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DRILLING, COMPLETION, AND STIMULATION TECHNOLOGY AREA

EXECUTIVE SUMMARY

The U.S. Department of Energy’s drilling related research activities were initiated in 1975, following the 1973-1974 oil embargo.  The program was focused on increasing domestic oil production in order to reduce the nations dependency on imported oil.  The Government's role has been to facilitate the development of “critical” technologies where the risk of failure was high by industry standards, and to stimulate, facilitate, and coordinate the development and rapid transfer of the resulting technology to industry.  

In 1992, the DOE reorganized the oil and gas program to make it more accessible to its stakeholders and to stimulate more joint projects  with them.  Since then, a number of notable contributions have been made, contributions which would not have been possible without the support of DOE. The program has been successful in helping to develop significant technology and getting that technology out to industry usage.

In 1993, the DOE initiated a Product Focused R&D within its gas program managed out of Morgantown, West Virginia.  The work there complemented the NPTO drilling programs at the National Laboratories and NPTO's independent demonstration programs by focusing industry cost shared development projects for specific tools to enhance economics for developing deep and unconventional gas resources.  This work was primarily conducted by small businesses and the larger companies servicing the petroleum industry.  Because of its relatively short history, the gas DCS Program does not have as much demonstrated benefit; however, the descriptions which follow and performance to date show it to have a much more significant impact in post 2005 benefits.

DOE has partnered with industry in the program throughout the 25 years.  The overall benefits of the program are divided into for the oil program and the newer gas program as follows:

Oil Program: Since 1978, the total federal plus industry budget for the drilling program through 1999 in constant 1999 dollars has been MM$ 69.9 with MM$ 46.7 for DOE Funding and MM$ 23.2 for Cost Share Funding.  The total Benefit-To-Cost (Benefit/Cost) Ratio for the DOE funding of the drilling programs from 1978 through 1999 is 29.6:1 with cumulative benefits of MM$ 1,379.0. 

Gas Program: Spending for the gas program in constant 1999 dollars has been MM$38.4 with MM$ 30.2 for DOE funding and MM$ 8.2 for Cost Share Funding.  The total Benefit/Cost Ratio for the DOE funding of the gas drilling programs from 1993 through 1999 is 8.3:1 with cumulative benefits of MM$ 251.9.

The Advanced Drilling, Completion, and Stimulation (ADCS) program is designed to produce benefits which help to reduced drilling costs, minimized formation damage, lower environmental risks, reduce surface footprint onshore and offshore, and improved access to culturally and environmentally sensitive areas through technology.  The program focuses on a series of fundamental technical approaches described as enabling technologies, applications to offshore and ultra-deep Gulf of Mexico, response to the PTTC survey for more completion and stimulation projects.  

Without DOE participation, new technology is usually only accessible to a major oil company due to the capital equipment expenditure, the perceived risk associated with its use, or the proprietary nature of the development.   When technology is first developed through the program, whether by private or Federal researchers, it is available to the industry for immediate use.  History shows that the technology is licensed and either a service company or the developing research lab makes it available for industry use at a cost. The government continues development of technology after the first commercialization in some areas in an effort to increase the efficiency and reduce the cost to apply the technology to operations.  This makes the technology available to the smaller producers and increases the entire industry efficiency.

FE-1 Briefly describe the selected technologies or projects

Prior to 1983 the Gas Program research is described within the Oil Program descriptions.   After 1983 the Gas and Oil Program descriptions are provided separately.

Pre-1983 DCS Program

The U.S. Department of Energy’s drilling related research activities were initiated by the Energy Research and Development Administration (ERDA) in 1975, following the 1973-1974 oil embargo.  The program was conducted through the Bartlesville Energy Technology Center (BETC) which was then a research facility.  The early drilling program (in the mid-1970's) was focused on the need to gain more efficiency from the limited number of drilling rigs available at the time.  Drilling rigs were in short supply so the emphasis was to increase drill bit penetration rate for all rock formations to bring wells into production quicker, thus allowing more wells to be drilled with the limited rig availability.  Reduced rig time needed to drill a well was considered essential to increasing the oil supply in the 1970's.  (Williams, 2000)

The first BETC drilling program technology project was reportedly with Maurer Engineering, Inc. in Houston, Texas, to develop an improved pressure coring system. (Williams, 2000)   

The earliest documentation readily available on the BETC drilling program dates from 1979 (BETC, 1979) reporting the status of 5 separate projects dating to 1976:

1) "Electrodrill Field Test Demonstration" with General Electric Co. in Houston, Texas, with a Contract 

    Date of May 1, 1976. (DOE funding of $1,724,347 and Contractor & Industry funding of $2,205,000).   

2) "Support Service for Developing a Drilling Technology Program" with Maurer Engineering, Inc. in

    Houston, Texas, with a Contract Date of Sept. 13, 1978.  (Total Project Cost of $44,815).

3) " The Construction and Evaluation of an Improved Pressure-Coring System" with Sandia Laboratories 

    in Albuquerque, New Mexico, with a Contract Date of Oct. 1, 1978. (Total Project Cost of $325,000).

4) "Investigation of Interaction of Aerated Drilling Fluids with Selected Shales" with Sandia Laboratories in   

    Albuquerque, New Mexico, with a Contract Date of Oct 1, 1978. (Total Project Cost of $45,000).

5) "Drill Cuttings Transport in Vertical Annuli by Air, Mist, and Foam in Aerated Drilling Operations" with  

     the University of Tulsa in Tulsa, Oklahoma, with a Contract Date of May 1, 1979. (Doe funding of

    $122,013 and Contractor funding of $6,422).

Other early BETC projects included drill pipe fatigue stress studies with the University of Tulsa; development of a surface-controlled deviation device for directional drilling with Larry Russell & Associates, Inc.; development and testing of polycrystalline diamond compact (PDC) drill bits for drilling in hard formations with Diamond Oil Well Drilling Co. (DOWDCO); and studies of diamond drill bit hydraulics with Terra Tek, Inc. (Williams, 2000)  In addition to the DOE drilling program at BETC, beginning in about 1977 DOE funded projects through Sandia National Laboratories (SNL) with General Electric (GE) to improve the applicability of PDC drill bits for hard-rock geothermal drilling. (NGOTP, 2000) 

The early phase of the DOE drilling program was active until 1982, when the program funding (DOE budget) was drastically reduced, the DOE drilling program was suspended, and the Bartlesville office became a project facility (office).  Projects that were already in progress in 1982 were allowed to continue to completion. (Williams, 2000)

Post-1983: Oil Program

The drilling program from 1983 to 1995 consisted only of the work that was done at the Department of Energy's National Laboratories both separately and through the Natural Gas and Oil Technology Partnership (NGOTP).  In 1992, the Drilling, Completion, and Stimulation Technology Forum was added to the NGOTP.  Initial NGOTP projects included research on expandable metal packers, electro-osmosis and bit-balling, titanium drill pipe for extended reach drilling, matrix and fracture acidizing, fluid placement studies, in-situ rock stress measurements, geomechanics for sand control, geomechanics of horizontal completions, advanced synthetic diamond drill bit technology, and fatigue failure in top-drive rigs.  A broader program was reinstated in the Oil Program in 1995 as part of the new Exploration and Drilling program, focusing on underbalanced drilling technologies and surface operations with an eye to the future needs of the deep-water offshore drilling for the near future.

Domestic natural gas and oil resources are of strategic importance to the United States.  Increased domestic production decreases the demand for imported supplies.  In recognition and support of vital exploration and production technologies, the DOE's National Laboratories, through the NGOTP, work in partnership with the U.S. natural gas and oil industry to develop and commercialize technologies that enable the natural gas and oil industry to continue to produce at fair market value.  The NGOTP provides a mechanism for the petroleum industry to collaborate with DOE's National Laboratories on near-term RD&D efforts to improve exploration and recovery of oil and gas.  The Partnership stimulates, facilitates, and coordinates the development and rapid transfer of technology to industry.  The program is industry-driven and leveraged by matching industry contributions.  Currently, the Associate Director for Technology Management at the National Petroleum Technology Office (NPTO) assumes primary responsibility for NGOTP activities for the Department of Energy.  

Through the Partnership, industry gains access to unique capabilities of the Laboratories in such areas as electronics, instrumentation, materials, computer hardware and software, engineering, systems analysis, physics, and expert systems.  Through the NGOTP, the National Laboratories and/or industry can also partner with universities or other research institutions.  These alliances combine the resources and experience of the nations petroleum industry with the experience, expertise, and technologies of the National Laboratories and other research institutions.  This integration expedites development of advanced technologies for improved natural gas and oil recovery.

In their advanced facilities, the NGOTP National Laboratory participants apply unique expertise, developed through energy and defense R&D, to five major areas of interest to the Natural Gas and Oil Technology Partnership: Diagnostic and Imaging Technology; Oil and Gas Recovery Technology; Drilling, Completion, and Stimulation Technology; Upstream Environmental Technology; and Downstream Environmental Technology (including oil processing technology).  Projects in the Drilling, Completion & Stimulation Technology Forum focus on development and demonstration of innovative drilling, perforation, and fracturing processes; subsurface instrumentation; and advanced computational software.  The Drilling, Completion, and Stimulation Technology area of research was added to the NGOTP in 1992, and its industry interface is through the Completion Engineering Association (CEA) and the Drilling Engineering Association (DEA).  The drilling and production technology projects in which NGOTP participates are chosen with the cooperation of the two professional societies (CEA and DEA).  The partnership works through these organizations to identify and prioritize collaborative projects.  All projects are chosen by the industry associations for their relevance to the problems of operators in the field.  The laboratories participate in selected CEA and DEA projects by contributions in money, manpower, and/or data. (CEA/DEA, undated)

The partnership is an impressive example of National Laboratory-industry collaboration.  It provides industry-driven coordination of the National Laboratories participation in DOE's oil and gas program.  The response of the industry to the laboratory research is evident by the participation of individual companies in the various projects.  Twenty-one different companies are involved in ongoing work of four projects, with some companies contributing to more than one project.  This level of industry participation illustrates the value of the current laboratory research during the recent times of tight budgets. 
Throughout the entire drilling program history, project direction and technology selection has been conducted with an eye to near term needs of the industry.  The program was designed to be “just in time” for the industry technology development.  The Government's role was to facilitate the development of critical technologies where the risk of failure was high, in order to "push" the technologies into successful industry applications.  The DOE has partnered with industry in the program throughout the 25 years. Refer to Appendix A for a partial listing of past and current DOE drilling program projects. 

The Advanced Drilling, Completion, and Stimulation (ADCS) and Operations (Flowability) program is designed to produce the following benefits:

-  Reduced drilling costs

-  Minimized formation damage

-  Lowered environmental risks

-  Reduced surface footprint onshore and offshore

-  Improved access to culturally and environmentally sensitive areas through technology

The program focuses on a series of fundamental approaches:

-  Enabling technologies

-  Offshore and Ultra-deep Gulf of Mexico

-  Responds to PTTC survey- "more completion and stimulation"  

The current drilling program consists of the following projects:

-  Drilling System Technology

Advanced Cutting Transport Facility – Intended to allow realistic investigation of drilling with air, foam, and normal drilling fluids at elevated temperatures (200 degrees F0) and elevated pressures (2000 psi).

The University of Tulsa Drilling Research Program Consortium – Intended to contribute to drilling research in low temperature and pressure compressible fluids 

Directional Underbalanced Drilling and Microdrilling – Intended to develop computational models to support underbalanced drilling contractors, i.e., produce complete models for air drilling systems.

3D Analysis of Induction Logging – Intended to address problems in interpreting induction log data in horizontal wells where formation anisotropy is present and predict the quality of oil in place and better identify zones for production.

North Slope/Arctic Drilling – A year 2000 solicitation. 

-  Completion Technology

Optimization of Horizontal Completion – Intended to develop guidelines to optimize the horizontal well performance by controlling the influx along the well length.

Ceramic Sealants and Cements – Intended to develop prototype designs for applications of this nuclear technology (this technology was originally part of the Nuclear Research for radioactive waste storage program) to the oil industry cementing needs.

Cement/Casing Interaction Research – Intended to study oilfield cements, cementing systems, and cement-casing bonding characteristics.

-  Well Stimulation Technology

In-Well Heating & Stimulation – Intended to design and test multiple-use well capable of producing fluids, accommodating steam injection, ohmic heating, and imaging.

Seismic Stimulation – Intends to investigate the conditions needed for low-frequency seismic waves to enhance oil production rates in marginal wells.

Acid Stimulation of Wells – Intended to demonstrate the use of newly developed phosphonic and hydrochloric acid treatments. 

-  Operations Technology

Compact 3-Phase Separator – Intended to bring new fluid separation equipment to the industry.

Paraffin JIP (Joint Industry Partnership) – Intended to simulate and predict paraffin deposition in three-phase fluid pipelines and wellbores.

-  Flow Assurance Technology

Operations and Flowability – Intended to conduct the basic research and packaging on a new fiber sensor suitable for the hostile oil environment.

Drill Cutting Injection – Intended to identify the cuttings-injection mechanisms and assess the ability of current technology to monitor the disposal domain.

The early program and the recent program can be generally categorized into the following technical areas, shown with a list of typical projects (refer to Appendix A for a more complete listing of projects):

Drill Systems Development:

Positive displacement motors, PDC drill bits, coiled tubing buckling, electro-drilling, mudpulse telemetry, bit balling prevention while drilling. 

Drill Fluids and Underbalanced Drilling:

Underbalanced drilling fluids, air-mist-foam drilling in vertical and horizontal wellbores, synthetic drill fluids, drill cuttings disposal, cuttings injection,  wellbore stability.

Surface Operations:

Surface 3-phase separation, fiber optic sensors for production, coiled tubing manual, real-time coiled tubing inspection, paraffin deposition modeling and prevention in 3-phase flowlines.

Completion:

Multi-use wellbores, horizontal completions, ceramic borehole sealants.

Stimulation:

Hydraulic fracture, fracture mapping, acoustic stimulation.

Drill Systems Development Projects

This program has focused on the development and improvements to drill bits and downhole drilling motors necessary to improve penetration rate and adapting to the variety of downhole rock types and environments.  As explorationists found oil and gas in deeper and hotter rocks, the drilling systems were developed to meet the challenges.  

Polycrystalline Diamond Compact (PDC) Drilling Bit. (1977-present)

In the early 1970's, General Electric (GE) introduced a new type of cutter, called the polycrystalline diamond compact (PDC) cutter, which employed a thin layer of synthetic, polycrystalline diamond bonded to a tungsten-carbide button.  The extreme resistance of the diamond material to abrasive wear made the cutter ideal for use in a drag-bit configuration which was inherently more efficient than roller-cone bits in drilling rock.

By 1975, drill bits employing the PDC cutters were being successfully used for soft rock drilling in the North Sea, however GE was about to discontinue PDC drill bit R&D because of technical difficulties with bonding, materials, and bit design.

The Department of Energy funded work conducted jointly by Sandia National Laboratories (SNL) and GE to improve the bit design. DOE funded field tests by Diamond Oil Well Drilling Company (DOWDCO) in 1980 resulted in drill penetration rates 3 to 5 times faster than conventional diamond bits with footages of up to 300 ft per bit (p. 146 Jan-Mar 1981 Quarterly Review No 26).  These field tests demonstrated the applicability of this technology to the petroleum industry.  Within one year of DOWDCO’s successful demonstration of the prototype PDC drill bits, dozens of U. S. companies were applying the technology to manufacture commercial PDC drill bits.

Terra Tek, Inc., in 1979-81, conducted research focused on acquiring data on the hydraulics of diamond bits while drilling. Terra Tek instrumented full-scale diamond drill bits with pressure transducers placed in strategic locations on the bit face. Outputs were recorded while drilling under simulated downhole conditions into large shale samples. This work provided for the first time, factual information that could be used to improve the efficiency of diamond drill bits.  These improvements quickly led to usage by the petroleum industry in soft formation drilling.

Today, PDC drill bits account for one-third of the worldwide drill bit market, with sales well above $200 million per year.

Sandia National Laboratories continued research on PDC bit design, developing significant computer modeling techniques and applications for bit design improvements.  DOE continues to be involved in PDC research in areas of thermal stability, material hardening and bonding technology. 

Pressure Coring System. (1979-1981) 

A prototype coring tool was developed by SNL, Maurer specialty engineering firm, and several other supply and service companies for retrieving a core sample from reservoir rock while maintaining the ambient pressure of the reservoir. A non-invasive coring fluid was developed that would not penetrate the reservoir rock and cause changes in its characteristics. The fluid is placed in the core barrel, and as the newly cut core displaces it, it surrounds the core, preserving the core’s original fluid saturations. This technology is important because it allows accurate measurements of underground reservoir conditions which are essential to optimizing oil recovery from reservoirs. An existing pressure core barrel marketed by DOWDCO (Diamond Oil Well Drilling Company was used to test the SNL two-piece PDC bit and low-invasion coring fluid.

Accomplishments in pressure coring technology development include increased capabilities for the pressure core barrel (longer cores, underpressured reservoirs, unconsolidated sands, and deviated holes); improvements in the low-invasion fluid (composition and methods of preparation and handling) plus various laboratory intrusion studies; and improved designs for PDC drill bits.

Technology under development at the end of the project such as high-pressure coring capability, fielding of the core orientation device and testing the two-piece pilot bit was carried on by Pressure Coring, Inc. (PCI). PCI extended capability to pressure core deviated holes and to core unconsolidated sand formations. Extended coring capabilities to reservoir pressures of 7,500 psi Vs 5,000 psi. Extended pressure core barrel length to 15 ft.

Mudpulse Telemetry. (1978-1982) 

During this period, a struggling small business reorganized under the name of Teleco.  They had an idea for a system that could transmit drill bit position/directional information to a surface readout in “real time” using a sonic wave transmitted via the fluid column inside the drill pipe.  The company applied to DOE/FE during that time to support a field demonstration offshore in the North Sea.  That demonstration was successful.  This success, in addition to the DOE/FE funding, literally kept the company (and the technology) from going under.  As a result, the company was able to commercialize patent number 3,958,217 for its “Pilot Operated Mud-Pulse Valve” which it had obtained in 1976.  That patent is listed in the Gas Research Institute (GRI) publication number GRI-99/0146, “MWD Technology Review and Analysis”, as a “key, basic patent” and is shown early in the chronology of all MWD technology developments listed at the end of the document.  Dr. Bill McDonald and Chris Hetmaniak of MEI authored the document for GRI.

The order of magnitude of the benefit is also provide in the referenced GRI document from the comment: “The oilfield MWD/LWD industry grew during the past two decades from a new technology to a well-developed service generating revenues of over $1 billion annually.  Both the technology and the markets it serves are relatively mature, with expected growth of 10% annually over the next five years.”  The order of magnitude of the impact is also noted in the fact that the document lists only 24 “basic patents”; but, then documents industry growth by following with a chronology of  410 Domestic and 409 International patents during the period 1979 forward.

While DOE cannot claim all of the benefit for the current $1 billion per year industry, a reasonable conservative estimate, because of the influence of this key technology, would be 10% for an average $500 million per year for the 20 year development period referred to in the GRI document. And 1% of the 10% growth from that time to 2010.  This assumption yields an unescalated present value in 1999 of  $100 million.  Thus an extremely conservative estimate of benefit/cost ratio to present time would be 10.4, if one considered that the MWD technology was the only thing to come out of the entire DOT investment during FY78-FY81.

ElectroDril (1976-1981)

A downhole electric motor was developed that provides faster drilling and allows downhole measurement of temperature, oil and gas saturations. The technology was developed during the time of $40 oil, and was considered economic at those high oil prices.  The technology was continued in use in the USSR where drilling footage was more important than cost. The management of GE decided against further development of the Electrodril System because, although the system is technically viable, it did not fit with GE’s goals. The system was ready for field testing when the Federal budget was decreased significantly, causing the suspension of the drilling program for several years.

