestic consumption and production.  The Energy Information Administration projects that net imports, already at more than 50% of domestic consumption, will exceed 60% by 2004.   The scale of rising oil imports is costly, estimated to be  $100 billion this year, with disturbing implications for national security, international competitiveness, the balance of payments, employment, and the standard of living.

The remaining alternative is to develop the oil that remains in the ground after conventional recovery methods.  This is a massive resource, estimated at 341 billion barrels.  Conventional recovery generally extracts only about one third of the oil known to be in a reservoir.   The remaining oil can be considered as either Amobile@ to waterflooding or steam injection or Aimmobile@ to such processes.  This resource may be further differentiated into light oil (American Petroleum Institute gravity 20o to 45o+) and heavy oil (American Petroleum Institute gravity 10o to 20o), which entail different constraints on the recovery process.

Conventional methods fail to produce all the mobile oil because heterogeneities or variations in reservoir rock formations restrict or seal off flow paths, and because these variations in density, viscosity, and mobility of oil relative to injected fluids cause the injectants to Afinger through,@ override, under-ride, and bypass mobile oil.   Advanced secondary recovery techniques have been developed, and continue to be improved through Research & Development (R&D), to recover some of the 99 billion barrels of mobile oil that remain after conventional methods have been applied - waterflooding for light oil and steam injection for heavy oil.  Geologically targeted infill drilling reaches oil trapped in compartments isolated from the flow paths established in conventional recovery efforts.  To reduce vertical bypassing due to high permeability contrast, gelled polymers or foams may be injected to reduce the contrast between strata or to selectively complete zones in the reservoir.  Areal bypassing may be reduced by adding polymers or foams designed to increase the viscosity of the injectant, thus lowering mobility differences between oil and the injected fluids.  Areal and vertical bypassing are problems common to the recovery of both light oil and heavy oil resources.  Much of the R&D effort over the past two decades has focused on the development of injectant fluids that remain stable under reservoir conditions to control the flow of oil - using polymers or plasticizers in light oil formations and foams in both light and heavy oil formations.

Another 242 billion barrels of immobile oil is held in the rock pores by surface tension and capillary forces after injected fluids have produced the mobile oil.  Advanced tertiary, or enhanced oil recovery (EOR), processes are required to overcome these forces.  Chemical and miscible processes are the principal EOR methods for producing immobile light oil.  In a chemical flood, an agent that reduces surface tension (surfactant or soap) is injected to overcome capillary forces.  Miscible flooding consists of the injection of solvents - carbon dioxide, nitrogen, propane, etc. - to reduce surface tension, reduce oil viscosity, and swell the oil to re-form droplets into a more continuous oil phase that is amenable to recovery.  EOR may also require the application of advanced secondary recovery techniques to minimize bypassing of immobile oil by the injected fluids.  Thermal EOR techniques are applied mainly in heavy oil reservoirs.  Application of thermal processes immediately follows primary recovery, because shallow heavy oil reservoirs are generally not economically amenable to normal waterflooding.  Steam injection reduces the viscosity of trapped oil or partially cracks heavy hydrocarbons into lighter, more mobile components which then flow to production wells.  In-situ combustion projects rely on the burning of a portion of the oil in the reservoir by injecting air or oxygen.  The thermal front, or burn zone, moves through the reservoir heating and displacing oil in front of it.

Even successful EOR processes leave considerable amounts of oil unproduced.  All EOR processes are only effective in the portion of the reservoir actually contacted, so the oil (both mobile and immobile) in uncontacted areas remains.  Some residual oil remains in the reservoir even after EOR techniques have contacted the zone.  In chemical flooding, only a trivial amount remains in the portions of the reservoir actually contacted by the flood; in gas miscible flooding, slightly more oil is left, but it generally consists of heavy components of little commercial value.  In the case of steam flooding, however, this can be a substantial portion of the remaining oil. The oil immobile to steam is trapped at remaining saturations as high as 15 to 20 percent of the pore volume.  However, no known process can technically produce this residual oil volume because of the combination of high operating temperatures and low reservoir pressures that prevail in steam injection projects.  Furthermore, there are light and heavy oil reservoirs for which no currently known process can technically or economically produce the immobile oil, including those with low permeability or that are highly fractured.  Some of these may be quite large and present a target for future techniques to be developed.

Secondary and tertiary recovery processes require an understanding of the reservoir heterogeneities and flow paths unique to each reservoir to achieve predictable and cost-effective results.  Reservoir description itself requires advanced technology.  Architectural and petrophysical modeling of outcrops and reservoirs in the subsurface improve the understanding of compartmentalization and fluid flow paths.  Statistical description of rock properties facilitates performance prediction within the reservoir and extrapolation of results to analogous reservoir types.  Exploratory vertical, directional and horizontal drilling, and subsequent logging and well testing can directly extend critical characterization knowledge between production and injection wells.  Geophysical and engineering techniques (e.g., tracers and pressure transient analysis) improve our ability to characterize reservoirs.  Improved description or reservoir characterization will lead to improved oil recovery for all processes and resource types - including light and heavy oil.

The mobile and immobile oil resource that remains in known U.S. reservoirs represents the largest domestic source of potential supply.  The continuing development of advanced secondary and tertiary recovery techniques by the collaboration of the states, industry, and the Oil Research Program presents an opportunity to produce a significant portion of this resource.  Greater understanding of the resource and further development of advanced technologies can increase production significantly from new and existing reservoirs under a wide range of economic conditions.

Considerable effort has already been expended in attempting to realize this potential: the Federal Government has supported oil recovery and refining research since 1918, and specifically an EOR research program since the early 1960's; the industry has conducted R&D and has initiated a large number of field projects on its own and in response to incentives; some states have encouraged R&D and along with the federal government have recently enacted tax incentives to encourage advanced extraction projects.  Despite all this activity, EOR has made a relatively small contribution to total domestic production.  Even when oil prices were very high in the early 1980's, EOR contributed only about 600,000 barrels per day.  Virtually all of this production was from certain uniquely favorable geological situations.  It has become increasingly apparent that complexities of oil reservoirs and our limited understanding of them represent formidable barriers to achieving the full potential.

While the potential to increase U.S. production is great, the opportunity is vanishing rapidly.  Since the 1998 collapse in oil prices, the rate of well abandonments has been unprecedented, as was the case after the 1986 price collapse.  Since 1986, about 17,000 well per year have been abandoned.  Studies (Abandonment Rates of the Known Domestic Oil Resource DOE/BC-89/6/SP November 1989, and Analysis of the Impact of Well Redrilling on Enhanced Oil Recovery in the United States, DOE/Bartlesville Project Office, September 1989) have shown the U.S. will abandon 70-80% of the resource base by 2015, which provides a major selection criteria for ranking reservoir classes.  Abandoned wells are plugged permanently, and the cost to redrill or replace them is high enough in many cases to prevent the future application of more cost-effective recovery technologies.  If  the lease is not held by production from other wells abandonment may completely foreclose future recovery opportunities when the lease is lost.  With as much as two thirds of the remaining U.S. oil resource at risk of abandonment by 2010 (discussed below), it is urgent that we prevent or reduce the scale of abandonments to preserve the opportunity we have to increase oil production.

The Oil Research Program addresses the remaining oil resource with research, development and demonstration (RD&D) in reservoir engineering, geology, geophysics, geochemistry, and environmental science.  Throughout the history of U.S. oil exploration and development, the products of research and technological development have played a vital role in sustaining and increasing domestic production.  The efficacy and continuing need for technical RD&D are particularly evident today.  The 1984 National Petroleum Council Enhanced Oil Recovery  study identified the great potential of EOR processes to unlock immobile oil, and stressed the need for process research and field testing to Areduce the technical uncertainties that currently delay commercial development@.

The 1986 collapse in oil prices, and its resulting impact on the U.S. oil resource and the industry, has motivated a re-examination of the Oil Research Program.  The emphasis during the previous decade on long-term, high-risk research was intended to complement a strong industry R&D program.  This approach assumed that there would be ample time for basic research to be converted to technology and for this technology to be disseminated to operators of all types.

The price collapse profoundly affected the U.S. oil industry, forcing many companies to leave the business while others reoriented their exploration and production strategies to remain as viable producers.  To reduce costs, many producers have cut or eliminated spending on R&D and adopted a preference for lower-cost production technologies.  To replenish reserves, large companies have shifted their exploration focus to Alaska, offshore, and increasingly to foreign regions, reducing their commitment to the U.S.  Lower 48 resource, and especially to the intensive reservoir management techniques needed to produce the known remaining oil resource.  Throughout the U.S., but especially in the Lower 48 states, lower prices have increased the production level necessary for producing wells to remain economic, bringing them closer in time to the point when revenues no longer cover costs and operators must abandon the wells.  This leaves less time for the dissemination of newly developed, cost-effective technologies, while the need to solve technical and economic constraints on production is pressing.

As a result of these developments since the price collapse, the Office of Fossil Energy (FE) has been evaluating its program to assure its effectiveness in the new economic environment.  Several important studies have assessed the issues and proposed strategies to address them:

· Energy Security.   The DOE report to the President described the economic and security implications of rising oil imports and identified strategies to address them, including highly focused R&D to increase production from known oil reservoirs.

· Geoscience Research for Energy Security.  This report by the Energy Research Advisory Board (ERAB) stressed the need for greater integration and coordination of geoscience and extraction research.  ERAB gave its highest research priority to oil and gas out of the entire range of energy sources, because Athe major energy problem facing the nation in the intermediate future is a shortage of domestic liquid hydrocarbon fuels.@
· EOR Initiative.   This Fossil Energy study identified through discussion with the industry and states the need to expand the existing research program to include near-term measures to enhance domestic producibility, to broaden the context of oil recovery research by addressing mobile as well as immobile oil, and to develop technology transfer, recognizing the key role of independents in the domestic industry.

· Hydrocarbon Geoscience Research Strategy.   The report by the Hydrocarbon Geoscience Research Coordinating Committee recognized the urgency of maintaining access to reservoirs at risk of imminent abandonment, and the need to balance near-, mid- and long-term research toward the goal of increasing economic producibility of oil and gas resources.  This strategy recognized that an understanding and quantification of reservoir heterogeneities is critical to improving producibility, and stressed the key role of interdisciplinary, problem-oriented, field-based RD&D on carefully prioritized classes of reservoirs to providing rapid, cost-effective technology advancement.  The strategy was developed in conjunction with a major study of geoscience research priorities by the Geoscience Institute for Oil and Gas Recovery Research.

Based on these documents and recent developments, current guidelines for FE=s oil research include: the program must be mission-oriented, with well-defined goals and objectives and with each project within the program addressing the mission; research must clearly address the near- and mid-term needs of the oil and gas industry, complementing the program=s historical emphasis on long-term R&D; the program must reflect the nation=s growing concern for the environment, by assessing the environmental impact of advanced recovery techniques and developing mitigation techniques if found to be necessary; and the results of the program=s research activities should be actively disseminated to the states and industry, requiring that technology transfer be integrated with other program activities.

The National Petroleum Council (NPC) developed a database and analytical model to estimate the potential for enhanced oil recovery (EOR) from known reservoirs in the United States.  This study focused on the incremental recovery of known, immobile oil by specific EOR processes - chemical flooding, gas miscible flooding, and thermal recovery - applied after primary/secondary recovery.  Enhancements to the database and analytical models have since allowed the NPC methods to be extended to include both immobile and mobile oil.  Detailed data on more than 3,700 individual reservoirs (collectively accounting for over 70% of the nation=s original oil-in-place), the original NPC cost and process models as updated by recent findings, and new models of advanced secondary recovery (e.g., targeted infill drilling, polymer-assisted waterflooding, and permeability profile control using gelled polymers) have been used to estimate the potential incremental reserves and the remaining oil resource after production of these reserves.

The 341-billion-barrel remaining oil resource can be divided into the following components requiring substantially different levels of technology performance to produce them.

· Near Term.  Up to an additional 15 billion barrels, primarily mobile oil, could be recovered at present economic conditions with currently available and proven technologies.  This requires a well-designed technology transfer program to reach operators that do not yet utilize them.  Widespread application of these technologies to reservoirs before they reach their economic limit is essential to prevent premature well abandonments and to preserve economic access to the resource for subsequent application of advanced technologies.  Much of the near-term reserve target for light oil is in danger of abandonment unless technology transfer is effective in the near term.

· Mid Term.  An additional 61 billion barrels may become recoverable in the mid term with the application of currently identified, by yet-to-be-proven, advanced technologies.  This will require significant, but definable, advances in technology through focused RD&D efforts, and subsequent aggressive technology transfer to promote widespread application.  This total, an additional 76 billion barrels of potential reserves recoverable by currently identified technologies, represents a 52% increment over the cumulative production of oil in the U.S. over the last one hundred years.  This is enough to sustain current levels of U.S. production for the several decades needed for an orderly transition to alternative transportation fuels.

· Long Term.  If this full 76-billion-barrel-potential were developed, it would still leave approximately 265 billion barrels in known reservoirs after application of near-term and mid-term technologies and in reservoirs not amenable to technologies that are currently defined.  Unlike the above estimates, this is not an estimate of potential reserves but of a resource with unknown recovery potential.  The long-term target requires basic research to stimulate new geological description techniques and insights and the invention of new and novel recovery technologies.  The huge size of this resource justifies the high-risk effort required to develop these technologies.

Producing the near-term component entails only slightly higher levels of technical risk than conventional production; the technologies are contemporary proven, and available.  That is not to say they are risk-free, but that their risks have been demonstrated to be within the range customarily borne by the industry.  Producing the resource component described as mid-term, however, entails substantial technological risk.    Achieving these advances in cost-effective combinations, however, substantially increases the technological risk.  If, for example, the probability of success of each of (1) improving the predictability of reservoir flow paths; (2) accurate estimation of permeability of the respective oil-bearing strata; (3) ability to place infill wells; (4) improved temperature and salinity stability of polymers; and (5) improved surfactant absorption properties were 0.8, then the overall probability of achieving a successful chemical flooding protocol would be about 33%.  The combination of advances chosen for the assessment were those hypothesized by the National Petroleum Council study and are still regarded as highly likely.   However, the design of a research program to realize these advances must carefully manage the inherent technological risks.  Going beyond the mid-term resource to the long-term resource moves from the domain in which technological risks can be estimated to the domain in which the basis for such calculation does not yet exist.

Identification of the near-term, mid-term, and long-term resource targets was based on the data base and analytical models developed and validated by the NPC, with substantial review.  This analytical base, collectively called the Total Oil Recovery Information System (TORIS), analyzes individual reservoirs in a summary reservoir engineering fashion, quite sufficient for the estimates of recovery potential on a national scale and as a basis for developing the research program plan.  The program entails considerable site-specific RD&D, which would also use additional, highly specific data obtained at each reservoir site.  This work will result in a more detailed reservoir data base - a substantial benefit to be used to fine-tune the program as it progresses.  It is important to note that in using TORIS, the best available data source on the U.S. oil resource is being put to work for program planning.  This data base and the analytical models will be improved as a result of program activities and will contribute to assessments of program results and overall direction.

Well abandonments create the additional risk that low-cost access to the resource be lost.  The extent of well abandonments and their impact on the potential future application of advanced technologies has been evaluated using actual well reports and reservoir-by-reservoir decline curve analysis.   The methodology to project abandonment trends was cross-verified with historical data from Petroleum Information (PI) Inc.   If technology advances are delayed, as much as 65% of the remaining resource could be in abandoned zones by 2010, and over 75% could be abandoned by 2015. 

These results have substantial implications for the future application of advanced technologies.  For environmental and economic reasons, when a well is abandoned, all salvageable equipment and field infrastructure are removed, cement plugs are placed in the wells, and the land is restored as close to its natural state as possible.  While permanent plugging is sound economic and environmental policy, abandonment reduces the economic viability of future advanced recovery projects that could use these wells as points of reservoir access for testing, injection, and production.  After abandonment, only two options exist for contacting the remaining resource in a reservoir - drilling new wells or re-entering plugged wells.  Either case requires substantial investment in wells and infrastructure comparable to start-up costs for beginning production in a new field.

A recent DOE analysis estimated the impact that redrilling would have on domestic EOR potential.   The increased investment required to redrill had the same economic impact on EOR potential that an $8/bbl drop in oil prices would have on projects able to use existing wells.  At $20/bbl, the domestic EOR potential would drop from 6.1 billion barrels to 2.6 billion barrels if existing wells were plugged and redrilling were required.  The severe reduction in advanced recovery potential caused by well abandonments attests to the urgent need to preserve resource access in critical reservoirs as they reach their respective economic limits.

The preceding analyses identify the time constraints that drive the program: availability and application of cost-effective technology before the imminent abandonment of critical light oil reservoirs.  Further development of advanced technologies will require five to ten years to identify and solve the constraints that now limit their application.  While conducting this RD&D, access must be preserved at least to the most promising reservoirs, to maintain their economic potential for recovery with advanced processes.  Some of these reservoirs are near their economic limit and may be abandoned before the relevant advanced technologies are available.  Their urgent need for attention leaves time only for the application of technology that is currently available and proven to keep them in operation until more effective technologies become available.

This leads logically to the need for balance among the program=s time perspectives.  Neither the near-term nor the mid-term orientations alone can achieve significant improvement in oil recovery.  Currently available process technologies can improve recovery efficiency by another 2% to 4% in significant light oil reservoirs.  This is an important increment, but does not achieve the major gain that the program seeks.  Identified, advanced technologies can improve recovery efficiency by another 10% or more.  However, during the 5- to 10-year period of RD&D required to make them available, reservoir abandonments will erode this potential substantially unless access is preserved in critical reservoirs.  In many cases, the application of currently available technologies can accomplish this, by reducing production costs and hence extending the well life to the point where advanced technologies are available to achieve more significant increments to production.  In other cases, available technologies may not be able to delay abandonment, but environmentally sound, economically reversible well plugging techniques may help retain economic access to reservoirs that will be amenable to more effective technologies when they are available at a later time.

The near-term objective B  to preserve economic access to the resource B  responds to the significant projected abandonment rates in light oil reservoirs revealed by decline curve analysis, and to the need to preserve the mid-term recovery potential anticipated from advanced technologies.  Whereas the recovery potential from heavy oil reservoirs is not threatened by abandonment, other factors have been identified that may inhibit future production using thermal EOR techniques.  In spite of years of application, the basic heavy oil recovery technology of steamflooding remains in need of improved tracking and control of the distribution of injected heat and fluid movements.  At the same time expanded technology application can be blocked by emission restrictions on steam generators in the same locations and processing constraints faced by refiners that limit the marketability of heavy crudes.  To realize the potential of advanced heavy oil recovery technologies in the mid-term, there may be distinct near-term activities that the program could undertake.   That analysis will provide the basis for developing specific near-term and mid-term program objectives that may be appropriate for enhancing the producibility of heavy oil reservoirs, while existing R&D projects that already support the mid-term and long-term objectives will continue.

The integration of near-term and mid-term program activities is essential to achieve the full potential of currently defined technologies: maintenance of production or reversible plugging is prerequisite to full application of the advanced technologies that will be made available in the mid-term.  A large portion of remaining oil-in-place will still be unrecovered after the mid-term technology advances have been applied.  Techniques are not yet defined to recover this oil.  This resource will be addressed by basic research with the aid of reservoir information and advanced technology obtained during the course of near- and mid-term program activities.

The potential benefits of near- and mid-term technologies can be estimated with some confidence, but the long term presents a vast resource target for which the technical and economic recovery potential cannot be accurately projected.  Beyond currently proven reserves, currently defined advanced technologies could ultimately produce another 76 billion barrels of mobile and immobile oil at moderate oil prices - enough to stop the decline in U.S. production for three to four decades.  This additional domestic supply would generate more than $400 billion in revenues to state and federal treasuries, reduce the trade deficit by more than $2 trillion, and improve the nation=s energy security.  However, these benefits can only be realized through a timely, thoroughly integrated RD&D program that is carefully coordinated with the industry and the producing states.  It is recognized that the industry, producers, consulting engineers and geologists, and service companies not only have the intellectual property needed to assure success, but that their ultimate business decisions will determine just how much of the potential oil production can be achieved.  The producing states can also contribute greatly to creating a regulatory environment conducive to realizing this additional production potential.  Some states have already taken significant steps, such as by extending the time period required before shut-in wells must be permanently abandoned, or by instituting tax incentives to stimulate production.

The number of possible combinations of RD&D applications, in terms of the numerous U.S. reservoirs multiplied by the number of operators in each, multiplied by the number of advanced recovery techniques and their combinations for mobile and immobile oil, clearly exceed the capacity of any orderly program.  For example, the 3,700 reservoirs in the TORIS data base represent only the largest in the nation; literally tens of thousands of smaller ones are still not in the data base.  Depending on definitions, the nation can boast of 96,000 certified oil producing reservoirs.  And, of course, dozens of recovery processes and variations are available.  

Clearly, this is too large a number of possibilities for an RD&D program with limited budget and time to address production constraints at each individual reservoir or for each operator.  However, some reservoirs will need more urgent attention than others; some are larger or more amenable to the application of advanced technologies than others.  While analysis can identify potential and urgency in individual reservoirs, a scheme is needed to aggregate and assess potential in a way that establishes priorities for RD&D that will maximize recovery.

Field Demonstration Program 1978 to 1985

The original field demonstration program began under the Bureau of Mines in 1974 and was taken over by the Department of Energy in 1978.  Over this span of time the federal government spent $72.4 million on 26 cost-share projects and an additional $24.4 million in grants to Sandia National Laboratory and Stanford University, most of that obligated through the Department of Interior under the Bureau of Mines administration of the Bartlesville Research Center. Prorated by individual projects, this represents approximately $53.8 million spent during DOE=s administration of the cost-share field demonstration program. The DOE average cost‑share was 35%.  Appendix A includes a summary of the early field demonstration projects indicating the research objectives and the technical and economic success or failure of the individual projects. 

The cost-shared programs were initiated after the Arab oil embargo and were conducted at a time when there was a strong worldwide demand for crude oil. The industry was interested in developing technology that would allow a maximum amount of oil to be recovered from existing reservoirs. Massive infrastructure investments by industry were made in the 1970’s and 1980’s for improved oil projects. The most notable of these were the pipelines that were built to deliver carbon dioxide from natural sources in New Mexico and Colorado to the fields in West Texas. Also, many of the thermal recovery projects were initiated in California in the 1970’s. The emphasis of the DOE-funded projects was on demonstrating the potential of these technologies in different regions of the U. S. and under different reservoir parameters. The projects were selected through a competed solicitation and were chosen to test newly developed chemical and CO2 flooding and thermal processes under conditions, which differed from previously industry demonstrations. 

The DOE program resulted in an increased number of field tests both as cost-shared and later by industry alone. Operators were often reluctant to test unproven technology, considering the technical risks and unstable oil prices following the embargo. DOE participation was effective in reducing the financial exposure and minimizing the economic risks to a company. The field tests were instrumental in the development of new technologies that have increased oil reserves. The field demonstrations and the technology transfer on the results of the demonstrations suggested new areas of development for chemical flooding, and spread CO2 flooding and thermal processes to new fields and reservoir types. 

The Field demonstration program was divided into three segments: Chemical flooding, Carbon dioxide flooding and Thermal/heavy oil. Emphasis of the program was to take processes and technologies that had been developed and tested in the laboratory to the field and demonstrate the viability of these technologies under actual reservoir conditions. The projects were monitored by quarterly, annual and final reports. 

The twelve Chemical flood field demonstration projects were selected by the Bureau of Mines, but obligated funding and program management continued through the Department of Energy. A variety of chemical flooding technologies were addressed: micellar‑polymer flooding, control of waterflooding by alkaline or caustic polymers, tests of different field conditions, and use of polymers to increase oil viscosity. Overall the technologies were technically successful, but not economically successful. Six of the projects produced incremental oil.  Two of the projects produced a significant amount of incremental oil and they were extended to the mid‑1980’s to allow complete monitoring of the technologies. The field demonstrations brought to light two relevant facts: micellar polymers may be too expensive to be cost‑effective, and reservoir characterization is a necessary part of any field demonstration. The amounts of expensive micellar‑polymer necessary to produce oil in the field demonstrations greatly exceeded the laboratory estimates of the quantities of micellar polymer to be injected. 

The cost-shared program resulted in major developments in chemical flooding. The early tests produced a lot of incremental oil but proved to be uneconomic. The major problems were in the sensitivity of the surfactants or soaps to high levels of water salinity and hardness. Controlled salinity preflushes proved to be ineffective in protecting the micellar fluid from exposure to the resident formation waters that contained the undesirable ions. DOE early efforts played a major role in the development of later Alkaline Surfactant Polymer technology, which is used commercially throughout the world.

Carbon dioxide injection was used in five field demonstration projects from 1975 to 1985. The projects had some measure of technical success in defining the necessary criteria for future successful CO2 flood projects. The main problems were inability to maintain CO2 injectivity, excessive volumes of CO2 required to produce incremental oil and failure of CO2 to displace oil under given field conditions. Incremental oil was produced from two of the projects, but only one, Weeks Island, was cost‑effective.

The projects made significant contributions in carbon dioxide flooding, especially in the understanding of immiscible applications. Research conducted by DOE in the 1980’s showed the benefits of carbon dioxide flooding even under conditions where a classical miscible displacement was not developed. 

Six Thermal/heavy oil field demonstrations were funded from 1975 to 1985. In addition two thermal/heavy oil research grants were made to Sandia National Laboratory and Stanford University of Petroleum Research Institute field studies. Research efforts concentrated on demonstrating effective steamflooding for increased oil recovery. Projects ranged from typical low‑pressure heavy oil reservoirs, fields with up to 50% well abandonment due to unfavorable response to cyclic steam stimulation, steamflooding unconsolidated sands, and demonstrations of large‑scale water‑air in situ combustion processes. Several projects involved use of ancillary materials to improve low recovery efficiency caused by steam channeling. Two projects, a demonstration of steam flooding in a typical heavy oil reservoir in California, and in‑situ combustion in Louisiana were both technical and economical successes. None of the projects testing ancillary materials to improve steamflood recovery were successful.

DOE has made significant contributions to the technology for the recovery of heavy oils. The lessons learned through the early field thermal demonstrations were followed up by additional DOE sponsored laboratory EOR research and industry field demonstrations. Early development of thermal recovery projects sponsored by DOE led to the U. S. becoming the world leader in heavy oil recovery in the late 1970’s and early 1980’s.  These contributions have been made along multiple fronts, including the support of cost-shared projects, a cooperative research agreement with Venezuela, support of the UNITAR heavy oil international conference, and the publication of various instructional manuals. 

The cost-shared field demonstrations resulted in a greatly improved understanding of the importance of the reservoir description. Reservoir description was less critical in the traditional waterflooding process because of the low costs and the large volumes of water injected. Reservoir description proved to be critical in EOR operations because of the high cost of the injectants, the smaller quantities used, and the use of small patterns located within the reservoir. Examples of projects that were significantly impacted by an incomplete description of the reservoir include: (1) Bell Creek micellar-polymer flood. (2) Coalinga polymer flood, (3) Big Muddy micellar-polymer project, (4) North Burbank micellar-polymer project (5) North Stanley polymer flood project, and the (6) Cat Canyon steam flood project. 

The most significant information coming from the early field demonstration program was the knowledge that the geological and engineering parameters of individual fields was insufficiently known. Detailed reservoir characterization of a given field is necessary prior to the field application of any new technology. Technologies that work in one field or type of reservoir may fail completely in other field situations. 

Reservoir Class Program 1990 to 2001

Reservoirs grouped into larger families, called plays, often show similar production characteristics because they have similar heterogeneities or variations in the quality of the reservoir.  Plays are Agenetic@ groups of reservoirs that are similar because they share a common geologic (depositional environment or post burial history) and are proximate to one another in a relatively confined area.  Reservoirs in a play exhibit common rock and hydrocarbon sources, oil trapping mechanisms, and reservoir and fluid characteristics.  The reservoirs within a play, being geologically similar, often exhibit similar production problems.  The advantage of such groupings is that the characteristics of well-understood reservoirs may be extrapolated to others within the same play. 

Reservoir plays may be further characterized according to type of depositional environment origin, which influences the pattern of oil accumulation and subsequent recovery.  Galloway and others grouped nearly 450 of the most productive reservoirs in Texas into 48 oil plays.   Tyler and others characterized these 48 Texas plays into 11 depositional environment systems.     This describes a classification hierarchy based on geological history: reservoirs that are geologically similar based on hydrocarbon source, reservoir rock, fluid properties, and oil trap characteristics are grouped into plays, while plays having the same depositional environment are grouped together as classes.  In Texas, about 80% of the original oil-in-place was concentrated in 5 of these 11 depositional systems, or reservoir classes.  In addition to this geologically determined pattern of oil accumulation, the reservoir classes also showed broad trends in production characteristics.  Reservoir genesis determines the lithology or rock type, permeability, continuity, and other basic rock properties which are important variables affecting ultimate recovery efficiency.   The demonstrated effects of reservoir genesis and fluid drive mechanism on primary recovery efficiency established a basis for identifying target reservoirs for improved oil recovery in Texas.  These concepts were applied nationwide in the development of the Reservoir Class program.

In estimating economically recoverable reserves at various oil prices, a subsequent analysis of the same 48 Texas plays found that two thirds of the secondary and enhanced oil recovery potential was concentrated in the top 10 plays.   Geological properties and the complexity of a reservoir have a profound effect on the recovery performance of both secondary and tertiary extraction operations.  Understanding of the geological history of reservoirs, including the original depositional environment and subsequent post-burial modifications, thus provides important information concerning the ultimate efficiency of advanced extraction processes, as well as to the kinds and extent of the reservoir variations that must be overcome to achieve increased production levels.

The critical role of geologically determined factors on oil recovery and the ability to group individual reservoirs into geologically similar plays and classes combine to provide the scheme necessary to establish RD&D priorities that will maximize recovery of the known domestic resource.  Behind this approach is a theory of reservoir similarity.  The reservoir similarity theory submits that reservoirs with the same or similar history should exhibit similar production constraints.  A classification system based on geological history should place reservoirs into groups having common production constraints and common RD&D requirements to overcome them. 

Note that this concept offers quite a different perspective from that of earlier oil research programs.  The revised effort seeks to focus on the identification and resolution of specific problems limiting oil recovery in reservoirs with high recovery potential.  The previous work concentrated on specific advanced extraction processes themselves with only limited reference to the geological constraints which impact their application.    The concept has been extended further in the Hydrocarbon Geoscience Research Strategy, which identified the single most important technical problem in converting the nation=s oil and gas resources into economically producible reserves as Athe current lack of understanding of reservoir geology and how it affects fluid flow,@ and stressed the need for integration of research efforts.

The similarity theory also provides a lever for the broad application of RD&D results.  A corollary of the theory is that once the production response of a recovery method has been determined for a representative reservoir, the results may be transferred to the larger group of reservoirs constituting the reservoir play, and perhaps to the broader grouping of reservoirs in different plays, but within the same class.  Reasonable levels of program budgets will limit the number of field demonstrations that can be conducted to prove advanced technologies.  However, the similarity theory will guide appropriate play- and class-specific extrapolations of research results, focusing technology transfer efforts to achieve cost-effective application among operators of other reservoirs with similar geological history.

A geologically based classification system has been demonstrated to differentiate recovery potential and urgency due to abandonments by reservoir class in an analysis of remaining recovery potential in Texas, Oklahoma, and New Mexico.   Data were available for these three states as a result of their initiatives under the Interstate Oil and Gas Compact Commission (IOGCC) to determine the options each had to improve oil industry operations in their jurisdiction.   The study combined the reservoir-by-reservoir results of a prior analysis of the potential recovery of mobile oil with the results of new analyses of reservoir-by-reservoir EOR potential for each geologic class.   This potential, estimated under technological advances based on the specific research objectives of the Oil Research Program, represents the full recovery potential of each class. The potential incremental production due to advanced technology was found to be highly concentrated in relatively few geologic classes.  Sixty-five percent of the total potential lies in the five largest classes; eighty-six percent lies in the largest ten.  

· The extreme concentration of potential economic recovery in a small number of reservoir classes suggests that the program can achieve greatest benefits by focusing on the classes with greatest potential.

· The impending rates of abandonments of some of the high-potential reservoir classes underscore their urgency.  In some cases, essentially the full potential is at risk.  This imposes stringent requirements for near-term steps to maintain access to these reservoirs.

The abandonment risk of the offshore resource must be evaluated; it is potentially greater than for onshore resources because its associated operating costs are higher, although the rapid production rate needed to recover costs may leave a remaining resource that is too small to recover economically.  Well abandonment has not occurred at a rapid rate in heavy oil reservoirs, hence the reduced urgency compared to many light oil formations.  Shallow depths and economic viability of current technology have maintained production levels despite reduced prices.  However, in addition to the collection of reservoir data, the assessment of heavy oil resources will include analyses of the impact of environmental and market considerations on increased future production.  Emissions from steam generators are restricted by air quality regulations in California, limiting the initiation of new steam driven EOR projects.  The market for heavy oil is restricted because of special processing requirements.  Research is planned to determine the extent and economic impact of these constraints and to identify supporting R&D requirements for environmental mitigation, on-site upgrading, and refinery processing.

High Priority Reservoir Class Program

The Class program was developed in response to rapidly declining domestic production and the realization that huge volumes of oil are being abandoned in reservoirs because of uneconomic production techniques. The program was designed as a critical element of the Oil Program to move improved oil recovery (IOR) technology from the conceptual stage through research, pilot scale field experiments, and full-scale field demonstrations to industry acceptance and commercialization. Both successful results and failures of the field demonstrations provide focus to concurrent research programs. Elements of the field demonstrations that are suitable for broad industry application will be communicated to the industry through the oil program’s technology transfer effort. Summaries of the Class projects showing results are included in Appendix A.
Goals and Objectives:

1) Extend the economic production of domestic fields by a) slowing the rate of well abandonments and b) preserving industry infrastructure (including facilities, wells, operating units, data, and expertise).

2) Increase ultimate recovery in known fields by demonstrating a) better methods of reservoir characterization (both rock and fluid), b) advanced oil recovery and production technologies, c) advanced environmental compliance technologies, and d) improved reservoir management techniques.

3) Use field demonstrations to broaden information exchange and technology application among stakeholders by a) expanding participation in DOE projects to include both traditional and nontraditional participants, b) increasing third-party participation and interaction throughout the life of DOE-sponsored projects, and c) making technology transfer products user-friendly.

4) Integrate Field Demonstration activities with activities of other areas of the advanced oil recovery program by a) actively pursuing demonstration activities from work developed in other program areas, b) assessing Field Demonstration efforts regarding future directions and research needs, and c) informing the research community of research needs and opportunities identified in demonstration projects.

Class Projects

Class I Fluvial-Dominated Deltaic reservoirs - Four mid-term and ten near-term projects were selected and awarded in FY92 and FY93.  Three projects were canceled during Budget Period I.  DOE monitored contractual performance and funded the second budget period of demonstration projects that provided technically and economically feasible in the first budget period.

Class II Shallow Shelf Carbonate Reservoirs - Three mid-term and seven near-term field demonstrations in shallow-shelf carbonate reservoirs have been selected and awarded in FY94.  DOE monitored the contractual performance and funded the second budget period as necessary.

Class III Slope and Basin Clastic Reservoirs - Four near-term and five mid-term projects in slope and basin clastic reservoirs were selected and awarded in FY95.  DOE monitored contractual performance and funded the second budget period as approved.  

Advanced Class Work - Field-based reservoir characterization and recovery process projects to refine advanced technologies that were demonstrated or identified in the Class demonstration projects.  In addition, technologies shown to be promising in laboratory research and development efforts - improved recovery methods and reservoir characterization technologies - were considered for demonstration in Advanced Class activities. 

Class Revisit Program 1999 to 2006

Ten new projects were awarded in October 1999 (see Appendix A).  The ten projects include Fluvial-dominated Deltaic, Shallow Shelf Carbonate and Slope and Basin Clastic reservoirs, and both light and heavy oil projects. These new projects have become active as Class I, II and III projects.  The projects will have three phases, reservoir characterization, field implementation and monitoring.  All phases will provide Technology Transfer to the oil industry and public. The contracts were awarded between March and July 2000, and Phase I is underway in all projects.

Highlights of the projects are expected to include:

· University of Alabama B Advanced reservoir characterization combined with strategic infill drilling will produce 300 to 600 million barrels of oil from the Smackover formation.

· Ensign Operating B Improved waterflood technology could recover 450 million barrels of oil increasing ultimate recovery by 18% in the Anadarko Basin.

· Michigan Tech University B New processing of 2-D seismic data combined with geochemical surface sampling to identify unswept zones in a mature field under glacial drift is expected to produce 5 to 8 million barrels of oil reserves in the Michigan Basin.

· University of Tulsa B Understanding a unique reservoir condition of declining water cut as oil production increases and applying appropriate completion technology is making the Hunton formation a viable reservoir which extends over 2.7 million acres in four states (Oklahoma, Texas, Arkansas and New Mexico).  

· University of Kansas B Demonstration of the value and potential of CO2 flooding to small independent operators in Kansas is the motivation of the pilot in the Lansing-Kansas City formation. If successful, the pilot could lead to the recovery of 400 to 500 million barrels of oil in the Central Kansas Uplift region.

· Plains Illinois B An improved alkaline-surfactant-polymer flood based on selectively designed linear and radial corefloods is demonstrating the lower-cost-effective potential of simultaneous multiple reservoir ASP floods in the Illinois Basin. 

· Binger Operations B Demonstration of the cost-effective use of nitrogen injection and horizontal drilling as an environmentally friendly flood alternative where CO2 is not available or economic. Incremental production is estimated at 1.3 million barrels of oil from the pilot project.

· Utah Geological Survey B Preventing premature abandonment of small fields in the Paradox Basin and demonstrating to small independent operators the cost-effective technologies of reservoir modeling and horizontal drilling is the goal of the Utah and Colorado Geological Surveys. The target is 200 million barrels of oil. The geological surveys can provide valuable reservoir descriptions and models based on formation-wide plays, which no single independent could afford.

· Venoco B Redevelopment of offshore drilling in the Santa Barbara channel using advanced completion technologies to reduce water cut and improve recovery is targeting 100 million barrels of oil in the Monterey formation. 

· Luff Exploration B Developing an Intelligent Computing System to analyze seismic and reservoir data is expected to identify multiple drilling targets in the Williston Basin.

The Support to Independents Program 1995-Present

The Support to Independents Program is being conducted by DOE through the National Petroleum Technology Office (NPTO), to provide technical assistance to small independent operators to help find solutions for their local production problems.  The program, in the form of cost-sharing assistance, is aimed at encouraging producers to apply unfamiliar technologies and/or novel, unproven approaches to solve their particular operational problems through R&D type field demonstration projects.  Many small independent operators lack the technical resources and/or access to research facilities with which to develop the necessary technology on their own.  By providing cost-sharing assistance to reduce the financial risk, DOE is providing an incentive for producers to experiment with higher risk technologies to increase production and to demonstrate the benefits of the applications to other operators.  The program is intended to encourage the smaller independent operators to utilize unfamiliar and innovative approaches to increase production, reduce operational costs, reduce environmental concerns, and/or develop new technology as a way of maintaining domestic production and recovery levels.

The goals and objectives of the program are to:   

· Extend the economic production of domestic fields by slowing the rate of well abandonments and preserving industry infrastructure (including facilities, wells, data, and expertise).

· Increase ultimate recovery in known fields using advanced technologies for formation evaluation, improved oil recovery, and production practices.
· Use field demonstrations to broaden information exchange and technology application among stakeholders by expanding participation in DOE projects.

The initial program, referred to as Phase 1, (see Appendix A) was announced in February 1995 and initiated in September1995.  Each operator was required to provide a minimum 50% cost-share, including in-kind contributions, and DOE's matching cost-share portion of each individual project was limited to $50,000 or less.  Phase 1 consisted of twenty-two field demonstration projects in nine technology areas (drilling, exploration, formation evaluation, improved oil recovery, operations, production problems, stimulation, water production, and wellbore problems) carried out between 1995 and 1998 in twelve different states. The first project was started in October 1995 and the last project was completed in April 1998, and the typical project duration was about 12 months.  The total cost of the Phase 1 projects was $3.5 million, with $1.0 million (29%) in Federal funding and $2.5 million (71%) from the independent operators.

In February 1999, the program was extended to cover a second phase of field demonstration projects, referred to as Phase 2 (see Appendix A).  A cost-share arrangement, similar to the initial phase, was implemented for the Phase two projects, providing financial assistance of $75,000 or less per project. Project proposals were solicited between March 31 and November 30, 1999,  for projects lasting from six months to two years.  Phase 2 consists of twenty-two currently ongoing field demonstration projects in eight technology areas (drilling, exploration, formation evaluation, reservoir simulation, improved oil recovery, operations, production problems, and Stimulation).  Total DOE funding for the Phase 2 program is $1.4 million (29%) with the operators providing a $ 3.4 million (71%) in cost sharing.  

Reference:

Analysis of Petroleum Technology Advances Through Applied Research by Independent Oil Producers, DOE/SW/43123-1 (OSTI ID: 750149), November 1999.

Preferred Upsteam Management Practices (PUMP)  1999-2005
The Preferred Upstream Management Practices (PUMP) approach is the DOE Oil Program=s effort to meet the Comprehensive National Energy Strategy goal by providing the industry, especially the independent operators, a source of information on and verification of the preferred management practices for a region that address a production barrier.  It is designed to slow the decline in domestic oil production.  The program focuses on regional barriers to maximum production and areas with the greatest potential for additional oil production.  The program seeks to enable industry to increase domestic production by 200,000 barrels per day in five years.

The PUMP program will employ four strategies in order to have a rapid impact on production.  It will 1) focus on regions that present the biggest potential for additional oil production, 2) integrate solutions to technological, regulatory, and data constraints, 3) demonstrate the validity of these solutions either through targeted field demonstrations or comprehensive documentation of successful use, and 4) use known technology transfer mechanisms to give producers access to the information.

The objectives are to identify regional constraints to production, identify the preferred management practices and technologies to address these constraints, demonstrate their effectiveness and cost efficiencies, and transfer the keys to success to all operators in the region that could improve production through the use of preferred practices.

Technology Validation through Demonstration 2002-2010
Background:

The mission of the DOE=s Fossil Energy Oil Program is derived from the National need for increased oil production and supply stability. One goal of the Comprehensive National Energy Strategy is stopping the decline in domestic oil production by 2005.  New oil initiatives are an effort to meet that goal by encouraging implementation of the most promising and environmentally protective advanced technologies for optimizing the recovery of the Nation=s valuable oil resources.  

Realizing that domestic production was declining rapidly and that huge volumes of oil were being abandoned in domestic reservoirs because of uneconomic production techniques, DOE initiated the Oil Recovery Field Demonstration Program or the Reservoir Class Program as it became known, in 1992.  This program was restricted to technologies that could be implemented in one of three types of reservoirs (based on geologic deposition).  The program brought laboratory tested and bench scale processes to the field in full scale pilots an effort to test the technologies and gain industry acceptance for those that proved successful and economic.  Both success and failure of individual demonstrations provide focus to concurrent research programs. new program.  Lessons learned from technological failures can lead to success in later R&D.

Mission and Objectives:

The Technology Verification through Demonstration program (TVD) is based on the successful Reservoir Class Program.  The TVD program will employ field demonstration and intense technology transfer to bring newly developing technologies and ideas as well as innovative application of proven technologies to rapid, practical, and widespread use.  The primary emphasis is on State-of-the-art applications of promising and genuinely new tools and techniques that require externally funded trials to discover and develop the best application techniques for both technical and economic success.  The technology will be tied to characterization of the reservoir where appropriate so that success or even failure can be fully understood and analyzed. 

The program will focus on emerging applications and fund field demonstrations through cost shared pilots with industry partners.   The results will be transferred to the industry users through aggressive efforts both locally and nationally.  

The objectives are to:

· Support cost-effective demonstration to help maintain production from mature and marginal regions of domestic production using new and underused technologies (PCAST, Nov. 97).

· Reduce finding costs by reducing the technological and economic risk to producers who use new and underused technology.   

· Transfer success and lessons learned from region to region  (Arthur Anderson, December 1999).

· Increase Oil Production through the use of the most efficient and economic technologies.

· Extend a successful approach in the Class Program to other areas needing controlled field demonstrations to understand successes and failures of new and underused technologies.

FE-2 For each of the identified technologies, what factors (such as policy issues, changes of Administration or OPEC actions) influenced the annual DOE R&D funding allocations for each technology (both increases and decreases).

1974 - Enhanced Oil Recovery Field Demonstrations Initiated 

Enhanced Oil Recovery Field Demonstrations were started in 1974 in an effort to increase recovery from domestic fields by taking technology that was successful in the laboratory or pilot tests to field scale trials.  

1977 - The National Energy Plan was developed in response to the 1973 Arab oil embargo.  It stated as the main short-term objective to reduce dependence on foreign oil primarily through conservation and increased use of energy resources such as coal rather than oil.  Funding for Enhanced Oil Recovery demonstrations and laboratory research did grow over the next several years but at a rate much lower than coal or energy conservation programs.    

FY 1980 - Administration Requests End of Enhanced Oil Recovery Field Demonstrations  

The FY 1980 Congressional Request Budget stated that the Enhanced Oil Recovery program had been started under Administration goals to emphasize near-term production goals.  However, the ERDA had subsequently developed regulatory incentives to stimulate commercialization of near-term technologies by the private sector.  Therefore, the DOE program shifted its focus to long-term technology development.  In FY 1980 and again in FY1981 and FY 1982, the Administration proposed to eliminate funding of field pilot tests or commercial demonstrations, based on the assumption that these types of projects would be undertaken by industry because of the Administration's price incentives. The last of the Enhanced Oil Recovery field demonstrations was started in 1980 and all contracts were completed by 1987. 

FY 1985 - Geoscience Research Program

Initiated to support lessons learned from the Reservoir Field Demonstration Program.

FY 1990 - The Oil Research Program Implementation Plan (1990, DOE/FE-0188P) provided details on the implementation of the Strategy, specifically: field demonstrations of currently available technology would address near-term objectives and field demonstrations of advanced technologies would address mid-term objectives.

FY 1992 - Reservoir Class Program Initiated

The Hydrocarbon Geoscience Research Strategy (1990, DOE/FE-0186P) was based on the principles that: 1) domestic oil and gas production is critical to maintaining our national energy and economic security and geoscience research can enhance the naturally declining domestic production, 2) two-thirds of all oil and one-third of all gas will remain in known reservoirs after conventional production, and 3) as wells are abandoned economic access to these resources becomes more limited, creating an urgency to act quickly to preserve the economic viability of these fields.  The DOE goal was to increase the economic producibility of domestic oil and gas resources through geoscience research and related activities.  Near term objectives (yielding results in five years) were to maintain economic access to currently producing domestic fields and decrease the rate of decline by application of currently available technology.  Mid-term objectives (up to ten years) were to maximize oil and gas recovery through improved understanding of the resource and development of advanced extraction techniques, increasing the efficiency of resource discovery and expanding environmental understanding to keep pace with extraction technology.  Long-term objectives (beyond ten years) were to improve the fundamental understanding of the oil and gas resource and support the community of scientists and researchers in the field of oil and gas discovery and recovery. 

FY 1992 Congressional Budget Request proposed to initiate field demonstrations of near-term and mid-term technologies in reservoir classes with high potential for increased recovery in accordance with the Oil Research Program Implementation Plan (April 1990).  Demonstrations in the ten largest reservoir classes were envisioned.  The requested funding for FY 1992 was $23. 5 million of which $8.2 million was from prior year's funds.

1992 Energy Policy Act (EPACT) had as its main goal the reduction of the Nation's vulnerability to disruptions of oil imports through increased supply and reduced demand.  The legislation supported the activities in the Oil Research Program Implementation Plan in support of the goals to increase the recoverability of domestic oil resources.  

1993 Domestic Natural Gas and Oil Initiative (DNGOI) 

The new Administration policy was stated in the Domestic Natural Gas and Oil Initiative published in 1993: "The Clinton/Gore energy policy stresses developing new ways to use the energy sources we already have, including domestic gas and oil, conservation, efficiency, and exploring alternative and renewable sources." Among other activities, it proposed to significantly expand funding of field demonstrations.  Consistent with this, funding requests for field demonstrations grew through 1995.  Appropriations also grew starting in 1992 and peaked in FY 1994 at $41.4 million, about the level of the Administration request ($41.9 million).  

FY 1995 Budget Recission

In FY 1995, the Administration requested $43 million for the Reservoir Class Field Demonstration program, including initiating projects in reservoir class 4 using funds from FY 1994 and FY 1995 and providing initial funds for Class 5.  The FY 1995 appropriation, passed in the fall of 1994, included  $33.9 million for field demonstrations.  However, in the middle of FY 1995, after the change in congressional leadership in the November 1994 elections, a $5 million recission was imposed on the reservoir class program (leaving a total of $28.3 million for field demonstrations in FY 1995, a 32% cut from FY 1994).  The recission further specified that the program would be limited to the first three reservoir classes.   Consistent with this direction, the Administration proposed and received decreasing budgets in subsequent years as the mortgage obligations for the 32 previously selected projects were paid down.  

FY 1998 New Initiatives for Marginal Wells and Small Producers

In FY 1998, the Administration proposed about $500,000 of additional spending for field demonstrations and initiated new activities including Class Revisit Program and Technology Development with Independents.  These programs continue thorough FY 2001.

FE-3 For each of the technologies identified, list and briefly describe any products that resulted from DOE’s R&D investment that are currently finding commercial or research application in an area other than the original project or program.

An important measure of success for any research program is the utility of the products generated from it. In this regard, the National Petroleum Technology Field Demonstration Program has excelled. The program can boast the development of a high number of technologies and the commercial application of many of those products in other geologic and geographic areas, as well as other industries. Technology applications range from applying reservoir management methodologies developed in one project to an adjacent field, to inspiring statewide application of horizontal drilling, to commercialization of a process for an entirely unrelated industry.

The high number of developed technology applications can be attributed in part, to the thoughtful design of the research program. The Field Demonstration Program has emphasized technology transfer by including technology transfer activities such as conducting workshops, maintaining project web pages, and presenting papers as project deliverables. The projects described in this section are examples where a link between the technology development and application can be directly traced. Determination of the number of cases where others are using the technologies, methodologies, and data from the program would require an investigation outside the scope of this report.

Table 3-1 briefly lists the technology product developed, applications of the technology, and a reference to the research project. The table is divided into technologies applied within the petroleum industry and technologies applied outside. Brief descriptions of the technologies developed and how they are being used follow the table. Additional project information is presented in Appendix A, and complete references in Appendix C, D and E. 

Table 3-1. Summary of technology products currently finding commercial application in areas other than the original DOE sponsored project.

	Product
	Applications
	Project

	Technologies Applied within the Petroleum Industry

	New application of waterflooding recovery process
	Prompted waterflooding of 300 wells in the area
	Inland Resources (Lomax Exploration Co.) Class 1 Project 

	4-D Seismic Technology
	Commercialized and being applied in 60 fields worldwide
	Columbia University Class I Project

	Successful demonstration of horizontal drilling
	Prompted application in 115 other wells
	Michigan Tech University Class II Project

	Successful demonstration of steamflood recovery process 
	Prompted application in 54 new wells
	University of Utah Class III Project 

	Steam Tunnel Technology
	Being applied by other operators
	City of Long Beach Class III Project

	Well completion technique for unconsolidated reservoirs
	Being applied in another field
	City of Long Beach Class III Project

	Hydrogen Sulfide Scrubber
	Commercialized
	City of Long Beach Class III Project

	Reservoir Simulation Data 
	Being applied by other companies
	University of Kansas Class II Project

	Well log analysis software
	Commercialized and being used by over 30 companies
	University of Kansas Class II Project

	Reservoir characterization and management methodology
	Being applied in other fields
	Laguna Petroleum Corporation Class II Project

	Seismic data analysis technique
	Spurred 13 new seismic surveys
	Diversified Operating Corp. Class I Project 

	Reservoir Characterization and management methodology
	Being applied in other fields
	Fina Class II Project

	Reservoir Characterization Software
	Commercialized
	Bureau of Economic Geology Class I Project 

	Reservoir performance prediction software 
	Being used by others
	Texaco Class I Project

	Production Analysis Software 
	Being used by others
	James Engineering, Technology for Independents Project 

	Well completion gravel pack design
	Commercialized
	Industrial Technology Management, Technology with Independents Project

	Carbon dioxide miscible oil recovery process application
	Being used by others
	Texaco Class II Project

	Geostatistical reservoir simulation software 
	Over 300 copies distributed
	University of Tulsa Class I Project

	Reservoir simulation software
	Being used by others
	Various DOE projects

	Microbial oil recovery process
	Commercialized
	Microbial Field Test 

	Technologies Applied outside the Oil Industry

	Bitumen extraction method
	Commercialized
	X-Trac Energy, Inc. Technology with Independents Project

	Electricity production during steamflooding operations
	Commercialized
	Santa Fe Energy Early field demo 

	Application of oil recovery technology to environmental problem
	Being studied
	Carbon Dioxide Sequestration to Mitigate Global Warming

	Application of petroleum technology to another areas
	Being used by others
	Enhanced Oil Recovery Technologies


DOE Tested Technologies Applied within the Petroleum Industry

New application of waterflooding recovery process prompted 300 other wells in the area.

Inland Resources (formerly, Lomax Exploration Co) Class I Project. Poor primary oil recoveries were typical in the Green River Formation, Uinta Basin, Utah due to low-viscosity, high paraffin oil and low reservoir pressure. The regional “common knowledge” was that waterflooding technology did not work in these fields. A previous waterflood conducted by Lomax Exploration Co. ignored the commonly held belief and conducted an economically successful waterflood, however the recovery mechanisms operating during the waterflood were poorly understood. This project was designed to evaluate the success of the previous waterflood, determine the recovery mechanisms, and extend the waterflooding technology to the nearby oil fields. 

The successful reservoir characterization and demonstration of the waterflooding technology inspired the development of 17 additional waterflood projects and waterflooding of over 300 additional wells in the area.

An additional spin-off of the increased production was the purchase of the Crysen Refinery in Woods Cross, UT by Inland Resources to maximize profits from the high-paraffin crude oil produced by the waterflooding process. 

4-D seismic technology commercialized and being used in over 60 fields worldwide

Columbia University Class I Project. The objective of this project was to test the hypothesis that fault systems in the Eugene Island Field are conduits for active oil movement. Three- and 4-dimensional seismic surveys were used to image the subsurface flow. The project was successful in demonstrating that fault systems were actively conducting oil and recharging the reservoir. An additional success of the project was the development of 4-D seismic technology where the fourth dimension is time. 

Columbia University’s patent number 5586082: Method for identifying subsurface fluid migration and drainage pathways in and among oil and gas reservoirs using 3-D and 4-D seismic imaging was approved on December 17, 1996 – 3 years after the project start. In 1997, Columbia University and Western Atlas International, Inc. (now a division of Baker Hughes) entered a joint agreement to market the 4-D software developed in the project. As of May 1999, the 4-D software is monitoring drainage in almost 50% of all worldwide 4-D field studies. (Ref: Western Geophysical web page:  http://www.bakerhughes.com/westerngeo/reservoir/4dseismic.htm)

The technology is being applied to over 60 fields. The best documented case is the Tiel well drilled for Texaco using 4-D technology. The well came in at 1500-1600 barrels per day (bpd), and after several years is still producing at a rate of 600 bpd. Another case is Texaco’s Vacuum carbon dioxide project in New Mexico where a 10% increase in oil recovery is expected due to the 4-D effort (Texaco press release, August 1997). In addition, Cold Lake Steam Flood in Canada expects a 10%+ increase in recovery of the original oil in place due to 4-D project (Exxon, 4-D Consortium Meeting, July 1996).

The commercialization of this technology created a new area in industry for oil field service companies. Financial benefit from offering this technology to their clients will be in billion’s of dollars per year. Western Atlas announced 23 new boats designed specifically for the acquisition of 4-D/4-C data, with the first three launched and active in the North Sea in 1999 (Western Eurotour, April 1997). It is predicted that by 2001, 10-15% of all seismic acquisition will be 4-D seismic. By 2010, 50% of all seismic acquisition will be 4-D (Walter Lynn, PGS Tensor CEO, Offshore Technology Conference talk, May 1997).

Successful demonstration of horizontal drilling prompted drilling 115 additional horizontal wells

Michigan Tech University Class II Project. Michigan’s leading oil-producing Dundee formation was at risk of being abandoned leaving 85% of the oil in place. This project demonstrated that horizontal wells could increase production in older reservoirs and as each additional well was drilled, additional knowledge was gained from the experience. As a result, equipment and experienced personnel migrated to the area. Costs were reduced (time to drill reduced by ½ to ¼ the cost) and rigs were available so more engineers were willing to try the technology.

The project Cronus-Tow horizontal well drilled in the Crystal field was the first horizontal well in the Dundee Formation in Michigan. The success of the well has spurred 115 new horizontal wells drilled in Michigan Basin by 12/98 with over 100 permits for Crystal field look-a-likes. The ultimate recovery on spin-offs of the horizontal technology is expected to increase production in the Dundee formation by 35% adding 80-100 million barrels of oil.

Successful demonstration of steamflood recovery process prompted application in 54 new wells.

University of Utah Class III Project.  The University of Utah in connection with the field operators, originally ARCO Western and since January 1999, AERA Energy, has successfully reactivated an idle 40-acre lease in the Midway-Sunset field. The Pru lease had been idle since 1980 and when closed down was producing at a rate of less than 10 barrels of oil per day. This was significantly lower production than the average lease in the Midway-Sunset field. Using advanced reservoir characterization and innovative steamflood technology, production from the Pru lease rose from zero to over 700 barrels of oil per day. In addition, the analysis of temperature fluctuations in the wells discovered a second producing horizon. The ultimate expected recovery from the 40-acre lease is 5.4 million barrels of oil produced from 38 wells. In 1997-98 ARCO determined that this pilot demonstration was so successful that they decided to drill additional wells in leases immediately surrounding the Pru lease, which had also been idle since the 1980’s. ARCO and later AERA completed drilling 54 new wells in 1999.  Production from these new wells has been in line with the production from the Pru lease. Annual production from the 40-acre Pru lease is currently 500,000 barrels of oil. 

Steam tunnel design being applied by other operators

City of Long Beach Class III Project. The focus of this project was to develop and apply advanced characterization and production technologies to increase heavy oil reserves and decrease thermal recovery operating costs in slope and basin type reservoirs. The project has developed three technologies, which have been commercialized or transferred to other industry operations primarily in the southern California region: a subsurface steam tunnel, a completion technique for unconsolidated reservoirs, and a hydrogen sulfide scrubber.