Although research on the electrodrill technology was discontinued, the connections (between drillpipe joints) that were developed to transmit the power downhole were the breakthrough ideas that led into future development of Measurement While Drilling (MWD) and Logging While Drilling (LWD).  Those technologies were essential in the later growth of directional and horizontal well drilling. 

Microdrilling (1994  - recent)

Microdrilling of microholes as small as one inch in diameter offers advantages of faster drilling rates, less drilling wastes (mud and cuttings), and significantly lower exploratory drilling costs.  Microdrilling can reduce the time, expense and invasive nature of exploratory drilling.  It can be mobilized to adapt to a variety of environments and use a minimum footprint to test a promising formation.   This goal started a research program to develop the concept of microdrilling for the oil industry.  

An investigation on the theoretical effect of hole size on various drilling performance parameters was conducted and the results of the study were summarized.  A small, surplus coiled-tubing drilling unit was reconfigured to demonstrate the microdrilling concept with coiled tubing and a shallow microdrilling demonstration was completed.  Other areas of the Fossil Energy research program have worked to develop the instrumentation for such microholes in a coordinated effort. 

Surface-Controlled Deviation Device for Directional Drilling (1981)
Deviated drilling with prefixed directional tools requires pulling the drillpipe each time a change in direction is needed.  A remote-controlled method for drilling deviated wells using a conventional drilling system was needed.  Devices that could provide a side-force at the bit, variable and on demand, would reduce costs, improve accuracy, and would be a significant advancement. Development of this technology would allow the path of the well bore to be changed from the surface. DOE funded research to determined the need, possibility, and feasibility of developing a tool that could alter the well-bore path on command. The research work included literature search, patent search and evaluation, and economic practicality analysis.  Some patent applications for such devices had been described in the petroleum abstracts, but were not marketed. The work was the first to evaluate previously patented concepts to determine if they are workable.

Drill Fluids and Underbalanced Drilling Projects

The early development of Polycrystalline Diamond bit technology, followed by synthetic diamond drilling and a variety of downhole steering and communication technologies were complemented with a program that addressed the simulation and prediction of conditions for various drilling fluids.   The emphasis was on drilling underbalanced or near balanced with the formation pressures to reduce damage to the producing formation and speed up the penetration rates.

Air, Mist and Foam Aerated Drilling (1979 - present)  

Air, mist, foam, and other variations of aerated drilling fluids can allow improved penetration rates when compared to conventional mud drilling.  Other advantages include immediate and continuous evaluation of cuttings for hydrocarbon shows, low cost, longer bit life, better control in cavernous and lost circulation areas, and minimum damage to liquid sensitive pay zones. Such drilling allows increased drilling rates of up to 6 to 7 times that of conventional drilling mud.

A research project at Los Alamos National Laboratory developed a simulator for modeling the flow of compressible drill fluids and cuttings in a wellbore.  Another research project with the University of Tulsa provided the drilling industry with an improved method for determining optimum gas volumes when drilling with aerated fluids. The objectives of these research projects was to develop predictive models for the carrying capacity of air (gas), most, and foam when used in aerated fluid drilling operations in a vertical borehole.

With the introduction of inclined and horizontal drilled boreholes as standard practice in the industry, new questions arose as to the cuttings transport capabilities and the rheology of such fluids in the horizontal wellbore.  A unique testing facility has been built to test the theories and develop new tools for optimizing the drilling and production of such wells.

Surface Operations Projects

During the late 1990's the price of oil plummeted making daily surface operations a critical factor in the economics of production.   The program addressed areas of research that could make not only a significant positive impact on the economics of domestic onshore production, but that would also be beneficial to the offshore industry.   The development of a surface 3-phase separation system that was 1/3 the weight and 1/5th the cost of a traditional separator has been very successful.  Monitoring both downhole and from remote areas has become critical to production in many different environments.

Gas-Liquid Cylindrical Cyclone

Cyclone separators have been in existence for at least 150 years, yet the use of these devices in the oil field is a fairly recent development. The high performance and relatively small size of cyclone separators have made them an extremely attractive choice application where equipment weight and size are serious concerns, such as in offshore facilities. Also the small footprint of these units, as compared to conventional separators, makes them particularly useful in environmentally sensitive land applications. Economic and operation pressures continue to force the petroleum industry to seek less expensive and more efficient separation alternatives in the form of compact separators, such as the Gas Liquid Cylindrical Cyclone (GLCC).

Separation of the oil, gas, and water typically produced from a well requires equipment that is bulky, heavy and expensive. Economic and operational pressures continue to force the petroleum industry to seek less expensive and more efficient separation alternatives in the form of compact separators, such as the (GLCC).  

The GLCC has been used primarily by industry as a gas knockout system upstream of production equipment. The GLCC has other applications, such a downhole separation and for primary surface or subsea separation. Widespread use of the GLCC for such applications is hindered by the lack of a complete understanding of the hydrodynamic flow behavior and the ability to predict its performance. Research being conducted by the University of Tulsa is focused on collecting experimental data from the performance of the GLCC and developing a mechanistic model for the prediction of hydrodynamic flow behavior in the GLCC. The aim is to provide a tool for the design of GLCC separators for the industry.

The GLCC has also been used as a component of a multiphase pump and in single and multiphase metering loops. Most of the GLCC’s deployed to date (approaching 100) have been configured in a multiphase metering loop.

Fiber Optic Sensors for Downhole Production Monitoring 
This research entails the use of new, breakthrough self-calibrated interferometric/intensity-based (SCIIB) fiber sensor technology developed by Virginia Tech that is being developed and applied to oil field drilling and completed wells for precise monitoring of temperature and pressures at the reservoir downhole reservoir producing intervals. The sensor technology and application is very different from all fiber sensors currently available in that high degrees of precision and repeatability of measurements are possible through the new sensor design, facilitating the measurement of minute changes in downhole reservoir temperatures, pressure, and flow conditions.

Some of the major advantages of the sensor include its small size, self-calibrating and absolute measurement features, ultra-low cross-sensitivity between temperature and pressure, ultra-high resolution (0.009% of full reading) and accuracy (0.05% of full reading), plus the ability to withstand high temperature (800(C) and high pressure (10,000 psi).

Virginia Tech and Tulsa University, with assistance from Chevron for field testing, is performing crucial basic research to bring the technology to the level where commercial products are available to benefit the U.S. oil industry and the U.S. economy. Elements of the basic research will include advanced sensor probe packaging, coherence optimization, DSP-based high-speed optoelectronic signal processing, hermetic optical fiber development, and long-range sensor interrogation instrumentation. Utilization of this sensor technology will significantly improve the ability of industry to monitor reservoir performance and will lead to improved utilization of production resources and enhanced oil production.

Wireless Telemetry for Production Monitoring (1993-98) A commercial tool that can collect downhole pressure/temperature data in a production well and transmit it to the surface via sound waves propagation in the production tubing was built and successfully field tested.  A licensing agreement with Baker Tools allowed the company to commercialize for oil field use.

Completion Projects

Modern programs have been developed around the needs of the independent producer with a focus on the completion and recompletion of wells purchased.   This shift has been the result of stakeholder sessions identifying the most critical technology needs in this area.  The use of technology from other areas of the government research program is demonstrated by the development of ceramic borehole sealants from nuclear waste storage technology for use as a replacement for traditional wellbore cement.  The advantages of this technology to the offshore industry will be significant.

Ceramic Borehole Sealants

Chemically bonded phosphate ceramic (CBC) borehole sealants, developed for stabilization of radioactive waste stored at several U.S. Department of Energy weapons fabrication facilities, show promise for subsurface engineering applications in the oil and gas industry. CBCs are cement-like, rapid-setting dense materials with great tensile (connected porosity of <2 percent) and compressive (>8000 psi) strengths.

They are self-bonding and bond with sandstones, shales, and other types of formation rocks. CBC sets within hours, even in saline water, is stable in pH 3-11 environments, and is both drillable and machinable. Targeting drilling and completion processes, project researchers are investigating oilfield applications for CBC borehole sealants, including borehole wall sealing and stabilization; fluid diversion; plugging in vertical, deviated, and horizontal wells; sealing multilateral well junctions; sealing lost circulation zones, and stabilization of ocean floor muds, silts, and sands.

Multi-use Wellbores

Industry practice involves construction of single-use wells that are designed for exploration, production, injection (stimulation), or monitoring. However, over the life of an oil field, it frequently is necessary to convert single-use wells to other uses (e.g., to use a production well for injection or field monitoring). Thus, multiple-use wells are more cost effective because they enable operators to conduct and monitor stimulation efforts without installing additional wells. Project participants are designing and testing multiple-use wells simultaneously capable of producing fluids, accommodating the stimulation processes of steam injection and ohmic heating, and imaging the extent of those processes. Economic analysis is integral to this work.

Stimulation Projects

This program addressed areas of research that has a significant positive impact on the economics of both domestic onshore and offshore production, especially in application to horizontal wells which have unique stimulation characteristics due to wellbore geometry.   

Seismic Stimulation

Roughly 60% of domestic oil reserves remains unproduced, partially due to limitations in existing EOR methods. Anecdotal production data, as well as historic field and laboratory experiments performed by Russian and U.S. researchers, have shown that seismic wave stimulation can increase oil mobility and total recovery in mature reservoirs. Unlike high-intensity ultrasonic stimulation, which is effective for reducing near-wellbore formation damage, low-amplitude seismic waves in the frequency range of roughly 1 to 500 Hz can directly increase oil mobility over much larger distances. Previous field tests with different seismic sources have yielded mixed or inconclusive results for enhancing oil production. In some cases seismic stimulation increased production rates by 50% or more, but in other cases production was unchanged or actually declined. This is due primarily to the fact that existing laboratory and field experimental data are not comprehensive enough to allow development of a reliable, versatile field application methodology. In the project funded, the additional laboratory and field research needed to quantify the conditions under which seismic stimulation can enhance oil recovery will be performed. A major objective of the project is to determine the optimum wavefield parameters for effective treatment over a wide range of field geologies and formation types.

Tiltmeter Technology (1997)

Tiltmeters are used to determine the orientation of underground hydrofractures.  Proper identification of these fracture system is crucial for proper stimulation treatment design.  Commercialization of downhole tiltmeters for real-time diagnostics was the focus of a Lawernce Livermore National Laboratory project to improve the capabilities of the technology.  The work improved the range, cost, size, and efficiency of the titlmeter.  A prototype tool was developed and successfully applied for commercial demonstration.

Post-1993: Gas Program

Drilling, as a specific gas focus area, was initiated in 1993 when NETL transitioned from a resource focus (e.g. Western Tight Gas Sands and Eastern Gas Shales) to a Product based focus for R&D.  Significant detailed NETL and industry testimony is available to document the success of the DCS program prior to this time from Messrs. Hugh Guthrie (NETL) and Dr. Bill McDonald (Maurer Engineering, Inc. [MEI]).  Dr. Bill Maurer (MEI) can also provide information and additional industry references to verify the program descriptions and impacts which follow.  

The current ADCS gas program was initiated in 1993 and has averaged approximately $5,200K since that time.  The focus of the ADCS program is primarily on the tools and enabling technologies industry needs to make drilling for deeper and/or unconventional gas of economic interest to industry.  The following descriptions are provided for the technologies developed since 1993.

The ADCS Program at NETL is divided into several technology areas intended to “enhance the net present value of gas resources”.  In many cases, this enhancement is provided by simply increasing average penetration rate on a well or reducing cost by marginal improvement of conventional technologies and/or methodologies.  Other enhancing technologies reduce cost by reducing total program cost (e.g. drilling smarter and reducing the number of dry holes).  While the per unit cost is higher, these technologies “prove themselves” by providing capabilities not previously available which often significantly enhance exploration and production economics (e.g. Measurement While Drilling and other “smart” drilling systems). While these are also usually the higher risk technology development ventures, it is an appropriate government role if the technology is close enough to commercialization that it attracts a commercialization partner.

By way of implementing the program referenced above, ADCS projects are organized internally into groups or technology focus areas that were easily perceived as areas key to development of gas resources.  The areas and projects are listed as follows in Table 1:

	ADCS GAS PROGRAM

	Drilling System Efficiency
	Underbalanced Drilling Systems
	New Concept Drilling Systems
	Supporting DCS Research
	Adv. Completion and Stimulation Systems

	High-Power Slimhole Drilling System 
	Integrated Directional Drilling System & Slimhole EMMWD
	Steerable Air Percussion System
	Horizontal Well Technology 

(DEA-44)
	Fracture Fluid Characterization Facility (FFCF)

	High-Pressure Slimhole Pump Assist Drilling System
	Underbalanced Drilling Products

- Light-Weight                 


Solid Additives

- Foam1 (foam 
drilling model) 

- Underbalanced 
Drilling Simulator
	Advanced Drilling Sysem Developent

· - High Press. CT Drilling System

· - Adv. Mudhammer Drilling System

- Adv. TSP Bits by 
Microwave Brazing

- Microwave 
Processing

- Hydraulic Pulse 
Drill
	Coiled-Tubing and Slimhole Technology (DEA-67)
	Perforation Dynamics Study

	Conventional Mud Hammer
	
	
	Underbalanced Drilling Technology (DEA-101)
	CO2 / Sand Fracture Study

	High Temp. MWD
	
	
	Deep Water Riser Wear Study 

(DEA-137)
	New Non-Damaging Drill-In Fluids

	High Temp. LWD
	
	
	
	Real Time Downhole Stimulation Monitoring & Control System

	Mudhammer Optimization
	
	
	
	Dowhole Fluid Analyzer

	Composite Drill Pipe
	
	
	
	Ultra-Deepwater Completion System

	
	
	Laser Drilling Study
	
	


Table FE – 1.1:  ADCS Gas Project Organizational Chart

Drilling System Efficiency

Projects under this category are primarily those incremental development efficiency improvement technologies which have the greatest chance of being utilized by the existing U.S. drill rig inventory and, therefore, should have the shortest “market penetration” time to commercialization.   This technology category is very important during periods where the gas price does not support a high rig rate.  Under this scenario of no new rig builds, it is important to have technologies that increase the efficiencies of the available drilling platform.

High-Power Slim-hole Drilling System

In the late 1950's and 1960', there were over 3000 slim-holes drilled in oil and gas fields worldwide.  These slim-holes reduced well costs by 27 to 75 percent in some areas, primarily due to reduced rig and tubular costs.  Although significant cost savings were achieved, larger holes became common in the 70's and 80's due to 1) short life of small diameter roller bits, 2) high oil prices, and 3) the misconception that large holes were needed everywhere.  Many companies are now re-examining the use of slim-hole drilling because of improved slim-hole drilling motors equipped with advanced thermally stable diamond (TSD) and polycrystalline diamond compact (PDC) bits.  This combination has the potential for reducing well drilling costs by 60 to 75 percent in many areas.  

On September 30, 1994, Maurer Engineering won a competitive award to develop a high power mud motor suitable for driving a new hybrid TSP/PDC bit capable of operating under the higher power load.  The system's potential (downhole motor & fixed-cutter bit), was enhanced because basic R&D had been completed to optimize performance of the system.  The current DOE effort builds on the prior results and is structured to extensively test the combination in the laboratory and field to assure performance meets expected levels.  Difficulty in obtaining field tests has extended the project beyond the planned duration.  A full-scale test a the Catoosa Test facility in Tulsa, Oklahoma compared the DOE High-Power Drilling System (HPDS) with a conventional system currently in use by industry.  The DOE HPDS drilled twice as fast as the conventional system and was easier to use (less stalling and restarts) for the driller.  The contractor (Maurer Engineering) concluded, “Development of this advanced high-power  drilling system is a significant breakthrough that should increase the use of slim-hole drilling in both the oil and gas industries.  Reduced penetration rate is one of the major barriers to slim-hole drilling.”  

Field demonstrations to enhance market penetration have been the focus of efforts continued after the last Catoosa Test.  The project is awaiting evaluation of potential for a final field test to demonstrate the potential to independents.  The recent demand in drill rigs caused by increasing gas price has caused scheduling difficulties.  The evaluation is due in the first quarter of 2001.

High-Pressure Slim-hole Pump/Jet Assist Drilling System

During the early 70's, several investigators demonstrated the potential advantages of applying high-pressure jet-assist technology to increase rate of penetration (ROP).  At that time, however, extremely high power requirements were needed, reliability problems were numerous, and legitimate safety concerns were present.  One approach that addresses these impediments to high-pressure jet-assist drilling was to generate the hydraulic pressure downhole, just behind the bit.  The "intensifier" was designed to output high-pressures (on the order of 25,000 psi to 35,000 psi) down-hole.  Conventional drilling rig pumps were used to supply power to the down-hole "intensifier" for applications where costs were time-sensitive. The pump was designed for use in vertical and deviated/horizontal well geometries making it compatible with coiled tubing techniques and survey instrumentation.  A separate flow tube inside a slightly larger OD than normal drill pipe provided the intensifier fluid.  The contract to accomplish the above work contract was awarded to the FlowDrill Corporation in 1994 as a cooperative funding project with Gas Research Institute (GRI).  GRI initiated the work, and NETL joined in during prototype development and field testing. Problems with the erosion in the down-hole pump prevented FlowDrill from accomplishing all of the Phase II objectives of the NETL contract.   A final report was received  in December 1997 and project was closed out.  FlowDrill continued with GRI and other industry participants in attempting to get the system to function for an economic number of hours.  DOE monitored the progress; however, there was no indication that the system achieved a commercially competitive capability.
Conventional Mud Hammer

This project was initiated as an award from DOE’s Small Business Innovative Research (SBIR) Program.  NETL and other DOE offices contribute to this program; DOE Headquarters has previously managed it.  SBIR projects are normally not listed here because they were not monitored and controlled by an NETL Contracting Officer’s Technical Representatives (COR); however, this project is special since it was an essential part of the development of the technology later picked up by NETL as an Advanced Drilling System award (discussed below under “New Concept Drilling Systems”).  This early SBIR work essentially gave the contractor, Novatek, the grant necessary to attempt to bring what was applied research into the area of applied development.  At this point the program could attract commercialization partners and become more in line with the types of programs normally sponsored by NETL, 3 to 5 year applied development programs.  Development programs such as this are essential in the NETL R&D portfolio in order to meet the annual deliverables required by DOE’s “President’s Performance Agreement.

High Temperature MWD/LWD

The project organizational chart lists MWD and LWD separately; however, they are discussed here for two reasons: 1) Mergers have resulted in the projects being developed by the same company, Halliburton/Sperry-Sun; and, 2) Both are related to providing real-time drilling information regarding the geologic and physical environment in the vicinity of the drill bit.  The awards came from a focused solicitation in 1997.

Last June Sperry-Sun initiated "low-temperature" field testing of components currently being upgraded in its High Temperature LWD (HTLWD) system.  NETL has contracted Halliburton/Sperry-Sun to upgrade its current HTLWD system to an operating temperature of 175 degrees Centigrade and its HTMWD directional drilling system to 195 degrees Centigrade.  This new capability will press current state-of-the-art electronics technology to its current operating limit of 200 degrees Centigrade.  The result will be that significant deep gas resources will now be accessible to "smart" drilling systems.  Phase III high temperature field testing is expected to start in May, 2001.

Mudhammer Optimization 

This program was awarded in September 2000 from an NETL Broad Area Announcement.  It's objective is to benchmark the drilling penetration rate of selected mud hammers (Novatek and SDS Digger) and to compare mudhammer performance to conventional drilling methods.  Operations oriented individuals from industry will serve as members of the project steering committee.  Specifically, drilling tests under reservoir conditions will be conducted to ascertain rates of penetration using different rock types, mud weights, and weight-on-bit combinations, and hammer energy.  TerraTek will work closely with the designers and manufacturers of the equipment to ensure that the final drilling conditions in their full scale drilling laboratory match recommended operating parameters. Seven inch diameter, high horsepower hammers (or equivalent) will be tested during drilling of an  8-1/2" borehole at high bottomhole circulating pressures.