The first major task of the project was the design and installation of a 2400 foot insulated steam tunnel under the Cerritos Channel. This steam tunnel provided a subsurface harbor channel crossing to carry steam from the mainland steam generation plant to Terminal Island where a number of injection wells were located. The engineering specifications for the insulated steam tunnel were very detailed and specific, requiring a pipeline capable of carrying 80% steam quality at 1600 pounds per square inch guage (psig) and a temperature of 6000 F.  No previous steam tunnel had been designed to meet both the requirements of pressure and temperature, and the installation beneath a major seaport ship channel. Some of the specific requirements necessary in the installation were to drill a directional shaft to miss existing and abandoned wellbores, and plan for an exit point surface location below sea level. The triple hull steam tunnel allowed for a removable 14-inch interior steam line. The Cerritos Channel steam tunnel was installed and went on line in December 1995. In 1996 Tidelands Oil Company used the design technology and specifications, developed under the DOE and City of Long Beach contract, to build two additional steam channel crossings for private operators in Los Angeles. 

Well completion technique for unconsolidated reservoirs being applied by other operators

City of Long Beach Class III Project. During the course of the project an unplanned, novel alkaline steam well completion technique was developed and successfully tested. The technology was developed to prevent highly abrasive sand from unconsolidated rock reservoirs from entering the production casing in a well and frequently plugging it off. This new technology has the potential to provide major operational cost saving by significantly reducing frequency of sand removal work-overs. This would also provide about a 25% reduction of operating cost for drilling wells in unconsolidated sediments.  Based on reports from the project engineer the sand free operations due to steam consolidation techniques have saved $90,000 per vertical well and $150,000 per horizontal well. This technique also eliminates the need for expensive complex installation of slotted linners and gravel packing prodution completions for successful oil wells and is comparitively inexpensive to accomplish.  The thermal sand consolidation technology was successfully transferred to a water-flooded area now producing 225 barrels of oil per day instead of the expected 30 barrels of oil per day initial production. 

Hydrogen sulfide scrubber is commercialized
City of Long Beach Class III Project. A hydrogen sulfide scrubber was developed by project partner Tidelands Oil Company in conjunction with T. J. Cross Engineers under the trademark Lo~Cost. This scrubber used caustic materials for the removal of hydrogen sulfide and mercaptans from gas streams in hydrocarbon production. Caustic scrubbing can be applied to streams containing up to 85% carbon dioxide. The process is an improvement upon an earlier four-stage scrubber developed by Union Pacific Resources Co. The scrubber significantly reduces the hydrogen sulfide and produces a by-product of pure sulfur. The City of Long Beach realized a cost savings of over $170,000 in the first year of use of the hydrogen sulfide scrubber in their Wilmington field property.  Lo~Cost has been successfully marketed since 1996 in southern California. 

Well log analysis software is commercialized

University of Kansas Class II Project. The University of Kansas and its partners demonstrated cost-effective technologies that could boost oil production from Kansas shallow carbonate reservoirs. The project is an effort to introduce Kansas producers to potentially useful technologies and to demonstrate these technologies in actual oil field operations.

A product of the research was a reservoir simulation model constructed from detailed reservoir data from drilling, well logging, coring, and well testing information. The reservoir simulation data and reservoir management strategy developed in the project was used by other operators in the area to drill or recomplete 22 new infill wells between older wells to contact missed oil zones.

A second product from the project was the development of a low-cost, spreadsheet-based computer program PfEFFER for well log analysis. The software is commercialized with 30-40 independent companies currently using the logging software developed in this project.

Reservoir characterization and management methodology being applied in other fields

Laguna Petroleum Corporation Class II Project. The Laguna project was an excellent example of what a small independent company can achieve by using cost-effective management and hiring expert consultants to solve specific production problems.  The Foster and South Cowden fields lease held by Laguna petroleum was faced with a common West Texas dilemma. The lease was in a mature 68-year old field with declining production, which was scheduled for abandonment within ten years. Laguna, a small independent producer recruited a knowledgeable local geologist and geophysical subcontractors to analyze the lease and increase production. The consultants reprocessed existing 3-D seismic data, purchased new data and processed it to identify unswept production zones, and to identify flow barriers and thief zones within the lease. A combination of seismic, reservoir characterization, well and water chemistry tests determined that in this locality the San Andres served as a thief zone. By plugging wells above the Grayburg/ San Andres contact and producing only from the Upper Grayburg formation the project was able to increase oil production and dramatically decrease expensive water production. The operator realized savings of $30,000 per well by following these procedures. Seismic analysis to identify targets and improved recompletion technologies have allowed Laguna to increase production up to 7 fold, to decrease water production 4 fold, and extend the life of the reservoir for seven years after its anticipated abandonment. Incremental production from the lease reached 190,000 barrels by the end of the project in August 2000. The methodologies developed and knowledge gained from this project are being applied to a similar nearby reservoir.

Seismic data analysis technique spurred 13 other seismic surveys

Diversified Operating Corp. Class I Project. The objectives of this project were to demonstrate the cost-effectiveness of geologically targeted infill drilling and improved reservoir management to increase waterflood recovery in northeast Colorado. A 3-D seismic data analysis technique was developed during the project that was used to successfully image reservoir structure and to determine optimum well spacing and injection patterns in a reservoir in the Denver-Julesburg Basin, CO. This project was one of the first in the area to use seismic surveys for reservoir management. The successful development and demonstration of the seismic data analysis technique prompted 13 other new seismic surveys in the basin.

Reservoir characterization and management methodology being applied in other fields

Fina Class II Project. Waterflood projects in the Clearfork formation of West Texas and Southeast New Mexico have been fraught with difficult waterflood management decisions due to the laterally and vertically variable nature of the formation and concerns over the presence and properties of fractures.  Determination of the spatially varying reservoir attributes, especially the degree of interwell communication, in this difficult carbonate reservoir was the objective of the DOE/Fina North Robinson Clearfork Unit Class II Field Demonstration Project in Gains County, Texas. That Class II demonstration project clearly demonstrated the significance of applying advanced secondary recovery technologies to develop a detailed knowledge of reservoir characteristics for optimum waterflood management in a complex formation with a highly variable fracture system.  Capataz Operating Company, in a Technology Development by Independents Program project, is using the reservoir characterization technology developed and the knowledge and experience gained from the Class II demonstration project as the basis for an evaluation of the waterflood potential in a similar, nearby field in Lea County, New Mexico.  The Blindebry formation is generally considered to be a poor candidate for waterflooding due to lateral and vertical variations in reservoir quality, low reservoir rock permeability, and high transmissivity fractures that generally make control of injected fluids difficult.  The principals developed and the lessons learned from the Class II demonstration project are being utilized to determine the variations in the fracture systems in the Blindebry reservoir rock and their ability to transmit fluids using newly acquired core and a special logging suite for fracture description and reservoir characterization.

Reservoir characterization software commercialized

Bureau of Economic Geology Class I Project. As part of the technology transfer effort of the Frio fluvial-deltaic sandstone of south Texas the Bureau of Economic Geology, University of Texas developed a simple to use reservoir characterization software. The goal was to make the results of the study available to operators in a useful and flexible form.  The methods and results were incorporated into a microcomputer-based software package referred to as the Reservoir Characterization Advisor- Fluvial Deltaic (RCA-FD). Basic analysis procedures show concepts developed by the Bureau of Economic Geology, and allow the user to enter data for a quick-look reservoir prioritization tool. While the basic reservoir characterization methodology is applicable to nearly all reservoirs, specific information for fluvial-deltaic setting and examples from fluvial-deltaic reservoirs have been provided, including the widespread south Texas, Vicksburg trend - Frio sandstone play. The original software was distributed as a set of floppy discs in a 3-ring binder with a publication that provided an overview of contents and use. These were distributed in 1996-97. With the advent of wide-use CD’s the Bureau transferred all the data to that format and distributed it under the name Geological Advisor. The original run of fifty copies of the CD have been distributed and a new edition of the CD is currently being made to respond to current and future requests. 

Reservoir performance prediction software being used by others

Texaco Class I Project. The focus of this project was to use a combination of a carbon dioxide miscible flood and horizontal well gas injection to increase production in a depleted reservoir in Orange County, TX. To assist in the design of the carbon dioxide miscible flood, a software program was developed to predict the performance of the flood. The software tool development was not part of the original research plan but was developed to aid researchers during the project. The utility of the tool was recognized and an enhanced version called “CO2 Prophet” was released to the public. CO2 Prophet identifies how key variables influence carbon dioxide project performance and economics prior to performing detailed numerical reservoir simulation.

Production analysis software being used by others

James Engineering, Technology with Independents Project. Profitability is usually increased from oil and gas properties when maximum production is obtained from every well.  However, many operators, especially operators with a significant number of stripper wells, do not have the time or manpower to continuously or frequently monitor each and every well to ensure production is maximized at all times.  Thus, quite often wells under-produce at various times, and sometimes for extended periods, because of inability to timely detect and respond to production decreases.  The computer software package (called Priority) successfully developed by James Engineering of Marietta, Ohio, enables users to increase field profitability by systematically analyzing monthly oil and gas production rates to identify production losses in individual wells.  The user-friendly computer program compares actual production volumes to forecasted production rates and alerts the user to wells that fall short of forecasted rates.  By comparing actual oil and gas production volumes to forecasted producing rates for a specific production period, the program generates a discrepancy report which can rank the wells in order of the greatest production deficiency to identify wells that require remedial action.  Once identified, the wells can be physically inspected and evaluated for repair, workover, or other appropriate remediation in order to return them to their full production potential. 

Due to DOE’s participation in this project and product development, James Engineering, as a condition of the cost-sharing agreement, offers the Priority Computerized Well Monitoring Software Package free to anyone who calls them requesting it.  James Engineering uses the Priority software package to monitor oil and gas production from the more than 400 wells that they operate.  Additionally, James Engineering, as a consulting service, uses the Priority software package to assess their clients production operations.  

References:

Analysis of Petroleum Technology Advances through Applied Research by Independent Oil Producers, DOE/SW/43123-1 (OSTI ID: 750149), November 1999.

Personal communication with Tim Knobloch, James Engineering, October 12, 2000.

New well completion gravel pack design commercialized

Industrial Technology Management, Technology with Independents Project. Industrial Management Technology (ITM) of Torrance, California, designed, developed, manufactured, and lab tested a resin-coated prepacked gravel pack that fits inside a perforated liner for sand control as an alternative to the traditional external wire-mesh wrapped prepacked gravel pack.  Traditional prepacked gravel packs with external wire mesh wrapping are used for sand control in wells that produce sand along with oil.  The wire mesh wrapping often becomes damaged during installation operations, resulting in less effective sand control and costly remediation.  Failure to effectively control sand production causes costly environmental remediation of the oil-coated produced sand and oil production losses.  The resin-coated prepacked gravel pack developed by ITM consists of a commercial-grade resin-coated sand that has been bonded into a solid, porous medium through application of heat and formed into a cylindrical shape to conform to the internal dimensions of a wellbore.  

ITM has commercially introduced their resin-coated prepacked gravel pack into the market in the Bakersfield area of Kern County, California.  ITM recently manufactured and delivered fifty resin-coated prepacked gravel pack liners to Signal Hill Petroleum Company to be installed in producing oil wells for field operational performance evaluation.

References:

Analysis of Petroleum Technology Advances through Applied Research by Independent Oil Producers, DOE/SW/43123-1 (OSTI ID: 750149), November 1999.

Personal communication with Michael Lombard, Industrial Management Technology, October 11, 2000.

Carbon Dioxide recovery process application being used by others

Texaco Class II Project. This project provided a valuable lessons-learned approach to evaluating reservoirs for potential miscible carbon dioxide flooding and huff-and-puff processes. The huff-and-puff simulation was studied in two Permian Basin fields, Central Vacuum field in New Mexico and Slaughter-Sundown field in Texas. Each field had different reservoir characteristics but a similar shallow shelf carbonate environment. The process as analyzed at the two fields shows promise for pressure-depleted reservoirs. It was found that several reservoir conditions must be met before a successful huff-and-puff process can be used for improved oil recovery. Many shallow shelf carbonate reservoir experience 30 to 50% reduction in water injectivity following the introduction of carbon dioxide to the reservoir. The lowered injectivity is related to gas trapping, and evaluation techniques were outlined for selection of huff-and-puff candidate fields. Control of the injection pressure (rate) of carbon dioxide was a vital part of the methodology. The “rate” requirement for a successful huff-and-puff requires extensive water disposal facilities, which are not present in many small Permian Basin fields. The final report and other technology transfer outlined the parameters necessary for successful application of the huff-and-puff process.  The knowledge learned has been successfully transferred to another field in the Permian Basin near the Slaughter Sundown field in Texas.

Geostatistical reservoir simulation software being used by others

University of Tulsa, Class I project. The University of Tulsa developed a software package, COSIM, designed for reservoir simulation. The program is set up for entering geologic and engineering parameters of a reservoir and uses geostatistical variogram analysis methods to present the data. The goal of the COSIM simulation is to provide a better means of looking at heterogeneous reservoirs as an aid in drilling and recompletion decision making. The variogram analysis allows for a spatial grid presentation of a reservoir to determine oil saturation. 

The software is designed in a user-friendly manner and an operators manual was provided with each floppy disc to aid the user in inputting and interpreting the data. The software runs on Windows 95 or Windows NT. Over 300 copies have been distributed.

Reservoir simulation software being used by others 

The following software products developed through DOE funding were offshoots of studies to evaluate the early demonstration program projects. The programs developed are numerical simulators that assist the industry in predicting the performance of a secondary or tertiary recovery projects.  The developments as described show the major impact that has been created by the DOE simulation programs.

Enhanced oil recovery screening models were developed for estimating the amount of oil that can be recovered for a prospective reservoir.  These models were made available to the industry and they were used in the National Petroleum Council study on enhanced oil recovery in 1984.  These models were developed by Scientific Software under the terms of a joint agreement between DOE and the Ministry of Energy and Mines of the Republic of Venezuela.  Predictive models were developed for chemical flooding, carbon dioxide flooding, in-situ combustion, polymer flooding, and steamflooding.  The screening models were revised during the National Petroleum Council study, and final versions made available to the industry.  The publications that describe these revised models are shown in the references.  

The BOAST simulator was developed by K&A Energy Consultants, Inc. for the use of the industry.  BOAST is a 3-dimensional, 3-phase black oil simulator that has the capability of predicting the performance of primary and secondary recovery operations. BOAST is useful in describing the reservoir characteristics based upon production performance.  The model was developed in simplified format so that the ordinary engineer could use the model routinely.  This development has been widely accepted by industry and is now thought to be the most widely used simulator in the U. S.   For the first time, independent operators have access to a model that can help them to improve oil recovery from their reservoirs. 

The BOAST simulator has undergone a series of developments over the years.  As noted in the references, the BOAST II version was made available to DOE in 1987.  Louisiana State University developed an improved version, BOAST 3, in 1997 for release to the industry.  DOE has continued to improve the model since that time and has a BOAST98 version available on its web site.  Dr. John Fanchi, the principal developer of BOAST, has also released his BOAST 4 version in 1997 along with his book on the subject of Applied Reservoir Simulation.  Dr. Ming-Ming Chang revised the BOAST II version in 1992 to produce the BOAST-VHS model that can readily predict the performance from slant and horizontal wells.  

BOAST continues to be widely used with an average of 230 copies being downloaded from the National Petroleum Technology Office web page monthly, and 800 copies per year distributed on CD’s.

The MASTER simulator was also developed by a DOE contractor in 1991 to assist the operator in the design of miscible gas injection projects.  The original BOAST model was used as a starting point, and modifications made to incorporate a miscible displacement capability.  Some difficulties have been experienced in the use of this model since it was developed using the original version of BOAST.  

Dr. John Fanchi released his IFLO model in 2000 for use as a combined black oil model and miscible gas simulator.  This model is a combination of the BOAST and MASTER models, with modifications made to correct for program deficiencies that have been identified over the years.  The model also has an improved capability for the prediction of horizontal well performance.

Microbial oil recovery process commercialized 

The DOE has been a strong leader in the development and application of microbial enhanced oil recovery technology. Two field demonstrations were conducted in Oklahoma in the early 1990’s using technology developed in previous DOE projects. The field tests demonstrated 13% and 20% improvements in oil recovery rates. It estimated that 5-6 million barrels of oil could be recovered by the application of microbial enhanced oil recovery technology. The microbial waterflooding technology developed and patented from the DOE project was licensed to Bioengineering International, Inc., and was used successfully for field treatments. The laboratory work has also led to the development of a permeability modification technology and a patent application in that area (ref: “5 Year Final Technical Progress Report, Management and Operating Contract for the Department of Energy’s National Oil and Related Programs”, prepared by BDM-Oklahoma, November, 1998)

Technologies applied outside the oil industry: Bitumen extraction method commercialized 

X-Trac Energy, Inc. Technology with Independents Project. In Uintah County, Utah there is an estimated 20 to 30 billion barrels of heavy oil and bitumen, however, no economic and environmentally benign commercial technology or process was available to extract the hydrocarbons. The objective of this project was to develop and demonstrate a system to extract hydrocarbons from bitumen-saturated soils. The project resulted in the licensing of a closed-loop system using recyclable hydrocarbon solvents to extract hydrocarbons from oil-bearing soils. The technology has worldwide application to all mineable tar sand deposits. 

During the project, an unexpected market for the produced asphalt developed. Low oil prices had slowed oil production and caused the closing of small refineries. This in turn reduced the supply of road and roofing asphalt, a refinery byproduct. The asphalt produced during the project was found to be of sufficient quality for road and roofing use. As a result, UTAR Energy (previously X-TRAC Energy) is working to obtain partners and/or financing to begin commercial operations in Utah with a 700-800 tons per year processing plant. Market research showed that the western United States annual 1994 road asphalt market usage was 5.6 million tons and the roofing asphalt market usage was 671 thousand tons. The road asphalt market has been projected to increase at +10% per year, as the repair of the nations highway system becomes a high priority.

Electricity production during steam operations commercialized 

Santa Fe Energy Co., Early Demonstration Project. The co-generation of electricity in California oil fields can be directly traced back to successful early Field Demonstration Projects.  The heavy oil common in California oil fields could not be produced without thermal production methods. The cyclic method of injecting small amounts of steam, shutting the well in for a “soak”, and then producing the lowered viscosity oil did not work well in these fields. The 1978 Santa Fe Energy Enhanced Oil Recovery by Steam Flooding, Midway Sunset Field, California project demonstrated that a straight steam drive process using higher volumes of injected steam produced significantly more heavy oil than the cyclic steam method. The increased volume of steam not only significantly increased heavy oil production but also led to the development of co-generation power plants.  

The larger capacity gas-fired steam generators developed for steamflooding were modified with turbines so that electricity could be produced along with the steam. The generators were quickly integrated into California’s electric power grid system. In-turn these new generators reduced the Electric Power Companies need to construct larger more expensive electrical power generators that service all of California.  

An environmental benefit of the steam generator technology development is that the old, oil-fired generators gave way to higher output gas-powered generators and significantly reduced air pollution. The use of gas-fired generators developed a new California market for the then low demand for natural gas in 1978 through 1986 and may have influenced gas pipeline construction from gas rich sources in Wyoming to central California.

Application of oil recovery technology to environmental problem being studied

Carbon dioxide Sequestration to Mitigate Global Warming. Carbon dioxide sequestration is a method to isolate carbon dioxide generated from fossil fuel combustion and reduces the amount of carbon dioxide that ends up in the atmosphere. Sequestration techniques involving oil and gas reservoirs draw heavily on the technology and knowledge of the enhanced oil recovery method of gas flooding. A significant number of projects in the field demonstration program are investigating carbon dioxide flooding technology – 7 Class projects, 5 early Field Demonstration projects and 1 Technology Development with Independents project.

One sequestration technique involves using industrially produced carbon dioxide for enhanced oil recovery in reservoirs currently under production. Natural sources of carbon dioxide are typically used in oil recovery. The total amount of carbon dioxide used for enhanced oil recovery in 1984 was about 40 million metric tons (a rate of about 2 billion cubic feet per day or about 10 million metric tons of carbon per year). This is roughly 1% of the carbon dioxide released annually in recent years from the burning of fossil fuels in the United States.

A study in Texas (Finley and Holtz) indicated a substantial potential for using utility plant boiler effluent as a carbon dioxide supply source for flooding mature oil reservoirs. They found that between 12 and 20 years of carbon dioxide production from lignite- or coal-fired boilers located near producing oil and gas fields could be sequestered from these generation facilities.

Another technique involves injecting the carbon dioxide into depleted oil and gas reservoirs. The global sequestration capacity in abandoned reservoirs is estimated to be 130 to 500 gigatons of carbon. This capacity is equivalent to 20-80 years of current global carbon consumption via fossil fuels, since about six gigatons of carbon are emitted into the atmosphere globally each year from fossil fuels. 

Sources: 

Energy Conversion and Management (Vol. 38, Suppl., 689 pp., 1997).

Finley, Robert J., and Mark H. Holtz, "CO2 Sequestration in Abandoned Hydrocarbon Reservoirs"
Application of petroleum technologies to other areas

Many of the enhance oil recovery and reservoir description technologies developed and demonstrated in DOE program have the potential to be applied in other industries. Although direct connections between technologies developed in the DOE program and use other areas are difficult to establish, general applications can be cited.

The industry that has probably benefited most from enhanced oil recovery technology has been the environmental groundwater remediation industry.   Essentially all of the current groundwater clean-up programs throughout the industry are based upon technologies designed and proven in the oil field.  Both petroleum and hydrology industries are designed to extract fluids from subsurface reservoirs or aquifers based upon geologic interpretation.   The following petroleum technologies have all been applied successfully in the groundwater remediation industry:

The introduction of 3-D seismic interpretation of the subsurface has greatly increased the success of petroleum exploration and is now widely used throughout the industry. Many DOE field demonstration programs introduced 3-D seismic as essential to reservoir characterization.  The same physical principles that allow for the identification of potential petroleum reservoirs are also applied to determine the hydrology of the subsurface. Seismic interpretation can differentiate between porous aquifer strata and non-porous rock as well as discern the difference between an aquifer that is saturated with fluid and an aquifer that is dry. This capability was originally applied in enhanced oil recovery programs undergoing gas injection to determine the displacement process of the gas and determine which regions of the reservoir were undersaturated and which areas of the reservoir were being bypassed.  This same approach has been used extensively in characterizing the geology of an aquifer and determining the vertical and lateral extent of the contaminated groundwater.

The DOE enhanced oil recovery program was at the forefront of reservoir simulation technology and led numerous research projects focused on the flow behavior in heterogeneous reservoirs.    With the advent of personal computers and software programs designed to model the movement or flow of fluids through a porous medium, geologists and engineers can now more accurately predict the outcome of oil recovery programs. This same simulation technology has been adapted to the groundwater industry for essentially the same reasons. The same technology that allows the most accurate depiction of the subsurface reservoir for oil recovery also works extremely well for the recovery of contaminated groundwater from aquifers.

The recent field demonstration or reservoir Class program requires, as an essential part of the project, a reservoir characterization program designed to investigate and fully understand the geology of the reservoir.   Detailed core analysis and geologic interpretation are performed to better understand the environment the strata were deposited in and the post burial diagenesis the reservoir has undergone.  Physical and chemical processes that have altered the flow properties of the reservoir rock must be fully understood prior to attempting an expensive and complex enhanced recovery program.  These same reservoir characterization techniques are being applied to hydrology as it has become more apparent that the heterogeneity of an aquifer plays an important role in remediating the groundwater. 

The DOE has been involved in numerous projects to investigate the feasibility of utilizing microbial populations for enhanced oil recovery.  This process called “Microbially Enhanced Oil Recovery” or MEOR has sought to develop technology that would allow the microbes or bacteria to alter the permeability of an oil reservoir in order to divert more of the water from a flood into the less permeable portions of the reservoir to recover some of the bypassed oil.   Microbes are also used in several other ways such as removing paraffin or wax buildup from the perforations around the wellbore. The environmental industry has adopted much of the knowledge gained from these programs and has applied the same processes to clean-up activities.  Because much of the contamination in groundwater is from petroleum-based materials, the same microbial technologies are being used for groundwater remediation. An important aspect of any groundwater clean up program is the identification and remediation of the source material such as contaminated soil from a leaking underground storage tank.   The most common and least expensive form of cleanup technology for both soil and groundwater contaminated with organic compounds is bioremediation.   

The petroleum industry has been using steam injection for enhanced oil recovery from heavy oil fields for several years.   DOE has been involved with several research projects to determine the most efficient steam flooding processes and optimize the effective limits to steam flood applications.   There have been several advances in steam flooding technology and a significant amount of heavy oil is produced in this manner.   Recent groundwater remediation programs have begun to utilize steam injection and flooding of contaminated aquifers in order to accelerate the clean-up process.  The ability of steam to reduce the viscosity of materials and enhance the flow capability of these fluids has been applied to the cleanup of aquifers where the steam acts to increase the mobility of the contaminant.

The injection of certain gases such as carbon dioxide for enhanced oil recovery has been included as part of many of DOE’s field demonstration programs.  In addition to carbon dioxide, other gases have been tested such as nitrogen, flue gas, and air.   Because of the dangers of the oxygen in air becoming an explosive mixture when combined with hydrocarbons, this process is not widely used.  However, the process of injecting air into subsurface aquifers in order to recover more of the contaminated groundwater is being frequently used.  DOE has conducted several projects to investigate the potential of air injection for oil recovery and although it does not perform well in recovering petroleum, this process is quite efficient at recovering contaminated groundwater.

One of the key parameters of enhanced oil recovery is mobility control and is generally related to moving the oil through areas of the reservoir where the oil does not normally want to flow.  The oil will follow the path of least resistance and therefore will flow along the more permeable areas of the reservoir both laterally and vertically. This causes the oil in the less permeable areas to be bypassed during secondary recovery such as a water flood.   In an effort to prevent this from happening, polymers are added to the injection water to reduce the flow through the high permeability zones and direct the water from the flood into the less permeable zones where the trapped oil resides. This process has been proven to work, but is somewhat expensive and DOE has been working on research to develop low cost polymers for improved oil recovery.   Consider a subsurface aquifer which has become contaminated and in which the contaminated groundwater plume is moving or approaching a non-contaminated drinking water source.  In order to prevent the contamination from flowing preferentially along high permeability strata, polymers are injected into the path of the approaching groundwater plume to force the water to flow through the less permeable strata thereby reducing the rate of approach.   This technique had been used many times in groundwater clean-up programs to confine or restrict the flow of the plume until a more thorough clean up approach can be implemented.   In most cases, the same polymers that have been developed for the petroleum industry are used for this application in the groundwater industry where costs are not always the deciding factor.

The drilling of a well for the production of oil differs from a well drilled for water. Although the drilling technology is similar, the reservoir pressures and other geologic factors are quite different.  However, the wells are similar in many respects and much of the research conducted for DOE in the oil program has found its way into the field of hydrology.   Horizontal or directionally drilled wells are drilled for the production of oil because a greater section of the reservoir can be developed and allowed to contribute to the overall production capability of the well.   When a horizontal well is drilled into an oil reservoir the well bore is guided into the oil-bearing section and away from the water bearing strata beneath.   Consider an aquifer that has become contaminated with a solvent or agent which is denser than water and which does not enter into an aqueous phase in the presence of water.   To remove the contamination a directionally drilled well is guided along the base of the aquifer where the material has settled.  This technique has been used and is generally more successful than the drilling of vertical wells for the same purpose.   The Savannah River site that DOE owns and operates has used this type of technical approach to remediate the trichlorethane (TCE) contamination present in the groundwater.   DOE has been involved with research projects related to directional drilling for both oil recovery and groundwater remediation.

In well stimulation and recompletion work the DOE has supported several research projects to improve methods of optimizing the production of oil from petroleum reservoirs.   These projects often involve technology aimed at isolating the producing formation from non-productive zones which could potentially ruin the well with the over production of salt water.  This is accomplished by setting casing or pipe in the well and cementing it in place.  Once this has been accomplished, the pipe is then perforated in the oil-bearing zones.  Should a non-productive zone be inadvertently perforated, the well may be recompleted by “squeezing” cement into the perforations and effectively sealing off the formation.   In situations where the groundwater has become contaminated, this technique of perforating and squeezing off the contaminated aquifer is commonly used to prevent the cross-contamination of a non-polluted aquifer.   In many instances, the environmental industry has borrowed proven technologies in well completions from the petroleum industry because the research and development has already been performed.   Another completion technique that has been used extensively in the treatment of contaminated aquifers is hydraulic fracturing of the formation.  This technology was originally developed to stimulate oil wells to increase the permeability of the reservoir and thus increase the oil production.  In a “pump and treat” type of groundwater remediation project, it is necessary to operate the systems for long periods of time and in some cases for many years.   By hydraulically fracturing the formation it is possible to dramatically increase the ability of the wells to produce that effectively accelerates the clean-up process and thus results in significant cost savings.

An area that is now gaining greater acceptance in the petroleum industry is the use of downhole monitoring equipment such as pressure transducers and fluid level indicators.  These instruments allow the operator to monitor the formation pressure of the reservoir without the cost of pulling the production equipment from the well.  The information from the down hole equipment also allows the operator to continuously monitor the well in real time and in some cases from a remote location.   These instruments were developed primarily to monitor the “sweep” of water floods for secondary oil recovery.  The down hole pressure transducers allow the operator to model the effectiveness of the flood and modify field conditions accordingly.   In a groundwater remediation project, pressure transducers and fluid level indicators are used in much the same way.  The instruments allow the operator to model the contamination and make necessary adjustments to capture as much of the pollution as possible.

FE 4.  For each year from 1978 to 1999, what was the cost of DOE R&D support for each of the technologies identified (in constant 1999 dollars)?  What cost‑sharing arrangements with industry or other institutions were in place (total project lifetime constant 1999 dollar amounts). Organize by R&D stage of development (for example: basic research, applied R&D, demonstration, commercial deployment)

Table 4-1. Field Demonstration Projects. Historic DOE funding, Industry Cost Share Funding, and Total Funding
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Nominal Budgets (Thousand Dollars) - All Field Demonstrations

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

EOR Demonstrations

8,353

10,893

10,625

9,219

8,786

5,160

3,096

2,787

2,505

950

Reservoir ClassProgram

0

0

0

0

0

0

0

0

0

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

Independents

0

0

0

0

0

0

0

0

0

0

Annual Totals

8,353

10,893

10,625

9,219

8,786

5,160

3,096

2,787

2,505

950

Cumulative Totals

8,353

19,246

29,871

39,090

47,876

53,036

56,132

58,919

61,424

62,374

1999 $ Deflators

0.4602

0.4986

0.5445

0.5953

0.6324

0.6573

0.6819

0.7034

0.7189

0.7405

1999 $ Budgets (Thousand Dollars) - All Field Demonstrations

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

EOR Demonstrations

18,149

21,847

19,512

15,487

13,892

7,849

4,541

3,962

3,484

1,283

Reservoir ClassProgram

0

0

0

0

0

0

0

0

0

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

Independents

0

0

0

0

0

0

0

0

0

0

Annual Totals

18,149

21,847

19,512

15,487

13,892

7,849

4,541

3,962

3,484

1,283

Cumulative Totals

18,149

39,996

59,508

74,995

88,887

96,737

101,277

105,240

108,723

110,006

COST SHARE (INDUSTRY) FUNDING

Nominal Budgets (Thousand Dollars) - All Field Demonstrations

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

EOR Demonstrations

14,872

19,512

16,845

14,717

14,284

10,571

7,049

6,533

6,157

2,606

Reservoir ClassProgram

0

0

0

0

0

0

0

0

0

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

Independents

0

0

0

0

0

0

0

0

0

0

Annual Totals

14,872

19,512

16,845

14,717

14,284

10,571

7,049

6,533

6,157

2,606

Cumulative Totals

14,872

34,384

51,229

65,946

80,230

90,801

97,850

104,383

110,540

113,146

1999 $ Deflators

0.4602

0.4986

0.5445

0.5953

0.6324

0.6573

0.6819

0.7034

0.7189

0.7405

1999 $ Budgets (Thousand Dollars) - All Field Demonstrations

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

EOR Demonstrations

32,314

39,132

30,935

24,722

22,585

16,081

10,337

9,289

8,565

3,519

Reservoir ClassProgram

0

0

0

0

0

0

0

0

0

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

Independents

0

0

0

0

0

0

0

0

0

0

Annual Totals

32,314

39,132

30,935

24,722

22,585

16,081

10,337

9,289

8,565

3,519

Cumulative Totals

32,314

71,446

102,381

127,103

149,688

165,770

176,107

185,396

193,960

197,480

TOTAL FUNDING

Nominal Budgets (Thousand Dollars) - All Field Demonstrations

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

EOR Demonstrations

23,225

30,405

27,470

23,936

23,070

15,731

10,145

9,320

8,662

3,556

Reservoir ClassProgram

0

0

0

0

0

0

0

0

0

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

Independents

0

0

0

0

0

0

0

0

0

0

Annual Totals

23,225

30,405

27,470

23,936

23,070

15,731

10,145

9,320

8,662

3,556

Cumulative Totals

23,225

53,631

81,100

105,037

128,106

143,837

153,982

163,302

171,964

175,520

1999 $ Deflators

0.4602

0.4986

0.5445

0.5953

0.6324

0.6573

0.6819

0.7034

0.7189

0.7405

1999 $ Budgets (Thousand Dollars) - All Field Demonstrations

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

EOR Demonstrations

50,463

60,979

50,447

40,208

36,478

23,931

14,878

13,251

12,048

4,802

Reservoir ClassProgram

0

0

0

0

0

0

0

0

0

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

Independents

0

0

0

0

0

0

0

0

0

0

Annual Totals

50,463

60,979

50,447

40,208

36,478

23,931

14,878

13,251

12,048

4,802

Cumulative Totals

50,463

111,442

161,889

202,098

238,575

262,506

277,384

290,635

302,684

307,486
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Nominal Budgets (Thousand Dollars) - All Field Demonstrations

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

EOR Demonstrations

950

0

0

0

0

0

0

0

0

0

0

0

0

Reservoir ClassProgram

0

0

0

0

0

26,859

14,818

60,978

9,731

3,421

2,496

1,000

-2,762

Class Revisit

0

0

0

0

0

0

0

0

0

0

0

0

18,878

Independents

0

0

0

0

0

0

700

0

1,155

157

145

772

613

Annual Totals

950

0

0

0

0

26,859

15,518

60,978

10,886

3,578

2,641

1,772

16,729

Cumulative Totals

63,324

63,324

63,324

63,324

63,324

90,183

105,701

166,679

177,565

181,143

183,784

185,556

202,285

1999 $ Deflators

0.7657

0.7948

0.8259

0.8558

0.8767

0.8977

0.9164

0.9363

0.9545

0.9731

0.9853

1.0000

1.0230

1999 $ Budgets (Thousand Dollars) - All Field Demonstrations

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

EOR Demonstrations

1,241

0

0

0

0

0

0

0

0

0

0

0

0

Reservoir ClassProgram

0

0

0

0

0

29,920

16,170

65,124

10,195

3,516

2,533

1,000

-2,700

Class Revisit

0

0

0

0

0

0

0

0

0

0

0

0

18,454

Independents

0

0

0

0

0

0

764

0

1,210

161

147

772

599

Annual Totals

1,241

0

0

0

0

29,920

16,934

65,124

11,405

3,677

2,680

1,772

16,353

Cumulative Totals

111,247

111,247

111,247

111,247

111,247

141,167

158,101

223,225

234,631

238,308

240,988

242,760

259,113

COST SHARE (INDUSTRY) FUNDING

Nominal Budgets (Thousand Dollars) - All Field Demonstrations

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

EOR Demonstrations

2,606

0

0

0

0

0

0

0

0

0

0

0

0

Reservoir ClassProgram

0

0

0

0

0

31,786

12,839

35,100

53,534

13,396

1,137

5,496

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

0

0

8,450

Independents

0

0

0

0

0

0

0

0

2,229

266

0

1,433

1,886

Annual Totals

2,606

0

0

0

0

31,786

12,839

35,100

55,763

13,662

1,137

6,929

10,336

Cumulative Totals

115,752

115,752

115,752

115,752

115,752

147,538

160,377

195,477

251,240

264,902

266,039

272,968

283,304

1999 $ Deflators

0.7657

0.7948

0.8259

0.8558

0.8767

0.8977

0.9164

0.9363

0.9545

0.9731

0.9853

1.0000

1.0230

1999 $ Budgets (Thousand Dollars) - All Field Demonstrations

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

EOR Demonstrations

3,404

0

0

0

0

0

0

0

0

0

0

0

0

Reservoir ClassProgram

0

0

0

0

0

35,409

14,010

37,487

56,088

13,767

1,154

5,496

0

Class Revisit

0

0

0

0

0

0

0

0

0

0

0

0

8,260

Independents

0

0

0

0

0

0

0

0

2,335

273

0

1,433

1,844

Annual Totals

3,404

0

0

0

0

35,409

14,010

37,487

58,423

14,040

1,154

6,929

10,104

Cumulative Totals

200,883

200,883

200,883

200,883

200,883

236,292

250,303

287,789

346,212

360,252

361,406

368,335

378,439

TOTAL FUNDING

Nominal Budgets (Thousand Dollars) - All Field Demonstrations

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

EOR Demonstrations

3,556

0

0

0

0

0

0

0

0

0

0

0

0

Reservoir ClassProgram

0

0

0

0

0

58,645

27,657

96,078

63,265

16,817

3,633

6,496

-2,762

Class Revisit

0

0

0

0

0

0

0

0

0

0

0

0

27,328

Independents

0

0

0

0

0

0

700

0

3,384

423

145

2,205

2,499

Annual Totals

3,556

0

0

0

0

58,645

28,357

96,078

66,649

17,240

3,778

8,701

27,065

Cumulative Totals

179,076

179,076

179,076

179,076

179,076

237,721

266,078

362,156

428,805

446,045

449,823

458,524

485,589

1999 $ Deflators

0.7657

0.7948

0.8259

0.8558

0.8767

0.8977

0.9164

0.9363

0.9545

0.9731

0.9853

1.0000

1.0230

1999 $ Budgets (Thousand Dollars) - All Field Demonstrations

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

EOR Demonstrations

4,644

0

0

0

0

0

0

0

0

0

0

0

0

Reservoir ClassProgram

0

0

0

0

0

65,329

30,180

102,611

66,283

17,282

3,687

6,496

-2,700

Class Revisit

0

0

0

0

0

0

0

0

0

0

0

0

26,714

Independents

0

0

0

0

0

0

764

0

3,545

435

147

2,205

2,443

Annual Totals

4,644

0

0

0

0

65,329

30,944

102,611

69,828

17,717

3,834

8,701

26,457

Cumulative Totals

312,130

312,130

312,130

312,130

312,130

377,460

408,404

511,015

580,843

598,560

602,394

611,095

637,551


FE 5.  For each of the technologies identified, describe qualitatively (and quantitatively, where possible) what would have happened in this area had there been no DOE role.

Open results, normal conditions, real time activity, real-life complications, bottom-line economics are all a part of an oilfield demonstration.  The demonstration of a new technology or process can be viewed by the world and the world can embrace the results and move forward to use or improve the technology.  This is an important concept in the oil industry, because prior to the oil embargo in 1973, the oil industry wa a close-hold business.  Oil companies were in a race to lease and develop land.  Any information that could improve the company's position was considered valuable and held proprietary.  That included geologic, engineering and technologic information.  Knowledge by itself could give a company a competitive edge.  Some company employees were hired to "scout" the other companie's information.  This practice was of less importance and sharing information is now more common due to the reduction in research and other staff.

The DOE’s Field Demonstrations have influenced the development of later technologic applications and opened the way for industry to use advanced technology with greater confidence and less risk.  DOE’s greatest influence on the industry through the field demonstrations has been the stimulation of the following:

· New Partnering Strategies

· Open Discussion among Technology Users and Developers

· Reduced Abandonment of Wells

· Verification of Technology Effectiveness – Reduced Technologic Risk
· Demonstration of the Economic Benefits of Advanced Technology

· Demonstration of significant Improved Recovery Potential with  Advanced Technology

· Development of Best Practices for Industry 

· Public Knowledge Transfer to Industry including “Lessons Learned”

During the 1970’s a major thrust of the DOE program was to encourage implementation of Enhanced Oil Recovery (EOR) technologies, including thermal technologies. To increase the amount of oil produced from existing fields.   The United States was faced with an “energy crisis”  and a rapid increase in domestic production was considered critical.  

Without DOE involvement, risky technologies would not have been tried and therefore, proven.  A major portion of the funding was for cost-shared EOR field tests with industry.  These field tests generated a great deal of information and contributed greatly to the increased use of EOR technology by industry.  The demonstration results in the late 1970’s and 1980’s were made public by the DOE rather than kept confidential by the companies.  The publication of the results and the evaluation of the projects led others to use or modify the technology for application.

The early DOE-supported EOR projects have had a major impact on the technology as it has evolved today.  These impacts have occurred through a combination of research and field projects.  Some projects have had a major impact on their own, whereas others have contributed in a smaller way to the knowledge that is available today.

The effectiveness of the early EOR Field Demonstration Program, which stressed chemical, miscible, and thermal technologies have been seen in the development of more economic variations on the technology, excellent predictive capabilities, and lessons learned.  Results of these field tests pointed to major areas of study, such as integrated reservoir characterization, that needed to be developed to reduce the technical risk in applying EOR technology (Oil Program Implementation Plan FY1996-2000, DOE/BC-95/5/SP).
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Figure 5-1. Ultimate Recovery by Process-Advanced and Implemented Technology Cases
 (10 Percent Minimum EOR)

From the 1984 National Petroleum Council report Enhanced Oil Recovery

The following are some of the major impacts from the earlier DOE-sponsored programs.

· Steamflooding has proven to be the dominant EOR process in the United States.  DOE supported a wide variety of field tests to demonstrate the applicability of the process and to determine the range of conditions where the process could be used.  It also supported programs to improve the technology and to reduce costs for generating and injecting steam.  DOE’s support of a project in the Midway-Sunset Field beginning in 1976 provided a major stimulus for commercial steam flooding in California. 

· Carbon dioxide flooding has also proven to be an important EOR process in the United States.  DOE did not directly support the commercial ventures that developed in West Texas, but did sponsor programs that tested the range of conditions where the process is applicable.  The DOE-supported Weeks Island project in Louisiana demonstrated that the gravity-stabilized injection of CO2 can be highly effective in recovering oil in a previously waterflooded environment.  DOE’s research further demonstrated that CO2 is not only effective in light oils but also in heavier oils by reducing viscosity and by swelling the oil.  An ensuing commercial field test in the Eucutta Field, Mississippi, demonstrated that CO2 injection could recover a significant amount of heavier oil even under immiscible displacement conditions.  It is expected that CO2 injection will be widely used in the future in Mississippi as well as in other areas that contain moderately heavy oils.

· Analysis of the early DOE-supported field tests determined the importance of a good reservoir description.  The industry has long been aware of the importance of a good reservoir description.  However, the full impact had not been realized until chemical flood projects were implemented in the field.  The field tests showed that it was difficult to conduct meaningful small pilots and also to move small chemical slugs in sequence through the reservoir.  Reservoir heterogeneities often were responsible for the early dissipation of the injected fluids.  These field tests led to an increased industry awareness of the importance of a good reservoir description.  They also led the industry toward processes that are lower in cost and which can be injected in larger volumes.  The alkaline-surfactant-polymer (ASP) process has been the major chemical process that has evolved from the earlier chemical technology.

The later field demonstrations of the 1990’s and beyond incorporated the important lessons learned regarding the absolute need for reservoir characterization when implementing a new process.  It also changed the focus to producing oil that would be abandoned in the ground before higher prices might have allowed work to proceed without DOE.  The effort to maximize the economic producibility of the nation’s oil reserves through near- and mid-term, high-risk demonstrations that focused on the reduction of the technologic risk, not the economic risk.  Preservation of the national petroleum resource was the main goal of the Reservoir Class Program, the Demonstration Program with Independents, and the short-lived Reservoir Management Program.   A number of testimonials indicate that much of the oil produced as a result of the demonstrations would not have been produced.

Quotes from Program Participants
“It is highly unlikely that without the incentives to ARCO Western Energy (AWE) to partner with the DOE Reservoir Class Program in carrying out this pilot project, the PRU property would never have been brought back into production.  Based on historic performance and the existing geologic evaluation, it was known to be a highly marginal property.  Yet in the three years since the DOE Class III demonstration the total production from this 40- acre shut-in tract has gone from zero to nearly 400 BOPD and AWE has invested in an additional 54 new producers external to the pilot.  Total production since 1995 is 245.9 MBO.” (Quote from a paper by University of Utah, Professor Dr. Steven Schamel, 1998)

***

 “ Without the improved recovery technology the off shore oil platforms would have been abandoned within 5 years and the 98 MM STB of oil would remain unrecoverable. Once abandoned and removed the four offshore oil drilling platforms in the Carpenteria field would not be replaced due to environment objections and California regulations.” (Quote from Stephen Coombs petroleum engineer, Project DE-FC22-95BC14935 Class III Project, Horizontal Well Drilling Redevelopment Offshore Oil Reservoir in the Carpinteria Oil Field of California.  Pacific Operators Offshore, 1999.)

***

“It is estimated that recoverable hydrocarbons for this project are 1,500,000 barrels of oil utilizing 50% recovery factor.  This corresponds to $15 -20 million depending on the price of oil at the time of recovery.  Tax returns to the State of Michigan will be on the order of $5-7 million.  The project will also provide an estimated 15-20 jobs over the duration of the project and could stimulate an additional 20-30 similar projects over the next 5-10 years with comparable job development and revenues.” Dr. James Wood, Professor Michigan Technological University at Houghton, Michigan.(Class II Revisit Project DE-FC26-00BC15122, Redevelopment of a Shallow Carbonate Reservoir, Vernon Field, Isabella County, MI., early 2000).

***

"Since 1990, the DOE has sponsored a number of projects that tried to link small companies with universities in demonstration projects designed to introduce new technologies in an effort to stimulate development of Michigan’s reserves.  This effort has been successful in that it has introduced new technology and showed that universities and small companies can work together effectively.  Enough oil has been recovered from the demonstration projects to pay back the original government investment in many cases and has conditioned the domestic industry to look favorably on these efforts." Dr. William Harrison Professor, Western Michigan University, Kalamazoo, MI, (Class II Revisit Project DE-FC26-00BC15122, Redevelopment of a Shallow Carbonate Reservoir, Vernon Field, Isabella County, MI., early 2000).

***

“This program has been described by numerous industry representatives as the most valuable program that the Oklahoma Geological Survey has ever implemented. Since there is no direct way to measure the impact that this program has had on the volumes of FDD oil production in Oklahoma, the success of the program must be measured in terms of the accomplishments and the industry evaluations of those accomplishments. Eight highly successful workshops and accompanying publications were completed on eleven FDD horizons. A computer user laboratory was established and continues to be a resource to the industry. Industry relationships with the project participants have shown vast improvements. Industry feedback to the program has been overwhelmingly positive. The development of this FDD program and the support of the U. S. Department of Energy have set the stage for a strong technology transfer foundation for Oklahoma’s petroleum industry.”  Oklahoma Geological Survey, Final report DOE/BC/14956-16, Dr. Charles Mankin, and Mary K. Banken; based on participant survey taken at each workshop.
The Reservoir Class Program focused on reservoirs in three geologic depositional environments.  These three “classes” of reservoir contained the most remaining reserves and had the highest risk of abandonment.   The program re-implemented partnerships with industry in an effort to enhance the rapid transfer of knowledge.

Companies are constantly on the watch for a way to identify the best possible ways to maximize the production while keeping positive economics.  Out of the Federal Government’s field  demonstrations come identification of  “best practices”.   The DOE Preferred Upstream Management Practices Program (PUMP) captures these and makes them available to every producer who has access to the Internet.  Transfer of information and dialogue between the researchers and the users is fastest when the users are interested.  The field demonstration program has captures the attention on the industry because it is information that can be applied today, not some day in the future.

In 2001, the focus of the field demonstration program will shift to reservoir types that have not been addressed by the Reservoir Class Programs and to technologies that are coming off the laboratory benches today.   As other research programs are still searching for new ways to produce more oil,  there will continue to be a need to test these technologies in the field and the results of the demonstrations will continue to spur new ideas for advanced technology development.

FE-6. For each of the technologies identified, fill in the matrix from the benefits framework.  List separately any assumptions used in estimating the benefits of the R&D.

Table 6-1. FIELD DEMONSTRATIONS MATRIX SUMMARY

	
	Realized
	Options
	Knowledge

	Economic Benefits/Cost
	1978 to 2005 cumulative Total Program Benefit of $29,300 million, Public Sector Return of $8,753 and cost of $260 million 1999 constant dollars (see annual graph below)

----includes:

· Incremental Oil and Natural Gas Production

· Improved efficiency of finding and producing 

· Increased production on Federal Lands

· Reduced well abandonment

(see Appendices A,C,D,E)
	2004 to 2021 cumulative Total Program Benefit of  $3,220 million, Public Sector Return of $1,591 and cost of $25 million 1999 constant dollars (see annual graph below)

----includes:

· Incremental Oil and Natural Gas Production

· Improved efficiency of finding and producing 

· Increased production on Federal Lands

Qualitative

· Reduced well abandonment

· Future monitoring potential for CO2 sequestration

(see detailed background material)
	Qualitative

· Knowledge Base --Post-mortems of Enhanced Oil Recovery and Thermal Recovery processes with directions for future applications and future research

· Enhanced Recovery Screening Models for Use by the Industry

· Breakthrough software programs that are used by industry and researchers

(see detailed background material)

	Environmental Benefits/Cost
	Qualitative

· Improved ability to meet environmental regulations

· Reduced Air emissions due to reduced power, lower fuel consumption

· Co-Generation opportunities

· Reduced surface footprint

· Reduced waste volumes

· Protection of water resources based on reduced water production due to fewer wells producing water

· Reduced oil spills due to import reduction associated with increased domestic production

(see Appendix F)
	Qualitative

· CO2 Flooding for Carbon Sequestration 

· Demonstration of technologies with broad environmental implications for minimal impact in Harsh and Sensitive Environments

· Reduced water production due to better reservoir management & better well placement attributable to improved technology
	Qualitative

· Subsurface imaging and chemical treatments that could be applied to near surface or surface environmental problems

	Security Benefits/Cost
	Qualitative

· Maintain domestic oil industry infrastructure and ability to increase production in time of crisis

· Transfer technology to independent producers (increasingly important part of domestic production)

(see Appendices A,C,D,E,F)
	Qualitative

· Project results provide a strong national knowledge base – Captures technical expertise of domestic industry to improve efficiency and makes it available to all of industry (CNES 1998 Goal IV, Objective 1, page 23)

(see detailed background material)
	Qualitative

· Data for evaluation of the industry capabilities is collected throughout the life of the projects. Can be used to predict domestic industry productivity and potential.

(see detailed background material)


Quantitative Benefit Estimation

We utilized several data sources, model results, and analyses, in a multi-steps process to define quantitative benefits for the Field Demonstration Technology Programs.  Two estimates are presented in the graphs below.  The first is Total Program Benefit.  This is a measure of the value of all oil and gas production in the U.S. due to the DOE program and all cost savings.  This estimate does not contain any tax or royalty revenue.  The second estimate is the Public Sector Return.  This is a relatively conservative estimate because the benefits of incremental oil and gas domestic production due to the DOE programs are measured as revenue that is returned to the federal, state or local treasuries and not the total value of the production.  The major steps in these estimates are:
STEP ONE – Modeled or used actual project results for the benefit of new technologies.

STEP TWO – Identified the portion of the benefits attributable to DOE funded research and to Industry research. The benefits of all new technology are modeled using the Total Oil Recovery Information System (TORIS) and the Gas Supply Analysis Model (GSAM).  Appendix B provides background information on these estimates. Three unique estimated are modeled:

No new technology,

Industry technology only, and 

DOE and Industry technology from R&D

The incremental benefit of the DOE programs are calculated by subtraction of the Industry only benefits from the DOE+Industry benefits.

STEP THREE – Calculated gross benefits due to DOE research in categories of:

· Oil production

· Natural Gas Production

· Dollars Saved due to increased efficiency

STEP FOUR – Calculate the Total Program Benefits and Public Sector Return.  A complete discussion of the modeling assumptions and procedures are contained in Appendix B. 

The tax rates below are average rates based on TORIS modeling studies/results conducted in Tulsa, Oklahoma, by the National Petroleum Technology Office. These studies encompass more that 65% of U.S. oil production, and the average effective tax rates listed below are representative for domestic production. These are:

· Federal Tax



- 12.85% of total production value

· State Tax



-   1.90% of total production value

· Production and Severance Taxes
-   4.55% of total production value

The above tax factors are applied to the economic value of the incremental production due to the DOE program. The product is then added to the Royalties from production on Federal Lands to determine the Public Sector Return. {Royalty rates for production from Federal Lands range from 13 to 16% based on Bureau of Land Management (BLM) and Minerals Management Service (MMS) historical data.}

Public Sector Return is then added to dollars saved from improved efficiencies for exploration, production and refining operations.

STEP FIVE – Convert the annual nominal dollar benefits to constant year 1999-dollar benefits.
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Graph 6-1. Total Program Benefits and cost for the EOR Field Demonstrations (1990-2005). Benefits for early Field Demonstration programs (1978-1987) were not easily identifiable or well monitored, even though the projects were successful.  
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Graph 6-2. Public Sector Return and cost for the EOR Field Demonstrations (1990-2005). Benefits for early Field Demonstration programs (1978-1987) were not easily identifiable or well monitored, even though the projects were successful.  


[image: image8.wmf]Total Program Option Economic

Annual Benefit and Cost for Field Demonstration Programs 

Constant 1999 Dollars in Millions

0

50

100

150

200

250

300

350

2002

2004

2006

2008

2010

2012

2014

2016

2018

2020

Beneftis

0

1

2

3

4

5

6

Cost

Benefits

Cost 


[image: image13.wmf]Options - Economic

Annual Benefit and Cost for Field Demonstration Programs 

Constant 1999 Dollars in Millions

0

20

40

60

80

100

120

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

Beneftis

0

1

2

3

4

5

6

Cost

Benefits

Cost 


Graph 6-3.  Economic Options.  Total Program Cost and Benefits.
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Graph 6-4.  Economic Options.  Public Sector Return Cost and Benefits.
Background Materials For Realized Economic Benefits

The Total Realized Economic Benefits of Completed Field Demonstrations is Estimated to be $8.75 Billion.
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Graph 6-5. Total Program Benefits and cost for the EOR Field Demonstrations (1990-2005). Benefits for early Field Demonstration programs (1978-1987) were not easily identifiable or well monitored, even though the projects were successful.  

Brief Summary of Realized Benefits

The economic benefits, realized as a result of the Oil Program Field Demonstration program, have been combined using: 

· The Enhanced Oil Recovery (EOR) field demonstrations in the late 1970's and early 1980’s, 

· The Reservoir CLASS Field Demonstration Program and CLASS Revisit Field Demonstration Program, during the 1990's, and 

· The Demonstration Program with Independent Producers

Overall Program Benefits:

· Increased ultimate oil production from the field either by finding new oil reserves or by increasing the ultimate percentage of oil recovered from identified oil reserves

· Extended the life of the field and the associated economic benefits to the local community, 

· Reduced the risk of implementing new or unfamiliar technologies in fields of similar geology or circumstance and 

· Provided new market developments for proven technologies

The Reservoir Class Demonstration Programs 1993-2006

Started in 1993 as a response to the lessons learned from the EOR Field Demonstration Program, the 33 projects chosen in a series of solicitations over six years were restricted to three “classes” of reservoir based on the environment of deposition of the rocks.   This allows the technical and economic successes of the program to be easily transferred to other producers who operate fields similar to those in a particular class. (see Appendix A)

· Incremental oil from the program is estimated to be 500,000,000 BO 

· Success of the program has reduced abandonment of several oil fields and the associated infrastructure

The Support to Independents Program Phase 1 1995 - 1998

The program consisted of twenty-two field demonstration projects in nine technology areas carried out between in twelve different states.  The total cost of the projects was $3.5 million, with 29% in Federal funding and 71% from the independent operators.  Fourteen of the projects met their technological objectives with eight reporting sustained incremental oil recovery. (see Appendix A)

· Five projects were economically successful, with combined incremental oil recovery estimated to be 238,000 barrels of oil equivalent (BOE) 

· five technically and economically successful projects can be expected to return $1,919,000 in cash flow to the operator (nearly twice the federal outlay for the entire program)
· Two projects showed significant production increases with commercial potential estimated at 8 million BOE

· Success led to Phase 2 of the program initiated in 1999
The Support to Independents Program Phase 2 1999-2000

Phase 2 of the Support to Independents Program conducted by the U.S. Department of Energy, through the National Petroleum Technology Office, entitled Technology Development with Independents, advocates solutions for production problems experienced by independent oil operators.  The program, in the form of cost-sharing assistance, is intended to provide support for smaller independents that lack the necessary research resources to apply untried or unfamiliar technology approaches that could potentially improve their economic viability.  Phase 2 of the program, implemented in February of 1999, provides cost-sharing financial assistance of $75,000 or less per project.  Project proposals were solicited between March 31 and November 30, 1999, for projects lasting from six months to two years.  

· Twenty-two awards were approved by NPTO/DOE 

· Eight technology areas (drilling, exploration, formation evaluations, reservoir simulation, improved oil recovery, operations, production problems, and stimulation).

· Phase 2 program cost is $4,8 million, with DOE providing $1.4 million (29%), and the operators providing a $3.4 million (71%) in cost sharing. (see Appendix A)

EOR Field Demonstration Program 1978 to 1983

The technologies addressed were those in which the R&D work had been completed in the laboratory. The technologies were demonstrated in 26 field projects. Implementing the technologies was economically “high risk” but the long-term field demonstrations served as studies of technologies that were considered as viable commercial technologies. The EOR field demonstration program fully demonstrated that additional laboratory research on the processes was required and that changes in the approach to field demonstration projects were necessary.  Critical information about the reservoir and the conditions in the reservoir is necessary prior to application of any new process, so that the process’s success or failure could be evaluated.

· Six of the twelve chemical flooding projects reported little or no incremental, but the program results led to the identification of “reservoir characterization” as a critical element to any field demonstration.  It is critical to know the character of the formation rocks and fluids as well as the distribution of certain rock characteristics between wells. That information helps to know why a demonstration is either a success or failure and make changes to the process. Later demonstrations built on the lessons learned from this program.

Selected Reservoir Class Program Outcomes

These are examples where the demonstration was not only successful; the demonstrated technology was adopted by other industry producers. 

Inland Resources (formerly Lomax Exploration Co.) (93-BC14958 Class I): Prior to this project waterflooding of highly paraffinic reservoirs had not been considered possible. The project introduced a technology and methodology for recovery of oil from high paraffinic reservoirs in Utah. An estimated $160 million in tax revenues was generated by this project and spin-offs in the Uinta Basin, Utah. The technology spread to eleven fields with an ultimate recovery of 31MMBO.

· 1.5 MMBO incremental reserves 

· 1.3 MMBO incremental production

· Over 300 additional wells waterflooded in Monument Butte and Travis Units where traditional waterflooding was believed to be impossible

Columbia University (93-BC14961 Class I): Developed and patented 4-D time lapse seismic technology capable of imaging oil migration within reservoirs. Taxes generated by project use are estimated at over $400 million. A licensing agreement signed with Western Geophysical (now part of Baker Hughes) is expected to generate $4 million in licensing fees for 4-D seismic technology developed by this project.  This 4-D technology has spread to 60 fields worldwide. 