The next phase of the program will optimize the performance of the selected mud hammers under realistic downhole conditions and determine endurance limits.  It is anticipated that hammer performance will need substantial 'tuning', taking into account varying hammer energy input, modes of impact, and duration (cycles before failure, etc.).  Some modeling work on impact to better understand the mud hammer-bit-formation interaction may be required to fully optimize the system. 

The final phase of the program requires field testing or prototype evaluation in a test well. Depending upon the success or failure of the initial stages of the program, commercial use of a mud hammer is seen as a final step, requiring a partner service company input or the establishment of another service to supply needs of the oil and gas industry.  If the results of first phase benchmark testing do not demonstrate that mud hammer drilling can drill faster than conventional drilling, then the decision can be made to discontinue the program.  If results show satisfactory performance, continuation to the next phase will be recommended with a view to optimizing the tool and improving its capabilities.

Composite Drill Pipe

Just over one year ago, an award was made to Advanced Composite Products and Technologies to develop a cost effective composite drill pipe. The objective of this financial assistance is to develop and commercialize a design for composite drill pipe with steel connections which is both competitive with steel drill pipe and which represents a significant technological advance to currently  used pipe.  Key indicators of that advance will be the new pipe's durability and lighter weight in addition to its demonstrated capability for high speed communications with downhole assemblies containing the "smart drilling" systems of the future.  Functionally, the pipe should be an improvement over steel drill pipe in three areas: 1) Extending reach in horizontal drill holes; 2) Improving Logging and Measurement While Drilling capabilities; and, 3) Providing an enabling technology and cost savings in deep water drilling in the Gulf of Mexico.  The weight of the pipe is expected to be less than half the weight of steel; this is expected to significantly increase the depth capabilities of the current U.S. rig inventory in addition to potentially providing a means for direct signal connection with downhole “smart” drilling tools allowing unprecedented communication rates and true real time surface readout.   This industry supported, three year engineering development program is expected to culminate with a commercial composite drill pipe available in 2002.

Underbalanced Drilling Systems

Underbalanced drilling (UBD) systems are those systems that operate in and/or enable drilling environments where the drilling fluid pressure inside the borehole is no greater than the fluid pressure within the formation.  This category is considered essential to gas resource development for the following reasons: 1) UBD has been demonstrated to significantly increase rate of penetration in all geometries (vertical, horizontal, and extended reach) of boreholes; and, 2) UBD has been demonstrated to minimize formation damage to water sensitive gas reservoirs allowing significantly improved production rates.  UBD has developed faster in Canada because of the tax incentives initially provided by the Canadian government.  It is catching on in the U.S. as operators slowly integrate the required equipment into the current drilling rig inventory.  Weatherford

Integrated Directional Drilling System

This contract was with Sperry-Sun Drilling Services (SSDS).  The object of the contract was to incorporate one of the first Electromagnetic Measurement While Drilling (EMMWD) systems into the SSDS line air motors to develop a commercially viable Underbalanced Drilling System.  The EMMWD system was purchased by SSDS from a small business named General Electronics Corporation (GEC).  GEC developed the original EMMWD under a previous DOE contract.  The system was successful and is still being used in California in heavy oil drilling applications where it has proven to be more cost effective and reliable than standard mud pulse based MWD systems.  The contract is included in the SSDS discussion to provide a conservative benefit estimate (prevent double counting) and as background information to demonstrate its importance and commercial potential.  The SSDS contract terminated with SSDS’s deployment of three UBD-EMMWD field kits in the mid-continent U.S. and three in Canada.  The majority of the work has been in Canada; however, U.S. work is increasing.

UBD Products

Maurer Engineering Inc. (MEI) was awarded a contract to develop several technologies under the general contract heading of Underbalanced Drilling.  The descriptions follow:

Light-Weight Solid Additives (LWSA)

The LWSA project is an investigation into the application of a product manufactured by 3M Corporation, microscopic hollow glass spheres.  The LWSA can be mixed any drilling mud to create an underbalanced drilling fluid.  A significant advantage of this type of mud over conventional underbalanced systems typically created with air is that there is significantly less compressibility in  the LWSA fluid.  This has the potential to make circulating out gas kicks and general well control significantly more manageable.    To date one field demonstration has been performed demonstrating commercial potential.  Following that demonstration, laboratory tests demonstrated that cores exposed to LWSA mud had a 100% permeability recovery following exposure to the mud in simulated drilling conditions.  Further tests are being conducted to investigate and verify the finding and to investigate current industry commercialization interest in utilizing LWSA systems as a “drill-in” fluid.   Additionally, the potential for using LWSA to optimized deepwater “dual-density” drilling systems currently being designed by industry.  

FOAM1 (Foam Drilling Model)

The Foam1 Drilling Model was the first computer-based program for optimizing and designing UBD drilling operations.  It achieved commercial success as the basis of MEI’s work for the Drilling Engineering Association’s UBD project, DEA-101.  This software is continually updated every couple of years as separate phases of the original project.  The DEA continues to fund this work to provide what is arguably the best UBD software available.  The project also keeps a national focus on UBD technology; as a result, NETL leverages this industry funding by including DEA-101 as supporting technology (minimal funding, $35-40K every couple of years) in its ADCS program.

Underbalanced Drilling Simulator (UDS)

The UDS was the first enhanced version of the Foam1 Drilling Model.  It included a number of enhancements (e.g. corrections for gas type on compressibility, thermal  coefficient of expansion, etc.) to improve the accuracy of the model.  This enhancement was also incorporated as part of the current DEA-101 project.

New Concept Drilling Systems

This category of R&D represents both the highest risk projects and projects with the greatest potential to achieve a revolutionary jump in drilling capability versus an evolutionary progression.  The driver for these technologies is demonstrated by the deeper, harsher, unconventional geologic environments associated with development today’s remaining gas resource potential.  Because most larger companies with high commercialization capabilities are not willing risk this sort of investment, NETL depends on small businesses to lead the way on this research as long as their business plans include a plausible commercialization section which includes attracting the larger companies during their Phase III demonstration phases.  Descriptions of these projects follow.

Steerable Air Percussion Drilling System (SPADS)

The SPADS contract was awarded to Smith Tool Company (STC) to develop the worlds first air hammer capable of being used for directional drilling.   An internal mechanism utilized the hammer longitudinal oscillations to rotate the hammer bit.  The development also included a Constant Weight on Bit Sub (CWOB) which kept the driller from putting too much weight on the hammer during drilling around a sharp turn as encountered on a short-radius build section.  As a result the hammer could be run on coiled tubing or many other applications with conventional drilling systems; although, it was a dramatically new technology to both mining and petroleum industries.  STC developed the tool to the point of running many limited field trials, none of which resulted in a product with a commercial mean time between failures (MTBF) for the hammer rotation system.  The system drilled so well when it did drill that a number of operators were petitioning STC to demonstrate the tool on their well first when it was ready.  Unfortunately, economic downturn in the oilfield caused STC senior management to elect to cancel the project in lieu of joining an international consortium to attempt to develop a commercial directional mud hammer.  NETL was forced to terminate this contract for contractor default.

Advanced Drilling System Development

Projects under this category were awarded in response to a solicitation issued in late 1997 for Advanced Drilling Technologies.  The solicitation was not typical in that it was a Solicitation for Cooperative Agreement Proposal (SCAP) with the relatively non-specific objective “to develop advanced drilling systems capable of reducing overall system costs, by  increasing rates of penetration, and other means that allow economical development of remaining natural gas and oil resources in the U.S., and strengthen the development of the U.S. Drilling Industry.”  Ideas were being sought for breakthrough type of technologies which would tend to be more revolutionary than evolutionary.  The status/success descriptions follow:

High Pressure Coiled Tubing Drilling System

The objective of this research effort is to develop a high-pressure drilling system where high pressure fluid is transmitted to a high pressure motor at the hole bottom through concentric coiled tubing, thus eliminating the leakage problems associated with drill-pipe tool joints and significantly reducing the overall pump power requirements.  This approach also expected to circumvent the cost, reliability and efficiency concerns of downhole pump systems.

Status at the end of Phase II Prototype Development: A new high-pressure CT drilling system has been developed that drills 2 to 3 times faster than conventional CT drilling systems.  High-pressure motors have been developed for use on the system that utilize diamond thrust bearings, titanium flexshafts, high-pressure rotor/stator sections, and other advanced features that allow these motors to operate at high pressures.  Extensive laboratory tests have demonstrated the high reliability and high drilling rates of these motors.  Laboratory tests have been conducted using the high-pressure system to cut 1 to 2 inch deep helical slots in wellbore walls to remove formation damage and to drill cement out of drillpipe at rates up to 1,200 ft/hr compared to 60 ft/hr for conventional motors.  This Phase II prototype system has the potential to significantly reduce drilling costs and to provide a low cost method of stimulating wells with formation damage.  The system is scheduled for field testing and commercialization in Phase III.  Weatherford Drilling & Intervention Services, a leading oilfield service company and division of Weatherford International, has joind the project as the primary commercializer.  Phase III is planned for two years of field tests and hardening of the system.

Advanced Mudhammer Drilling System

The objective of this project is to develop an integrated steerable drilling system that offers significant cost reduction in deep, medium-to-hard rock formations using a mud actuated hammer engine.  Key aspects of R&D development have focused on down-hole bit rotation, sensing and control, directional drilling, and casing while drilling.  The planned investigation was to determine the feasibility to: 1) provide more economical access to deeper hard rock gas reservoirs; 2) provide a sonic "look-ahead" capability and other "smart drilling" features (high speed data communication up the drillpipe); 3) provide a Casing While Drilling system; and, 4) provide an economic high speed drilling capability for the large market potential for advanced mudhammer based systems. 

The project has entered Phase III field testing with the following status of the technologies developed: 

1) Casing-while-drilling – At the end of phase II this capability had been demonstrated to a limited extent; however, the contractor recommend the work not be continued in Phase III because of limited ability to control the curing temperature of resin recommended for use for the casing.  This information will remain as part of the knowledge base for this project with the potential to restart the work should need for this technology warrant a longer term project for development of the required systems.

2) Integrated Mudhammer System - The Novatek hammer is ready for further field testing.  Prior to, and concurrent with, such testing further fine-tuning of  operational parameters and materials is expected.  Focus of the testing will be placed on comparatively evaluating various bit types to be used with the hammer, including the high pressure jet assist bit, JAMMER, an advanced PDC bit developed for this system.  As noted in the Terra Tek summary above in the Drilling System Efficiency R&D category, this hammer will be tested against other hammers and conventional systems for hard rock drilling.

3) High Speed Data Communication:  The sonic communication system being developed by Novatek requires a key link across the tool joint (end of the drill pipe) in order to be successful.  Work has focused on making a successful, reliable signal link across this section of each drill pipe.  To date, Phase II tests have demonstrated error-free transmission of large data files at 4.8 kBaud in an actual joint using a two-inch thick steel coupling ring between transducers. Flow was 300 gallons per minute of flow. The transmission was immune to rig noises, such as mud pump noise, cavitation noise, and impact of the pipe with a steel hammer. The acoustic coupler has been improved using silicone elastomers in a waveguide design, and reliable data transmission has been demonstrated on the bench at 28.8 kBaud.  The contractor believes a data rate as high as 100 kBaud is possible with this system.  By comparison, the current transmission rates for MWD/LWD systems in the oilfield are typically less than 10 Baud (several orders of magnitude increase in transmission rate possible).  An industrial partner, a leading manufacturer of drill pipe, has already signed a partnering agreement with Novatek to commercialize this aspect of the project.

Advanced TSP Bits by Microwave Brazing

The objective of this project is to enable development of advanced drilling systems which employ TSP diamond drag bits.  The bits are to be capable of reducing overall system costs by increasing rates of penetration and bit life in medium-to-hard rock applications.  Thus, there is the opportunity to allow economic development of remaining natural gas and oil resources in the US and to strengthen the development of the US drilling industry. 

Phase II testing is just about complete and has demonstrated the following: 1) A 50 percent reduction in wear rate due to new thermally stable polycrystalline (TSP) diamond cutter designs, and improved microwave brazing processes; 2) Enhancement of impact resistance of the TSP’s from application of a new process called “ion beam implantation”.   These new, tougher TSP’s will be tested in the next phase of the work.

Microwave Processing

This project represents a recent award to Pennsylvania State University (PSU) and their industrial partner, Dennis Tool Company, a leading supplier of diamond products to the petroleum industry. The main objectives of this program are to: 1) develop an efficient and economically viable microwave processing technique to process composites of cobalt cemented tungsten carbide and diamond; 2) develop a compositionally graded system with steel and tungsten carbide as two end phases; and, 3) develop tungsten carbide hard metal, diamond and steel composites in an encapsulated system (a complete tool/bit) using microwave technology.  The program is an extension of previous “technological breakthrough” work and will be performed in a single budget period of two years.  In the final year of the program, the scale-up of the prototype microwave system to process commercial size batches of complete tools of WC/Co-Diamond-Steel composite will be carried out.  Then the commercial samples will  be processed and tested.  Based on the data, the system will be modified for optimum performance of the tools.

The “breakthrough” referenced above was from the first demonstration that Microwave could be used to develop many different types of composite materials which are formed from “green bodies”.  This work is considered a breakthrough because PSU could not obtain funding for their work from even the National Science Foundation because the work was considered duplicative of previous attempts.  NETL made the award because of the upside potential of the work to revolutionize the manufacture of drilling equipment and because PSU had already enlisted an industry partner, DTC, to aid in commercialization.  To date, PSU has demonstrated the feasibility of manufacturing diamond composite materials using Microwave and has entered into negotiation with Defense Advanced Research Projects Agency (DARPA) for development of “transparent armor”.   The current work is expected to significantly impact many industries once it is demonstrated at the end of the current phase in two years.

Hydraulic Pulse Drilling System

Phase I of this project involved theoretical and laboratory scale investigation of the mechanics of drilling with hydraulic pressure pulses.  The feasibility study objectives were: 1. Determine the intensity and frequency of pressure fluctuations required to cause spalling of fluid-saturated, pressurized rock; and  2. Demonstrate penetration of pressurized shale on a small-scale using pressure pulses generated using the water-hammer effect.  Phase II involves the building and testing of a prototype hydraulic pulse generator subassembly, developing a drill bit which takes full advantage of the water-hammer pressures and demonstrating performance in a test facility.  Phase III will involve using the prototype system to carry out drilling tests in wells deeper than 5,000 ft. to demonstrate higher rates of penetration and lower cost (than conventional rotary drilling).

The current Phase II Prototype Development effort is now focused on full scale tests in Chehalis, Washington.  Early test stand results incorporating an 8 and 3/4 inch roller cone bit in pressurized flow-loop configuration are encouraging for generating adequate suction pressure to be able to accomplish rock penetration.  If successful this tool is expected to be a candidate for "niche" market application in horizontal drilling where weight-on-bit is difficult to achieve.  Based on successful Phase II work, Phase III is expected to be initiated in FY01.

Coiled-Tubing Microdrilling System

This work is being conducted at Los Alamos National Lab (LANL) as part of DOE/FE’s National Gas and Oil Technology Partnership Program.  LANL has also acquired funding from the industry consortium Deeplook.  The project is in an early stage of development of a drilling system which has the potential to drill exploration boreholes which have an unprecedented decrease in cost and footprint area required for drilling.  The detailed description follows.

It has been argued logically that once a microdrilling infrastructure is in place and the technical know-how is established, microholes can be produced for one-fifth to one-tenth the cost of conventionally sized holes. As a result, microholes (wells as small as 1-inch-diameter) could become the technology used for exploration, reservoir monitoring, seismic data acquisition, and field delineation. 

During 1999, coiled-tubing-deployed microdrilling was used to install shallow seismic sensors in four 2-3/8-inch-diameter microholes, drilled in soft and medium-hard, dry lakebed sediments, as part of a project complementary to this one. Those researchers demonstrated that a coiled-tubing system is capable of drilling at least 350 feet per hour with bentonite mud in an ideal formation. With suitable selection of bits, minor refinement of the basic drilling system, and major improvements in drilling process monitoring and control, a commercial shallow microdrilling system now has the capability to drill and complete microholes 500 feet deep in soft and medium-strength sediments in fewer than six hours with a two-man crew. 

Project researchers propose to extend the microhole depth capability by an order of magnitude. This project will gradually expand the current capability to deeper drilling in more diverse and complex drilling environments, thus maintaining the momentum in microdrilling and providing a realistic evaluation of the potential cost effectiveness of microholes. 

Laser Drilling System Study

This recent award to the Gas Research Institute is to continue work which they initiated approximately two years ago on Laser Drilling. The thrust of this research area is to develop truly novel technology that has shown some promise of feasibility.  The preliminary GRI research effort has shown the capability to burn through significant rock volume at lower than anticipated energy levels with laser equipment.  If proven feasible and if prototype equipment proves successful it could revolutionize the industry.   There is a major potential impact if the economics of drilling “without trip-time” using lasers can be realized.

Supporting DCS Research

This category of R&D represents relatively low cost, industry supported programs which enhance the main NETL ADCS program.  These projects are:

Horizontal Well Technology (DEA-44)

NETL is currently supporting this industry project because horizontal drilling is essential to development of the unconventional gas reservoirs typical of those characterizing the majority of the remaining U.S. gas resource.  This work helps keep industry focus on horizontal drilling and serves as an effective NETL outreach to industry to understand the issues and problems with the technology.  Maurer Engineering is managing the project and developing the continually updated software programs which are at the project’s core.

Coiled-Tubing and Slim-Hole Technology (DEA-67)

Coiled-Tubing drilling has been shown to be an effective methodology for implementing underbalanced drilling.  As such, NETL is funding this program to enhance the commercialization of underbalanced drilling in the U.S.. Maurer Engineering is managing the project and developing the continually updated software programs which are at the project’s core.

Underbalanced Drilling Technology (DEA-101)

As described under UBD above this work is continued at a relatively low level of funding as supporting work for the ADCS program.  The programs originally developed through NETL funding have been picked up by industry and incorporated into industry wide utilization of what can be described as some of the best Underbalanced Drilling software available for UBD planning and operations.  Maurer Engineering is managing the project and developing the continually updated software programs, based on industry feedback, which are at the project’s core.

Advanced Completion & Stimulation Systems

The R&D area of Completion and Stimulation Systems has not been broken out as the drilling component has been (e.g. drilling efficiency and new concepts).  This is because, historically, drilling has been to focus of all the high exploration costs associated with developing today’s remaining gas resources.  The breakout areas for drilling are simply those areas where a balanced focus was needed to ensure appropriate drilling solutions would be forthcoming.  More recently, breakthroughs in completion and stimulation technologies are showing the need for a more complex program.  In the future there could be similar breakouts for Completion & Stimulation.  Descriptions of the projects follow.

Fracture Fluid Characterization Facility

This project was included in the Western Tight Gas Sands; however, it is included here because ADCS funding was utilized for a few years to continue the work on advancing knowledge of fracturing fluids.  The description of the work follows:

In order to quantify the behavior and effects of fracturing fluids and slurries in the wellbore and in the fracture, during and after the hydraulic fracturing process, DOE co-funded the Fracture Fluid Characterization Facility at the University of Oklahoma from 1992 through 2000. A unique above ground fracture simulator, labeled the “High Pressure Simulator (HPS)”, was designed and constructed. The HPS is a vertical, variable-width, parallel plate flow apparatus capable of operating at high temperatures (up to 250 oF) and pressures (up to 1,200 psi). The HPS is the most advanced fracture simulator available to industry. A state-of-the-art fiber optic based “vision system” was developed for the HPS to facilitate the visualization and accurate measurement of flow behavior of fracturing fluids with and without proppant. Some of the key experimental research areas include fracturing fluid characterization, wall slippage phenomena, dynamic fluid loss, perforation pressure loss, proppant convection and encapsulation, and proppant flowback. In order to duplicate actual field conditions, field methods and equipment for mixing, pumping, and fluid preconditioning were developed. A state-of-the-art laboratory for fracturing fluid characterization was also established.

Perforation Dynamics Study

The Perforation Dynamics Study was awarded to the team of Pennsylvania State University and Lawrence Livermore National Laboratory (LLNL).  This work was picked up by NETL when the industry review panel at the National Gas and Oil Technology Partnership Program declined it.  NETL picked the program up because it knew of the extensive DOD work at LLNL and was aware of the potential benefit to the gas storage industry that spends hundreds of millions of dollars each year attempting to maintain deliverability on their gas storage wells.  In short, the team developed a charge that penetrated 40% further than the best current charges.   That charge is currently being commercialized by one of the companies on the original review panel which voted it down.

CO2 / Sand Fracture Technology

This contract consists of eastern and western efforts to demonstrate the benefits of CO2 / Sand stimulation for low permeability fractured formations.  Papers showing the success of the program in the east have been published.  The CO2 is an exceptionally beneficial carrying fluid for the sand proppant for water sensitive formations because it does not reduce permeability or leave any residue behind.  Although viscosities are low, it the fracturing fluid has been demonstrated to get the sand out far enough to adequately connect the wellbore to at least the local fracture network.  The western program is currently in delay because of petroleum industry restructuring and the currently high price and limited availability of CO2.  

New Non-Damaging Drill-In Fluids

The objective of the project is to develop new drill-in and completion fluids that have superior drilling properties and that would also create a filtercake that can be removed with minimal impediment of formation fluid flow to wellbores.  Guidelines for the design of drill-in fluids for successful completions have been developed as a result of the work and have been implement by the industry participants, which include BP, Chevron, Conoco, Marathon Oil, Philips Petroleum Company, Shell, TBC Brinadd, and Texaco.

Real Time Downhole Stimulation Monitoring & Control System

The project focuses on the development and the integration of a real-time diagnostic system with real-time stimulation innovations.  The objectives of the project are to (1) develop the technology required to monitor reservoir stimulation procedures in real-time by electronic wireline and telemetry data transmission, and (2) to develop downhole mixing technologies and to integrate methods for monitoring real-time diagnostic data to control in real-time with those downhole mixing technologies.  As part of this project, the first downhole blended fracture stimulation was performed on September 27, 2000 in the NGX Experimental State #1 well in Carlsbad, NM.  The downhole mixing provided a cost savings of 50% over a conventional stimulation performed in a similar well.  The following is the detailed Techline published on the first field success with an estimate of the metrics involved:

“Carlsbad, NM - An Energy Department-sponsored project in New Mexico has shown that mixing the fluids used to fracture a natural gas formation at the bottom of the well, rather than on the surface, could lead to a better, safer, and much lower cost way to coax additional gas out of low-producing fields.

RealTimeZone Inc., of Roswell, NM, used the downhole mixing technique for the first time in a 12,300-foot natural gas well in Carlsbad, NM. Not only did the company succeed in restoring nearly 300,000 cubic feet per day of natural gas production from a well scheduled for plugging, it also showed that the cost of the fracturing process could be cut in half.

The natural gas industry spends more than $1 billion a year to fracture gas-bearing formations as a way to release more gas. The technique forces fluids from a gas well 300 to 1,000 feet into surrounding rock to create ribbon-thin channels through which the gas can flow back into the well. Hydraulic fracturing allows a larger portion of the reservoir to be contacted and more gas to be produced.

RealTime Zone's method differs from conventional fracturing techniques in that the fracture fluid is mixed downhole rather than on the surface. This allows the fluid to be changed right at the formation some 12,000 feet into the earth, giving the operator more control over the fracturing process. Changes in stimulation pressures monitored at the surface allow operators to know if the fracture is being created as planned. If necessary, the operators can change the fluid mixture to ensure that a fracture goes in its intended direction.

The fluid used in the New Mexico test was made of bauxite mixed with a methanol gel at the surface that was blended with liquid carbon dioxide down the borehole. The bauxite props the fracture open while the liquid carbon dioxide and methanol-gel, which create the fracture, carry it deep into the formation. Because carbon dioxide becomes a gas once the pressure is reduced after the fracture is formed, it comes out of the formation faster than a fluid. This allows the fracture fluid to be removed from the formation at a faster rate, which, in turn, enables the well to produce gas sooner.

This downhole stimulation method also uses lower treating pressures, which makes the stimulation safer. The operator also saves costs because much less horsepower is used to pump the fracture fluid into the well.

If RealTime Zone's technology can be used on just 20 percent of the fracture stimulations carried out by U.S. gas producers, it could save the industry more than $100 million per year – perhaps reducing gas prices and allowing companies to apply additional resources to locate and produce more domestic natural gas.

With the United States expected to increase its use of natural gas by a third or more over the next 15 years, advances that reduce production costs can have a major benefit in keeping affordable gas flowing to customers.

The Energy Department's National Energy Technology Laboratory – the primary field office for the department's Fossil Energy research program – began working with RealTimeZone on the hydraulic fracturing project in May 1999. Valued at $1.3 million with the federal government contributing $922,000, the project is in its last two phases. Phase 1 was a feasibility study. Phases 2 and 3 involve field testing the downhole mixing technique and real-time monitoring of the fracture as it is created. Between now and the time the project is scheduled to end in June 2002, operators will focus on measuring fracture height to make sure the fracture does not veer off its planned course.”

Downhole Fluid Analyzer

The objective of the project is to develop a downhole fluid analyzer which will measure downhole fluid fractions in real time without interfering with production.  The system will employ permanent remote sensing and fiber optics and will provide the information to the surface in real time.  The analyzer has been designed to be an integral part of existing completion systems available to the industry.  The analyzer has been given a trademark name of PetroMax and will be field tested as part of the project.

Ultra-Deepwater Completion System

This financial assistance (FA) was awarded jointly between NPTO and NETL to Conoco for development of a separation system that will allow development of a key enabling deepwater production technology.  The system will allow subsea separation of oil, gas, and water to allow, for the first time, optimization of subsea recovery systems.  The separator is a double redundant system on a skid that can be installed and reconfigured by a $15,000 per day workboat instead of requiring a $250,000 per day ship.  Two million dollars of DOE funding will be leveraged with more than $15 million of industry funding to develop a prototype test system and plans for construction and field testing within two years.  The project is just now beginning; however, there is a high probability of success because of the engineering development character of this work.  The funding provided will accelerate the Conoco effort by getting the project started while Conoco completes coordination of its development team consisting of a number of service sector providers.

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).

1970s

In the 1970s, gas consumption grew faster than new reserves, causing a decline in the domestic reserve base.  The industrial sector was severely handicapped by gas curtailments as demand increased and supply decreased.  Significant shortfalls of gas supply resulted in production cutbacks with the accompanying loss of jobs, tax revenue and commercial business.  Gas curtailment caused shortened business hours, school closings and household hardships.

In order to narrow the imbalance between supply and demand, the Government proposed

three approaches:


Acceleration of R&D to produce gas from unconventional sources such as Eastern gas shales and Western tight gas sands


Permit price increases under a regulated environment


Deregulate natural gas prices

The accelerated R&D effort enhanced production improvement, and price incentives (still in a regulated environment) reduced the negative economic impact of expensive energy upon the domestic economy.  These conditions permitted a gas surplus to be achieved after a period of growth and this was sustained for a decade.  Gas surpluses led to the ultimate deregulation of natural gas prices in an orderly manner that had no adverse impact on the U.S. economy.

FY 1982 Budget Cuts
In FY 1982, the first budget of the Reagan Administration, the western gas sands request was $6 million, down over 50% from the FY 1981 appropriation of $12.4 million. The entire unconventional gas recovery request in FY 1982 was 66% below FY 1981.  These large spending decreases reflected the Administration position that the government should not be involved in resource development that private industry could provide. In FY 1983, the Administration requested the elimination of all unconventional gas R&D.  During the period FY1982 through FY1992, Congress generally appropriated more than the Administration requested and western gas sand budgets gradually declined.  

1992 Energy Policy Act (EPACT)
EPACT directed the DOE to conduct R&D to increase recoverable natural gas resource base, including increased recovery of western tight gas sands.  
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 gas R&D.  Consistent with this, FY 1993 funding requests for the natural gas program were 220% larger than FY 1992 and appropriations increased almost 50% from FY 1992 to FY 1993.   At the same time, the administration reorganized its budget structure to have a technology focus rather than a resource focus.  Western Gas Sands Program  became part of the Resource and Extraction program. 

FE3. Products having applications in areas other than the original project or program

The following sections very briefly describe some of the referenced technical areas which have been identified as having applications in areas other than the original project and/or program.

Pressure coring technology was developed to obtain more accurate measurements of reservoir parameters from reservoir core samples. With standard coring methods, drilling fluids invade the core sample and contaminate the reservoir fluids in the core. Pressure coring allows the retrieval of reservoir rock core samples at the ambient reservoir pressure and with the original fluids in the rock. Other industries have found applications for this technology

Pressure coring technology is currently being used in the investigation of the deep sub-seafloor biosphere. Preliminary investigations indicate that microorganisms may be ubiquitous in subsurface environments with a biomass that represents a significant portion of surface biosphere and may even exceed it. Deep microorganisms are diverse, well adapted to their environment and have considerable impact on their physical and chemical environment, including environments of commercial interest e.g. gas hydrate deposits, oil and gas reservoirs, potential sites for nuclear waste storage. (Mail.bris, website)  

Pressure coring technology development specific to gas hydrates is being conducted in the project HYACE (HYdrate Autoclave Core Equipment). (Geoteck, website)  The objective of the project is to develop wireline coring tools that enable gas hydrate cores to be recovered from the seabed and brought under pressure to a drillship’s laboratory for examination and analysis.

Pressure coring is also used in groundwater contamination studies to characterize pollution plumes concentrations, diffusion, and transport, and to identify microbes used for oil spill cleanup.

Directional Drilling, developed by the petroleum industry, is now commonly used in communications industry for laying wire and fiber optic cable and drilling under roads, rivers, utility pipes, etc. 

Drilling technologies for geothermal applications. A number of drilling technologies are being adapted to specific conditions of geothermal energy production. Polycrystalline diamond compact (PDC) drill bit technology developed in the DOE drilling program is being upgraded for use in the hard, abrasive, and fractured rock formations drilled to access geothermal reservoirs. Slimhole drilling technology application to geothermal exploration is being investigated by Sandia National Laboratory. Slimhole drilling has been shown to reduce oil and gas exploration costs by 25 to 75%. Work is being done to apply the technology in the more hostile conditions for geothermal resources. Acoustic data telemetry is being adapted to provide wireless data link for production-monitoring technology and geothermal line-shaft pumps.

ADVANCE \d 3Drilling on the planet Mars. Drilling technologies are being evaluated for drilling on the planet Mars.  Los Alamos National Laboratory is conducting a strategic planning study for the exploration of the Martian subsurface to search for evidence of life, sources of water and to determine the geologic make up and history of the planet. Potential drilling systems identified for the exploration project includes polycrystalline diamond core bits, coiled tubing, down-hole hydraulic motor, air drilling, MWD, and cuttings injection. (Blacis, 2000) 

FE4.  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, Demonstrations, commercial deployment).

Because the oil and gas programs are separately funded and have a different histories, they are broken out separately here and in the Executive Summary.  The descriptions follow

Oil Program Cost:

DOE has a long history of investment in drilling research since DOE supported cooperative projects with the oil and gas industry in the mid-1970’s.  In 1992, the Department reorganized the oil and gas program to make it more accessible to its stakeholders and to stimulate more joint projects  with them.  Since then, a number of notable accomplishments have been made, accomplishments which would not have been possible without DOE’s participation and contribution.  Examples of these pioneering research activities include efforts on MWD in the 1970's (technology which has revolutionized drilling operations); the near-bit sensor (which made it possible to acquire data from immediately behind the drill bit); Carbon Dioxide/

Sand fracturing stimulation (making it possible to stimulate the formation using the liquid phase of the gas as a carrier fluid, and then recovering it in the gaseous phase); and air motors based on DOE horizontal drilling technology (technology that is now being used for most new wells drilled in eastern US gas formations.

The Natural Gas and Oil Technology Partnership provides a mechanism for the petroleum industry to collaborate with DOE's National Laboratories on near-term RD&D efforts to improve the exploration and recovery of oil and gas.  Project examples include tiltmeter technology, multi-phase compressible fluid flow in coiled-tubing drilling systems, etc.

Table FE-4.1 shows the annual percentage of DOE funding broken out by the R&D stage of development (Basic Research, Applied R&D, Demonstration, and Commercial Development) .  Table FE – 4.1 also shows the amount of annual program funding provided by DOE (DOE Funding) and the amount of annual funding provided by non-DOE participants (Cost Share Funding). 

Table FE – 4.1  Oil Drilling, Completion, Stimulation, and Operations

	NRC- Oil Drilling, Completion, Stimulation, and Operations Budget
	
	
	

	Year
	Basic
	Applied
	Demo.
	Commercial 

Development
	DOE

Funding             

 (Nom $M)
	DOE

Funding             

 (1999 $M)
	Cost Share

Funding

(Nom $M)
	Cost Share

Funding

(1999 $M)

	
	
	
	
	 
	
	
	
	
	

	1978
	
	100%
	
	not applicable
	405
	880
	441
	958
	

	1979
	
	67%
	33%
	not applicable
	1050
	2106
	443
	888
	

	1980
	
	100%
	
	not applicable
	735
	1349
	473
	868
	

	1981
	
	100%
	
	not applicable
	401
	674
	92
	155
	

	1982
	
	44%
	56%
	not applicable
	126
	200
	62
	98
	

	1983
	
	100%
	
	not applicable
	38
	58
	3
	4
	

	1984
	no program
	
	
	not applicable
	0
	0
	0
	0
	

	1985
	no program
	
	
	not applicable
	0
	0
	0
	0
	

	1986
	no program
	
	
	not applicable
	0
	0
	0
	0
	

	1987
	no program
	
	
	not applicable
	0
	0
	0
	0
	

	1988
	no program
	
	
	not applicable
	0
	0
	0
	0
	

	1989
	
	100%
	
	not applicable
	100
	126
	0
	0
	

	1990
	
	100%
	
	not applicable
	357
	432
	0
	0
	

	1991
	
	100%
	
	not applicable
	865
	1011
	3400
	3973
	

	1992
	
	100%
	
	not applicable
	1600
	1825
	222
	253
	

	1993
	
	100%
	
	not applicable
	2691
	2998
	1101
	1226
	

	1994
	
	100%
	
	not applicable
	4552
	4967
	562
	613
	

	1995
	
	90%
	10%
	not applicable
	6204
	6626
	1578
	1685
	

	1996
	
	70%
	30%
	not applicable
	4237
	4439
	519
	544
	

	1997
	25%
	75%
	
	not applicable
	4247
	4364
	516
	530
	

	1998
	20%
	80%
	
	not applicable
	7130
	7236
	2536
	2574
	

	1999
	55%
	45%
	
	not applicable
	7375
	7375
	8842
	8842
	


Gas Program Cost:

(A) 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)?

Responses to this question are from 1993 to 1999.  Budget data prior to 1993 were part of other programs as described in the response to question FE 1 in this report.  From 1993 to 1998 the drilling, completion and stimulation (DCS) appropriated budget steadily increased peaking in 1998 at slightly more than $5.5 million as shown in Table 4-1.  In 1999, the appropriated budget dropped to $4 million.  Total budget for the years 1993-1999 was slightly more than $29 million actual dollars and $30 million corrected to constant 1999 dollars.

	Table 4-2.  Drilling, Completion and Stimulation 

Actual and Constant 1999 Dollars Budgets for 1993-1999

	Fiscal Year
	Actual $ *

(x 1000)
	Constant 1999 $ Deflator
	Constant 1999$ **

(x 1000)

	1993
	1,041
	0.8977
	1,160

	1994
	2,814
	0.9164
	3,071

	1995
	4,824
	0.9363
	5,152

	1996
	5,326
	0.9545
	5,580

	1997
	5,477
	0.9731
	5,628

	1998
	5,531
	0.9853
	5,614

	1999
	4,000
	1.0000
	4,000

	Totals
	29,013
	
	30,204

	*   Actual budget data derived from annual Congressional Reports.

** Constant 1999 dollars calculated using economic deflators from the Bureau of Economic Analysis, Department of Commerce, Sept. 5, 2000.


Examination of project money distribution indicates approximately 75 percent of the DCS annual budget is used for procurements (Table 4-2).  The remainder is utilized for in-house efforts, national laboratory research, support from headquarters and, to a lesser extent, discretionary spending in other research areas.  In both 1998 and 1999, discretionary funds from other research projects were spent to help fund DCS projects as evidenced by total expenditures exceeding congressional appropriations.  Discretionary funds are limited to less than $500K per contributing area without reappropriation of funds by Congress.    

	Table 4-3.  Portion of Annual Budget by Support Category*

In Actual Dollars (x 1000) and Constant 1999 Dollars

	Fiscal Year
	Procurements
	In-House
	National Lab
	Other **
	Actual Budget
	Appropriated Budget ***

	1993
	741

825
	300

334
	
	
	1,041

1,159
	1,041

1,159

	1994
	2,065

2,253
	400

436
	150

164
	199

217
	2,814

3,070
	2,814

3,070

	1995
	4,352

4,648
	310

331
	
	162

173
	4,824

5,152
	4,824

5,152

	1996
	4,448

4,660
	268

281
	
	611

640
	5,326

5,581
	5,326

5,581

	1997
	3,488

3,584
	292

300
	730

750
	967

994
	5,477

5,628
	5,477

5,628

	1998
	4,695

4,765
	287

291
	1080

1,096
	
	6,062

6,152
	5,531

5,614

	1999
	3,545

3,545
	169

169
	1000

1,000
	
	4,714

4,714
	4,000

4,000

	*    Project budget data derived from BEMIS reports.

** Other includes Headquarters and discretionary funding.

*** Appropriated budget derived from Congressional Reports.


(B) 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).

Breakdown of procurement funding based on the R&D stage of development for actual and constant 1999 dollars is presented in Table 4-3.  As the more resource-based/project-oriented Eastern Gas Shales project in 1992 transitioned to a more product-oriented research in 1993, the need for basic research declined.  Basic research was eliminated from the drilling, completion and stimulation budget with final funding in 1994.  R&D spending over the seven year period has been in applied R&D research activities, primarily in the field of tool (i.e. bits, high temperature logging tools, electromagnetic measurement-while-drilling) development.  Research dollars have been spent periodically in the area of demonstration projects, peaking in 1995 with work being conducted in horizontal drilling, CO2/sand stimulation and field fracture detection studies.  The low amount of demonstration dollars is somewhat miss leading, as many of the applied R&D projects have a final demonstration phase.  The amount of money directed towards the demonstration phase could not be determined based on existing data, but could be as much as 33 percent of the applied R&D budget.

Tables 4-4 and 4-5 evaluate the usage of research dollars based on percentages.  Table 4-4 indicates the percentage of government funding and awardee cost sharing went to each 

	Table 4-4.  Breakdown of Procurement Research Dollars Based on R&D Stage of Development in Actual Dollars Funded (x 1000)* and Constant 1999 Dollars

	
	Government Funded
	Awardee Share

	Year
	Basic
	Applied**
	Demo
	Total
	Basic
	Applied**
	Demo
	Total

	1993
	200

223
	541

603
	
	741

826
	
	73

81
	
	73

81

	1994
	14

15
	1,792

1,955
	259

283
	2,065

2,253
	
	580

633
	50

54
	630

687

	1995
	
	2,284

2,439
	2,230

2,382
	4,514

4,821
	
	852

910
	867

926
	1,719

1,836

	1996
	
	4,105

4,301
	343

359
	4,448

4,660
	
	1,631

1,709
	
	1,631

1,709

	1997
	
	3,488

3,584
	
	3,488

3,584
	
	1,091

1,121
	
	1,091

1,121

	1998
	
	4,116

4,177
	579

588
	4,695

4,765
	
	1,393

1,414
	
	1,393

1,414

	1999
	
	3,545

3,545
	
	3,545

3,545
	
	1,311

1,311
	
	1,311

1,311

	Total
	214

238
	19,871

20,604
	3,411

3,512
	23,496

24,454
	0

0
	6,931

7,179
	917

980
	7,848

8,159

	*    All data based on annual BEMIS reports and PADS data.