· Created a new market for the acquisition of 4-D data, expected to 50% of the seismic market by 2010. Twenty-three new boats built by Western were designed specifically for 4-D acquisition.

· 3-D geologic basin modeling software, ACCESS.BASIN commercially available.

· Increased production from Eugene Island Block 330 five-fold.

· 1,000,000 barrels of incremental oil in two years of project 1994-96.

City of Long Beach (95-BC14939 Class III) Wilmington Field, California. A novel sand consolidation technology has realized cost savings of  $90,000 per vertical well and $150,000 per horizontal well. The technology is being transferred to other California unconsolidated reservoirs. The drilling, installation and insulation technology for steam lines has expanded to other drilling operators in Los Angeles Basin.

· 25% reduction in operating costs for drilling wells in unconsolidated sediments.

· Development and patent on a Low-Cost H2S caustic scrubber yielded a 50% reduction in stripper costs.

Laguna Petroleum Corporation, (DE-FC22-93BC14982 Class II) South Cowden and Foster Fields, Ector County, Texas. Inadequate reservoir characterization will be remedied by integrating high-resolution 3-D seismic data, geological reservoir characterization techniques, and 3-D reservoir simulation.  Technology transfer emphasizes that with the advent of lower cost state-of-the-art computer hardware and software packages, the small independent operators can afford a similar development effort.  New analysis methods for the Grayburg-San Andres potential and recompletion technologies have spread to a nearby field.

· Incremental oil production attributed to the pilot project is 190,000 barrels of oil to Sept. 2000

· Identified 570,000 barrels of additional reserves from the seismic survey

· Reservoir life extended by seven years in Foster and South Cowden fields.

Michigan Tech University (93-BC14983 Class II): Drilled the 1st horizontal well in the Michigan Basin, thereby demonstrating the cost-effective benefits of increased oil recovery and zero water cut from a stratigraphically located horizontal well in a highly karsted carbonate reservoir. 115 new horizontal wells were drilled in Michigan Basin by December 1998, with over 100 additional wells planned. Ultimate recovery from fields using the horizontal technology is expected to increase production in the Dundee formation by 35% adding 80-100 MMBO.

· 100 permits were filed for Crystal field “look-a-likes” in Dundee formation by end of project

· First well produced 200,000 bbl incremental oil

University of Utah (95-BC14937 Class II) Pru lease, Midway-Sunset field, California, working with ARCO (later AERA Energy) the project reactivated a lease that had been abandoned for 10 years through reservoir characterization and adapted steamflood technology. The project target is 2,700,000 barrels of oil of recoverable reserves from the Monarch sand on the 40-acre Pru lease. Success of steamflood has led to drilling 54 new wells in surrounding leases. Reservoir life has been extended by at least 20 years. Temperature studies of the steam chest discovered 2.5 MMBO additional reserves in the overlying Tulare formation on the Pru lease.

· Incremental production from the Monarch sand in one lease from 1996 to March 2000 was 622,000 barrels of oil.  Additional production for the next year is estimated to be 500,000 barrels of oil.

Table 6-2. Field Demonstrations Metric Benefits By Program Area, Benefit and Cost 1978 to 2005 in millions of nominal dollars.

	
	EOR Demo Program
	Class Program
	Class Revisit
	Independents

	Realized Benefit
	$104
	$30,248
	$362
	$49

	Program Cost
	$63
	$117
	$19
	$4


Table 6-3.  Nominal Data for Realized Economic Benefits for Field Demonstration Programs.
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Explanation of Table Elements

This is the basis of the data used to estimate the quantitative benefit.  Data are presented in unadjusted terms.

National Oil Production

The annual and cumulative oil and natural gas liquids production due to the DOE research program.  Units are millions of barrels.  This is estimated either by direct evidence in completed projects or by modeling assessments.  This is net oil production and includes production from exploration reserves and development activities.  In other words, this represents the oil and natural gas liquids that are produced in the U.S. due to the DOE oil research program.

National Gas Production

The annual and cumulative natural gas production due to the DOE research program.  Units are billions of cubic feet.  This is estimated either by direct evidence in completed projects or by modeling assessments.  This is net gas production and includes production from exploration reserves and development activities. In other words, this represents the natural gas that is produced in the U.S. due to the DOE oil research program.

Cost Savings $

The annual and cumulative dollar savings from improved efficiencies for exploration, production and refining operations.  These dollar savings could be from incrementally more effective use of existing technology (e.g. better seismic technology resulting in fewer dry holes), new technology utilization (less costly drilling), avoided cost (less water production), or general business efficiency (quicker less costly permitting). These savings are estimated either by direct evidence in completed projects or by modeling assessments.  These net dollar savings derive from improved efficiencies for exploration, production and refining operations.  These cost savings are above and beyond the cost to apply a new technology.

Economic Activity $

The annual and cumulative value in million dollars of the incremental production due to the DOE program.  This is directly calculated based on incremental oil, natural gas liquids, and natural gas production in the first two rows times the appropriate product price tracks (historical prior to and inclusive of 1999; AEO forecast for 2000 and beyond).  

Public Sector Return $

The Public Sector Return is an estimate of the taxes, royalties and other payments to the pubic entities and the dollars saved.  It is calculated from the first three rows of this table.  Average tax rates for public sector revenues are based on TORIS studies and include effective rates for Federal Tax, State Tax, and Production and Severance Taxes. These factors are applied to the economic value of the incremental production due to the DOE program. Royalties from Federal Lands are based on historical data from the BLM and the MMS.  Taxes and Royalties are added to the dollars saved, resulting in the Public Sector Return.  Annual quantitative values are graphed in constant 1999 dollars at the beginning of this section.

Federal Oil Production

The annual and cumulative amounts of the total U.S. oil and natural gas liquids production on Federal Lands due to the DOE program in millions of barrels.  This is a subset of the production in row one.   

Federal Gas Production

The annual and cumulative amounts of the total U.S. natural gas production on Federal Lands due to the DOE program in billions of cubic feet.  This is a subset of the production in row two.   

Federal Royalties $

The annual and cumulative royalty payments from production on Federal Lands.  Calculated based on the production in rows one and two times the historical effective royalty rates from the BLM and the MMS. 

Background Materials for Economic Options Benefits
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Graph 6-6.  Economic Options.  Public Sector Return Cost and Benefits.

The primary goal of the Demonstration Programs is met when the projects successfully demonstrate that a new or optimized process or technology is economic under normal conditions in the oil field.  The benefits are recognized as the incremental oil that flows into the tanks, the additional reserves that are discovered and the reduced operation costs that impact the companies’ bottom line.  A vital active field operation meets all environmental goals and becomes a significant partner to the community where the field is located.

There are often unforeseen outcomes from a project, such as, new applications being discovered for a process or technology.  These are the economic options technologies.  These technologies are proven, but now await market adoption by the industry.

DOE-sponsored researchers, J.J. Taber and R.S. Seright, presented a noteworthy paper in 1992 that discussed the large potential of using horizontal wells to improve the performance of waterfloods and EOR projects.  Successful field demonstrations have been conducted using horizontal wells in waterflooding, steamflooding, and CO2 flooding.  In Venezuela today, around 130,000 barrels of oil per day of heavy oil is being produced under primary recovery alone through long horizontal wells.  The full impact of this technology is just now being appreciated.  The future impact of horizontal well technology in waterflooding and in EOR project will be enormous.

One example of this in the recent program is the use of crosswell tomographic imaging for the tracking of CO2 fronts as they move through the reservoir.   This technology, originally tested for imaging the rocks and the fluids between wells, has been refined through the demonstrations and will now be available as more CO2 floods are implemented throughout the world. Early use of this technology would significantly improve planning and implementation of field EOR projects, reducing the risk of setting up expensive equipment in the less than optimum production zones of a reservoir.  Tomography generates 4-D visual evidence of reservoir rock porosity, oil, water, and gas density migration that can be monitored over time.

The original field demonstration program began under the Bureau of Mines in 1974 and was taken over by the Department of Energy in 1978.  Technically, some of the projects were successful. Economically, few of the projects were successful. Because of the lack of records on specific projects it is difficult to quantify the benefits or assign them to a specific year. However, the most significant benefit of the program proved to be improved understanding of the processes and how they could be applied in the proper economic climate or with the appropriate field geologic conditions.

Twelve chemical flood field demonstrations were conducted by industry with Bureau of Mines/DOE funding. The program produced a series of chemical flooding successes that were not economic successes due to the required cost of implementation in the field.  These processes are available to recover up to an additional 30% of the remaining oil in many reservoirs, should the price of oil remain stable at a suitable price to sustain the capital costs associated with the processes.

Additional technologies are developed outside the Field Demonstration programs each year that need to be demonstrated and verified before industry will adopt them for normal use.   Two new programs, the PUMP Program and the Technology Verification Through Demonstration Program, will address current technologies that are awaiting verification and proof of positive economics before their use.   The expected benefits of these technologies and best practices are shown on Graph 6-4.

 EXAMPLES OF ECONOMIC OPTIONS AS A RESULT OF THE PROGRAM

Chemical flooding field demonstrations

The micellar-polymer flooding technology was recognized by industry as commercially viable, if recovery of about 60 percent of the residual oil after waterflood and an oil cut upward of 20 percent could be achieved (DOE/BC/10830-4). Three evaluated projects achieved recoveries approaching 60 percent. 

Three significant correlations in recovery efficiency (DOE/BC/10830-4) were noted. They suggest that: prior flooding with a water near the design salinity or use of pre-flushes to adjust salinity and remove hardness have, at best, been only partially effective; oil recovery increased as the pattern size was decreased; and oil recovery is related to the quantity of surfactant used. The chemical flooding field demonstration showed that the costs of surface facilities and surfactants and other chemicals are too expensive at oil prices below $20/barrel, or in the presence of rapid price fluxuation, but that the process would be technically successful in application.  

Carbon dioxide flooding

Five field demonstration projects, funded from 1975 through 1984, implemented CO2 flooding to improve oil recovery. The objectives of the projects were to demonstrate that CO2 displacement technologies tested in laboratory experiments could be implemented in the field under varying reservoir conditions.  Reservoirs tested included carbonate reservoirs, which had not been extensively waterflooded, shallow low temperature reservoirs and deep hot reservoirs unsuitable for surfactant flooding. The major implication of the carbon dioxide flooding field demonstrations was that additional research in CO2 technology was necessary before widespread industry acceptance would occur.   Continued research has led to field demonstrations in the recent program, but CO2 technology can not be implemented in many areas due to the cost of the CO2 or the quality of the available sources.   In many cases the technology will be used when a suitable source becomes available either due to additional technology research on sources such as flue gas or because of technology/infrastructure being developed to deliver pure CO2 to an area.

Horizontal Drilling Technology 

DOE-sponsored researchers, J.J. Taber and R.S. Seright, presented a noteworthy paper in 1992 that discussed the large potential of using horizontal wells to improve the performance of waterfloods and EOR projects.  Successful field demonstrations have been conducted using horizontal wells in waterflooding, steamflooding, and CO2 flooding.  In Venezuela today, around 130,000 barrels of oil per day of heavy oil is being produced under primary recovery alone through long horizontal wells.  The full impact of this tehcnology is just now being appreciated.  The future impact of horizontal well technology in waterflooding and in EOR project will be enormous.  

DOE sponsored the first drilling of a horizontal well in a mature oil field under a contract with and independent oil producing company, Rougeot Oil and Gas Corporation in 1990.  Horizontal drilling was being employed around the world to maximize the profitablility of developing oil fields. However, most involved high cost drilling for large quantities of oil reserves.  The Rougeot project tested horizontal drilling on a low cost basis to recover the remaining reserves in a mature Mid-Continent oil field.  Ten years later, the well is still producing for the company (personal communication, Thomas Reid, U.S. DOE, 2000)

Class Program and Class Revisit 1992 to 2006

A number of technologies are being successfully demonstrated in the recent Reservoir Class Field Demonstration programs that have not been adopted for general use by the industry to date. As technology transfer efforts continue, these technologies will likely be applied to a number of the appropriate reservoirs.  In addition, a number of new processes will be developed for marketing as a result of the projects.  Examples of these technologies and technology transfer efforts are shown below.

Utah Geological Survey (93-BC14953) Uinta Basin, Utah

· Determined that bed isolation was the key to cost-effective re-completion in multiple thin-bedded lacustrine deposits.   

Hughes Eastern Corp. (94-BC14962) Black Warrior Basin, Alabama

· Demonstrated the effectiveness of indigenous bacteria for preventing channeling in waterflood operations. Microbial EOR technology is currently being considered for implementation in additional fields in Alabama and California. The demonstration’s reservoir oil production decline was dramatically increased from 17 percent per year to 7 percent and the life of the reservoir was extended by 12 years. Incremental production increased by 62,000 barrels in the test area alone, at the remarkably low production cost of $1.37 per barrel.  This process was proven to be profitable at the then low market price of $10 per barrel of oil.

Bureau of Economic Geology, University of Texas, Austin (93-BC14959) South Texas

· Developed publicly available Geologic Advisor software for infill drilling decision making, and prediction of reservoir architecture and heterogeneity based on depositional cycle.

OXY, USA (93-BC14990) Permian Basin, Texas

· Crosswell tomography developed to trace migration of CO2 flooding for planning infill wells.

Chevron (95-BC14938) San Joaquin Basin, California

· First successful application of TomoSeis crosswell seismic analysis in siliceous shales. Tests revealed breakthrough information that CO2 sweeps oil from tight diatomaceous zones that resist traditional waterflooding technology

Ensign Operating Co. (FC26-00BC15120 - Class I) Anadarko Basin, Hugoton Embayment, OK

· High resolution 3-component 3-D seismic exploration was coupled with horizontal drilling to successfully improve waterflood sweep efficiency.

Binger Operations (FC26-0015121 - Class I) Anadarko Basin, Oklahoma

· Demonstrated the use of nitrogen as a cost-effective and environmentally-superior injectant in a deep Oklahoma reservoir.   Nitrogen injection offers a low-cost, more readily available injection gas in areas where CO2 is unavailable. 

Plains Illinois, Inc. (FC26-0015126 Class I) Illinois Basin, Illinois

· A new lower cost blend of alkaline-surfactant-polymer (ASP) flood will significantly improve recovery from two major formations in the Illinois Basin.  Numerous other fields in the Illinois Basin could benefit from a low-cost ASP technology.

Michigan Tech University (FC26-00BC15122-Class II) Michigan Basin, Michigan

· Innovative use of surface geochemical analysis and 2-D seismic as a low-cost method of locating drilling sites for horizontal wells in the complex carbonate formations of the Michigan Basin.

University of Kansas (FC26-00BC15124 - Class II) Central Kansas Uplift, Kansas

· Demonstration of the feasibility of CO2 injection to independent operators in Kansas.

· Central Kansas carbonate reservoirs have the potential to recover an additional 250 million barrels of oil by CO2 injection.  Miscible CO2 flooding can add 6 to 25 years of reservoir life to the Lansing-Kansas City and other shallow shelf carbonate Kansas reservoirs.

Venoco (FC26-00BC15127 - Class III) Ventura Basin, Offshore California

· Development of innovative fracture network reservoir simulator to monitor and manage the aquifers role in pressure maintenance and water production along with other advanced technologies to redevelop declining offshore production from the Monterey shale.

Table 6-4. Nominal Data for Option Economic Benefits for Field Demonstration Programs.
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Background Materials for Economic Knowledge Benefits 

Knowledge Base Gained from the EOR Field Demonstrations
A large amount of knowledge has been acquired from the early DOE-supported EOR field tests.  The information from these earlier experiences has proven to be quite important in developing the technology as it exists today.  This knowledge base has been gained both from the successes and also the failures.  Analysis of the failed projects is particularly valuable as it can identify very clearly the problems to be avoided in future projects.  The following is a listing of some of the key lessons that have been learned from the early tests.

· A good reservoir description is critical to the success of an EOR project.  It is important to establish that injection and producing wells are in communication with each other and that there are no major structural or depositional conditions that would adversely affect performance.  

· Larger-sized, multi-pattern pilot operations are needed to adequately evaluate an EOR project.  Small, single-pattern pilots are often difficult to interpret due to the influences of reservoir heterogeneities and to the effects of operations outside of the pattern.  

· The field experiences have indicated that it is extremely difficult to modify the effects of reservoir heterogeneities though the use of polymers, foams, and gels.  Polymer flooding has proven to be of limited value in the United States.  Polymers are subject to degradation and may also propagate poorly.  Gels and foams have proven to be of some value in improving the injection profiles in some environments.

· The micellar-polymer flooding process is rarely viable either on a technical and economic basis.  The field experience has shown that it is extremely difficult to propagate small slugs in sequence through the reservoir, due to the effects of reservoir heterogeneities.  Chemical preflushes have also proven to be ineffective in removing excessive salinity and hardness from the reservoir.   Exxon demonstrated in an early test in the Loudon Field, Illinois, that it is technically feasible to use a synthetic surfactant system to displace oil without the need for preflushing.   In-spite of its technical success, the process proved not to be economic at the oil price that prevailed at the time.

· The fluids to be used in an EOR process must be sufficiently low in price to permit the injection of a relatively large volume.  Otherwise, reservoir heterogeneities rapidly disperse a small slug and make it ineffective.

· Steamflooding is a particularly attractive process for the recovery of heavy oil.  Heterogeneities, which adversely affect other processes, are less critical in steamflooding as they can facilitate the transfer of heat to the reservoir.  

· Important requirements in steamflooding are the ability to inject steam at low costs and at high rates into the reservoir.   The early California experiences have demonstrated the value of cogeneration in minimizing the cost of steam.  Also, the early experiences have shown that insulated tubing is effective in minimizing wellbore heat losses and thus increasing the depth at which the process is viable.  It has also been shown that wellbore heat losses can be minimized by stimulation of the reservoir or through the use of horizontal wells.   

· Carbon dioxide flooding has proven to be a highly versatile process for the improved recovery of oil. The early DOE experiences indicate that the process is not only effective for light oils where a miscible condition can be developed, but also in the heavier oils.  Carbon dioxide is effective in the heavier oils due to the viscosity reduction and swelling of the crude oil that is achieved.

· The updip injection of a gas into a steeply dipping formation is highly effective in the recovery of additional oil beyond that achieved by waterflooding.  With gravity stabilization, gas has proven to be more effective than water in reducing the residual oil saturation.  

Software Development

DOE has been responsible for the development of various simulators to assist the industry in predicting the performance of a secondary or tertiary recovery project.  The developments as described show the major impact that has been created by the DOE simulation programs.

EOR screening models were developed for the purpose of estimating the amount of oil that can be recovered for a prospective reservoir.  These models were made available to the industry and they were also used in the National Petroleum Council study on enhanced oil recovery in 1984.  These models were developed by Scientific Software under the terms of a joint agreement between DOE and the Ministry of Energy and Mines of the Republic of Venezuela.  Predictive models were developed for chemical flooding, CO2 flooding, in-situ combustion, polymer flooding, and steamflooding.  The screening models were revised during the NPC study, and final versions made available to the industry.  The publications that describe these revised models are shown in the references.  

The BOAST simulator was developed by K&A Energy Consultants, Inc. for the use of the industry.  BOAST is a 3-dimensional, 3-phase black oil simulator that has the capability of predicting the performance of primary and secondary recovery operations. BOAST is useful in describing the reservoir characteristics based upon production performance.  It is a useful tool in designing EOR projects that may follow a conventional waterflood operation.  The model was developed in simplified format so that the ordinary engineer could use the model routinely.  This development has been widely accepted by industry and is now thought to be the most widely used simulator in the U. S.   For the first time, independent operators have access to a model that can help them to improve oil recovery from their reservoirs. 

The BOAST simulator has undergone a series of developments over the years.  As noted in the references, the BOAST II version was made available to DOE in 1987.  Louisiana State University developed an improved version, BOAST 3, in 1997 for release to the industry.  DOE has continued to improve the model since that time and has a BOAST98 version available on its web site.  Dr. John Fanchi, the principal developer of BOAST, has also released his BOAST 4 version in 1997 along with his book on the subject of Applied Reservoir Simulation.  Dr. Ming-Ming Chang revised the BOAST II version in 1992 to produce the BOAST-VHS model that can readily predict the performance from slant and horizontal wells.  BOAST continues to be widely used with an average of 230 copies being downloaded from the NPTO webpage monthly.

The MASTER simulator was also developed by a DOE contractor in 1991 to assist the operator in the design of miscible gas injection projects.  The original BOAST model was used as a starting point, and modifications made to incorporate a miscible displacement capability.  Some difficulties have been experienced in the use of this model since it was developed using the original version of BOAST.  

Dr. John Fanchi released his IFLO model in 2000 for use as a combined black oil model and miscible gas simulator.  This model is a combination of the BOAST and MASTER models, with modifications made to correct for program deficiencies that have been identified over the years.  The model also has an improved capability for the prediction of horizontal well performance.

Potential Monitoring Technology 

EO Lawrence Livermore National Laboratory personnel have become interested in pursuing basic research in the cross well tomography technology developed under a CO2 EOR project for potential application to tracking or monitoring potential for CO2 sequestration.

Background Materials for Realized Environmental Benefits

Summary of Realized Environmental Benefits

The environmental benefits realized as a result of the Oil Program Field Demonstration program have been the result of the Reservoir Class Program and Class Revisit Field Demonstrations, during the 1990's, and the additional benefits from the independent producer-led demonstration program.

The environmental benefits of the Demonstration program are often project specific.  One example benefit is the reduction of footprint for operations by reducing the number of wells necessary to extract greater volumes of oil and natural gas. Other benefits include:

· Continued positive economics in a field allow the operator to meet and often exceed the requirements for clean operations 

· Demonstrated more efficient operations with a reduced surface footprint

· Significant reduction in the production of waste water that translates to a reduced waste stream and a reduction in the risk of surface or subsurface contamination, and 

· Improved electrical efficiency, thereby reducing the emissions for electricity production

Horizontal Drilling Technology 

Horizontal drilling for Enhanced Oil Recovery was the preferred drilling technology in several field demonstrations from Michigan to Utah and California

· Estimates from Class project operators suggest that one horizontal well replaces three vertical wells. This represents a significant reduction is the drilling footprint. Additional reduction in footprint is achieved by horizontal re-entry of existing vertical wells. The Class program has drilled 20 horizontal wells, including 7 re-entries. Ongoing Class projects have 12 or more horizontal wells planned.  These demonstrations will encourage the use of horizontal wells in many areas due to their economic benefit, but increased environmental benefits also will accrue with increased use of horizontal wells.

Reduced Water Production

The reduction of water cut is especially important for offshore oil production, poor economics for handing excessive produced waste water can result in the premature abandonment of an oil well and in some cases the abandonment of an off-shore platform as has occurred in California.   The demonstration of Measurement While Drilling (MWD) steering and logging techniques have proven to be highly effective in drilling and evaluating slimhole horizontal wells in sand layers as thin as 30 to 40 feet.  This technology permitted an off-shore project to avoid producing excessive water from highly saturated pay zones.  As a result water cut was dramatically cut from 77 percent to 27 percent and oil production rose from 373 to 740 barrels per day.  Reduced wastewater is not only environmentally significant but also a tremendous economic benefit.  Prior to this technological success the life of the Carpinteria Reservoir federal lease was estimated to be about 6 years before it wold be abandoned, and the currently estimated 157 million barrels of recoverable oil would have been abandoned in place.

Reduction in Electrical Use and Restructuring

· Class projects in eastern Kansas and western Oklahoma and a Reservoir Management Demonstration project in Alabama has lowered electrical use and cost.

· Redesign of water injection and gathering lines in Savonburg field, KS reduced electrical use.

· Surplus nitrogen produced for injection in Binger field, OK is being sold to the local electric company to reduce electrical use and lower cost.
· In the Citronelle Field in Alabama a demonstration project has shown that by rescheduled electrical usage and agreed to defer electrical use during peak usage times to enable the local electrical utility to better manage demand. The project realized lower cost per unit of electricity and reduced total electrical consumption.

Co-Generation Opportunities
The Co-Gen development of electricity in California oil fields can be directly traced back to successful DOE EOR Field Demonstration projects.  The 1978 Santa Fe Energy project EOR by Steam Flooding, Midway Sunset Field, California demonstrated the merits of a steam drive process where a cyclic steam process had been historically unsuccessful.  The tremendous volumes of steam required for a steady state steam drive not only significantly increased oil from this mammoth heavy oil reservoir but directly influenced the development of co-generation power plants.  The less than 50 megawatt generators, installed on the gas fired steam generators developed for enhanced oil recovery (EOR), were quickly integrated into California’s electric power grid system.  In-turn these new generators reduced the electric power companies need to construct larger more expensive electrical power generators that service all of California.  The heavy oil production requirement for quality steam with a gas powered generators also lead to a major reduction in air pollution and lead to significant improvement in California’s air quality over the next few years.  Historically testing new technology drastically changed steam generation associated with the older methods of burning lease crude oil. Numerous huff and puff cyclic steam boilers that were distributed over most of the Midway Sunset Field were essentially eliminated as a pollution source.  The use of gas fired generators developed a new California market for the then low demand for natural gas in 1978 through 1986 and may have influenced gas pipeline construction from gas rich sources in Wyoming to central California.

Background Materials for Environmental Options Benefits

Benefits of CO2 Flooding as a Carbon Sequestration Technology

If the December 1997 Kyoto Protocol Agreements are signed and the producers of CO2 emissions begin to pay a penalty for such emissions, the EOR technologies for CO2 injection will be important. The economics of transporting and using flue gas may be favorable to the use of the technology for oil recovery and benefit air quality in many regions.

Carbon Dioxide (CO2) driven petroleum technology pilot projects funded by DOE for testing Enhanced Oil Recovery (EOR), were intended to increase oil production from domestic oil reservoirs. Technical discoveries from the projects have significant potential cross application for environmental technology required for implementing CO2 sequestration. Sequestration of all U.S. industrial CO2 emissions may become necessary under the terms of the December1997 Kyoto Protocol.  The technology and data needed to understand the physical and chemical effects of CO2 on reservoir rock, ground water and crude petroleum, oil well pipe and production equipment is very similar to what will be needed to understand the effects expected from introducing CO2 into a reservoir for sequestration. Much of the scientific field data gathered to support EOR, has revealed critical information on the pressure and chemical effects of CO2 on reservoir rock and oil field equipment.  

In addition, all associated geophysical project components, as seismic and tomography technology which has been field tested for determining the porosity and migration tendencies of CO2 in an EOR reservoir, may also be applied to these environmental needs. This technology could be effectively employed to monitor the stability or retention of huge volumes of sequestered CO2 for environmental purposes.  A DOE Class III CO2 Enhanced Oil Recovery project currently provides piggyback field testing support for a CO2 sequestration study of cross-well tomography technology by EO Lawrence Berkeley National Laboratory in California.  A Class II DOE CO2 project in Midland Texas has already revealed that tomography can detect the geometry, location and direction of migration of injected CO2 gas in a dense limestone carbonate reservoir.  It can be portrayed in clear detailed 3-D graphic model.

Much of the EOR technology from NPRC funded projects that could be used for CO2 sequestration is currently under development, being currently field tested, or is now proven and available.  Should Congress vote to adopt the 1997 Kyoto Protocol, a great nation-wide rush to employ all available science and technology necessary to comply with the environmental air quality laws would quickly follow.  

“The carbon taxes estimated by modeling range from $0 to $100 per metric ton.”(Nordhus, W.D., 1991. The cost of slowing climate change: A survey. The Energy Journal 12(1):37-65)

“Carbon dioxide sequestration is a method to isolate CO2ADVANCE \u 1 generated from fossil fuel combustion and reduce the amount of CO2 ADVANCE \u 1that ends up in the atmosphere. Sequestration techniques involving oil and gas reservoirs draw heavily on the technology and knowledge of the enhanced oil recovery (EOR) method of gas flooding.

One sequestration technique involves using industrially produced CO2ADVANCE \u 1 for enhanced oil recovery in reservoirs currently under production. Natural sources of CO2ADVANCE \u 1 are typically used in oil recovery. The total amount of CO2ADVANCE \u 1 used for enhanced oil recovery in 1984 was about 40 million metric tons (a rate of about 2 billion cubic feet per day or about 10 million metric tons of carbon per year. This is roughly one percent of the carbon dioxide released annually in recent years from the burning of fossil fuels in the United States.

A study in Texas (Finley and Holtz) indicated a substantial potential for using utility plant boiler effluent as a CO2ADVANCE \u 1 supply source for flooding mature oil reservoirs. They found that between 12 and 20 years of CO2ADVANCE \u 1 production from lignite- or coal-fired boilers located near producing oil and gas fields could be sequestered from these generation facilities.

Another technique involves injecting the CO2ADVANCE \u 1 into depleted oil and gas reservoirs. The global sequestration capacity in abandoned reservoirs is estimated to be 130 to 500 gigatons of carbon. This capacity is equivalent to 20-80 years of current global carbon consumption via fossil fuels, since about six gigatons of carbon are emitted into the atmosphere globally each year from fossil fuels. (Energy Conversion and Management (Vol. 38, Suppl., 689 pp., 1997).

Finley, Robert J., and Mark H. Holtz, "CO2 Sequestration in Abandoned Hydrocarbon Reservoirs")
Mimimal Impact in Harsh and Sensitive Environments

As horizontal drilling technology exponentially improves the ability to reach greater and greater distances from a specific surface location, it is clear that certain high value environmentally sensitive areas, withdrawn from surface entry, may be reached for their subsurface oil and gas resources without ever disturbing the sensitive area.  This technical capability clearly has merit for providing logical compromises for satisfying or significantly mitigating many environmental or cultural impact concerns while achieving the goal of reaching essential petroleum reserves that are currently withdrawn from the domestic supply. 