**  Several Applied R&D projects have a demonstration phase which may account for up to 33% of the Applied R&D money.  Actual breakdown of Applied R&D demonstration phases could not be determined from existing data.


of the research area: basic, applied R&D and demonstrations on a per year basis.  Both government and industry enlisted heavily in the applied R&D arena.  Almost all of the awardee cost sharing was used for applied R&D.  The only exception was 1995, which had the several demonstration projects listed earlier.  

	Table 4-5.  Breakdown of Procurement Research Dollars Based on 

R&D Stage of Development Shown as Percent of Total

	
	Government Funded
	Awardee Share

	Year
	Basic
	Applied**
	Demo
	Total
	Basic
	Applied**
	Demo
	Total

	1993
	27
	73
	
	100
	
	100
	
	100

	1994
	<1
	87
	13
	<101
	
	92
	8
	100

	1995
	
	51
	49
	100
	
	50
	50
	100

	1996
	
	92
	8
	100
	
	100
	
	100

	1997
	
	100
	
	100
	
	100
	
	100

	1998
	
	88
	12
	100
	
	100
	
	100

	1999
	
	100
	
	100
	
	100
	
	100

	**  Several Applied R&D projects have a demonstration phase which may account for up to 33% of the Applied R&D money.  Actual breakdown of Applied R&D demonstration phases could not be determined from existing data


Table 4-5 evaluates the percentage of money spent by the government and cost shared by the awardee for each of the research development areas per year.  All basic research was funded totally with government funds, but this only occurred during 1993 and 1994.  Basic research was phased out in 1994.  The percentage of applied R&D money cost shared by industry doubled from 12 percent to 24 percent between 1993 and 1994.  Since that time, it has remained nearly constant with approximately 75 percent of the applied R&D research dollars being provide by the government and roughly 25 percent provided in matching cost-shared dollars. However, there is no way of determining what additional research dollars where given as in kind contributions by industry from the available data.  The in kind contributions could significantly impact the amount of industry cost-shared dollars. Most of these projects are designed to terminate in a commercially available product that is promoted by industry.  Due to the high risk associated with demonstration projects, many of these projects have been highly or totally funded by the government.  It should again be emphasized that several of the applied R&D projects have a final demonstration phase that tests the developed product.  The costs associated with these demonstration phases could not be determined from available data, but may be as high as 33 percent of the awarded costs.

	Table 4-6.  Percent Government Funded R&D to Awardee Share 

Per Year Based on R&D Stage of Development

	
	Government Funded
	Awardee Share

	Year
	Basic
	Applied
	Demo
	Basic
	Applied
	Demo

	1993
	100
	88
	
	0
	12
	

	1994
	100
	76
	84
	0
	24
	16

	1995
	
	73
	72
	
	27
	28

	1996
	
	72
	100
	
	28
	0

	1997
	
	76
	
	
	24
	

	1998
	
	75
	100
	
	25
	0

	1999
	
	73
	
	
	27
	

	**  Several Applied R&D projects have a demonstration phase which may account for up to 33% of the Applied R&D money.  Actual breakdown of Applied R&D demonstration phases could not be determined from existing data


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. 

DOE’s role in drilling, completion and stimulation technology development has been to: 1) continue technology development when industry had stopped R&D; 2) accelerate technology also being developed by industry; 3) conduct research into novel techniques that industry had little interest in; and 4) develop sub-elements that make a technology more efficient.  For example:

Polycrystalline Diamond Compact (PDC) Bitstc \l1 "Polycrystalline Diamond Compact BitsADVANCE \d3
General Electric marketed the first PDC cutter under the trade name Stratapax in 1977.  The PDC drill bit was used commercially for the first time in the North Sea in 1977.  However, resistance to competition by the roller-cone rock bit manufacturers, numerous technical difficulties with bonding and material properties, high bit failure rates, and limitations to soft rock drilling resulted in plans by GE to discontinue PDC drill bit R&D.  DOE, through Sandia National Laboratories (SNL), contracted with GE to improve the applicability of PDC drill bits for hard-rock geothermal drilling.  DOE's participation with research and supportive funding, sustained continuing research efforts during this critical period in PDC technology development. SNL played a critical role by conducting fundamental research on bit mechanics, hydraulics, cutting mechanisms, and wear mechanics, and in disseminating the results of its research.  One of the most important advances occurred in 1986, with SNL's revolutionary breakthrough in the bonding technique that helped make PDC drill bits commercially viable. DOE sponsored field demonstrations established the commercial application of PDC drill bits.  Within one year of DOE/SNL's successful demonstration of the prototype PDC drill bits, dozens of U. S. companies were applying the technology to manufacture commercial PDC drill bits. (Falcone, 1995; Borns, 2000; Mansure, 2000; Williams, 2000)  Today, PDC drill bits account for one-third of the worldwide drill bit market, with sales well above $200 million per year.

Sandia continues to conduct cost-shared studies (TSP, hardening/bonding, etc.) with industry partners to improve the hard-rock capability of PDC drill bits for an expanding range of applications.  These bits provide significant drilling cost reductions by virtue of more rapid rock penetration and longer bit life.  Co-sponsored by the DOE' Geothermal Program, DOE's Office of Fossil Energy, and multiple partners, the program fosters innovative approaches for enhancing hard-rock penetration. (Energy, 2000) 

It is unlikely that the bit would have come to market when it did, or overcome industry resistance, in the absence of DOE’s participation in the research efforts.  If the bit had been introduced even five years later, at the onset of the mid-80's drilling "bust", it would likely have met with market failure.        

Acoustic Telemetry 

DOE is developing Acoustic Telemetry technology that allows transmission of additional downhole information such as formation evaluation and drilling performance parameters. Project researchers have demonstrated that raw baud rates of 10 to 100 can be attained over distances of 10,000 feet in drill pipe.

ADVANCE \d3

ADVANCE \d3
Hot Oiling Paraffin Treatment

The Department of Energy developed a computer model that optimizes hot oiling paraffin treatments and aids in determining good practices. The use of this software, to estimate downhole temperatures and effectiveness of hot oiling, helps both producers (especially independents) and service companies by reducing operating and maintenance costs. For example, application of the software by an independent producer in a West Texas field increased the efficiency of production equipment, reduced equipment failures, and resulted in about $1.00 per barrel-equivalent reduction in average lifting cost. Industry use of the software and good hot oiling practices could result in more than $150 million per year in reduced operating cost, and also reduce well abandonments.2
Electrodril

Technological restraints on existing downhole motors in 1978-79 were: short life, limited bit pressure drop, excessive length, limited power output, excessive bearing failures, and poor seal reliability

At the time, at least 10 companies were working the development of new and improved downhole drilling motors including Turbodrills, Moineau Motors, Vane Motors, and Electrodrills. Development of the projects was limited by the high cost of testing the motors in the laboratory and field. Government funded testing of these motors was seen to greatly accelerate motor development. (Drilling, report) Development of the motors was predicted to increase overall drilling rates by 50 to 100% that could result in a $1 to $2 billion savings per year in oil and gas drilling. Additional savings would result from application of the drilling technology to areas such as oil shale and coalbed methane. (Drilling, report)

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.

NPTO OIL PROGRAM METRICS

Table FE-6.1: Summary Program Metrics for the (Oil) Drilling, Completions, and Stimulation program  (Source: TORIS).

	
	Realized (1978-2005)

(1999 MM dollars)
	Options (2006-2020)

(1999 MM dollars)
	Knowledge

(1999 MM dollars)

	Economic
	$2,221 million benefit for $92 million cost
	$3,571 million 


	$1,785 million 

	Environmental
	Not quantified:  

See text
	Not quantified:  

See text
	Not quantified:  

See text

	National Security
	Not quantified:  

See text
	Not quantified:  

See text
	Not quantified:  

See text


General Economic Benefits

Onshore typical drilling and completion costs have dropped by about 20% from an average of about $500,000 per well in the 1980’s to about $400,000 per well today (after adjusting for inflation, depth, type of well, and locations of wells drilled). 

Offshore drilling and completions costs of about $5.5 million per well in the 1980’s have dropped to an average of $4.3 million today. 

New exploration and drilling technology has, on average, doubled the amount of oil or gas supplies developed per well since 1985. Today’s level of reserve additions is achieved with 22,000 fewer wells annually than would have been required with 1985-era technology.

With 22,000 fewer wells, average annual volume of drilling waste is reduced by approximately 148 million barrels (assuming an average well depth of 5,6000 feet and 1.2 barrels of waste per foot drilled) resulting in lower waste handling and disposal costs. (Environmental, report)  

REALIZED ECONOMIC BENEFITS

The Realized Economic Benefits for the Drilling Program consists of the net benefits from the Old Drilling Program projects (1978 – 1983), the NGOTP projects, and the New Drilling Program projects (1989 – 2000), and benefits from the future forecasted projects (2001 – 2005).  

Figure FE - 6.1 indicates the Benefits and Costs attributed to the Drilling Program for the entire time period from 1978 to 2005. 

Figure FE – 6.1  Oil Drilling Program Realized Economic Benefits and Costs.
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The total Benefit-To-Cost (Benefit/Cost) Ratio for the cumulative benefits ($2,221,000,000) and cumulative costs ($92,000,000) is 24.2 for the drilling programs from 1978 to 2005. 

Table FE - 6.2 indicates the Benefit-To-Cost (B/C) Ratios for the years 1978 to 1983 (when DOE funding was reduced and the Old Drilling Program was suspended).  Table FE - 6.3 indicates the Benefit-To-Cost (B/C) Ratios for the years 1989 to 2000 (the New Drilling Program).  Table FE - 6.4 indicates the Benefit-To-Cost (B/C) Ratios for the years 2001 to 2005 (forecasted future). 

Table FE - 6.2  Past and Current Benefit-To-Cost Ratio (1978 to 1983).

	Year
	'78
	'79
	'80
	'81
	'82
	'83

	B/C
	3
	5
	15
	54
	410
	1358


DOE funding for the early drilling program was reduced beginning in about 1982, but the benefits from the program prior to 1982 (from PDC drill bit, pressure coring, and other technology) continued, thus the B/C ratio increased dramatically as the costs (the denominator) phased to zero.

Table FE – 6.3  Past and Current Benefit-To-Cost Ratio (1989 to 2000).

	Year
	'89
	'90
	'91
	'92
	'93
	'94
	'95
	'96
	'97
	'98
	'99
	'00

	B/C
	515
	146
	60
	32
	20
	12
	11
	19
	21
	12
	13
	19


Table FE – 6.4  Future/Forecast Benefit-To-Cost Ratio (2001 to 2005).

	Year
	'01
	'02
	'03
	'04
	'05

	B/C
	18
	16
	18
	18
	23


The Economic Benefits of several specific DOE drilling program technologies are discussed in the following sections.  

Polycrystalline Diamond Compact (PDC) Drill Bits

The Department of Energy funded research between SNL and GE beginning in 1977 to improve PDC drill bit design intended to make PDC drill bits commercially viable.  In late 1980, DOWDCO partnered with the DOE Bartlesville Energy Technology Center (BETC) in a 50% cost-sharing project to improve the performance of polycrystalline diamond compact (PDC) drill and core bits for use in hard formations.  DOWDCO successfully designed, manufactured, and field tested a series of PDC drill bits resulting in drilling rates 3 to 5 times faster than conventional diamond and roller cone bits.  

The field demonstrations established the commercial application of PDC drill bits and the industry took-off from there.  Within one year of DOE/SNL’s successful demonstration of the prototype PDC drill bits, dozens of U. S. companies were applying the technology to manufacture commercial PDC drill bits.

Today, PDC drill bits account for one-third of the worldwide drill bit market, with sales well above $200 million per year. 

Continuing research by DOE/industry and by industry has resulted in (PDC) drill bits becoming increasingly effective:

· Between 1988 and 1994, technology advances increased the average footage drilled per PDC bit by over 260 percent (from approximately 1,600 to 4,200 feet per bit)

· Total footage drilled worldwide by diamond bits has climbed steadily, from approximately 1% in 1978. To 10% in 1985, and to 25% in 1997

· Latest-generation PDC bits drill 150 to 200 percent faster than similar bits just a few years ago 

· The NPC estimates that improvement in drilling efficiency for advances such as those in bit technology have reduced underlying drilling costs by about 3% annually over the last 50 years

· When Chevron switched to new generation polycrystalline bits at its Arrowhead Greyburg field in New Mexico, the rate of penetration increased more than 100%. (fact sheet 10)

A PDC drill bit recently set a new world record of 22,000 feet for single-run footage in the same well with no bit maintenance or interrupting drilling operations.  A PDC drill bit that achieved an all-time record for cumulative footage drilled of 180,000 feet in 26 runs has also set a benchmark for durability. An all-time record for penetration rate was set with a PDC drill bit by drilling at more than 2,200 ft/hr.  Drilling cost savings derived from superior PDC drill bit performance can be as much as $1 million per well in time-critical drilling in hard-rock, deeper formations or in offshore operations, with savings for a single PDC drill bit run often exceeding $100,000.

SNL developed computer programming (PDCWEAR, which enables optimal placement of cutters on the bit to equalize the wear on the bit) which was later modified commercially (by Amoco) to design the much improved reduced fatigue "antiwhirl" bit, generating a new round of PDC bit innovations. (Falcone, 1995)

Additionally, an indirect benefit of PDC technology (the development of which DOE/SNL participated in directly, conducting a significant amount of research in materials technology and bit hydraulics in the past and continuing) has been advances in materials technology and bit hydraulics, which, spurred by competition between roller-cone and PDC drill bits, has yielded tremendous improvement in the design and, thus, in the drilling performance of conventional roller-cone drill bits. (Falcone, 1995)

Horizontal Drilling

Since the mid-1980’s, the drilling of horizontal wells has grown from a few to more than 2,700 wells per year worldwide. In the U.S., horizontal drilling now accounts for 5 to 8% of the land well count.  About 90% of all horizontal wells have been drilled into carbonate formations, which account for about 30% of all U.S. reserves.

Benefits include: 

fewer wells; lower waste volumes; protection of sensitive environments.

Reserve additions: potentially increased by an estimated 10 billion barrels of oil, nearly 2% of U.S. OOIP.

Production rate: carbonate production is nearly 400% greater in horizontal projects than with vertical wells, yet costs are only 80% more.

Average production ratio: the ratio is 3.2 to 1 for horizontal compared to vertical drilling, offsetting a higher average cost ration of 2 to 1. Average increase in reserves derived from horizontal well applications is approximately 9%.

Less produced water requiring disposal.

Slimhole and Coiled tubing drilling 

Reduced cost – a typical 10,000 feet well drilled in southwest Wyoming costs about $700,000, but with coiled tubing and slimhole drilling technology, the same well would cost $200,000 less.

A comparison of a 4-inch diameter slimhole well activities to a 8.5-inch diameter conventional well at a depth of 14,000 feet are shown in Table FE – 6.5.

Table FE – 6.5  Slimhole Well Activities vs Conventional Well Activities. 

	Fuel consumption
	75% less

	Installed power
	1,350 vs. 4,000 kW

	Mud-pump power
	330 vs. 3,200 hp

	Drillsite Area
	75% smaller

	Mud cost
	80% less

	Active mud volumes
	50 vs. 1,5000 barrels

	Rig weight
	412,000 vs. 3,400,000 pounds

	
	150 vs. 500 helicopter lifts

	
	12 vs. 65 Hercules loads

	
	18 vs. 55 truckloads

	
	Drillstring weight: 37 vs. 150 tons

	 Drilling crew size
	Staff of 3 or 4 vs. 6

	Camp size
	Staff of 30 vs. 80


Synthetic Drilling Fluids

Three wells drilled using synthetic fluids (SBM) were completed in an average of 53 days at an average cost of $5.5 million while the 5 wells drilled using water-based fluids (WBM) were completed in an average of 195 days at an average cost of $12.4 million, as shown in Table FE – 6.6.  

Direct benefits of synthetic drilling fluids over convention drilling fluids are:

lower waste volumes because synthetic drilling fluids can be recycled and reused,

enhanced well control,

lower toxicity of discharges,

less time on site,

protection of sensitive environments.

Table FE – 6.6  Advantages of Synthetic Drilling Muds 

(demonstrated by Marathon Oil in the Gulf of Mexico fact sheet 15, SPE 29737, 1995)

	Footage Drilled
	Footage per Day
	Mud Cost in $ millions
	Cost $ per foot
	Total Well Cost in $ millions
	Total Days

	WBM Wells
	
	
	
	
	

	17,981
	138
	1.3
	74
	11.6
	163

	16,928
	63
	2.5
	150
	18.3
	326

	17,540
	82
	-
	-
	9.6
	214

	17,142
	101
	1.6
	90.4
	12.7
	197

	17,381
	215
	-
	-
	10.1
	77

	SBM
	
	
	
	
	

	16,842
	301
	0.8
	48
	5.0
	50

	18,122
	247
	1.7
	94
	7.8
	75

	17,250
	431
	0.8
	45
	3.7
	33


Cuttings Injection 

Disposal of drill cuttings from offshore, arctic, and other remote or environmentally sensitive locations is of importance from both economic and environmental perspectives.  In areas such as the North Slope of Alaska, the cost of barging cuttings to a disposal site is enormous.  In any location, the transportation of such wastes has the potential for accidental spillage of materials in environmentally sensitive locations such as waterways or wetlands.  An attractive option that is coming into more common use is to inject the cuttings into deep formations where they will not interfere with surface and sub-surface potable water sources.  The major issue associated with this technology is assuring that the cuttings are not transported upward to the surface or toward aquifers

In a project conducted by Sandia National Laboratories, the cuttings-injection mechanisms were studied through a suite of monitored injections and subsequent coring of the created fracture process zone. The objectives were to: (1) provide a basic physical understanding of the injection process; (2) demonstrate the applicability of geophysical monitoring techniques; and (3) validate physical models of the process.

Economic Benefits: $100’s of millions of dollars saved in barging, trucking and disposal costs.

Wireless Telemetry for Production Monitoring 

SNL developed a new commercial tool that can collect downhole pressure/temperature data in a production well and transmit it to the surface via sound waves propagating in the production tubing.  The projects is completed.  A prototype tool was built and successfully field tested.  All field testing has been completed.  A licensing agreement between Sandia and Baker Oil Tools is in place, and an initial royalty payment has been received.  Baker Oil Tools is commercializing the tool for oil field use.  Patent licensees for drilling applications are being sought.  A technical journal article has been written.  

Gas-Liquid Cylindrical Cyclone

University of Tulsa’s work on Gas-Liquid Cylindrical Cyclone separators has been rapidly adapted and used by industry. Thirty-six compact separators that are operating in the field can be tied directly to University of Tulsa’s consortia activities. Chevron has built 2 prototype GLCC separators in California and 15 in Oklahoma, and has designed others for use in Canada and the Gulf o Mexico. Petrobras in Brazil is retrofitting a separator because the production mix contains too much water. Intevep in Venezuela is using the compact separator on platforms in Lake Maracaibo in a multiphase flow loop configuration. Company officials predict savings of tens of thousands of dollars in reduced equipment needs.

The worlds largest GLCC was installed by Caltex Pacific Indonesia in the Light Oil Steam Flood project in Minas, Indonesia. The successful application of GLCC technology will prolong the producing life of Minas field and help postpone Indonesia from becoming a net importer of oil. Comprehensive sensitivity analysis of the conventional separators compared to the GLCC demonstrated that GLCC application for Duri Area-10 alone is estimated to improve the metering accuracy and save about $3.2 million over conventional separators.

Texaco applied a GLCC separator with a Jiskoot/Texaco STARCUT Watercut Monitor on a skid to well test measurement of produced oil, gas, and water. The assembly was compact and suited for offshore installation and trailer/truck mounting. The accuracy of each component rate measurement was improved via separation of the gas and liquid phase. Texaco’s GLCC installation provided: (1) low cost well testing; (2) capital savings due to reduced weight, compact footprint offshore installations, and multiple use mobile installation; and (3) improved reservoir management from increased frequency of well testing and improved accuracy of measurement.

Economic benefits of the GLCC technology developed are as follows.

1. The successful application of GLCC technology by Caltex Pacific Indonesia will extend the life of the field and, for the Duri Area-10 alone it is estimated to save about $3.2 million over conventional separators.

2. Cost Savings: At least a 3-fold cost saving is achievable for cyclone separators compared with a conventional separator. For offshore operations with flow rates of 50,000 – 70,000 Nm3/hr, a conventional separator would cost $180,000 whereas a cyclone separator would cost $460,000. In an application in the North Sea, 4 separators were used which resulted in cost savings close to $250,000.

3. The GLCC is adaptable to different applications. The technological development from this project has helped increase deployment of the GLCC separator systems:

· Multiphase Measurement Loop: Most of the GLCC’s deployed (approaching 100) have been configured in a multiphase metering loop to improve metering accuracy of individual phases over a wider range of flow rates and significantly lower costs. Apart from the improved accuracy, partial gas separation allows the use of a smaller, less expensive multiphase meter. The cost savings of using a smaller meter in conjunction with a GLCC can be four times the cost of the GLCC.

· Partial Processing (Separation): A compact GLCC is often very appropriate for applications where only partial separation of gas from liquid is required. One such application is the partial separation of raw gas from high-pressure wells for gas lift of low-pressure wells. The GLCC was a central feature in an offshore raw-gas-lift system designed by Chevron that allowed elimination of gas compressors and lift-gas pipelines. 

· Subsea Production. Subsea applications require a high degree of confidence in separator design and performance while demanding that the equipment be simple, compact, robust, and economical.

· Environmental: Because of their smaller size, GLCC separators reduce the environmental footprint, which is beneficial in environmentally sensitive areas.

ECONOMIC OPTIONS

Polycrystalline Diamond Compact (PDC) Drill Bits

GE and its patent lessees, De Beers and Sumitomo, were initially the only suppliers of PDC inserts/cutters.  By 1984 two additional synthetic diamond manufacturers, Megadiamond and Valdiamant, were in business.  GE's patent expired in 1991, fostering more business startups.  In 1995, there were nine synthetic diamond suppliers, all manufacturers of PDC inserts/cutters. 

There are four successive business users of PDC drill bit technology:

PDC drilling contractors,

Oil and gas companies,

Mining companies, and

environmental cleanup activities.  

Seismic Stimulation

The laboratory system for measuring applied stress, strain, displacement, pore pressure, and stimulation parameters was implemented and calibrated for a 1"-diameter Berea sandstone sample.  This apparatus had already been tested successfully for accurate measurement of fluid flow parameters.  This core flow system allows us to determine lower and upper stimulation threshold parameters (such as frequency, power, and duration) and the resulting effects on permeability and elastic moduli.  Initial tests on Berea sandstone were designed to investigate permeability enhancement and reduction of residual oil saturation.  Axial stress cycling at 20-50 Hz successfully mobilized in situ clay fines and increased the permeability of the core by as much as 15% during single-phase brine flow.

Simultaneous 2-phase flow of brine and decane through the sandstone sample at several decane/brine ratios showed that when the decane-to-bring flow rate ration was less than unity, stimulation at 25-75 Hz produced a significant decrease in the bulk fluid pressure drop across the core.  This phenomenon was less significant, or absent, for decane-to-brine rations larger than unity.  For a decane-to-brine flow rate ration of 0.1, the bulk fluid pressure drop across the core decreased by approximately 10% within 10-20 seconds after stress stimulation was applied.  After the stimulation was turned off, the pressure drop returned to its initial higher value within several minutes.  The magnitude of the decrease in fluid pressure depended significantly on the input stimulation amplitude and frequency.  Lower frequency and higher amplitude produced the largest pressure decreases.

A custom oil/water separation column was designed and fitted with appropriate transducers to allow automated real-time measurements of changes in oil and water column heights during drainage and imbibition runs.  This in turn gives real-time data on displaced fluid production history.  This combined with real-time pressure-drop data allows measurement of relative permeability vs. brine saturation for both stimulated and unstimulated cases.  Also, a backpressure regulator was added to the system to allow experiments to be run at static pore pressures as high as 5000 psi.  Numerous flooding runs were performed with brine and 10-weight oil.  The data are still being analyzed.  But it appears at first glance that mechanical stimulation had only subtle effects on the production and pressure histories.  This is one reason we will switch to fluid coupled stimulation modes for tests performed during year 3.

Field monitoring of production and seismic stimulation sources was conducted in two separate oil fields using two different seismic sources.  In both cases, increases in oil production were reported.  During the Wave Energy/Wellington test north of Fort Collins, CO, which lasted from mid-January to mid-July 1999, eight producing wells were monitored for production changes during operation of a downhole fluid pressure pulsation device.  One of the eight wells showed an increase in oil cut from 6% to 10% and in apparent increase in total fluid production rate from 63 to 85 barrels per day.  The field as a whole showed no significant overall production changes.   However, one of the eight wells went offline permanently during the experiment.  The test terminated prematurely in July due to logistical problems.

The test in AERA Energy's San Ardo field in California utilized a new design, developed by ETREMA, for a downhole magnetostrictive swept-frequency (200-400 Hz) acoustic wave radiator.  The test has been operational since July 1999 and initial reports from AERA are encouraging.  The production data has not yet been released to the project but AERA plans to deploy additional sources based on the results so far.

Downhole seismic monitoring of both the Wave Energy and ETREMA sources failed to produce any recorded signals that were above the ambient background noise of the fields.  At Wellington the nearest available seismic monitoring well was over 1000 feet from the source stimulation well and the peak ambient background noise particle velocity in the producing formation was very high, on the order of 10-100 microns/second (roughly a factor of at least 100 higher than "typical" oil fields).  Under these conditions it is not surprising that the stimulation source was undetectable.  Seismic monitoring of the ETREMA source yielded similar results.  Although the ambient downhole noise was roughly 1 micron/second (much lower than at Wellington) and the geophone well was 400 feet from the source (less than half the source-receiver distance at Wellington), no signals from the ETREMA source were detectable above the noise.

Applied Seismic Research performed a test in the Permian basin using their fluid pulsation device.  Although no seismic monitoring was performed during the test, the production data was made available to the project.  The results show that the stimulation halted the historic decline in oil cut that was observed in the field prior to stimulation.  The effect lasted for at least 4 months after stimulation ended.  The oil cut after 4 months was roughly 20% higher than the extrapolated historic production data for the field predicted.

Real-Time Coiled-tubing Monitoring Inspection System

Objective. Provide real time inspection of coiled tubing.  To accomplish this goal a permanent mark and mark recognition system will be developed together with life cycle fatigue models.  Additionally lifetime coiled tubing tracking software will be developed.  As oil and gas operators expand their use of coiled tubing an inspection system is needed in order to minimize failures and premature scraping of coiled tubing in order to achieve economic efficiencies in what are typically high cost operations.

Background. Real-time data acquisition and inspection of coiled tubing (CT) is important when: 1) assessing its integrity to meet intended service applications, 2) assessing effects of short-term inactivity (storage) in corrosive environments, and 3) predicting remaining life.  Current CT field inspection technology is relatively crude, consisting of rolling friction wheels to monitor depth, and limited systems which monitor diameter and ovality, with little reliability in identifying which section of tubing is being inspected.  CT operates in an extremely severe mechanical environment, where large bending strains are combined with significant internal pressure.  This can cause diametral growth, wall thinning, ovality, and elongation, that can result in shortened operational life spans.  

The reliability of CT has been enhanced by extensive refinements to its manufacturing process.  CT strings are now making as many as forty trips into bore holes, often with long periods of inactivity in which corrosion can damage the tube surfaces.  This success partly results from laboratory experimentation and theoretical work involving fatigue durability.  Sophisticated plasticity and fatigue damage models predict life for discrete sections along the entire string throughout its service history.  However, used CT tends to fail sooner than predicted, due the presence of imperfections in the surface of the CT incurred through mechanical damage or corrosion.  Furthermore, sections of CT can be removed or new ones spliced into a string, often without reliable measurement or documentation.  Theoretical fatigue programs could benefit greatly from real-time information about the measured state of each section of CT during its use, and reliable information about the location of that section in a given CT string.

Currently, CT inspections are performed off-line at on-shore locations.  However, real advantages occur if inspections were to be performed at off-shore locations, but this requires a re-evaluation of the current electronics so as to permit taking the entire unit offshore to the well site.  In respect to offshore applications, sensor packaging must be designed to meet Zone I and II certifications and/or qualifications.

To determine magnetic stripe spacing and polymer particle loading for a coiled tubing marking system, INEEL is first developing techniques and parameters for spraying polymer paint with finely dispersed magnetic particles and selecting magnetic material. Three hard magnetic materials, NdFeB (neodymium iron boron), magnetite (Fe3O4) and CoFe2O4 (iron cobalt oxide) are being investigated for marking. The initial states of these powers are essentially non-magnetic, and they are subjected to a magnetic flux to permanently align their moments to become strong magnets after deposition on the work surface

Microhole Drilling and Related Technology
Los Alamos National Laboratory (LANL), supported by DOE, in collaboration with the petroleum industry through the Natural Gas and Oil Technology Partnership (NGOTP), has undertaken an integrated program to show that the cost of obtaining subsurface information can be drastically reduced through specifically developed microhole technologies.  The microhole drilling and technology development effort encompasses:

· evaluating the feasibility of drilling deep microholes

· miniaturization and testing of bottom hole coiled-tubing drilling assemblies

· miniaturization of geophysical logging tools

· incorporation of emerging miniature sensor technologies in borehole seismic instrumentation packages.  

-   Microhole Drilling System

The LANL microhole drilling system consists of a mechanical rotary drag bit, a hydraulically powered positive displacement motor (PDM), and a coiled-tubing drill stem.  For the initial feasibility test, components suitable for drilling 1.75-inch vertical bores were either procured or fabricated and tested as a microhole bottomhole drilling assembly in an indusrtial laboratory.  Motor and bit performance tests demonstrated that these assemblies were suitable for coiled-tubing drilling.

Under a separate contract to the DeepLook Collaboration (seven major oil companies and three service companies), bottomhole assemblies have been designed that will enable microholes having 1-3/8 inch diameter to be drilled.  Engineering calculations, laboratory testing, and discussions with the drilling industry have indicated that by using coiled-tubing and miniaturized hardware for conventional drilling, 1-3/8 inch diameter holes with depths to 10,000 feet should be achievable.   

-   Logging Tools

Work has begun on a basic suite of 7/8 inch diameter logging tools that is to include spectral gamma and electrical resistivity tools, as well as a capability for surveying the trajectory of completed microholes.

-   Microhole Seismic Packages

Two borehole seismic instrumentation packages have been tested and thoroughly evaluated.  One contains miniaturized (0.395") geophones (Albright et al, 1998); the second makes use of a micromachined accelerometer that is a member of the class of sensors called microelectromechanical systems, of simply MEMS devices (Albright et al, 1999).  The geophones and the MEMS accelerometer exhibit a performance approaching, if not exceeding, the performance of conventional geophones.

Participating Projects:

· Evaluation of Concepts and Components for Directional Underbalanced Drilling and Microdrilling

· Advanced Sensor technology for Microhole and Other Seismic Instrumentation

· Formaton Logging Tools for Microholes 

Status:  

At the November 1999 Partnership Review, LANL presented a proposal to begin preparations with industry for the drilling of a 5,000 foot microhole to demonstrate the capability to drill a deep microhole and obtain reservoir information using the microhole instrumentation developed under Partnership funding.  If funded, the demonstration microhole would be drilled after 3 years of development (NGOTP, 2000a).

ECONOMIC KNOWLEDGE BENEFITS 

Polycrystalline Diamond Compact (PDC) Drill Bits

There still remains temperature and operational limitations with PDC drill bit designs for geothermal and deep gas drilling utilization.  Most current drilling operations in those areas are conducted using (much improved) conventional roller rock bits, and even though very inefficient (excessive bit wear and high failure frequencies) it is currently the best technology available for now.  

In 1994, a consortium of PDC drill bit and synthetic diamond manufacturers, university researchers, and SNL scientists and engineers entered into a contract to further advance PDC bit technology.  SNL continues to conduct and support geothermal applications research in several related research areas.  DOE/SNL is continuing to conduct cost-sharing studies with industry and university partners to further improve the hard-rock drilling capabilities of PDC drill bits, with the objectives of characterizing the mechanics and materials involved in the drag-cutting process and integrating basic scientific and engineering principles into the optimized design and operation of PDC drill bit technology.  Research and development is being conducted in areas such as, bit and drilling mechanics, analysis and modeling of performance data, bit design and configuration, novel ultra-hard cutter materials, thermally stable polycrystalline (TSP) diamond cutter designs, and microwave bonding technology. (Prarrie, 2000)    

DOE is investigating new high-strength thermally stable polycrystalline (TSP) diamond cutter designs for advanced drag bits, in partnership with Technology International, Inc. (TII) and the Gas Research Institute. (FE website, 2000)  These cutters were made possible by new bonding processes being developed by TII, Jet Propulsion Laboratory, and the Colorado School of Mines.  The new cutter designs are uniquely durable, experiencing significantly less wear than the conventional full round shape designs.  A new Kerfing cutter, designed for continuous self-sharpening, has provided a more efficient method for cutting rock.  Commercial drill bit manufacturers already have initiated testing on some of the new designs. 

Many of today's downhole components utilized in high performance drilling systems require varying degrees of hardening and/or roller cone configuration considerations in their fabrication. (FE website, 2000)  Synthetic diamond is the material of choice for hardening because of its durability in a wide range of environments, and because of the development of a number of technologies that have enabled the bonding of the material to various surfaces.  Pennsylvania State University and Dennis Tool Company are developing a new process for bonding synthetic diamond to metals by utilizing microwave energy to provide the heat necessary to achieve the bond.  In the microwave process, the heat is generated internally within the material instead of originating from external sources.  There is almost 100 percent conversion of electromagnetic energy into heat, largely within the sample itself.  Many hours of processing time are often reduced to less than 15 minutes through this technology.  Utilization of this technology will potentially result in dramatically faster manufacturing of a wide range of higher quality synthetic diamond products. 

REALIZED ENVIRONMENTAL BENEFITS

General

Environmental benefits of advanced drilling and completion technology:

· Smaller footprints

· Reduced noise and visual impacts

· Less frequent well maintenance and workovers, with less associated waste

· Reduced fuel use and associated emissions

· Enhanced well control for greater worker safety and protection of groundwater

· Less time on site, with fewer associated environmental impacts

· Lower toxicity of discharges

· Better protection of sensitive environments

PDC Drill Bits

Extensive field data indicate that, on average, a 15,000 foot well in Roger Mills County, Oklahoma, takes about 39 days to drill today, while the same well would have taken over 80 days in the 1970s.  By reducing the time for the rig to be on location, advanced drill bits reduce the potential impacts on soils, groundwater, wildlife, and air quality.

Slimhole and Coiled-tubing Drilling 

· Reduced waste – mud and cuttings volume: a slimhole drilled to 14,760 feet and ending with a 4 1/8- inch bottomhole produces one-third less volume of cuttings than a standard well at the same depth.

· Smaller footprint: area cleared for drilling locations and site access can be as much as 75% less than that required for conventional operations.

· If technology development had stopped in 1985, today’s drill pads would cover an additional 17,000 acres of land in the U.S.

· Reduced noise and visual impacts: noise level of a conventional rig at a 1,300-foot 55 decibels, while a coiled tubing unit’s noise level at the same distance is 40 decibels, or 27% less.

· Reduced fuel use and emissions.

· Protection of sensitive environments.

Coiled Tubing Safety Manual

The manual was produced under a contract with Westport Technology.  MMS is using it as a suggested reference/guidance tool to Gulf of Mexico operators in an effort to enhance loss control and risk reduction.  MMS is also providing the manual to their inspectors and offshore personnel.

Drill Cuttings Injection

Disposal of drill cuttings from offshore, arctic, and other remote or environmentally sensitive locations is of importance from both economic and environmental perspectives.  In areas such as the north slope of Alaska, the cost of barging cuttings to a disposal site is enormous.  In any location, the transportation of such wastes has the potential for accidental spillage of materials in environmentally sensitive locations such as waterways or wetlands.  An attractive option that is coming into more common use is to inject the cuttings into deep formations where they will not interfere with surface and sub-surface potable water sources.  The major issue associated with this technology is assuring that the cuttings are not transported upward to the surface or toward aquifers

In a project conducted by Sandia National Laboratory, the cuttings-injection mechanisms were studied through a suite of monitored injections and subsequent coring of the created fracture process zone. The objectives were to: (1) provide a basic physical understanding of the injection process; (2) demonstrate the applicability of geophysical monitoring techniques; and (3) validate physical models of the process.

The technology developed in this project eliminates the need to transport and dispose of drilling wastes.
Possible mishaps during transportation are avoided.

Table FE - 6.7 Summary of Environmental Benefits of Drilling Technology Advances

	
	Fewer Wells
	Smaller Footprint
	Habitat Protection
	Better wellbore control
	Reduced waste volumes
	Water Resources protection
	Reduced fuel consumption
	Reduced air emissions
	Enhanced worker safety
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ENVIRONMENTAL OPTIONS

Many of the DOE drilling program projects are in use or are currently under development.  Recent improvements in oil prices will undoubtedly renew industry interest in technology research and development in the future.

ENVIRONMENTAL KNOWLEDGE BENEFITS

Utilization of Drill Cuttings for Wetlands Restoration.

The final paperwork is being submitted on the Greenville/Pioneer Project  that was conducted by Southeastern Louisiana University at Hammond.  Several cycles of drill cuttings were tested for toxicity and material absorption by the plants.  Results ranged from relatively inert cuttings to some that provided mineral absorption, to cuttings that had little food value to the species of plants that were utilized in the tests.  An opportunity with the EPA in their EXCEL Program was explored, but due to prior history and a lack of a industry-supported site the project did not go forward to use the cuttings in a wetlands restoration site.  The information from the project will provide incremental information should the use of drill cuttings and their toxicity and restoration value be reviewed at a later date.  

As a side note, SELU will conduct one additional cycle of mesocosm work with cuttings that were treated in a different manner by MI Drilling Fluids.  There is interest in this work by at least one domestic company as well as internationally.








REALIZED SECURITY BENEFITS

The DOE drilling program participates with a significant number of medium and large oil and gas producers, equipment manufacturers and suppliers, and numerous large research facilities.  These alliances help to ensure a wide dissemination of the technology developed throughout the industry.

SECURITY OPTIONS

The comprehensive nature of the drilling program's objectives, coupled with the alliance to industry, provides a means for industry needs to be addressed and considered for potential future projects.

SECURITY KNOWLEDGE BENEFITS 

DOE's involvement in the technology development helps to ensure that the technology is available across a wide range of potential beneficiaries and other areas outside the petroleum industry. 

NETL GAS PROGRAM METRICS

The National Research Council (NRC) has requested NETL to demonstrate the value of the DOE Drilling, Completions, and Stimulations Program through quantification of program costs and benefits. Table 6.7 summarizes our attempt to provide this information in accordance with the classification scheme provided by NRC.