The new petroleum extraction technologies often significantly reduce the number of wells required to develop and produce a petroleum reservoir.  By drilling strategic infil wells or numerous horizontal wells from a single drill site, the ultimate footprint on the environment could be drastically reduced.  This would also reduce costs for operators in setting up access roads and reduce the number of pumping jacks and associated surface support equipment, production pipe flow lines, and electrical power lines traditionally required by historic oilfield development practice. 

Background Materials for Environmental Knowledge Benefits

Potential applications to near-surface environmental problems

The successes in field demonstrations for imaging the subsurface have been successfully transferred to the near-surface and water table imaging necessary to conduct environmental assessments and remediation activities.   Technology advances in the deep earth make their way to applications in the shallow formations and impact the quality of the environment in areas outside the oil industry.

· Improved downhole pumps for pumping and treating contaminated groundwater

· Microbial formulations developed for EOR that are used to cleanup surface hydrocarbon spills or hydrocarbons in groundwater

· Shallow or near-wellbore imaging techniques used in reservoir characterization that can be used to characterize the shallow soils

Background Materials for Realized Security Benefits

Maintain Infrastructure

Domestic petroleum resources are critical to our national security. The Field Demonstration Programs support the domestic industry composed of mainly independent producers. With every newly proven technological innovation in the petroleum industry it becomes evident that residual oil reserves in US oil reservoirs, which have reached their current economic limit, remain critically important and potentially recoverable.  An oil field’s existing infrastructure has important strategic and economic value for applying new technology that may have been proven to extract enormous volumes of residual oil.  Certain technologies tested and proven technically successful, but not yet economically viable during peace time, could be applied in an energy crisis situation.

Micellar polymer flooding technology for example was wildly successful from a technical point of view but not economically viable at the time it was tested prior to 1978.  This and other successful technology is available or ready to be applied should a national security event make it’s application necessary.  The continued field testing and demonstration of advances in technology has also been proven effective at showing a peace time industry that it is logical to keep existing oilfields in good working order. By preserving the operational capability of near economic limit reservoirs and their infrastructures, new technologies can be tested or effectively applied should economics dictate operational change would be profitable.   New technology has the obvious potential to either reduce operating costs or increase recovery volumes, further ensuring that potential domestic production remains viable during any national emergency.

Background Materials for Security Options Benefits

Technical Expertise

The Comprehensive National Energy Strategy (CNES) of 1998 has an objective to: “Maintain a strong national knowledge base as the foundation for informed energy decisions, new energy systems, and enabling technologies of the future.”  The Field Demonstration program captures the technical expertise of many people and transfers it to the knowledge base of the industry in a way that compensates for the loss of experienced personnel in the workforce through mergers, attrition, and downsizing activities.   Information and guidelines that enable any company to apply advanced technologies to their properties is an integral part of the program. 

Capturing the “Best Practices” of industry in one area and transferring them to other areas ensures that the industry will operate in an efficient manner and preserve the ability of the industry to respond to an emergency or a low price scenario.

Background Materials for Security Knowledge Benefits 

Snapshot of the Industry 

This area is not particularly applicable to the field demonstration program, however, data for evaluation of the industry capabilities is collected throughout the life of these projects.   The Oil Program keeps this data on the projects and the conditions of the economy and the technology so that a “picture” or assessment of the conditions of the domestic industry can be created at any time.  

This type of information can be used to make energy policy decisions, energy supply calculations, and to predict energy industry response capabilities.   Other agencies and policy-makers can use the information to make timely decisions in time of looming crisis.

This data can be used to describe and measure the domestic industry’s capabilities for production and response to a security need.  The information is available to models that can evaluate the industry’s productivity and potential.   

FE 7.  Provide a list of terminated DOE Research and Development programs in the period from 1978 to 2000 and the reason(s) for their termination.  What happened to each technology area afterward (e.g., was it continued by industry or abandoned)? How much total DOE funding was provided for each?

Three phases of Enhanced Oil Recovery Field Demonstration projects were terminated between 1978 and 2000.

· Original field demonstration program started under the Department of Interior through the Bureau of Mines in 1974.

· Class IV and V of the High Priority Reservoir Classes

· Reservoir Management Demonstration CRADA program

Enhanced Oil Recovery (EOR) Field Demonstration program 1978 to 1987

The National Energy Plan (1997) was developed in response to the 1973 Arab oil embargo.  It stated as the main short-term objective to reduce dependence on foreign oil primarily through conservation and increased use of energy resources such as coal rather than oil.  Funding for EOR demonstrations and laboratory research did grow over the next several years but at a rate much lower than coal or energy conservation programs.    

The original Department of Energy Enhanced Oil Recovery field demonstration program ran from 1974 to 1987 and included approximately 27 projects. The majority of these projects were initiated prior to the creation of the DOE in 1978, but funding and research continued through the continuation of individual projects. These long-term field demonstration projects fell into three categories: Chemical flooding, CO2 injection and Thermal/heavy oil. Funding for these projects was fairly high and the results were mixed, some were technically and economically successful, and some were technical and or economic failures. Reductions in DOE funding led to discontinuing the field demonstration in 1983. However, the lessons learned both from the technical and economic successes and failures were later incorporated in future DOE programs in both Field Demonstration and Reservoir Characterization.

Total government funding for the field demonstration from 1974 through 1987 totaled approximately $72.4 million. The vast majority of this funding was obligated prior to the formation of the DOE. The exact funding per year is no longer available. DOE continued supervision of the projects and published the findings on individual projects. The program as a whole was not an economic success, but the knowledge gained from the valuable field research and implementation was instrumental is guiding DOE program funding throughout the 1980’s.  The Administration requested DOE to end the EOR Field Demonstrations in FY 1980.

The FY 1980 CRB stated that the EOR program had been started under Administration goals to emphasize near-term production goals.  However, the ERDA had subsequently developed regulatory incentives to stimulate commercialization of near-term technologies by the private sector.  Therefore, the DOE program shifted its focus to long-term technology development.  In FY 1980 and again in FY1981 and FY 1982, the Administration proposed to eliminate funding of field pilot tests or commercial demonstrations, based on the assumption that these types of projects would be undertaken by industry because of the Administration's price incentives. The last of the EOR field demonstrations was started in 1980 and all contracts were completed by 1987.

The most significant lesson learned from all the field demonstration projects was the critical need for reservoir characterization prior to field implementation of any technology designed to improve oil recovery, increase cost-effective field management and /or reduce operating costs. 

Reservoir Characterization represents basic knowledge gleamed from a wide variety of technologies; coring, logging, seismic, well tests, etc. DOE field demonstration projects are not instrumental in developing these technologies, but have served as a proving ground for the technologies and modification of technology to meet specific geologic and engineering requirements, which must often be tailored to reservoir conditions. The DOE Reservoir Characterization program started in 1984-85, which funded fundamental research in how reservoirs work and how that knowledge can be applied to hydrocarbon production was a natural outcome of the lessons learns in the original field demonstration program.

High Priority Reservoir Class Program

The High Priority Reservoir Class program was initiated in FY92. The field demonstration program was designed to provide a response to rapidly declining domestic production and realization that huge volumes of oil were being abandoned in reservoirs because of uneconomic production techniques. The program is a critical element in the strategy to improve oil recovery from the conceptual stage through research, pilot scale field experiments, and full-scale demonstrations to industry acceptance and commercialization.  The concept of the program was to study those geologic reservoir classes with the largest potential reserves and those in most danger of abandonment. DOE made a study of the reservoirs based on depositional system and ranked them. Classes I, II and III were funded in 1992, 1994 and 1995 respectively. Classes IV and V were scheduled for release in 1997 and 1998.  The program targeted 10 classes for demonstration out of twenty-eight total classes.

The objectives of Classes IV and V were to increase economic viability of producing domestic oil and to preserve access to Class IV (strandplain and barrier island system) and Class V (fluvial/alluvial system) reservoirs, which contain large volumes of oil and have a high risk of abandonment. In 1997 the DOE was directed to reduce the total budget for Fossil Energy by 25% (refer to question 2). The decision was made at that time to continue with the Class I, II and III projects for which funds had previously been obligated, and to discontinue Class IV, V and any later depositional classes. 

In FY 1995, the Administration requested $43 million for the Reservoir Class Field demonstration program, including initiating projects in reservoir Class 4 using funds from FY 1994 and FY1995 and providing initial funds for Class 5.  The FY 1995 appropriation, passed in the fall of 1994, included  $33.9 million for field demonstrations.  However, in the middle of FY 1995, after the change in congressional leadership in the November 1994 elections, a $5 million recission was imposed on the reservoir class program (leaving a total of $28.3 million for field demonstrations in FY 1995, a 32% cut from FY 1994). The recission further specified that the program would be limited to the first three reservoir classes.   Consistent with this direction, the Administration proposed and received decreasing budgets in subsequent years as the mortgage obligations for the 32 previously selected projects were paid down.  Ongoing Class I, II, and III reservoir classes continued with the original allocations totaling $114,551,000.

With Congressional approval, the Reservoir Class program was expanded in 1998 and a solicitation went out in February 1999 to fund additional Class I, II and III projects. The new solicitation was a 65% cost-share participation of producers and /or state research organizations (universities, geological surveys) working in partnership with industry. Funding for 10 Class Revisit projects awarded in 1999 was $19 million.

Emphasis of the Class Revisit expansion of the Reservoir Class Demonstration program is on demonstration of cost-effective technologies and management techniques to increase oil recovery, extend reservoir /field life, reduce premature abandonment and provide economic and environmental benefits to oil producing states.

Management Demonstration Program

The Class Management Demonstration  (AC/15024/BC/42) was in 1995. Originally 15 CRADA's were proposed. The criteria for the projects included at least 50% cost-share from industry in the form of labor through BDM-OK, DOE's Managing and Operating contractor at the Bartlesville Project Office. Projects were to be approximately 1 year in duration and total up to no more than $600,000 each. The 15 proposed projects were to be selected from the ten Petroleum Technology Transfer Council (PTTC) regions, three from Native American and two from offshore regions. Projects were designed to involve significant regional oil resources or address a major technological need. Three projects were selected and funded in 1995-96. 

The Management Demonstration program was terminated in 1997 when the decision was made to privatize the NIPER site following a congressional mandate to reduce DOE facility sites (refer to question 2). Had the program gone to completion with 15 CRADA's the total funding by DOE would not have exceeded a total of $4.5 million. 

During the three projects and following their completion DOE contractors through BDM-Oklahoma and BDM Petroleum Technology gave a number of technical presentations at PTTC workshops, regional and national American Association of Petroleum Geologists and Society of Professional Engineers annual conventions, summarizing the reservoir management philosophy and methodology citing the three projects as successful case study examples. These technology transfer results indicated that multi-disciplinary methodologies and appropriate software use, could be used by independent operators to achieve the original DOE objectives of the program. The objectives stressed forestalling abandonment of reservoirs and improving long-term economic recovery for operators. These objectives are valid and occur in both the Class Revisit program and the Research with Independents program.

FE 8. Were there instances where a program was continued after a first commercial sale, and what was the justification for such continuation.

This question does not apply directly to the Field Demonstration Program because the program does not focus on the research, development and commercialization of such oil field products or processes. The Field demonstration program demonstrates technology and processes under actual conditions in the field to verify the benefits of using the technology, and accelerating their use by industry.  Many projects involve methodologies as well as technologies.  The methodologies when successful are closer to “best practices” than to patented or commercial products.  However, the question as to why the Oil Program continues to sponsor field demonstration programs can be answered.  

As an integrated program, the Oil Program research will continue to develop new technologies as will private industry also. Verification of the benefits to using new technologies or novel applications of accepted technology will continue to be necessary for the general adoption of new technology by risk-adverse domestic companies.  The program provides the open and public discussion of these new technologies and their success in the field.  As the EOR and Thermal Field Demonstration programs provided insights that led to the Reservoir Class Field Demonstration Program and the Class Program led to the Demonstrations with Independents, the Oil Program will continue to build on previous demonstrations and test new technologies.  

In addition, the development of new demonstration programs responds to the specific program direction from Congress and the Administration of the time.

1977 R&D Objectives  “ DOE has initiated 22 cost shared field contracts with industry that will test …Chemical, Carbon Dioxide, and thermal EOR technologies in various types of domestic reservoirs funded at 35% DOE and 65% Industry.  

1989 R&D Objective  “..Conduct a cost-shared field test to assess the performance of mobility control concepts in the Enhanced Oil Recovery Process whenever CO2 is used to displace oil…”

1991 R&D Objective  “…targeted at improving environmental performance and increasing domestic liquid fuels supply, including: …expedite tech transfer that will encourage continued production from marginal fields until that time when advanced extraction techniques become available.”

1995 R&D Objective  “...Increase incremental recovery … through transfer of existing technology, especially within the highest priority reservoir classes…”   “The principal target is the huge amount of oil left behind in reservoirs after conventional extraction processes have reached their economic limit”….” Low oil prices effect premature reservoir abandonment”

FE 9.  What was the total cumulative DOE R&D budget for each sector of the Fossil Energy program (in constant 1999 dollars) for each fiscal year from 1978 to 2000? Organize by Program Sector (i.e., Oil & Gas, Coal & Power Systems).

FOSSIL ENERGY ENACTED APPROPRIATIONS AND CONSTANT YEAR 1999 DOLLARS

($ in thousands)

	
	FY 1978
	FY 1979

	ACTIVITY
	Constant 1999 $$
	Enacted PL 95-74
	Constant 1999 $$
	Enacted PL 95-465

	Oil Shale
	62,792
	28,900
	90,701
	45,225

	Coal Liquefaction
	233,353
	107,400
	395,948
	197,426

	Surface Coal Gasification
	421,296
	193,900
	330,110
	164,598

	Advanced Power Systems
	55,840
	25,700
	53,949
	26,900

	Direct Combustion
	131,234
	60,400
	103,689
	51,701

	Adv Res & Tech Dev
	108,240
	49,900
	129,460
	64,551

	Demo Plants
	97,556
	44,900
	
	

	Magnetohydrodynamics
	153,179
	70,500
	160,444
	80,000

	In Situ Gasification
	27,377
	12,600
	0
	

	Enhanced Oil Recovery
	100,816
	46,400
	107,698
	53,700

	Enhanced Gas Recovery
	59,099
	27,200
	75,960
	37,875

	Drilling & Offshore Tech
	3,476
	1,600
	5,214
	2,600

	Advanced Process Tech
	3,042
	1,400
	2,407
	1,200

	Mining R&D
	
	
	152,093
	75,836

	Adv Env Control Tech
	
	
	14,039
	7,000

	Program Direction
	
	
	18,062
	9,006

	Improved Conversion Efficiency 
	127,714
	58,780
	162,490
	81,020

	Clean Boiler Fuel (Liquef.)
	
	
	
	-78,021

	Reductions
	
	-50,393
	
	-63,000

	Total
	1,475,703
	679,187
	1,519,440
	757,617


FOSSIL ENERGY ENACTED APPROPRIATIONS AND CONSTANT YEAR 1999 DOLLARS

($ in thousands)

	
	FY 1980
	FY 1981
	FY 1982
	FY 1983
	FY 1984

	ACTIVITY
	1999 $$
	PL96-126
	1999 $$
	PL-96-514
	1999 $$
	PL97-100
	1999 $$
	PL97-394
	1999 $$
	PL98-146

	Coal Tech & Coal Prep 
	70,245
	38,250
	62,993
	37,500
	34,761
	21,984
	42,443
	27,900
	38,130
	26,000

	Adv Research & Tech Dev
	103,117
	56,150
	97,868
	58,261
	88,952
	56,256
	54,690
	35,950
	67,153
	45,790

	Coal Liquefaction
	459,677
	250,306
	875,855
	521,400
	156,197
	98,784
	57,200
	37,600
	42,383
	28,900

	Combustion Systems
	93,384
	50,850
	94,909
	56,500
	48,296
	30,544
	36,815
	24,200
	26,691
	18,200

	Fuel Cells
	48,666
	26,500
	53,754
	32,000
	54,494
	34,464
	45,714
	30,050
	62,475
	42,600

	Heat Engines
	92,741
	50,500
	61,145
	36,400
	24,363
	15,408
	7,606
	5,000
	9,533
	6,500

	Underground Coal Gasif.
	18,365
	10,000
	16,798
	10,000
	13,054
	8,256
	9,128
	6,000
	8,799
	6,000

	Magnetohydrodynamics
	137,734
	75,000
	112,548
	67,000
	34,533
	21,840
	44,117
	29,000
	43,996
	30.000

	Mining R&D 
	126,440
	68,850
	83,151
	49,500
	22,390
	14,160
	0
	0
	0
	0

	Surface Coal Gasif.
	212,754
	115,850
	277,001
	164,900
	83,942
	53,088
	59,330
	39,000
	52,488
	35,790

	Unconventional Gas Rec.
	64,845
	35,310
	51,315
	30,548
	13,775
	8,712
	21,146
	13,900
	22,731
	15,500

	Advanced Process Tech.
	11,109
	6,000
	6,719
	4,000
	6,375
	4,032
	7,606
	5,000
	7,333
	5,000

	Drilling & Offshore Tech.
	5,509
	3,000
	3,981
	2,370
	0
	0
	0
	0
	0
	0

	Enhanced Oil Recovery
	42,422
	23,100
	31,245
	18,600
	25,577
	16,176
	9,888
	6,500
	13,419
	9,150

	Oil Shale
	51,788
	28,200
	55,514
	33,048
	30,283
	19,152
	18,636
	12,250
	23,685
	16,150

	Program Direction
	22,058
	12,011
	21,347
	12,708
	22,162
	14,016
	0
	0
	0
	0

	Hqs Program Direction
	
	
	
	
	
	
	13,691
	9,000
	13,199
	9,000

	ETC Program Direction
	
	
	
	
	
	
	45,638
	30,000
	49,863
	34,000

	Prior Year Offsets
	
	
	
	
	
	
	(30,632)
	-20,136
	(40,075)
	-27,326

	Appropriations Transfers
	
	
	
	
	
	
	(112,118)
	-73,700
	(23,523)
	-16,040

	FE-Construction Transfer
	
	
	
	
	
	
	
	
	(38,130)
	-26,000

	
	
	
	
	
	
	
	
	
	
	

	Total
	1,560,764
	849,877
	1,906,144
	1,134,735
	659,156
	416,872
	330,898
	217,514
	380,149
	259,214


FOSSIL ENERGY ENACTED APPROPRIATIONS AND CONSTANT YEAR 1999 DOLLARS

($ in thousands)

	
	FY 1985
	FY 1986
	FY 1987
	FY 1988
	FY 1989

	ACTIVITY
	1999 $$
	PL98-473
	1999 $$
	PL-99-190
	1999 $$
	PL99-500
	1999 $$
	PL100-202
	1999 $$
	PL100-446

	Coal Tech & Coal Prep 
	49,880
	35,083
	46,259
	33,256
	51,083
	37,826
	54,302
	41,578
	61,560
	48,927

	Adv Research & Tech Dev
	56,886
	40,011
	49,009
	35,233
	43,738
	32,387
	41,632
	31,877
	32,165
	25,564

	Coal Liquefaction
	36,703
	25,815
	45,781
	32,912
	32,556
	24,107
	35,431
	27,129
	40,752
	32,389

	Combustion Systems
	42,963
	30,218
	42,150
	30,302
	20,449
	15,142
	28,492
	21,816
	33,589
	26,696

	Fuel Cells
	58,024
	40,811
	49,310
	35,449
	37,927
	28,084
	42,646
	32,653
	33,385
	26,534

	Heat Engines
	16,987
	11,948
	17,828
	12,817
	16,403
	12,146
	23,437
	17,945
	28,727
	22,832

	Underground Coal Gasif.
	8,179
	5,753
	5,895
	4,238
	3,201
	2,370
	3,627
	2,777
	1,725
	1,371

	Magnetohydrodynamics
	44,042
	30,977
	40,130
	28,850
	35,788
	26,500
	45,711
	35,000
	46,553
	37,000

	Surface Coal Gasif.
	45,512
	32,011
	59,828
	43,011
	33,296
	24,655
	30,030
	22,993
	27,123
	21,557

	Unconventional Gas Rec.
	14,540
	10,227
	12,310
	8,850
	10,816
	8,009
	13,758
	10,534
	14,323
	11,384

	Advanced Process Tech.
	7,690
	5,409
	7,995
	5,748
	5,112
	3,785
	4,473
	3,425
	5,286
	4,201

	Enhanced Oil Recovery
	16,778
	11,801
	16,585
	11,923
	15,140
	11,211
	21,595
	16,535
	29,672
	23,583

	Oil Shale
	20.972
	14,751
	17,571
	12,632
	14,811
	10,967
	12,413
	9,504
	13,249
	10,530

	Policy & Management
	78,938
	55,521
	85,936
	61,780
	0
	0
	0
	0
	0
	0

	Program Direction
	
	
	
	
	82,995
	61,456
	81,076
	62,078
	84,648
	67,277

	Plant & Capital Equip
	
	
	
	
	4,389
	3,250
	23,809
	18,230
	27,366
	21,750

	Prior Year Offsets
	(14,066)
	-9,893
	(25,059)
	-18,015
	(4,196)
	-3,107
	(8,104) 
	-6,205
	(1,258)
	-1,000

	FE Construction Transfer
	(55,728)
	-39,196
	(11,448)
	-8,230
	(2,801)
	-2,074
	0
	0
	0
	0

	Appropriations Transfer
	(16,066)
	-11,300
	(6,656)
	-4,785
	(1,145)
	-848
	(27,288)
	-20,894
	
	

	FY85/86 Appr.  made in FY84
	
	-15,000
	(20,865)
	-15,000
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Total
	390,911
	274,947
	432,560
	310,971
	399,560
	205,866
	427,040
	326,975
	478,863
	380,595

	Clean Coal Technology

Annual Apportionment
	
	
	
	99,400
	
	149,100
	
	199,100
	
	190,000


FOSSIL ENERGY ENACTED APPROPRIATIONS AND CONSTANT YEAR 1999 DOLLARS

($ in thousands)

	
	FY 1990
	FY 1991
	FY 1992
	FY 1993
	FY 1994

	ACTIVITY
	1999 $$
	PL101-121
	1999 $$
	PL101-512
	1999 $$
	PL102-154
	1999 $$
	PL102-381
	1999 $$
	PL103-138

	Coal Tech & Coal Prep 
	70,681
	58,376
	65,115
	55,724
	58,246
	51,063
	47,427
	42,574
	50,285
	46,081

	Adv Research & Tech Dev
	32,374
	26,738
	36,664
	31,376
	34,479
	30,227
	29,543
	26,520
	31,669
	29,021

	Coal Liquefaction
	42,356
	34,982
	49,869
	42,677
	45,014
	39,463
	41,615
	37,357
	27,504
	25,204

	Combustion Systems
	40,701
	33,615
	43,129
	36,909
	42,980
	37,680
	40,856
	36,676
	50,671
	46,434

	Fuel Cells
	46,617
	38,501
	50,118
	42,890
	58,522
	51,305
	56,956
	51,128
	56,502
	51,778

	Heat Engines
	25,692
	21,219
	27,595
	23,615
	20,742
	18,184
	4,824
	4,330
	0
	0

	Underground Coal Gasif.
	1,000
	826
	923
	790
	0
	0
	0
	0
	0
	0

	Magnetohydrodynamics
	49,521
	40,900
	46,787
	40,039
	45,953
	40,286
	33,782
	30,325
	5,262
	4,822

	Surface Coal Gasif.
	28,741
	23,373
	17,582
	15,046
	12,672
	11,109
	12,110
	10,871
	17,132
	15,700

	Unconventional Gas Rec.
	17,702
	14,620
	18,568
	15,890
	14,339
	12,571
	32,764
	29,412
	48,341
	44,299

	Adv Extrac Process Tech.
	4,359
	3,600
	11,775
	10,077
	16,472
	14,441
	12,113
	10,874
	11,529
	10,565

	Enhanced Oil Recovery
	33,547
	27,707
	37,085
	31,737
	42,109
	36,916
	51,244
	46,001
	70,616
	64,712

	Oil Shale
	11,058
	9,133
	20,121
	17,219
	6,729
	5,899
	5,997
	5,383
	0
	0

	Program Direction
	83,713
	69,139
	79,594
	68,115
	78,089
	68,459
	78,717
	70,663
	80,445
	73,719

	Plant & Capital Equip
	14,767
	12,196
	18,430
	15,772
	11,826
	10,368
	5,031
	4,516
	4,095
	3,753

	FE Env Restoration
	1,263
	1,043
	827
	708
	13,048
	11,439
	13,767
	12,358
	14,206
	13,018

	Co-Op R&D
	5,681
	4,692
	13,890
	11,887
	12,389
	10,861
	11,013
	9,886
	10,445
	9,572

	Fuels Programs
	3,230
	2,668
	3,451
	2,953
	3,492
	3,061
	3,413
	3,064
	3,262
	2,989

	Recissions
	0
	0
	0
	0
	(9,125)
	(8,000)
	0
	0
	0
	0

	Prior Year Offsets
	(1,974)
	(1,630)
	
	(4,674)
	(1,141)
	(1,000)
	(15,133)
	(13,585)
	(11,996)
	(10,993)

	
	
	
	
	
	
	
	
	
	
	

	Total
	511,030
	422,062
	536,061
	458,750
	506,834
	444,332
	466,038
	418,353
	469,969
	430,674

	Clean Coal Technology

Annual Apportionment
	
	554,000
	
	390,995
	
	415,000
	
	0
	
	225,000


FOSSIL ENERGY ENACTED APPROPRIATIONS AND CONSTANT YEAR 1999 DOLLARS

($ in thousands)

	
	FY 1995
	FY 1996
	FY 1997
	FY 1998
	FY 1999

	ACTIVITY
	1999 $$
	PL103-332
	1999 $$
	PL104-134
	1999 $$
	PL 104-208
	1999 $$
	PL 105-83
	1999 $$
	PL105-277

	Adv Clean FuelsResearch
	41,339
	38,707
	20,564
	19,628
	16,601
	16,154
	16,080
	15,844
	15,528
	15,528

	Adv Clean/Eff Power Sys
	97,131
	90,947
	84,114
	80,284
	71,173
	69,257
	75,094
	73,990
	87,676
	87,767

	Adv Res & Tech Dev
	27,212
	25,480
	22,372
	21,353
	18,105
	17,618
	17,841
	17,579
	19,939
	19,939

	Natural Gas Research
	71,571
	67,015
	62,571
	59,722
	72,030
	70,091
	72,059
	71,000
	71,007
	71,007

	Fuel Cells
	53,206
	49819
	54,967
	52,464
	51,503
	50,117
	40,810
	40,210
	44,200
	44,200

	Oil Technology
	87,684
	82,102
	58,372
	55,714
	47,208
	45,937
	49,294
	48,569
	48,616
	48,616

	Program Direction
	77,430
	72,501
	69,615
	66,446
	70,102
	68,215
	67,762
	66,766
	69,481
	69,481

	Plant & Capital Equip
	5,375
	5,033
	4,196
	4,005
	2,055
	2,000
	2,570
	2,532
	2,600
	2,600

	FE Env Restoration
	17,634
	16,511
	15,631
	14,919
	13,387
	13,027
	13,128
	12,935
	11,000
	11,000

	Coop R&D
	9,745
	9.125
	6,595
	6,295
	5,241
	5,100
	5,927
	5,840
	6,836
	6,836

	Fuels Programs
	3,227
	3,022
	2,815
	2,687
	2,249
	2,188
	2,205
	2,173
	2,173
	2,173

	Mining R&D
	0
	0
	41,908
	40,000
	5,138
	5,000
	5,039
	4,965
	5,000
	5,000

	General Reduction
	(902)
	(845)
	0
	0
	0
	0
	0
	0
	0
	0

	Prior Year Offsets
	(17,513)
	(16,398)
	(6,809)
	(6,499)
	0
	0
	0
	0
	0
	0

	Contract Reform Reduction
	
	(1250)
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Total
	471,806
	441,769
	436,910
	417,018
	374,792
	364,704
	367,809
	362,403
	384,056
	384,056

	Clean Coal Technology

(Annual Apportionment)
	
	37,121
	
	150,000
	
	13,879
	(286,000)
	(100,000)
	(40,000)
	(40,000)


FOSSIL ENERGY ENACTED APPROPRIATIONS AND CONSTANT YEAR 1999 DOLLARS

($ in thousands)

	
	FY 2000

	ACTIVITY
	1999 $$
	PL106-113

	Adv Clean Fuels Research
	19,819
	20,275

	Adv Clean/Eff Power Sys
	78,482
	80,287

	Adv Res & Tech Dev
	22,674
	23,195

	Natural Gas Research
	74,081
	75,785

	Fuel Cells
	43,499
	44,499

	Oil Technology
	55,964
	57,251

	Program Direction
	73,782
	75,479

	Plant & Capital Equip
	2,542
	2,600

	FE Env Restoration
	9.775
	10,000

	Coop R&D
	7,223
	7,389

	Fuels Programs
	2,124
	2,173

	Black Liquor Gasification
	13,196
	13,500

	Adv Metallurgical Process
	4,888
	5,000

	Prior Year Offsets
	0
	0

	Transfer from Biomass
	(23,460)
	(24,000)

	
	
	

	Total
	384,587
	393,433

	Clean Coal Technology

(Annual Apportionment)
	(142,755)
	(146,038)
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0
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0
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0
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Past and Near-Term

		

				NRC Study - Past Benefits and Near-Term benefits of All Field Demonstrations

				Question 6 – Template of the contents for each element in the Matrix.

				Shading indicates areas where we would like your input.

				Section 1 - Quantitative Net Benefits in 1999 Constant Millions of Dollars

				A table or graph showing the total quantifiable net benefits of the DOE technology from 1978 to 2005.

				Includes public sector return + dollars saved

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		1		8		9		12		11		5		4		2		1		0		0		0		0		0		0		0		0		0		377		651		737		916		931		966		1,030		1,076		1,081		936

				Cumulative		1		8		18		30		40		45		49		51		52		52		52		52		52		52		52		52		52		52		429		1,080		1,817		2,732		3,664		4,630		5,659		6,735		7,816		8,753

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		18		22		20		15		14		8		5		4		3		1		1		0		0		0		0		30		17		65		11		4		3		2		16		0		0		0		0		0

				Cumulative		18		40		60		75		89		97		101		105		109		110		111		111		111		111		111		141		158		223		235		238		241		243		259		259		259		259		259		259

				Quantitative Federal Royalties in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		52		81		63		101		164		156		143		145		140		117

				Cumulative		0		1		2		3		4		5		5		5		5		5		5		5		5		5		5		5		5		5		57		138		201		302		466		622		765		910		1,050		1,167

				Section 2 - Description of Qualitative Net Benefits

						A listing of all qualitative benefits (suggest a bulleted format)

								--

								--

				Section 3  - Background data for Quantitative Net Benefits

				The backup data in nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		39		82		102		130		137		146		160		171		176		144

				Cumulative		0		1		1		2		3		3		3		3		4		4		4		4		4		4		4		4		4		4		42		124		226		356		493		639		798		970		1,145		1,289

				Natl. Gas Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		53		110		137		176		185		197		216		231		237		194

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		53		163		300		476		660		857		1,073		1,304		1,541		1,735

				$ Saved		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		8

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		8

				Econ. Activity $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		1		13		17		25		22		10		10		4		2		0		0		0		0		0		0		0		0		0		1,205		2,096		2,459		3,065		3,189		3,382		3,689		3,945		4,054		3,565

				Cumulative		1		15		32		57		79		89		99		103		105		105		105		105		105		105		105		105		105		105		1,311		3,407		5,866		8,931		12,120		15,502		19,191		23,136		27,190		30,755

				Public Sector

				Return $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		4		5		7		7		3		3		1		1		0		0		0		0		0		0		0		0		0		360		633		726		916		953		1,011		1,102		1,179		1,211		1,065

				Cumulative		0		4		9		16		23		26		29		30		31		31		31		31		31		31		31		31		31		31		391		1,024		1,750		2,666		3,619		4,629		5,732		6,910		8,122		9,187

				Federal Oil Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		14		24		27		34		35		37		40		42		43		38

				Cumulative		0		0		0		0		0		0		1		1		1		1		1		1		1		1		1		1		1		1		14		38		66		99		134		171		211		253		297		335

				Fed. Gas Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		28		49		58		72		75		80		87		92		93		82

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		28		77		135		207		282		363		450		542		635		717

				Fed. Royalties $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		50		79		62		101		168		163		153		158		157		134

				Cumulative		0		0		1		2		2		3		3		3		3		3		3		3		3		3		3		3		3		3		53		131		193		294		462		625		779		937		1,094		1,228

						Note: National and Federal oil production includes natural gas liquids production with crude oil production.

						Note: You may add any additional quantitative benefits in this format.

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Benefit		1		8		9		12		11		5		4		2		1		0		0		0		0		0		0		0		0		0		377		651		737		916		931		966		1,030		1,076		1,081		936

				Cost		18		22		20		15		14		8		5		4		3		1		1		0		0		11		17		27		41		31		10		6		5		6		7		0		0		0		0		0

								Note appropriated budgets 11/9

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				1999 $ Deflators		0.4602		0.4986		0.5445		0.5953		0.6324		0.6573		0.6819		0.7034		0.7189		0.7405		0.7657		0.7948		0.8259		0.8558		0.8767		0.8977		0.9164		0.9363		0.9545		0.9731		0.9853		1.0000		1.0230		1.0465		1.0706		1.0952		1.1204		1.1462

						short verision

						1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Benefit		0		0		0		0		0		0		376.8833703679		650.7340877173		736.7603968564		915.8951439468		931.4076835144		965.6437603408		1029.5615583021		1076.2761507699		1081.0039766044		936.4995487029

				Cost		0		11.4288327362		16.7776418006		27.1864088659		41.0642242066		31.1963302469		9.878445349		5.6095103459		4.9962128432		6.231465		6.899315738		0		0		0		0		0
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				NRC Study - Mid-Term and Long-Term benefits of Current Program of All Field Demonstrations

				Question 6 – Template of the contents for each element in the Matrix.

				Shading indicates areas where we would like your input.

				Section 1 - Quantitative Net Benefits in 1999 Constant Millions of Dollars

				A table or graph showing the total quantifiable net benefits of the DOE technology from 1978 to 2005.

				Includes public sector return + dollars saved

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		803		695		659		607		549		593		586		335		275		224		192		166		147		124		127		118

				Cumulative		9,556		10,251		10,909		11,517		12,065		12,658		13,244		13,579		13,854		14,078		14,270		14,436		14,583		14,707		14,834		14,951

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Cumulative		259		259		259		259		259		259		259		259		259		259		259		259		259		259		259		259

				Quantitative Federal Royalties in 1999 Constant Millions of Dollars

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		101		87		82		75		66		71		70		38		29		22		17		14		12		9		10		9

				Cumulative		1,268		1,355		1,437		1,512		1,578		1,650		1,719		1,757		1,786		1,807		1,824		1,838		1,849		1,858		1,868		1,877

				Section 2 - Description of Qualitative Net Benefits

						A listing of all expected qualitative benefits (suggest a bulleted format)

								--

								--

				Section 3  - Background data for Quantitative Net Benefits

				The backup data in nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		123		106		104		97		90		99		100		56		42		32		25		21		18		15		16		15

				Cumulative		1,412		1,518		1,621		1,718		1,808		1,908		2,007		2,063		2,105		2,137		2,162		2,183		2,201		2,216		2,232		2,247

				Natl. Gas Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		166		143		140		131		122		134		135		75		57		43		33		28		24		20		22		20

				Cumulative		1,901		2,044		2,184		2,315		2,437		2,570		2,705		2,780		2,837		2,880		2,914		2,942		2,966		2,986		3,008		3,029

				$ Saved		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		16		25		33		41		49		57		66		74		82		90		98		96		93		90		87		84

				Cumulative		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088

				Econ. Activity $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		3,097		2,707		2,595		2,415		2,193		2,414		2,416		1,296		1,019		777		615		517		446		356		395		370

				Cumulative		33,861		36,568		39,163		41,578		43,771		46,184		48,600		49,896		50,914		51,692		52,306		52,823		53,269		53,625		54,019		54,389

				Public Sector

				Return $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		925		809		775		722		655		721		722		387		304		232		184		154		133		106		118		110

				Cumulative		10,112		10,921		11,696		12,418		13,073		13,794		14,516		14,903		15,207		15,440		15,623		15,778		15,911		16,017		16,135		16,246

				Federal Oil Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		33		29		28		26		23		26		26		14		11		8		6		5		5		4		4		4

				Cumulative		368		397		424		450		473		499		525		539		550		558		564		569		574		578		582		586

				Fed. Gas Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		73		67		61		57		49		53		51		30		23		18		16		12		10		8		8		7

				Cumulative		790		857		918		975		1,024		1,077		1,129		1,159		1,182		1,200		1,216		1,228		1,238		1,246		1,254		1,261

				Fed. Royalties $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		118		105		101		94		85		94		94		52		41		31		25		21		18		14		16		15

				Cumulative		1,347		1,451		1,552		1,646		1,731		1,825		1,918		1,970		2,011		2,042		2,066		2,087		2,105		2,119		2,135		2,149

						Note: National and Federal oil production includes natural gas liquids production with crude oil production.

						Note: You may add any additional quantitative benefits in this format.

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				1999 $ Deflators		1.1725		1.1995		1.2271		1.2553		1.2842		1.3137		1.3440		1.3749		1.4065		1.4388		1.4719		1.5058		1.5404		1.5758		1.6121		1.6492

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		803.1745418323		694.7136926792		658.5670625253		607.4955257099		548.6338720192		592.6870755877		585.9666179724		335.2879127325		274.7320963889		224.1094749861		191.6828251813		165.9604611472		146.6793323715		124.2746674069		126.9013600014		117.7414676713

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0
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PUMP

		National Petroleum Technology Office - PUMP														FY02 OIL PROGRAM METRICS WITH ECONOMICS

		9/12/00														DOE Contribution* Preliminary

		OPRA OUTPUT AS ADJUSTED BY TORIS														(Uses Adjusted AE0 2000 EIA Reference Price Tracks and Includes Associated Gas)

																(Years 2002 to 2004 are Adjusted by EIA August 2000 Short-Term Energy Outlook)

		*Negative Numbers imply larger relative contribution from the Industry Only case.

		*Due to generally longer Industry Only commercialization times, reserves are booked and produced later than in the Industry + DOE case.

		Annual -- Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		4.4 PUMP - TOTAL		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		Cumulative -- Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		4.4 PUMP - TOTAL		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		Annual -- Total Natural Gas, BCF (all associated gas)

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		4.4 PUMP - TOTAL		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		Cumulative -- Total Natural Gas, BCF (all associated gas)

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		4.4 PUMP - TOTAL		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		Annual -- Million $ Saved

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - Operating Costs (Oil)		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		4.4 PUMP - TOTAL		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		Cumulative-- Million $ Saved

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - Operating Costs (Oil)		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		4.4 PUMP - TOTAL		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		Oil Reference Price Track, $/bbl*		21.49		21.16		20.82		20.49		20.59		20.70		20.79		20.90		21.00		21.10		21.21		21.31		21.42		21.53		21.63		21.74		21.84		21.95		22.04		22.14

		Gas Reference Price Track, $/MCF*		2.95		2.75		2.54		2.34		2.43		2.51		2.56		2.58		2.60		2.63		2.65		2.67		2.69		2.71		2.73		2.75		2.77		2.79		2.81		2.83

		NGL Reference Price Track, $/bbl*		16.12		15.87		15.62		15.37		15.44		15.52		15.60		15.68		15.75		15.83		15.91		15.98		16.06		16.15		16.22		16.30		16.38		16.46		16.53		16.61

		*Oil and Gas use adjusted AE0 2000 EIA Reference Price Tracks starting 2002. Price Track for NGL derived from Mitchell Energy (94 to 98) and Phillips Petroleum (96 to 98) when comparing crude oil and NGL prices.

		Annual Economic Activity from above Oil/NGL/Gas Production, $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

		Cumulative Economic Activity from above Oil/NGL/Gas Production, $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

		Below Federal Tax Revenues category includes some other Federal Revenue streams not included elsewhere on this sheet. These revenue streams come from above increased economic activity, e.g. net corporate and personal income tax, etc. Percentage is based o

		Multiplier effects have not been calculated.

		Annual -- Federal Tax Revenues (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		17		25		24		28		26		28		26		26		27		27		27		26		19		14		12		10		7		9		9

		Cumulative -- Federal Tax Revenues (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		17		42		66		94		120		148		174		200		226		254		281		306		325		339		351		361		368		377		385

		Below Severance and Production Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

		Annual Severance and Production Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.93		9.00		8.54		9.84		9.18		9.88		9.27		9.12		9.42		9.65		9.57		9.05		6.73		4.99		4.12		3.42		2.65		3.06		3.08

		Cumulative Severance and Production Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		6		15		23		33		42		52		62		71		80		90		99		108		115		120		124		128		130		133		136

		Below State Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

		Annual State Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.48		3.76		3.56		4.11		3.83		4.13		3.87		3.81		3.93		4.03		3.99		3.78		2.81		2.08		1.72		1.43		1.10		1.28		1.29

		Cumulative State Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		2		6		10		14		18		22		26		30		33		38		42		45		48		50		52		53		54		56		57

		Federal Lands Portion of PUMP

		NOTE: Production Values Below are a Subset of the Above PUMP Production Numbers.

		Annual -- Federal Lands Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

		Cumulative -- Federal Lands Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

		Annual -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

		Cumulative -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

		NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

		Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

		Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

		Private Lands Portion of PUMP

		Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

		Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

		Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

		Annual Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

		Cumulative Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224

		END OF OPRA OUTPUT AS ADJUSTED BY TORIS

		END OF OPRA OUTPUT AS ADJUSTED BY TORIS

		For NRC Benefits/Cost Template Sections 1

		- Quantitative Net Benefits in 1999 Constant Millions of Dollars

		Includes economic activity + dollars saved + Federal royalties

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual PUMP Benefits		0		144		222		220		258		251		275		270		274		289		303		309		305		249		207		184		165		144		154		154

		Cumulative PUMP Benefits		0		144		366		586		844		1,095		1,370		1,640		1,914		2,203		2,506		2,815		3,121		3,370		3,577		3,761		3,926		4,070		4,224		4,378

		Budget		3		5		5		5		5		2

		Total Program Benefit		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Benefits		0		139		214		212		249		243		266		261		266		281		294		301		297		243		202		180		162		142		151		151		4,255

		Cost		3		5		5		5		5		2

		Budget		3		5		5		5		5		2

		Section 3  - Background data for Quantitative Net Benefits		Section 3  - Background data for Quantitative Net Benefits

		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

		Natl. Oil Prod.		Natl. Oil Prod.		2002		2007		2012		2017		2021				2005

		Annual		Annual		0		1		0		0		0				143.5600151678

		Cumulative		Cumulative		0		1		3		4		4				1288.8703088322

		Natl. Gas Prod.		Natl. Gas Prod.		1978		1980		1985		1990		1995				2005

		Annual		Annual		0		0		0		0		0				193.8060204765

		Cumulative		Cumulative		0		0		0		0		0				1735.1800787775

		$ Saved		$ Saved		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		0		8.21

		Cumulative		Cumulative		0		0		0		0		0		0		8.21

		Econ. Activity $		Econ. Activity $		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		1		17		4		0		0		3,189		3564.9489277827

		Cumulative		Cumulative		1		32		103		105		105		12,120		30754.9069806901

		Federal Oil Prod.		Federal Oil Prod.		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		35		38.3140284311

		Cumulative		Cumulative		0		0		1		1		1		134		335.0742570839

		Fed. Gas Prod.		Fed. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		75		81.5847564599

		Cumulative		Cumulative		0		0		0		0		0		282		716.698036623

		Fed. Royalties $		Fed. Royalties $		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		131		146.0352815037

		Cumulative		Cumulative		0		1		2		3		3		493		1257.5469757179

		Note: National and Federal oil production includes natural gas liquids		Note: National and Federal oil production includes natural gas liquids

		production with crude oil production.		production with crude oil production.

		Oil Production		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		Cumulative		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		Natl. Gas Prod		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		Cumulative		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		$ Saved		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		Cumulative		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		Econ. Activity		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

		Cumulative		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

		Federal Oil Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

		Cumlative		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

		Fed. Gas Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

		Cumulative -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

		NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

		Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

		Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

		Private Lands Portion of PUMP

		Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

		Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

		Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

		Annual Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

		Cumulative Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224
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PUMP

				National Petroleum Technology Office - PUMP														FY02 OIL PROGRAM METRICS WITH ECONOMICS

				9/12/00														DOE Contribution* Preliminary

				OPRA OUTPUT AS ADJUSTED BY TORIS														(Uses Adjusted AE0 2000 EIA Reference Price Tracks and Includes Associated Gas)

																		(Years 2002 to 2004 are Adjusted by EIA August 2000 Short-Term Energy Outlook)

				*Negative Numbers imply larger relative contribution from the Industry Only case.

				*Due to generally longer Industry Only commercialization times, reserves are booked and produced later than in the Industry + DOE case.

				Annual -- Crude Oil Production, million barrels

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

				4.4 PUMP - TOTAL		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

				Cumulative -- Crude Oil Production, million barrels

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

				4.4 PUMP - TOTAL		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

				Annual -- Total Natural Gas, BCF (all associated gas)

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

				4.4 PUMP - TOTAL		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

				Cumulative -- Total Natural Gas, BCF (all associated gas)

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

				4.4 PUMP - TOTAL		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

				Annual -- Million $ Saved

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - Operating Costs (Oil)		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

				4.4 PUMP - TOTAL		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

				Cumulative-- Million $ Saved

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - Operating Costs (Oil)		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

				4.4 PUMP - TOTAL		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

				Oil Reference Price Track, $/bbl*		21.49		21.16		20.82		20.49		20.59		20.70		20.79		20.90		21.00		21.10		21.21		21.31		21.42		21.53		21.63		21.74		21.84		21.95		22.04		22.14

				Gas Reference Price Track, $/MCF*		2.95		2.75		2.54		2.34		2.43		2.51		2.56		2.58		2.60		2.63		2.65		2.67		2.69		2.71		2.73		2.75		2.77		2.79		2.81		2.83

				NGL Reference Price Track, $/bbl*		16.12		15.87		15.62		15.37		15.44		15.52		15.60		15.68		15.75		15.83		15.91		15.98		16.06		16.15		16.22		16.30		16.38		16.46		16.53		16.61

				*Oil and Gas use adjusted AE0 2000 EIA Reference Price Tracks starting 2002. Price Track for NGL derived from Mitchell Energy (94 to 98) and Phillips Petroleum (96 to 98) when comparing crude oil and NGL prices.

				Annual Economic Activity from above Oil/NGL/Gas Production, $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

				Cumulative Economic Activity from above Oil/NGL/Gas Production, $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

				Below Federal Tax Revenues category includes some other Federal Revenue streams not included elsewhere on this sheet. These revenue streams come from above increased economic activity, e.g. net corporate and personal income tax, etc. Percentage is based o

				Multiplier effects have not been calculated.

				Annual -- Federal Tax Revenues (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		17		25		24		28		26		28		26		26		27		27		27		26		19		14		12		10		7		9		9

				Cumulative -- Federal Tax Revenues (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		17		42		66		94		120		148		174		200		226		254		281		306		325		339		351		361		368		377		385

				Below Severance and Production Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

				Annual Severance and Production Taxes (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		5.93		9.00		8.54		9.84		9.18		9.88		9.27		9.12		9.42		9.65		9.57		9.05		6.73		4.99		4.12		3.42		2.65		3.06		3.08

				Cumulative Severance and Production Taxes (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		6		15		23		33		42		52		62		71		80		90		99		108		115		120		124		128		130		133		136

				Below State Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

				Annual State Taxes (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		2.48		3.76		3.56		4.11		3.83		4.13		3.87		3.81		3.93		4.03		3.99		3.78		2.81		2.08		1.72		1.43		1.10		1.28		1.29

				Cumulative State Taxes (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		2		6		10		14		18		22		26		30		33		38		42		45		48		50		52		53		54		56		57

				Federal Lands Portion of PUMP

				NOTE: Production Values Below are a Subset of the Above PUMP Production Numbers.

				Annual -- Federal Lands Crude Oil Production, million barrels

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

				Cumulative -- Federal Lands Crude Oil Production, million barrels

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

				Annual -- Federal Lands Natural Gas Production, BCF

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

				Cumulative -- Federal Lands Natural Gas Production, BCF

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

				NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

				Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

				Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

				Private Lands Portion of PUMP

				Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

				Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

				Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

				Annual Producer Surplus (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

				Cumulative Producer Surplus (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224

				END OF OPRA OUTPUT AS ADJUSTED BY TORIS

				END OF OPRA OUTPUT AS ADJUSTED BY TORIS

				For NRC Benefits/Cost Template Sections 1

				- Quantitative Net Benefits in 1999 Constant Millions of Dollars

				Includes economic activity + dollars saved + Federal royalties

						2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual PUMP Benefits		0		144		222		220		258		251		275		270		274		289		303		309		305		249		207		184		165		144		154		154

				Cumulative PUMP Benefits		0		144		366		586		844		1,095		1,370		1,640		1,914		2,203		2,506		2,815		3,121		3,370		3,577		3,761		3,926		4,070		4,224		4,378

				Budget		3		5		5		5		5		2

						2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Benefits		0		43		67		70		83		84		93		94		98		103		108		111		112		97		85		77		71		64		64		63		1,591

				Cost		3		5		5		5		5		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		25

				Budget		3		5		5		5		5		2

				Section 3  - Background data for Quantitative Net Benefits		Section 3  - Background data for Quantitative Net Benefits

				In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		Natl. Oil Prod.		2002		2007		2012		2017		2021				2005

				Annual		Annual		0		1		0		0		0				143.5600151678

				Cumulative		Cumulative		0		1		3		4		4				1288.8703088322

				Natl. Gas Prod.		Natl. Gas Prod.		1978		1980		1985		1990		1995				2005

				Annual		Annual		0		0		0		0		0				193.8060204765

				Cumulative		Cumulative		0		0		0		0		0				1735.1800787775

				$ Saved		$ Saved		1978		1980		1985		1990		1995		2000		2005

				Annual		Annual		0		0		0		0		0		0		8.21

				Cumulative		Cumulative		0		0		0		0		0		0		8.21

				Econ. Activity $		Econ. Activity $		1978		1980		1985		1990		1995		2000		2005

				Annual		Annual		1		17		4		0		0		3,189		3564.9489277827

				Cumulative		Cumulative		1		32		103		105		105		12,120		30754.9069806901

				Federal Oil Prod.		Federal Oil Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		Annual		0		0		0		0		0		35		38.3140284311

				Cumulative		Cumulative		0		0		1		1		1		134		335.0742570839

				Fed. Gas Prod.		Fed. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		Annual		0		0		0		0		0		75		81.5847564599

				Cumulative		Cumulative		0		0		0		0		0		282		716.698036623

				Fed. Royalties $		Fed. Royalties $		1978		1980		1985		1990		1995		2000		2005

				Annual		Annual		0		0		0		0		0		131		146.0352815037

				Cumulative		Cumulative		0		1		2		3		3		493		1257.5469757179

				Note: National and Federal oil production includes natural gas liquids		Note: National and Federal oil production includes natural gas liquids

				production with crude oil production.		production with crude oil production.

				Oil Production		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

				Cumulative		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

				Natl. Gas Prod		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

				Cumulative		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

				$ Saved		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

				Cumulative		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

				Econ. Activity		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

				Cumulative		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

				Federal Oil Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

				Cumlative		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

				Fed. Gas Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

				Cumulative -- Federal Lands Natural Gas Production, BCF

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

				NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

				Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

				Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

				Private Lands Portion of PUMP

				Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

				Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

				Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

				Annual Producer Surplus (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

				Cumulative Producer Surplus (Oil/NGL/Gas), $MM

				Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224
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Past and Near-Term

		

				NRC Study - Past Benefits and Near-Term benefits of All Field Demonstrations

				Question 6 – Template of the contents for each element in the Matrix.

				Shading indicates areas where we would like your input.

				Section 1 - Quantitative Net Benefits in 1999 Constant Millions of Dollars

				A table or graph showing the total quantifiable net benefits of the DOE technology from 1978 to 2005.

				Includes economic activity + dollars saved

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		3		27		32		42		35		15		14		6		3		0		0		0		0		0		0		0		0		0		1,263		2,154		2,496		3,065		3,117		3,232		3,446		3,602		3,618		3,117

				Cumulative		3		30		62		103		138		153		168		174		177		177		177		177		177		177		177		177		177		177		1,440		3,594		6,090		9,155		12,272		15,504		18,950		22,552		26,170		29,287

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		18		22		20		15		14		8		5		4		3		1		1		0		0		0		0		30		17		65		11		4		3		2		16		0		0		0		0		0

				Cumulative		18		40		60		75		89		97		101		105		109		110		111		111		111		111		111		141		158		223		235		238		241		243		259		259		259		259		259		259

				Quantitative Federal Royalties in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		51		88		102		125		128		133		141		148		148		127

				Cumulative		0		1		1		2		3		4		4		4		4		4		4		4		4		4		4		4		4		4		56		143		245		370		498		631		772		920		1,068		1,196

				Section 2 - Description of Qualitative Net Benefits

						A listing of all qualitative benefits (suggest a bulleted format)

								--

								--

				Section 3  - Background data for Quantitative Net Benefits

				The backup data in nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		39		82		102		130		137		146		160		171		176		144

				Cumulative		0		1		1		2		3		3		3		3		4		4		4		4		4		4		4		4		4		4		42		124		226		356		493		639		798		970		1,145		1,289

				Natl. Gas Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		53		110		137		176		185		197		216		231		237		194

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		53		163		300		476		660		857		1,073		1,304		1,541		1,735

				$ Saved		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		8

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		8

				Econ. Activity $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		1		13		17		25		22		10		10		4		2		0		0		0		0		0		0		0		0		0		1,205		2,096		2,459		3,065		3,189		3,382		3,689		3,945		4,054		3,565

				Cumulative		1		15		32		57		79		89		99		103		105		105		105		105		105		105		105		105		105		105		1,311		3,407		5,866		8,931		12,120		15,502		19,191		23,136		27,190		30,755

				Federal Oil Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		14		24		27		34		35		37		40		42		43		38

				Cumulative		0		0		0		0		0		0		1		1		1		1		1		1		1		1		1		1		1		1		14		38		66		99		134		171		211		253		297		335

				Fed. Gas Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		28		49		58		72		75		80		87		92		93		82

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		28		77		135		207		282		363		450		542		635		717

				Fed. Royalties $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		49		85		100		125		131		139		151		162		166		146

				Cumulative		0		0		1		1		2		2		2		2		3		3		3		3		3		3		3		3		3		3		51		137		237		363		493		632		783		945		1,112		1,258

						Note: National and Federal oil production includes natural gas liquids production with crude oil production.

						Note: You may add any additional quantitative benefits in this format.

				orignominal $'s		8,353		10,893		10,625		9,219		8,786		5,160		3,096		2,787		2,505		950		950		0		0		0		0		26,859		15,518		60,978		10,886		3,578		2,641		1,772		16,729		0		0

				app_nominal $'s		8,353		10,893		10,625		9,219		8,786		5,160		3,096		2,787		2,505		950		950		0		0		9.8		14.7		24.4		37.6		29.2		9.4		5.5		4.9		6.2		7.1		0		0

				adj $'s		18.1493047317		21.8468303458		19.5118480938		15.4867631023		13.8924550385		7.8493419299		4.5407489146		3.9622456739		3.4838198713		1.2829530807		1.2407317377		0		0		11.4288327362		16.7776418006		27.1864088659		41.0642242066		31.1963302469		9.878445349		5.6095103459		4.9962128432		6.231465		6.899315738		0		0		0		0		0

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Benefit		3		27		32		42		35		15		14		6		3		0		0		0		0		0		0		0		0		0		1,263		2,154		2,496		3,065		3,117		3,232		3,446		3,602		3,618		3,117

				Cost		18		22		20		15		14		8		5		4		3		1		1		0		0		11		17		27		41		31		10		6		5		6		7		0		0		0		0		0

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		18		22		20		15		14		8		5		4		3		1		1		0		0		0		0		30		17		65		11		4		3		2		16		0		0		0		0		0

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				1999 $ Deflators		0.4602		0.4986		0.5445		0.5953		0.6324		0.6573		0.6819		0.7034		0.7189		0.7405		0.7657		0.7948		0.8259		0.8558		0.8767		0.8977		0.9164		0.9363		0.9545		0.9731		0.9853		1.0000		1.0230		1.0465		1.0706		1.0952		1.1204		1.1462

				Background data for Quantitative Net Benefits

				In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0.095033		0.51543337		0.16238687		0		0		136.7133535357		143.5600151678

				Cumulative		0.095033		1.22093274		3.38934509		3.55173196		3.55173196		492.8091301358		1288.8703088322

				Natl. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0		0		0		0		0		184.5630272732		193.8060204765

				Cumulative		0		0		0		0		0		660.4974875373		1735.1800787775

				$ Saved		1978		1980		1985		1990		1995		2000		2005

				Annual		0		0		0		0		0		0		8.21

				Cumulative		0		0		0		0		0		0		8.21

				Econ. Activity $		1978		1980		1985		1990		1995		2000		2005

				Annual		1.38463081		17.4680369093		4.3828216213		0		0		3188.9073367447		3564.9489277827

				Cumulative		1.38463081		32.0814739572		103.1009159071		105.3743320871		105.3743320871		12120.2515763402		30754.9069806901

				Federal Oil Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0.015680445		0.0835002059		0.031178279		0		0		34.9074821793		38.3140284311

				Cumulative		0.015680445		0.2011285347		0.583391311		0.61456959		0.61456959		134.3152707277		335.0742570839

				Fed. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0		0		0		0		0		75.2434786027		81.5847564599

				Cumulative		0		0		0		0		0		282.1581793562		716.698036623

				Fed. Royalties $		1978		1980		1985		1990		1995		2000		2005

				Annual		0.0321403501		0.398099639		0.1183825505		0		0		130.6967834972		146.0352815037

				Cumulative		0.0321403501		0.7410319632		2.4955239866		2.5569302744		2.5569302744		493.2086783769		1257.5469757179

				Note: Federal production and royalties are a subset of economic activity.
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Mid and Long-Term

		

				NRC Study - Mid-Term and Long-Term benefits of Current Program of All Field Demonstrations

				Question 6 – Template of the contents for each element in the Matrix.

				Shading indicates areas where we would like your input.

				Section 1 - Quantitative Net Benefits in 1999 Constant Millions of Dollars

				A table or graph showing the total quantifiable net benefits of the DOE technology from 1978 to 2005.