Table FE-6.8: Summary of the benefit-to-cost analyses for the Gas Drilling, Completions, and Stimulations program (see text for explanation of methods and assumptions).

	
	Realized  (1978 to 2005)
	Options (2001-2020)
	Knowledge

	Economic
	$251.9 million benefit for $30 million cost
	$27.4 million benefit from 1 “option” plus

$622 million* in extended “options” benefits from ongoing projects
	Not quantified:  See text

	Environmental
	See text
	See text
	See text

	National Security
	See text
	See text
	See text


*These are ongoing projects (the bulk of the ADCS program since its inception less than 10 years ago) that are just now nearing commercialization (minimal remaining technical risk) and are likely to yield benefits in the timeframe 2005-2020.

Background

The Department of Energy has a long history of investing in revolutionary drilling technologies that have resulted in enormous cost-savings to industry.   For example, the first system to transmit drill bit location data to the surface by sending pressure pulses through drilling muds was developed by DOE and Teleco, Inc., in the 1970s.  Today mud-pulse telemetry is the industry standard, enabling more efficient directional drilling, a technology with enormous cost and productivity benefits.  In the mid-1980s, DOE successfully demonstrated the prototype polycrystalline diamond (PCD) drill bit. Today, PCD bits account for more than one-third the worldwide drill bit market (annual sales exceed $200 million dollars), and are allowing greatly reduced drilling times and costs.

In 1992, DOE reorganized the oil and gas program to make it more accessible to its stakeholders and to stimulate more joint projects with industry. One of the elements created at this time was the Drilling, Completions, and Stimulations program. Since then, DOE has continued to test a wide variety of novel, high-risk, DCS technologies with the potential to significantly impact the economics of well drilling, particularly as applied to the deeper, harder, and high risk (high temperature and pressure) reservoirs that are expected to supply a growing portion of the nation’s supply (Table 6.9).

Table FE-6.9: Expected contribution of selected portions of the resource base (% of total production).

	
	1998
	2005
	2010
	2015

	Associated gas
	14%
	13%
	14%
	13%

	Conventional (shallow & onshore)
	52%
	36%
	28%
	25%

	Deepwater and Sub-salt
	1%
	16%
	19%
	18%

	Tight and Shale
	20%
	20%
	21%
	25%

	Coalbed Methane
	6%
	5%
	6%
	8%

	Deep Gas (>15,000 feet)
	7%
	10%
	12%
	11%


General Nature of DCS Benefits
The goal of the DOE Drilling, Completions, and Stimulations program is to improve the economics of well drilling in order to both expand the resource base and improve the financial performance of the domestic natural gas industry.  Advanced DCS technologies achieve improved economics through two primary categories of benefit: 1) real cost reduction, 2) improved net present value of drilling projects through enhanced productivity, and 3) increased capacity. 

Cost Reduction: The main avenue for reduction in drilling costs is the reduction in the time required to drill wells.  This reduction can be achieved in many ways, including increased penetration rate, avoided dry holes, more durable components, and more efficient drilling (for example, fewer “trips” in and out of the hole for downhole measurement or bit change). 

Enhanced Production: DCS products also produce a benefit of allowing incremental production. Although some advanced DCS products are more expensive to employ than the next best alternatives that they replace, they nonetheless improve the net present value of drilling projects through increases in well productivity. This enhanced production occurs as both 1) acceleration of production, (increased rates that allow a given volume of gas to be produced sooner), and 2) incremental production (production of gas that would otherwise be left in the ground).

· Acceleration of Production: DCS products improve productivity primarily by reducing the unnecessary reservoir damage (or unrealized reservoir production potential) that is caused by un-optimized drilling, stimulation, and completion practices. This results in producing the same amount of gas sooner, with associated improved economics.

· Incremental Production: The cost reductions associated with DCS products have an additional benefit of increasing production and reserves through rendering economic marginal drilling prospects that are simply unprofitable with lesser technology.  This is particularly true for Deep Gas, where drilling costs currently preclude all but the largest prospects.

Increased Capacity: The benefits of faster drilling are not just economic; they also free up valuable rig and personnel time, allowing more wells to be drilled within given infrastructure restrictions.  This is particularly critical given the expected shortages in rigs and service crews that are likely to burden the industry in the coming years.  Although this is an important metric, time did not allow a quantitative assessment here.  FE can look further into this issue if requested by NRC.

As noted by the National Petroleum Council (“Meeting the Challenges of the Nation’s Growing Natural Gas Demand”: 1999) the known and expected impacts of the DCS program are in dire need in the natural gas industry, for example…

· “Adequate financial performance must be demonstrated to compete for and attract financial investment” (NPC, 1999).  Reduction in drilling costs, the largest component of well costs, provides the best opportunity to increase the profitability of the industry.

· “(In order to keep pace with demand) the number of wells drilled annually is projected to double, from roughly 24,000 in 1998 to 48,000 by 2015…even taking into account improvements in drilling efficiencies of between 1.25% and 1.5% per year, approximately 2,300 active rigs would be needed to achieve the projected level of drilling.” (NPC, 1999).  DCS products promise to enable or improve the expected efficiency gains, thereby reducing the infrastructure restriction hurdles that must be met.

Benefit – Cost Determination

By the NRC’s request, the benefits of the DCS program are estimated in comparison with the next best alternative (as the difference between a with-DCS case and the most likely alternative no-DCS case).  In most cases, this means assuming accelerated market entry and utilization of the advanced technologies sponsored by the program. 

All estimates of costs and benefits are expressed in constant 1999 dollars.  All estimates of future benefits are based on the economic assumptions contained in the latest publicly available EIA Reference Case Scenario (in AEO 2000). Per NRC’s guidelines, job creation, regional redistribution of value, total sales, and unintended impacts (for example, application of these technologies in Canada) are not considered.  

DOE feels that the benefits presented here are conservative estimates given the time and resources available to meet NRC’s request.  Every effort has been made to ensure that only benefits rightfully due the program are claimed. 

Realized Economic Benefits - Assumptions

The basis for economic benefits for the Drilling, Completion, and Stimulation program are primarily cost reductions associated with the following key projects: 1) the accelerating use of underbalanced drilling (UBD) enabled by DOE UBD products and systems; and 2) new generations of high-temperature MWD/LWD systems which are just now being commercialized.  NRC will note that, given the recent creation of this program, FE has many other efforts at various stages of development which are expected to yield significant benefits in the timeframe 2005-2010.

Avoided costs are calculated based on our assumptions of the impact these technologies have had on drilling costs, and dry hole rates.  Improved profitability is based on assumption regarding well productivity (accelerated pay out). Addition value is calculated based on the expansion of the resource base through improved economics. The attached spreadsheet presents more detailed data, as well as an opportunity for the NRC to readily experiment with different assumptions. The following summarizes the critical assumptions, and demonstrates the conservative approach taken by FE:

Underbalanced Drilling Technologies

Assumption 1: The utilization of underbalanced drillings, now being widely used in Canada, will soon begin to grow in the U.S.  DOE assumes that 5% of all development wells in the U.S. will be drilled underbalanced in 2001 – 20% in 2005.

Assumption 2: Underbalanced drilling will result in significant reductions in drilling cost due to dramatically improved penetration rate.  DOE assumes that an average net cost reduction of 20% per well could be realized.  

Assumption 3: Underbalanced drilling result in significant increases in productivity per well as a result of reduced formation damage.  DOE expects that much of this increase will be in accelerated production, with resultant benefits to well profitability of 5%.  The technology will also result in modest increases in net drillable reserves (1%) and recovery efficiency through increases in industry capacity (through faster drilling) and through addition of marginal resources.

Assumption 4: DOE claims 10% of the benefit calculated for UBD products. Industry is assigned the remaining 90%.

High-Temperature MWD/LWD Technologies
Assumption 5: Deep drilling in the U.S. will expand significantly in the coming years, largely as a result of tools such as the HT MWD and LWD.

Assumption 6: Virtually all hot, deep wells drilled will utilize high-temperature MWD and LWD tools.  DOE assumes that 1% of all deep wells drilled in the US in 2001 will use these tools.  This number should rapidly climb to as high as 80% by 2005.

Assumption 7: HTMWD/LWD will reduce the dry holes rate by permitting more accurate drilling.  DOE assumes a 2% reduction in dry hole rates among deep wells utilizing the technology.

Assumption 8: HTMWD/LWD will greatly reduce deep drilling costs by providing more accurate and more efficient drilling.  Drilling efficiency gains (fewer time-consuming trips in and out of the hole) should reduce costs by a conservative estimate of 10%.

Assumption 9: DOE claims 50% of the calculated benefit of HTMWD/LWD technologies.   Industry is assigned the remaining 50%.
Assumption 10: For each technology, the incremental gas credited to DOE is valued at $0.40/Mcf.  This factor represents the value of the gas as a net of finding/extraction costs less royalty and taxes.

The benefit of DCS technologies is calculated as follows for each year (1998-2005):
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These values are then converted on an annual basis into constant 1999 dollars, then summed to provide a total realized economic benefit.  Technology impacts are calculated as follows:
Realized Economic Benefits – Results


The value of the UBD program was calculated as follows:

· Drilling Cost Reduction = utilization rate (growing from 5% to 20%) X  DOE role (10%) X cost impact where applied (20%) X number of development wells drilled per year (~20,000)  X  drilling cost per well (~$400,000).

· Increased Profitability from Accelerated Production = utilization rate (growing from 5% to 20%) X  DOE role (10%)  X  profitability increase (15%) where applied  X  next-best alternative average profitability ($0.40/mcf)  X  number of producing wells (growing from 20,000 to 28,000) where use is possible.

· Value of Incremental Production =  utilization rate (growing from 5% to 20%) X  DOE role (10%)  X  Production Impact (from 10 to 50 bcf/year)  X  value of incremental production ($0.40/mcf).


The benefit of the high-temperature MWD/LWD program was calculated as follows:

· Dry Hole Cost Reduction = utilization rate (growing from 1% to 80%)  X  DOE role (50%) X  dry hole rate impact where applied (2%)  X  number of deep wells drilled per year (~500)  X  drilling cost per well (~$2,000,000).
· Drilling Cost Reduction = utilization rate (growing from 1% to 80%)  X  DOE role (50%) X drilling cost reduction where applied (10%) X  number of deep wells drilled per year (~500)  X  drilling cost per well (~$2,000,000).

· Value of Incremental Production = utilization rate (growing from 1% to 80%) X  DOE role (50%)  X  Production Impact (from 10 to 50 bcf/year)  X  value of incremental production ($0.40/mcf).

Options Economic Benefits – Assumptions
Benefits of technologies for which R&D have been completed but have not yet been realized because of inadequate prices, restrictions, or other conditions are captured in this category.  A prime example is the CO2/sand stimulation project.  CO2/sand stimulation is routinely used to enhance production in Canadian gas wells.  However, the high price of liquid carbon dioxide (CO2) has limited the competitive market for liquid CO2/sand stimulation in the United States.  If the price for liquid carbon dioxide decreased to make CO2/sand stimulation competitive with the next best alternative stimulation, a total benefit from 2005 to 2020 of $27.4 million (in discounted, constant 1999 dollars) could be predicted based on the following assumptions:

Assumption 1:  The utilization of CO2/sand stimulation, now being widely used in Canada, could soon begin to grow in the U.S. if CO2 costs were lower.  CO2/sand stimulation is applicable to all gas formations that do not naturally produce water and are consolidated.  DOE assumes this accounts for 40% of the resource base. Of this resource base, 90% of the wells drilled will require stimulation to enhance production and 20% of those stimulated well will utilize CO2/sand stimulation, with half that value being attributed to the DCS program.

Assumption 2:  CO2/sand stimulation will increase overall well profitability by 30%.  This assumes faster initial pay out with increased production due to reduction of formation damage.

Assumption 3: DOE claims 50% of the benefit calculated for CO2/sand stimulation.  Industry is assigned the remaining 50%.

Ongoing Projects

The following outlines ongoing efforts that are nearing completion/commercialization but are not yet complete (and therefore do not match NRC’s strict definition for “Realized” or “Options” benefits).  Nonetheless, work on many of these projects has advanced to the point where the remaining technical risk is low.  They are therefore included here for NRC’s information.  Although we have not attempted a full accounting of these projects potential impacts, we can present updates of analyses of these programs that were produced in 1998 using FE’s Gas System Analysis Model.  GSAM is the nation’s most sophisticated simulator of the impacts of upstream technologies on the utilization of natural gas.  For each, GSAM’s impact estimate of enable incremental production is translated into constant 1999 dollars using a conversion factor of $0.20/mcf (this lower figure is used as GSAM does not distinguish between accelerated and new production).  A total of $622 million 1999-dollars of extended “options” benefits are identified.

The drilling efficiency program will provide drilling cost reductions with significant environmental benefits.  DOE expects slimhole drilling technologies to realize a 2% cost reduction where applied. Conventional Mud-Hammer and Composite drill pipe technologies will realize substantial cost savings as well.  GSAM estimates an overall increase in gas utilization as a result of these programs to range from 60 to 100 bcf per year from 2005 to 2020 (roughly $55 million in constant 1999 dollar benefits).  Note that GSAM’s estimates are for the individual program elements alone – the cumulative impact of the all the programs together would be somewhat less due to project overlap.

Ongoing efforts in underbalanced drilling program will provide additional cost-reduction and production enhancement benefits in the timeframe beyond 2005.  GSAM estimates the impact of the total UBD effort at roughly 300 to 400 bcf per year (equal to $208 million in constant 1999-dollar benefits).

The new concepts drilling systems program will provide both cost-reduction and production enhancement benefits.  Key elements include a coiled-tubing microdrilling, steerable air percussion drilling, high-pressure coiled tubing system, the advanced mudhammer, advanced TSP bits, hydraulic pulse drilling, and microwave processing technology.  High-risk projects such as laser drilling are also under investigation.  GSAM’s estimate of the impact of this program is roughly 150 bcf/year (or $95 million constant 1999 dollars.) 

The Advanced Completions and Stimulations program will significantly improve the economics of natural gas wells.  For example, The RealTimeZone system for downhole fracture fluid mixing and control has recently been proven in a test well in New Mexico, and should be commercialized shortly.  DOE estimates the technology could save over $100,000,000 dollars annually in fracture stimulation costs.  GSAM’s estimate is 400 to 500 bcf/year, or $264 million in constant-dollar benefits.

“Knowledge” economic  benefits
This category captures benefits derived from advances in the knowledge base that could lead, in the future, to further technology advances or improved applications that will provide additional economic benefits. In the case of Drilling, Completion and Stimulation, a prime example is the steerable air hammer.  After considerable progress was made, this project was terminated by the industry partner due to economic downsizing caused by low oil prices.  The technology base still exists, but will require additional modifications to the original design and additional bench and field testing.  A request for proposals on a new steerable air hammer is anticipated for later this year due to increased oil and wellhead gas prices.  If the steerable air hammer becomes a reality, significant benefits may be realized based, however, due to the still unproven technology, there is a risk that the project will not be completed in the future.

· The steerable air hammer would greatly improve the economics of deep and/or “hard rock” drilling in the U.S.   The tool is applicable to all gas formations that do not naturally produce water and are consolidated.  DOE assumes this to account for 40% of the resource base.
· The steerable air hammer has application in both directional and vertical wells, but is more applicable to direction wells.  It can be used to drill part or the entire well.  GRI reported in 1995 (“Technologies & Improved Strategies Have Lowered Finding Costs & Opened New Exploration Opportunities”) that in the first half of 1995, 25% of all wells drilled were drilled directionally, more than double the share in 1993.  It is anticipated that the percentage of wells drilled directionally will continue to increase.  DOE conservatively estimates that the steerable air hammer will be used in 50% of the future applicable wells.
Environmental benefits

The environmental superiority of natural gas is widely documented, and any effort that results in gas filling a greater share of total energy demand provides a net environmental benefit.  By significantly improving the economics of production of the nation’s vast marginal gas resources (particularly the tight and  deep formations, both on and offshore), the DCS program is a key element in enabling expanded domestic production. The benefits of gas use to fill incremental demand at the expense of other fuels is well documented. 

In addition, significant environmental benefits are obtained from the use of advanced DCS technologies in providing gas supply.  Technologies and information derived from the Drilling, Completions, and Stimulations program undoubtedly will reduce the number of wells needed to produce a given supply – thereby greatly reducing land disturbance.  This is accomplished both through a reduction in the number of dry holes (drilling technologies) and an increase in per-well productivity (through improved completion and stimulation technologies).  In addition, slimhole technologies promise to greatly reduce the area and duration land disturbance.

Finally, DCS technologies such as underbalanced drilling should greatly reduce the volume of drilling fluids that are used and disposed of in the nation, with significant environmental benefits, particularly offshore.

Security benefits
Security benefits derive from two areas.  First, increased domestic gas supply can reduce the need for imported oil.  In fact, the confidence in future gas supplies has clearly accelerated the development of natural gas fueled vehicles, which is clearly the avenue toward enabling drastic reduction in foreign oil dependence.  Similarly, domestic supplies can help offset the growing dependence on imported Canadian gas.  Second, a larger and more diverse resource and reserve base reduces the probability of interruptions of natural gas service. 
FE-7  Provide a list of terminated DOE R&D 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?

Electrodrilling research was terminated when the drop in oil prices made the technology uneconomic. Russia continued the use but did not require the technology to be economic because they needed the oil for the military regardless of the cost. (Williams, 2000)

General Electric Company  Contract ran from May 1, 1976 to March 31, 1981

Electrodril

DOE funding = $2,024,311;
Contractor = $2,205,000;
Total =   $4,229,311

High-Pressure Slim-hole Pump/Jet Assist Drilling System:

As discussed in question FE 1, NETL continued the GRI cofunded project until the contractor was unable to meet performance milestones in the field demonstration phase of the contract.  Following termination of the NETL contract, GRI continued funding field tests with international partners for a couple of years to attempt to improve the Mean Time Between Failure (MTBF) adequately to commercialize the system.  Unfortunately this capability was never achieved.  

The result of this failure was that no other high pressure system was developed or proposed by industry in subsequent years; and, the previously demonstrated potential for high pressure jet augmentation for drilling was never realized.    In 1997, NETL  awarded a financial assistance to MEI under its Advanced Drilling System solicitation to develop a High-Pressure Coiled-Tubing Drilling System.  This project is discussed above.  If it is successful, it will be the first demonstration of the benefit of high pressure jet assist drilling since the Flowdril High Pressure Jet Pump Project.

DOE funding = $1,617,000; 
Contractor = $ 957,000;
Total = $2,574,000

Steerable Air Percussion Drilling System (SPADS)

As noted in question FE 1, NETL was forced to terminate this contract for contractor default.  As also noted in the summary, Smith Tool Company (STC) had demonstrated that the system drilled so well that a number of operators were petitioning STC to demonstrate the tool on their well first when it was ready.  This technology area has gone undeveloped in the intervening years.  Most recently, the need for it was again noted as one operator, Torch Drilling Services, in Houston drilled a 600 ft. horizontal well with a conventional hammer.  The build section was drilled with conventional directional tools with drilling mud.  When the hole was drilled far enough to out from the build section, the air hammer was run to complete the zone in the pay section.  The hole into the extremely water sensitive formation was a considered a success because the desired results were achieved cheaper than any other stimulation technique.  What the operator did not realize was the cost and time savings which could have been realized if they had had access to a directional air hammer.  The entire section could have been drilled in even less time (higher overall penetration rate) without having to pull the directional drilling equipment. 

DOE funding = $2,041,000;
Contractor = $1,073,000;
Total = $3,114,000

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

When technology is first developed, whether by private or Federal researchers, it is available to the industry for immediate use.   History shows that the technology is licensed and either a service company or the developing research lab makes it available for use at a cost.   Often the new technology is only accessible to a major oil company due to the capital equipment expenditure, the perceived risk associated with its use or the proprietary nature of the development.   The government continues development of technology after the first commercialization in some areas in an effort to increase the efficiency and reduce the cost to apply the technology to operations.  This makes the technology available to the smaller producers and increases the entire industry efficiency.