				Includes economic activity + dollars saved

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		2,655		2,277		2,141		1,956		1,746		1,881		1,846		996		783		603		485		407		350		282		299		275

				Cumulative		31,943		34,219		36,361		38,317		40,063		41,944		43,791		44,787		45,569		46,172		46,657		47,063		47,413		47,696		47,994		48,269

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Cumulative		259		259		259		259		259		259		259		259		259		259		259		259		259		259		259		259

				Quantitative Federal Royalties in 1999 Constant Millions of Dollars

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		108		93		87		79		70		75		73		39		30		22		17		14		12		9		10		9

				Cumulative		1,304		1,397		1,484		1,563		1,633		1,708		1,782		1,820		1,850		1,872		1,890		1,904		1,916		1,925		1,935		1,944

				Section 2 - Description of Qualitative Net Benefits

						A listing of all expected qualitative benefits (suggest a bulleted format)

								--

								--

				Section 3  - Background data for Quantitative Net Benefits

				The backup data in nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		123		106		104		97		90		99		100		56		42		32		25		21		18		15		16		15

				Cumulative		1,412		1,518		1,621		1,718		1,808		1,908		2,007		2,063		2,105		2,137		2,162		2,183		2,201		2,216		2,232		2,247

				Natl. Gas Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		166		143		140		131		122		134		135		75		57		43		33		28		24		20		22		20

				Cumulative		1,901		2,044		2,184		2,315		2,437		2,570		2,705		2,780		2,837		2,880		2,914		2,942		2,966		2,986		3,008		3,029

				$ Saved		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		16		25		33		41		49		57		66		74		82		90		98		96		93		90		87		84

				Cumulative		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088

				Econ. Activity $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		3,097		2,707		2,595		2,415		2,193		2,414		2,416		1,296		1,019		777		615		517		446		356		395		370

				Cumulative		33,852		36,558		39,153		41,568		43,761		46,175		48,591		49,886		50,905		51,682		52,297		52,813		53,260		53,615		54,010		54,380

				Federal Oil Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		33		29		28		26		23		26		26		14		11		8		6		5		5		4		4		4

				Cumulative		368		397		424		450		473		499		525		539		550		558		564		569		574		578		582		586

				Fed. Gas Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		73		67		61		57		49		53		51		30		23		18		16		12		10		8		8		7

				Cumulative		790		857		918		975		1,024		1,077		1,129		1,159		1,182		1,200		1,216		1,228		1,238		1,246		1,254		1,261

				Fed. Royalties $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		127		112		107		99		90		99		99		53		42		32		25		21		18		15		16		15

				Cumulative		1,385		1,496		1,603		1,702		1,792		1,891		1,989		2,043		2,084		2,116		2,142		2,163		2,181		2,196		2,212		2,227

						Note: National and Federal oil production includes natural gas liquids production with crude oil production.

						Note: You may add any additional quantitative benefits in this format.

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				1999 $ Deflators		1.1725		1.1995		1.2271		1.2553		1.2842		1.3137		1.3440		1.3749		1.4065		1.4388		1.4719		1.5058		1.5404		1.5758		1.6121		1.6492
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Past and Near-Term

		

				NRC Study - Past Benefits and Near-Term benefits of All Field Demonstrations

				Question 6 – Template of the contents for each element in the Matrix.

				Shading indicates areas where we would like your input.

				Section 1 - Quantitative Net Benefits in 1999 Constant Millions of Dollars

				A table or graph showing the total quantifiable net benefits of the DOE technology from 1978 to 2005.

				Includes economic activity + dollars saved

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		3		27		32		42		35		15		14		6		3		0		0		0		0		0		0		0		0		0		1,263		2,154		2,496		3,065		3,117		3,232		3,446		3,602		3,618		3,117

				Cumulative		3		30		62		103		138		153		168		174		177		177		177		177		177		177		177		177		177		177		1,440		3,594		6,090		9,155		12,272		15,504		18,950		22,552		26,170		29,287

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		18		22		20		15		14		8		5		4		3		1		1		0		0		0		0		30		17		65		11		4		3		2		16		0		0		0		0		0

				Cumulative		18		40		60		75		89		97		101		105		109		110		111		111		111		111		111		141		158		223		235		238		241		243		259		259		259		259		259		259

				Quantitative Federal Royalties in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		51		88		102		125		128		133		141		148		148		127

				Cumulative		0		1		1		2		3		4		4		4		4		4		4		4		4		4		4		4		4		4		56		143		245		370		498		631		772		920		1,068		1,196

				Section 2 - Description of Qualitative Net Benefits

						A listing of all qualitative benefits (suggest a bulleted format)

								--

								--

				Section 3  - Background data for Quantitative Net Benefits

				The backup data in nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		1		1		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		39		82		102		130		137		146		160		171		176		144

				Cumulative		0		1		1		2		3		3		3		3		4		4		4		4		4		4		4		4		4		4		42		124		226		356		493		639		798		970		1,145		1,289

				Natl. Gas Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		53		110		137		176		185		197		216		231		237		194

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		53		163		300		476		660		857		1,073		1,304		1,541		1,735

				$ Saved		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		8

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		8

				Econ. Activity $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		1		13		17		25		22		10		10		4		2		0		0		0		0		0		0		0		0		0		1,205		2,096		2,459		3,065		3,189		3,382		3,689		3,945		4,054		3,565

				Cumulative		1		15		32		57		79		89		99		103		105		105		105		105		105		105		105		105		105		105		1,311		3,407		5,866		8,931		12,120		15,502		19,191		23,136		27,190		30,755

				Federal Oil Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		14		24		27		34		35		37		40		42		43		38

				Cumulative		0		0		0		0		0		0		1		1		1		1		1		1		1		1		1		1		1		1		14		38		66		99		134		171		211		253		297		335

				Fed. Gas Prod.		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		28		49		58		72		75		80		87		92		93		82

				Cumulative		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		28		77		135		207		282		363		450		542		635		717

				Fed. Royalties $		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		49		85		100		125		131		139		151		162		166		146

				Cumulative		0		0		1		1		2		2		2		2		3		3		3		3		3		3		3		3		3		3		51		137		237		363		493		632		783		945		1,112		1,258

						Note: National and Federal oil production includes natural gas liquids production with crude oil production.

						Note: You may add any additional quantitative benefits in this format.

				orignominal $'s		8,353		10,893		10,625		9,219		8,786		5,160		3,096		2,787		2,505		950		950		0		0		0		0		26,859		15,518		60,978		10,886		3,578		2,641		1,772		16,729		0		0

				app_nominal $'s		8,353		10,893		10,625		9,219		8,786		5,160		3,096		2,787		2,505		950		950		0		0		9.8		14.7		24.4		37.6		29.2		9.4		5.5		4.9		6.2		7.1		0		0

				adj $'s		18.1493047317		21.8468303458		19.5118480938		15.4867631023		13.8924550385		7.8493419299		4.5407489146		3.9622456739		3.4838198713		1.2829530807		1.2407317377		0		0		11.4288327362		16.7776418006		27.1864088659		41.0642242066		31.1963302469		9.878445349		5.6095103459		4.9962128432		6.231465		6.899315738		0		0		0		0		0

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Benefit		3		27		32		42		35		15		14		6		3		0		0		0		0		0		0		0		0		0		1,263		2,154		2,496		3,065		3,117		3,232		3,446		3,602		3,618		3,117

				Cost		18		22		20		15		14		8		5		4		3		1		1		0		0		11		17		27		41		31		10		6		5		6		7		0		0		0		0		0

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				Annual		18		22		20		15		14		8		5		4		3		1		1		0		0		0		0		30		17		65		11		4		3		2		16		0		0		0		0		0

						1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005

				1999 $ Deflators		0.4602		0.4986		0.5445		0.5953		0.6324		0.6573		0.6819		0.7034		0.7189		0.7405		0.7657		0.7948		0.8259		0.8558		0.8767		0.8977		0.9164		0.9363		0.9545		0.9731		0.9853		1.0000		1.0230		1.0465		1.0706		1.0952		1.1204		1.1462

				Background data for Quantitative Net Benefits

				In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0.095033		0.51543337		0.16238687		0		0		136.7133535357		143.5600151678

				Cumulative		0.095033		1.22093274		3.38934509		3.55173196		3.55173196		492.8091301358		1288.8703088322

				Natl. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0		0		0		0		0		184.5630272732		193.8060204765

				Cumulative		0		0		0		0		0		660.4974875373		1735.1800787775

				$ Saved		1978		1980		1985		1990		1995		2000		2005

				Annual		0		0		0		0		0		0		8.21

				Cumulative		0		0		0		0		0		0		8.21

				Econ. Activity $		1978		1980		1985		1990		1995		2000		2005

				Annual		1.38463081		17.4680369093		4.3828216213		0		0		3188.9073367447		3564.9489277827

				Cumulative		1.38463081		32.0814739572		103.1009159071		105.3743320871		105.3743320871		12120.2515763402		30754.9069806901

				Federal Oil Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0.015680445		0.0835002059		0.031178279		0		0		34.9074821793		38.3140284311

				Cumulative		0.015680445		0.2011285347		0.583391311		0.61456959		0.61456959		134.3152707277		335.0742570839

				Fed. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

				Annual		0		0		0		0		0		75.2434786027		81.5847564599

				Cumulative		0		0		0		0		0		282.1581793562		716.698036623

				Fed. Royalties $		1978		1980		1985		1990		1995		2000		2005

				Annual		0.0321403501		0.398099639		0.1183825505		0		0		130.6967834972		146.0352815037

				Cumulative		0.0321403501		0.7410319632		2.4955239866		2.5569302744		2.5569302744		493.2086783769		1257.5469757179

				Note: Federal production and royalties are a subset of economic activity.





Past and Near-Term

		



&A

Page &P

Benefit

Cost

Benefits

Cost

Total Program Annual Realized Economic 
Benefit and Cost for Field Demonstration Programs  
Constant 1999 Dollars in Millions



Mid and Long-Term

		

				NRC Study - Mid-Term and Long-Term benefits of Current Program of All Field Demonstrations

				Question 6 – Template of the contents for each element in the Matrix.

				Shading indicates areas where we would like your input.

				Section 1 - Quantitative Net Benefits in 1999 Constant Millions of Dollars

				A table or graph showing the total quantifiable net benefits of the DOE technology from 1978 to 2005.

				Includes economic activity + dollars saved

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		2,655		2,277		2,141		1,956		1,746		1,881		1,846		996		783		603		485		407		350		282		299		275

				Cumulative		31,943		34,219		36,361		38,317		40,063		41,944		43,791		44,787		45,569		46,172		46,657		47,063		47,413		47,696		47,994		48,269

				Quantitative DOE Budget Totals in 1999 Constant Millions of Dollars

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				Cumulative		259		259		259		259		259		259		259		259		259		259		259		259		259		259		259		259

				Quantitative Federal Royalties in 1999 Constant Millions of Dollars

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		108		93		87		79		70		75		73		39		30		22		17		14		12		9		10		9

				Cumulative		1,304		1,397		1,484		1,563		1,633		1,708		1,782		1,820		1,850		1,872		1,890		1,904		1,916		1,925		1,935		1,944

				Section 2 - Description of Qualitative Net Benefits

						A listing of all expected qualitative benefits (suggest a bulleted format)

								--

								--

				Section 3  - Background data for Quantitative Net Benefits

				The backup data in nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

				Natl. Oil Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		123		106		104		97		90		99		100		56		42		32		25		21		18		15		16		15

				Cumulative		1,412		1,518		1,621		1,718		1,808		1,908		2,007		2,063		2,105		2,137		2,162		2,183		2,201		2,216		2,232		2,247

				Natl. Gas Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		166		143		140		131		122		134		135		75		57		43		33		28		24		20		22		20

				Cumulative		1,901		2,044		2,184		2,315		2,437		2,570		2,705		2,780		2,837		2,880		2,914		2,942		2,966		2,986		3,008		3,029

				$ Saved		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		16		25		33		41		49		57		66		74		82		90		98		96		93		90		87		84

				Cumulative		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088

				Econ. Activity $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		3,097		2,707		2,595		2,415		2,193		2,414		2,416		1,296		1,019		777		615		517		446		356		395		370

				Cumulative		33,852		36,558		39,153		41,568		43,761		46,175		48,591		49,886		50,905		51,682		52,297		52,813		53,260		53,615		54,010		54,380

				Federal Oil Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		33		29		28		26		23		26		26		14		11		8		6		5		5		4		4		4

				Cumulative		368		397		424		450		473		499		525		539		550		558		564		569		574		578		582		586

				Fed. Gas Prod.		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		73		67		61		57		49		53		51		30		23		18		16		12		10		8		8		7

				Cumulative		790		857		918		975		1,024		1,077		1,129		1,159		1,182		1,200		1,216		1,228		1,238		1,246		1,254		1,261

				Fed. Royalties $		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				Annual		127		112		107		99		90		99		99		53		42		32		25		21		18		15		16		15

				Cumulative		1,385		1,496		1,603		1,702		1,792		1,891		1,989		2,043		2,084		2,116		2,142		2,163		2,181		2,196		2,212		2,227

						Note: National and Federal oil production includes natural gas liquids production with crude oil production.

						Note: You may add any additional quantitative benefits in this format.

						2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

				1999 $ Deflators		1.1725		1.1995		1.2271		1.2553		1.2842		1.3137		1.3440		1.3749		1.4065		1.4388		1.4719		1.5058		1.5404		1.5758		1.6121		1.6492
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PUMP

		National Petroleum Technology Office - PUMP														FY02 OIL PROGRAM METRICS WITH ECONOMICS

		9/12/00														DOE Contribution* Preliminary

		OPRA OUTPUT AS ADJUSTED BY TORIS														(Uses Adjusted AE0 2000 EIA Reference Price Tracks and Includes Associated Gas)

																(Years 2002 to 2004 are Adjusted by EIA August 2000 Short-Term Energy Outlook)

		*Negative Numbers imply larger relative contribution from the Industry Only case.

		*Due to generally longer Industry Only commercialization times, reserves are booked and produced later than in the Industry + DOE case.

		Annual -- Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		4.4 PUMP - TOTAL		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		Cumulative -- Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		4.4 PUMP - TOTAL		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		Annual -- Total Natural Gas, BCF (all associated gas)

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		4.4 PUMP - TOTAL		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		Cumulative -- Total Natural Gas, BCF (all associated gas)

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		4.4 PUMP - TOTAL		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		Annual -- Million $ Saved

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - Operating Costs (Oil)		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		4.4 PUMP - TOTAL		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		Cumulative-- Million $ Saved

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - Operating Costs (Oil)		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		4.4 PUMP - TOTAL		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		Oil Reference Price Track, $/bbl*		21.49		21.16		20.82		20.49		20.59		20.70		20.79		20.90		21.00		21.10		21.21		21.31		21.42		21.53		21.63		21.74		21.84		21.95		22.04		22.14

		Gas Reference Price Track, $/MCF*		2.95		2.75		2.54		2.34		2.43		2.51		2.56		2.58		2.60		2.63		2.65		2.67		2.69		2.71		2.73		2.75		2.77		2.79		2.81		2.83

		NGL Reference Price Track, $/bbl*		16.12		15.87		15.62		15.37		15.44		15.52		15.60		15.68		15.75		15.83		15.91		15.98		16.06		16.15		16.22		16.30		16.38		16.46		16.53		16.61

		*Oil and Gas use adjusted AE0 2000 EIA Reference Price Tracks starting 2002. Price Track for NGL derived from Mitchell Energy (94 to 98) and Phillips Petroleum (96 to 98) when comparing crude oil and NGL prices.

		Annual Economic Activity from above Oil/NGL/Gas Production, $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

		Cumulative Economic Activity from above Oil/NGL/Gas Production, $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

		Below Federal Tax Revenues category includes some other Federal Revenue streams not included elsewhere on this sheet. These revenue streams come from above increased economic activity, e.g. net corporate and personal income tax, etc. Percentage is based o

		Multiplier effects have not been calculated.

		Annual -- Federal Tax Revenues (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		17		25		24		28		26		28		26		26		27		27		27		26		19		14		12		10		7		9		9

		Cumulative -- Federal Tax Revenues (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		17		42		66		94		120		148		174		200		226		254		281		306		325		339		351		361		368		377		385

		Below Severance and Production Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

		Annual Severance and Production Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.93		9.00		8.54		9.84		9.18		9.88		9.27		9.12		9.42		9.65		9.57		9.05		6.73		4.99		4.12		3.42		2.65		3.06		3.08

		Cumulative Severance and Production Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		6		15		23		33		42		52		62		71		80		90		99		108		115		120		124		128		130		133		136

		Below State Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

		Annual State Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.48		3.76		3.56		4.11		3.83		4.13		3.87		3.81		3.93		4.03		3.99		3.78		2.81		2.08		1.72		1.43		1.10		1.28		1.29

		Cumulative State Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		2		6		10		14		18		22		26		30		33		38		42		45		48		50		52		53		54		56		57

		Federal Lands Portion of PUMP

		NOTE: Production Values Below are a Subset of the Above PUMP Production Numbers.

		Annual -- Federal Lands Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

		Cumulative -- Federal Lands Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

		Annual -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

		Cumulative -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

		NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

		Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

		Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

		Private Lands Portion of PUMP

		Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

		Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

		Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

		Annual Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

		Cumulative Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224

		END OF OPRA OUTPUT AS ADJUSTED BY TORIS

		END OF OPRA OUTPUT AS ADJUSTED BY TORIS

		For NRC Benefits/Cost Template Sections 1

		- Quantitative Net Benefits in 1999 Constant Millions of Dollars

		Includes economic activity + dollars saved + Federal royalties

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual PUMP Benefits		0		144		222		220		258		251		275		270		274		289		303		309		305		249		207		184		165		144		154		154

		Cumulative PUMP Benefits		0		144		366		586		844		1,095		1,370		1,640		1,914		2,203		2,506		2,815		3,121		3,370		3,577		3,761		3,926		4,070		4,224		4,378

		Budget		3		5		5		5		5		2

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Benefits		0		43		67		70		83		84		93		94		98		103		108		111		112		97		85		77		71		64		64		63		1,591

		Cost		3		5		5		5		5		2

		Budget		3		5		5		5		5		2

		Section 3  - Background data for Quantitative Net Benefits		Section 3  - Background data for Quantitative Net Benefits

		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

		Natl. Oil Prod.		Natl. Oil Prod.		2002		2007		2012		2017		2021				2005

		Annual		Annual		0		1		0		0		0				143.5600151678

		Cumulative		Cumulative		0		1		3		4		4				1288.8703088322

		Natl. Gas Prod.		Natl. Gas Prod.		1978		1980		1985		1990		1995				2005

		Annual		Annual		0		0		0		0		0				193.8060204765

		Cumulative		Cumulative		0		0		0		0		0				1735.1800787775

		$ Saved		$ Saved		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		0		8.21

		Cumulative		Cumulative		0		0		0		0		0		0		8.21

		Econ. Activity $		Econ. Activity $		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		1		17		4		0		0		3,189		3564.9489277827

		Cumulative		Cumulative		1		32		103		105		105		12,120		30754.9069806901

		Federal Oil Prod.		Federal Oil Prod.		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		35		38.3140284311

		Cumulative		Cumulative		0		0		1		1		1		134		335.0742570839

		Fed. Gas Prod.		Fed. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		75		81.5847564599

		Cumulative		Cumulative		0		0		0		0		0		282		716.698036623

		Fed. Royalties $		Fed. Royalties $		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		131		146.0352815037

		Cumulative		Cumulative		0		1		2		3		3		493		1257.5469757179

		Note: National and Federal oil production includes natural gas liquids		Note: National and Federal oil production includes natural gas liquids

		production with crude oil production.		production with crude oil production.

		Oil Production		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		Cumulative		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		Natl. Gas Prod		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		Cumulative		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		$ Saved		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		Cumulative		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		Econ. Activity		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

		Cumulative		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

		Federal Oil Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

		Cumlative		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

		Fed. Gas Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

		Cumulative -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

		NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

		Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

		Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

		Private Lands Portion of PUMP

		Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

		Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

		Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

		Annual Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

		Cumulative Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224
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PUMP

		National Petroleum Technology Office - PUMP														FY02 OIL PROGRAM METRICS WITH ECONOMICS

		9/12/00														DOE Contribution* Preliminary

		OPRA OUTPUT AS ADJUSTED BY TORIS														(Uses Adjusted AE0 2000 EIA Reference Price Tracks and Includes Associated Gas)

																(Years 2002 to 2004 are Adjusted by EIA August 2000 Short-Term Energy Outlook)

		*Negative Numbers imply larger relative contribution from the Industry Only case.

		*Due to generally longer Industry Only commercialization times, reserves are booked and produced later than in the Industry + DOE case.

		Annual -- Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		4.4 PUMP - TOTAL		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		Cumulative -- Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		4.4 PUMP - TOTAL		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		Annual -- Total Natural Gas, BCF (all associated gas)

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		4.4 PUMP - TOTAL		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		Cumulative -- Total Natural Gas, BCF (all associated gas)

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		4.4 PUMP - TOTAL		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		Annual -- Million $ Saved

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - Operating Costs (Oil)		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		4.4 PUMP - TOTAL		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		Cumulative-- Million $ Saved

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - Operating Costs (Oil)		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		4.4 PUMP - TOTAL		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		Oil Reference Price Track, $/bbl*		21.49		21.16		20.82		20.49		20.59		20.70		20.79		20.90		21.00		21.10		21.21		21.31		21.42		21.53		21.63		21.74		21.84		21.95		22.04		22.14

		Gas Reference Price Track, $/MCF*		2.95		2.75		2.54		2.34		2.43		2.51		2.56		2.58		2.60		2.63		2.65		2.67		2.69		2.71		2.73		2.75		2.77		2.79		2.81		2.83

		NGL Reference Price Track, $/bbl*		16.12		15.87		15.62		15.37		15.44		15.52		15.60		15.68		15.75		15.83		15.91		15.98		16.06		16.15		16.22		16.30		16.38		16.46		16.53		16.61

		*Oil and Gas use adjusted AE0 2000 EIA Reference Price Tracks starting 2002. Price Track for NGL derived from Mitchell Energy (94 to 98) and Phillips Petroleum (96 to 98) when comparing crude oil and NGL prices.

		Annual Economic Activity from above Oil/NGL/Gas Production, $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

		Cumulative Economic Activity from above Oil/NGL/Gas Production, $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

		Below Federal Tax Revenues category includes some other Federal Revenue streams not included elsewhere on this sheet. These revenue streams come from above increased economic activity, e.g. net corporate and personal income tax, etc. Percentage is based o

		Multiplier effects have not been calculated.

		Annual -- Federal Tax Revenues (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		17		25		24		28		26		28		26		26		27		27		27		26		19		14		12		10		7		9		9

		Cumulative -- Federal Tax Revenues (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		17		42		66		94		120		148		174		200		226		254		281		306		325		339		351		361		368		377		385

		Below Severance and Production Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

		Annual Severance and Production Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.93		9.00		8.54		9.84		9.18		9.88		9.27		9.12		9.42		9.65		9.57		9.05		6.73		4.99		4.12		3.42		2.65		3.06		3.08

		Cumulative Severance and Production Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		6		15		23		33		42		52		62		71		80		90		99		108		115		120		124		128		130		133		136

		Below State Taxes category is also based on above increased economic activity. Percentage is based on a 1994 TORIS study.

		Annual State Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.48		3.76		3.56		4.11		3.83		4.13		3.87		3.81		3.93		4.03		3.99		3.78		2.81		2.08		1.72		1.43		1.10		1.28		1.29

		Cumulative State Taxes (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		2		6		10		14		18		22		26		30		33		38		42		45		48		50		52		53		54		56		57

		Federal Lands Portion of PUMP

		NOTE: Production Values Below are a Subset of the Above PUMP Production Numbers.

		Annual -- Federal Lands Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

		Cumulative -- Federal Lands Crude Oil Production, million barrels

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

		Annual -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

		Cumulative -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

		NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

		Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

		Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

		Private Lands Portion of PUMP

		Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

		Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

		Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

		Annual Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

		Cumulative Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224

		END OF OPRA OUTPUT AS ADJUSTED BY TORIS

		END OF OPRA OUTPUT AS ADJUSTED BY TORIS

		For NRC Benefits/Cost Template Sections 1

		- Quantitative Net Benefits in 1999 Constant Millions of Dollars

		Includes economic activity + dollars saved + Federal royalties

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual PUMP Benefits		0		144		222		220		258		251		275		270		274		289		303		309		305		249		207		184		165		144		154		154

		Cumulative PUMP Benefits		0		144		366		586		844		1,095		1,370		1,640		1,914		2,203		2,506		2,815		3,121		3,370		3,577		3,761		3,926		4,070		4,224		4,378

		Budget		3		5		5		5		5		2

				2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Benefits		0		43		67		70		83		84		93		94		98		103		108		111		112		97		85		77		71		64		64		63		1,591

		Cost		3		5		5		5		5		2

		Budget		3		5		5		5		5		2

		Section 3  - Background data for Quantitative Net Benefits		Section 3  - Background data for Quantitative Net Benefits

		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.		In nominal dollars. Oil in million barrels, gas in BCF, dollars in millions.

		Natl. Oil Prod.		Natl. Oil Prod.		2002		2007		2012		2017		2021				2005

		Annual		Annual		0		1		0		0		0				143.5600151678

		Cumulative		Cumulative		0		1		3		4		4				1288.8703088322

		Natl. Gas Prod.		Natl. Gas Prod.		1978		1980		1985		1990		1995				2005

		Annual		Annual		0		0		0		0		0				193.8060204765

		Cumulative		Cumulative		0		0		0		0		0				1735.1800787775

		$ Saved		$ Saved		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		0		8.21

		Cumulative		Cumulative		0		0		0		0		0		0		8.21

		Econ. Activity $		Econ. Activity $		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		1		17		4		0		0		3,189		3564.9489277827

		Cumulative		Cumulative		1		32		103		105		105		12,120		30754.9069806901

		Federal Oil Prod.		Federal Oil Prod.		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		35		38.3140284311

		Cumulative		Cumulative		0		0		1		1		1		134		335.0742570839

		Fed. Gas Prod.		Fed. Gas Prod.		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		75		81.5847564599

		Cumulative		Cumulative		0		0		0		0		0		282		716.698036623

		Fed. Royalties $		Fed. Royalties $		1978		1980		1985		1990		1995		2000		2005

		Annual		Annual		0		0		0		0		0		131		146.0352815037

		Cumulative		Cumulative		0		1		2		3		3		493		1257.5469757179

		Note: National and Federal oil production includes natural gas liquids		Note: National and Federal oil production includes natural gas liquids

		production with crude oil production.		production with crude oil production.

		Oil Production		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		5.24		8.15		7.93		9.06		8.38		8.96		8.36		8.18		8.40		8.55		8.44		7.94		5.87		4.33		3.56		2.94		2.26		2.60		2.61

		Cumulative		0		5		13		21		30		39		48		56		64		73		81		90		98		103		108		111		114		117		119		122

		Natl. Gas Prod		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		7.08		11.01		10.71		12.23		11.31		12.09		11.28		11.04		11.34		11.55		11.39		10.71		7.93		5.85		4.80		3.97		3.05		3.52		3.52

		Cumulative		0		7		18		29		41		52		64		76		87		98		110		121		132		140		146		150		154		157		161		164

		$ Saved		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		8.21		16.41		24.62		32.82		41.03		49.24		57.45		65.66		73.86		82.07		90.27		98.48		95.52		92.57		89.61		86.66		83.71		83.71		83.71

		Cumulative		0		8		25		49		82		123		172		230		295		369		451		542		640		736		828		918		1,004		1,088		1,172		1,256

		Econ. Activity		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0		130		198		188		216		202		217		204		200		207		212		210		199		148		110		91		75		58		67		68

		Cumulative		0		130		328		516		732		934		1,151		1,355		1,555		1,762		1,974		2,185		2,383		2,531		2,641		2,731		2,807		2,865		2,932		3,000

		Federal Oil Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		Annual		0.00		1.41		2.19		2.13		2.44		2.25		2.41		2.25		2.20		2.26		2.30		2.27		2.14		1.58		1.17		0.96		0.79		0.61		0.70		0.70

		Cumlative		0		1		4		6		8		10		13		15		17		20		22		24		26		28		29		30		31		31		32		33

		Fed. Gas Prod.		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		2.78		4.33		4.21		4.81		4.44		4.75		4.43		4.34		4.46		4.54		4.48		4.21		3.12		2.30		1.89		1.56		1.20		1.38		1.38

		Cumulative -- Federal Lands Natural Gas Production, BCF

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		3		7		11		16		21		25		30		34		39		43		48		52		55		57		59		61		62		63		65

		NOTE: Federal Royalty Values Below are Additive to the above Federal Tax Revenue Numbers.

		Annual Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		5.33		8.05		7.61		8.79		8.21		8.85		8.31		8.17		8.44		8.65		8.58		8.11		6.04		4.48		3.69		3.07		2.37		2.75		2.77

		Cumulative Royalties from Federal Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		5		13		21		30		38		47		55		63		72		80		89		97		103		108		111		114		117		120		122

		Private Lands Portion of PUMP

		Annual Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0.00		11.62		17.63		16.76		19.30		17.99		19.37		18.17		17.87		18.46		18.90		18.74		17.72		13.18		9.77		8.07		6.70		5.18		6.00		6.04

		Cumulative Royalties from Private Lands (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		12		29		46		65		83		103		121		139		157		176		195		213		226		235		244		250		255		261		267

		Below Producer Surplus category includes all of the above dollar streams except increased economic acivity.

		Annual Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		80		85		103		106		119		123		130		141		151		158		163		143		128		119		111		102		105		106

		Cumulative Producer Surplus (Oil/NGL/Gas), $MM

		Product Line.Product		2002		2003		2004		2005		2006		2007		2008		2009		2010		2011		2012		2013		2014		2015		2016		2017		2018		2019		2020		2021

		4.4 PUMP - All Geologic Classes		0		50		131		216		318		425		544		667		798		938		1,089		1,247		1,410		1,553		1,681		1,800		1,911		2,013		2,119		2,224
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