PDC Drill Bit Technology

An example of this is the development of PDC bit technology. The use of PDC drill bits resulted in significant cost savings in drilling because of improved penetration rates and bit life in soft to medium-hard rock.  Because of rapid bit wear and cutter fracturing, however, such bits could not be routinely used in known hard rock formations or in exploratory drilling where such formation could be encountered.  The goal of projects in the mid 1990's was to extend the operating envelope of the PDC and other synthetic-diamond drill bits to improve penetration rates and bit life in harder formation.  The project looked at the dynamic impact loading, optimization of the claw-cutter design, optimization of the track-set design, development of advanced thermally stable polycrystalline bits, and optimization of impregnated diamond bit designs. 

Sandia continues to conduct cost-shared studies (TSP, hardening/bonding, etc.) with industry partners to improve the hard-rock capability of PDC drill bits for an expanding range of applications.  These bits provide significant drilling cost reductions by virtue of more rapid rock penetration and longer bit life.  Co-sponsored by the DOE' Geothermal Program, DOE's Office of Fossil Energy, and multiple partners, the program fosters innovative approaches for enhancing hard-rock penetration. (Energy, 2000) 

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).

Tables are provided for both Oil and gas programs as follows:

Oil Program:

Table FE-9.1 shows the annual dollar amount of funding (from 1978 thru 2000) for each of the eras of the drilling (oil) program (Old Drilling 1978-1983, New Drilling 1989-2000, and Partnership 1989-2000). 

Since initiation in 1975, the total budget for the drilling program 1975-2000 in constant 1999 dollars was MM$54.141 for DOE Funding, MM$24.304 for Cost Share Funding, and MM$78.448 Total.

Table FE – 9.1  Annual DOE Drilling (Oil) Program R&D Budget

	DOE FUNDING (Sheet 1 of 4)                                                                                        
	
	

	Nominal Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	

	
	1978
	1979
	1980
	1981
	1982
	1983
	1984

	Old Drilling (Oil)
	405
	1,050
	735
	401
	126
	38
	0

	New Drilling (Oil)
	0
	0
	0
	0
	0
	0
	0

	Partnership
	0
	0
	0
	0
	0
	0
	0

	Annual Totals
	405
	1,050
	735
	401
	126
	38
	0

	Cumulative Totals
	405
	1,455
	2,190
	2,591
	2,717
	2,755
	2,755

	
	
	
	
	
	
	
	

	1999 $ Deflators
	0.4602
	0.4986
	0.5445
	0.5953
	0.6324
	0.6573
	0.6819

	
	
	
	
	
	
	
	

	1999 $ Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	
	
	

	
	1978
	1979
	1980
	1981
	1982
	1983
	1984

	Old Drilling (Oil)
	880
	2,106
	1,349
	674
	200
	58
	0

	New Drilling (Oil)
	0
	0
	0
	0
	0
	0
	0

	Partnership
	0
	0
	0
	0
	0
	0
	0

	Annual Totals
	880
	2,106
	1,349
	674
	200
	58
	0

	Cumulative Totals
	880
	2,986
	4,335
	5,009
	5,209
	5,267
	5,267

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	DOE FUNDING (Continued – Sheet 2 of 4)                                                                  
	
	

	Nominal Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	

	
	1985
	1986
	1987
	1988
	1989
	1990
	1991

	Old Drilling (Oil)
	0
	0
	0
	0
	0
	0
	0

	New Drilling (Oil)
	0
	0
	0
	0
	0
	197
	338

	Partnership
	0
	0
	0
	0
	100
	160
	527

	Annual Totals
	0
	0
	0
	0
	100
	357
	865

	Cumulative Totals
	2,755
	2,755
	2,755
	2,755
	2,855
	3,212
	4,077

	
	
	
	
	
	
	
	

	1999 $ Deflators
	0.7034
	0.7189
	0.7405
	0.7657
	0.7948
	0.8259
	0.8558

	
	
	
	
	
	
	
	

	1999 $ Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	
	

	
	1985
	1986
	1987
	1988
	1989
	1990
	1991

	Old Drilling (Oil)
	0
	0
	0
	0
	0
	0
	0

	New Drilling (Oil)
	0
	0
	0
	0
	0
	239
	395

	Partnership
	0
	0
	0
	0
	126
	194
	616

	Annual Totals
	0
	0
	0
	0
	126
	432
	1,011

	Cumulative Totals
	5,267
	5,267
	5,267
	5,267
	5,392
	5,825
	6,836

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	DOE FUNDING (Continued – Sheet 3 of 4)                                                                  
	
	

	Nominal Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	

	
	1992
	1993
	1994
	1995
	1996
	1997
	1998

	Old Drilling (Oil)
	0
	0
	0
	0
	0
	0
	0

	New Drilling (Oil)
	825
	1,859
	3,281
	4,891
	3,517
	2,788
	5,805

	Partnership
	775
	832
	1,271
	1,313
	720
	1,459
	1,325

	Annual Totals
	1,600
	2,691
	4,552
	6,204
	4,237
	4,247
	7,130

	Cumulative Totals
	5,677
	8,368
	12,920
	19,124
	23,361
	27,608
	34,738

	
	
	
	
	
	
	
	

	1999 $ Deflators
	0.8767
	0.8977
	0.9164
	0.9363
	0.9545
	0.9731
	0.9853

	
	
	
	
	
	
	
	

	1999 $ Budgets (Thousand Dollars) – Drilling  (Oil)
	
	
	
	

	
	1992
	1993
	1994
	1995
	1996
	1997
	1998

	Old Drilling (Oil)
	0
	0
	0
	0
	0
	0
	0

	New Drilling (Oil)
	941
	2,071
	3,580
	5,224
	3,685
	2,865
	5,892

	Partnership
	884
	927
	1,387
	1,402
	754
	1,499
	1,345

	Annual Totals
	1,825
	2,998
	4,967
	6,626
	4,439
	4,364
	7,236

	Cumulative Totals
	8,661
	11,658
	16,626
	23,251
	27,691
	32,055
	39,291

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	DOE FUNDING (Continued – Sheet 4 of 4)                                                                  
	
	

	Nominal Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	

	
	1999
	2000
	
	
	
	
	

	Old Drilling (Oil)
	0
	0
	
	
	
	
	

	New Drilling (Oil)
	6,365
	6,054
	
	
	
	
	

	Partnership
	1,010
	1,421
	
	
	
	
	

	Annual Totals
	7,375
	7,475
	
	
	
	
	

	Cumulative Totals
	42,113
	49,588
	
	
	
	
	

	
	
	
	
	
	
	
	

	1999 $ Deflators
	1.0000
	1.0000
	
	
	
	
	

	
	
	
	
	
	
	
	

	1999 $ Budgets (Thousand Dollars) - Drilling (Oil)
	
	
	
	
	

	
	1999
	2000
	
	
	
	
	

	Old Drilling (Oil)
	0
	0
	
	
	
	
	

	New Drilling (Oil)
	6,365
	6,054
	
	
	
	
	

	Partnership
	1,010
	1,421
	
	
	
	
	

	Annual Totals
	7,375
	7,475
	
	
	
	
	

	Cumulative Totals
	46,666
	54,141
	
	
	
	
	


Gas Program:  Table FE - 9.2

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)


APPENDIX A

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS 

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS 

(Projects Identified from National Petroleum Technology Office records)

Multi-phase Fluid Simulator for Underbalanced Drilling (LANL)

Fatigue Failure in Top Drive Rigs (LANL)
Prevention of Bit Balling by Electro-Osmosis (SNL)

Design Criteria for Field Implementation of Electro-Osmosis (LBNL)

Formerly, Reduction of Bit Balling by Electro-Osmosis, DEA-70

Wireless Telemetry Tool for Well-Production Monitoring (SNL)

Advanced Synthetic Diamond Drill Bit Technology (SNL)

Evaluation of Concepts and Components for Directional Underbalanced Drilling and Microdrilling (LANL)

Coiled-Tubing Deployed Microdrilling with Real-Time, Downhole Monitoring (LANL)
Drill Cuttings Injection Field Experiment (Revised 9-14-2000) (SNL)
Titanium Drillpipe for Extended Reach Drilling (LANL)
Advanced Seismic Geodiagnostics-Borehole Acoustic Source/Instrumentation for Fracture Mapping (LANL)
Drilling Rate Changes when Air Drilling is Switched to Mist Drilling (BERC)
Advancing MWD into Ultra-Deepwater Drilling in the Gulf of Mexico (LLNL)

3D Analysis of Induction Logging in Horizontal Wells (SNL)
Acoustic Telemetry (MWD) (SNL)
Development of Chemically Bonded Ceramic Borehole Sealants (ANL)
In-Well Imaging and Heating: Multiple-Use Well Design (LLNL)
Real-Time Coiled Tubing Inspection System (INEEL)
Seismic Stimulation for Enhanced Production of Oil Reservoirs (LANL)
DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS (continued)
(Projects Identified from National Petroleum Technology Office records)

Perforation Dynamics in Geological Media (LLNL)

Geomechanics/Sand Production (SNL)
Zone Iso. For Horiz. Wells Using Expand. Metal Packer Assemblies (LANL)
Ultrasonic Reduction of Wellbore Deposits and Formation Damage (LANL)
Investgation of Matrix and Fracture Acidizing Fluids and Techniques in Vertical and Inclined Wellbores (SNL)
Fracture Mapping and Slimhole Geophone Array (LANL)
Extending Borehole Electromagnetic Imaging to Cased Wells (Lawrence Berkley Lab - University of California & LLNL)
Desigh, Testing, & Improved Manufacturing of Well Perforation Devices (LLNL)
Argonne National Laboratory (ANL)

Bartlesville Energy Research Center (BERC) 

Idaho National Environmental & Engineering Laboratory (INEEL)

Lawrence Berkely National Laboratory (LBNL)

Lawrence Livermore National Laboratory (LLNL)

Los Alamos National Laboratory (LANL)

Sandia National Laboratory (SNL)

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS (continued)
(Projects Identified from and Natural Gas and Oil Technology Partnership web sites)

Steerable Air Percussion System
Advanced Mud Hammer
High Power Slimhole Drilling System
High Pressure Coiled Tubing Drilling System
High Temperature Loggin-While-Drilling System
High Temperature Measurement-While-Drilling System 
Hydraulic Pulse Drilling System
New Aggressive TSP Cutter Designs
Microwave Processed Components and Bottomhole Assembly Hardening
New Non-Damaging Drilling and Completion Fluids
Downhole Fluid Analyzer
Russian Drilling Study
Compact 3-Phase Separator
Fracture Fluid Characterization
Perforation Dynamics
Advanced Tiltmeter Development
Ultra-Slimhole and Microdrilling Systems and Components
Coiled Tubing Buckling Prediction Model
Modeling of Downhole Positive Displacement Drill Motors
Cuttings Transport Facility

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS (continued)
(Projects Identified from the Environmental Benefits of Advanced Oil and Gas Exploration and Production Technology; Drilling & Completion, U.S. Department of Energy, Office of Fossil Energy)

DRILLING AND COMPLETION 

Horizontal and directional drilling (p.36)

Slimhole drilling and coiled tubing (p.38)

Light modular drilling rigs (p.39)

Measurement-while-drilling (MWD) (p.39)

Improved drill bits (p.39)

Advanced synthetic drilling fluids (p.40)

Air percussion drilling (p.40)

Corrosion-resistant alloys (p.41)

Improved completion and stimulation technology (p.41)

Improved offshore drilling and completion technology (p.41)

TECHNOLOGY AREAS – Fact Sheets
CO2-Sand Fracturing
Coiled Tubing
Horizontal Drilling
Hydraulic Fracturing
Measurement-While-Drilling
Modern Drilling Bits
Multilateral Drilling
Offshore Drilling
Pneumatic Drilling
Slimhole Drilling
Synthetic Drilling Muds

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS (continued)
(Projects Identified from the 1999 Oil & Gas Conference, "Technology Options for Producer Survival," June 28-30, 1999, Dallas, Texas, Sponsored by: U.S. Department of Energy, Office of Fossil Energy, Federal Energy Technology Center, and National Petroleum Technology Office)

Ruggedized Optical Fiber Sensors for Downhole Monitoring
Virginia Polytechnic Institute

Electrical Resistance Tomography Using Steel Cased Boreholes as Electrodes

Lawrence Livermore National Laboratory

Microhole Drilling and Instrumentation
Las Alamos National Laboratory

Advances in Crosshole EM Research Within Steel Cased Boreholes

Lawrence Livermore National Laboratory

Design and Development of Gas Liquid Cylindrical Cyclone Compact Separators for Three-Phase Flow
University of Tulsa

Large Downhole Seismic Sensor Array
Idaho National Engineering and Environmental Laboratory

Real-Time Coiled Tubing Inspection
Arthur D. Watkins

Suction Pulse Drilling Systems
Tempress Technologies, Inc.

Cutting Transport with Compressible Drilling Fluids Under Elevated Pressure and Temperature Conditions
University of Tulsa
Improvement in Performance of a Mature Oil Field Through Horizontal Well Drilling

University of Tulsa

Advanced Fracturing Technologies for Oil and Gas Wells

Advanced Resources International

A Completion in Unconsoloidated Sands Using Steam
Tidelands Oil Production Company

Advanced High Pressure Coiled-Tubing Drilling
Maurer Engineering, Inc.

Slim Hole Drilling System
Maurer Engineering, Inc. 

Advanced Mud Hammer Systems
Novatek

New High Strength and Faster Drilling TSP Diamond Cutters
Technology International, Inc.

Light Weight Solid Additives
Maurer Engineering, Inc.

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS (continued)
(Projects Identified from the June 2000 "Oil Technology Program and Contractor Review" meeting in Denver, Colorado, June 26, 2000, Sponsored by: U.S. Department of Energy, National Petroleum Technology Office)

The Use of Predictive Lithostratigraphy to Significantly Improve the Ability to Forecast Reservoir and Source Rocks
Argonne National Laboratory

An Advanced Chemistry Basin Model for Petroleum Exploration/Mega PRDA Breakout
California Institute of Technology

Novel Surfactants Center Membership
Columbia university

Locating Geopressured HC Reservoirs in Soft, Clastic Sediments Through Identifying Associated Pressure Seals (Partnership)
Idaho National Engineering and Environmental Laboratory

Transport of Hydrocarbon Indicators by Migrating Formation Waters in Selected Basins of the Four Corners Region
Idaho National Engineering and Environmental Laboratory

In Well Imaging and Heating: Multiple-Use Well Design (Partnership)
Lawrence Livermore National Laboratory

Multi-Phase Fluid Simulator for Underbalanced Drilling (Partnership)
Los Alamos National Laboratory

Seismic Stimulation for Enhanced Production of Oil Reservoirs (Partnership)
Los Alamos National Laboratory

Valley-Fill Sandstone in the Kootenai Formation on the Northern Cheyenne Indian Reservation
Montana Bureau of Mines & Geology

Valley-Fill Sandstone in the Kootenai Formation on the Crow Indian Reservation
Montana Bureau of Mines & Geology

Risk Reduction with a Fuzzy Expert Exploration Tool/Mega PRDA Breakout
New Mexico Institute of Mining and Technology

3D Analysis of Induction Logging (Partnership)
Sandia National Laboratory

DRILLING, COMPLETION, AND STIMULATION (DCS) PROJECTS (continued)
(Projects Identified from the June 2000 "Oil Technology Program and Contractor Review" meeting in Denver, Colorado, June 26, 2000, Sponsored by: U.S. Department of Energy, National Petroleum Technology Office)

Drill Cuttings Injection Field Experiment (Partnership)
Sandia National Laboratory

Stanford Rock Physics & Borehole Geophysics Consortium
Stanford University

Basin Analysis of the Mississippi Interior Salt Basin and Petroleum System Modeling of the Jurassic Smackover Formation, Eastern Gulf Coastal Plain
University of Alabama

Optimization of Horizontal-Well Completions
University of Tulsa

Design and Development of Gas Liquid Cylindrical Cyclone Compact Separators for Three-Phase Flow
University of Tulsa

Advanced Cuttings Transport Study (Formerly HTHP)
University of Tulsa

Optical Fiber Sensor Technologies for Efficient and Economical Oil Recovery
Virginia Polytechnic Institute 

APPENDIX B

1998 GSAM ANALYSES 

In addition to the current analysis, the future benefits of DOEs Drilling, Completions, and Stimulations projects were assessed in 1998 using the Gas Systems Analysis Model as part of a broad FE metrics exercise.  This model is the premier tool for assessing the role of technology in future gas supply. Note that these runs ignored the benefits of past programs and focused on quantifying the impact of current DOE (1998) R&D portfolio.  In summary, analysis of the impact of terminating the DCS program showed roughly 1 tcf per year of “lost” production.  This figure represents the gas that would need to be replaced (at higher costs and/or from other sources (imports and LNG)) in order to meet demand. A summary of the 1998 GSAM runs is provided in Table B-1.  Additional detail on the methodology used has been provided to NRC as an appendix to the earlier Western Tight Gas Sands response.

Table B-1: Summary of 1998 DOE metrics analyses for the Advanced Drilling, Completions, and Stimulations, program using GSAM – values are impact resulting from terminating the program and/or its elements (tcf).

	LOST PRODUCTION (Tcfg)
	2000
	2004
	2008
	2010
	2012
	2016
	2020

	Base Case
	21.15
	22.47
	24.00
	24.04
	25.02
	25.50
	27.05

	w/o Completion and Stimulations product line
	-0.13
	-0.29
	-0.47
	-0.49
	-0.54
	-0.34
	-0.41

	W/o Drilling Efficiency product line
	-0.01
	-0.04
	-0.06
	0.01
	-0.06
	-0.01
	-0.06

	w/o New Concepts Drilling product line
	-0.05
	-0.09
	-0.16
	-0.11
	-0.16
	-0.19
	-0.37

	w/o Underbalanced Drilling product line
	-0.15
	-0.27
	-0.41
	-0.38
	-0.48
	-0.39
	-0.51

	w/o ADCS Program
	
	
	
	
	
	
	

	w/o ADCS: Lost reserve additions (tcfg)
	-0.76
	-1.11
	-0.55
	-0.86
	-0.50
	0.60
	-0.87

	w/o ADCS: Reduced EOY reserves (tcfg)
	-2.16
	-4.40
	-5.45
	-5.78
	-5.29
	-2.28
	-2.27

	w/o ADCS: Lost federal tax revenues ($billion)
	-0.04
	-0.10
	-0.17
	-0.16
	-0.27
	-0.20
	-0.23

	w/o ADCS: Lost state tax revenues ($billion)
	0
	0
	0
	-0.01
	-0.01
	-0.01
	0

	w/o ADCS: Lost jobs (thousands)
	-3
	-7
	-12
	-12
	-17
	-13
	-15

	w/o ADCS: reduced federal lands production (tcfg)
	-0.10
	-0.16
	-0.42
	-0.54
	-0.63
	-0.66
	-0.66
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Benefit = Applicability (no. of wells) x utilization rate of the technology x DOE role in enabling the technology x technology impact (drilling cost savings + dry hole reduction savings + improved profitability from accelerated production + value of incremental gas production). 








UBD Benefits:  The constant dollar total benefit from 1998 to 2005 of DOE’s underbalanced drilling systems program is estimated at $143.8 million.  Of this total, $132.4 million is derived from the projected drilling cost reductions that will be realized by operators, $10.3 million from improved profitability related to acceleration of production, and $1.1 million from resource base expansion.








HTMWD/LWD Benefit: The constant dollar total benefit from 1998 to 2005 of DOE’s high-temperature MWD and LWD programs is estimated at $108.1 million.  Of this total, $15.0 million is derived from the projected dry hole cost reductions, $74.9 million from drilling cost reductions, and $18.4 million from resource base expansion.
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