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Disclaimer
This report was prepared as an account of work sponsored by an agency of the United States Government.  Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.  Reference therein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof.  The views and opinions of authors expressed therein do not necessarily state or reflect those of the United States Government or any agency thereof.
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NATURAL GAS AND OIL ENVIRONMENTAL RESEARCH PROGRAM

EXECUTIVE SUMMARY
The changing path of environmental research emphasizes the growing concern to protect the environment while still developing the vital resources of oil and natural gas that the Nation requires. Oil and natural gas research by the Federal government dates back to the early 20th century, but the only focus outside of exploration and production was safety. Environmental research grew from early oilfield safety and concerns for health hazards posed by the industry to encompass environmental protection to air, land and water resources and human health impacted by oil and gas exploration and production activities. One of the earliest research studies that can truly be called environmental was a 1929 report by the Bureau of Mines (U. S. DOE predecessor in oil and gas research) on disposal of oil field brines. It is significant that almost 80 years later disposal of oil field produced water is still one of the most pressing issues facing the oil and gas industry.
The U. S. Department of Energy’s Environmental Research Program is implemented through the National Energy Technology Laboratory (NETL). The overall mission throughout the years has been to promote oil and natural gas development while protecting the environment. Since 1996 DOE has funded around 400 projects encompassing a variety of environmental research technologies. In July 2008 forty-nine projects are overseen by the Oil and Gas Environmental Solutions Program. Of these, 16 are active and the remaining 33 have completed the research and are in varying stages of final report submission before final close out.

Long-term results and continuing benefits from projects funded over the years are still being reaped by the petroleum industry and the U. S. public in terms of reduced cost of petroleum operations and greater environmental protection to lands and public health. Thanks in part to DOE’s Environmental Research Program, improved methods of soil remediation, cleaner air, safer drinking water, and the economic benefits of expanded exploration and production have been enjoyed by the public. Working with Regulatory Agencies at the State and Federal level, especially the Environmental Protection Agency (EPA), DOE has provided sound science to support optimized environmental regulations, improved access, and developed new technologies needed to protect the environment while producing oil and gas vital to the Nation’s needs.

Just a few notable examples of these successes include:

· Objective research that has resulted in the development of effective yet reasonable regulatory limits and rulings, providing for significant industry cost savings (and associated resource supply growth) related to the plugging idle wells, safety practices on offshore platforms, the use of methyl tertiary butyl ether (MTBE) as a gasoline additive, paperwork related to Toxic Release Inventory data, the safe use of synthetic based muds for offshore drilling, the potential for hydraulic fracturing to constitute a hazard to drinking water supplies, and storm water run-off from lease roads and drilling pads;

· Mobile devices for detecting gas leaks that have reduced hydrocarbon emissions from pipelines and refineries and improved safety;

· A risk-based data management system that provides cost-effective approaches to meeting regulatory standards on produced water management, including a number of guidebooks with information on evaluating existing technologies for treating produced water, disposal options, “best practices”, and beneficial use of produced water; and
· new technologies for oil and gas development in environmentally sensitive areas.
The earliest DOE environmental R&D efforts were focused on soil remediation and waste management, air quality from engine and refinery emissions, underground water disposal and regulatory impacts. Long-term studies, such as projects focused on Naturally Occurring Radioactive Material (NORM), were funded at Argonne National Laboratory prior to the establishment of the Environmental Research Program (1991), but continued under the new program. Produced water management and coastal wetlands protection efforts were initiated in the early 1990s from the DOE’s Metairie, Louisiana office. Most projects were funded for two to three year periods, but many showed promise and were extended, expanded or followed-up with new projects spun off the original work. Funding to various National Laboratories through the Natural Gas and Oil Technology Partnership Program led to a number of long term efforts on air and water quality issues.
The focus of the Environmental Research Program has been in six major areas: 1) emerging issues and regulatory streamlining, 2) air quality, 3) solid waste management and spill remediation, 4) produced water management, 5) processing and fuels, and 6) Federal Lands Access. Projects in these areas have ranged from short-term responses to long-term, multi-faceted approaches to addressing a variety of environmental challenges. Some efforts were addressed by a single university, company or National Laboratory, while others had several performers working together to provide data and solutions, and other challenges were met by funding research through a number of separate contracts to one agency over several years. A brief overview of the most important research in these six major areas is given in the following paragraphs.

Responses to emerging issues and regulatory streamlining are the result of new Federal regulations by the Environmental Protection Agency, which have an impact on oil and gas operations in the United States. DOE’s contribution has been to fund projects which provide sound scientific data that demonstrate how the impact will affect oil and gas operations, and show how that impact can be modified or eliminated. The results have assisted EPA to more clearly define regulations and to avoid impacts that would severely limit or restrict oil and gas operations, while still offering necessary environmental protection and safety conditions to the petroleum industry and the public. Short term regulatory issues have involved developing criteria for plugging idle wells, reviewing safety regulations and providing safety manuals for offshore platforms under the Outer Continental Shelf Safety and Environmental Management Program (SEMP), providing an analysis of methyl tertiary butyl ether (MTBE) as a gasoline additive, providing analysis to show EPA that certain oil and gas operations need not file new Toxic Release Inventory data, providing analysis to demonstrate the safe use of synthetic based muds for offshore drilling, providing analysis to confirm that hydraulic fracturing does not constitute a hazard to drinking water supplies, and providing analysis of stormwater permitting that removed EPA constraints on permits for lease roads and pad construction. 
Water and solid waste management regulatory analysis was a long-term effort from 1993 to 2005 that provided sound scientific analysis and recommendations on a number of proposed disposal issues. Several programs to educate the public on oil and gas regulatory issues were conducted by non-profit organizations such as the Interstate Oil and Gas Compact Commission, the Ground Water Protection Council, and the Oklahoma Energy Resources Board.

Projects conducted under the Air Quality area of the Environmental Research Program were mainly research performed by one or two organizations on a specific topic, rather than multiple agency efforts. Although most of the air quality projects funded involved providing technologies to improve monitoring and evaluation of air quality, frequently the long term focus of the research was to provide data on regulatory issues. Research conducted from 1994 through 2003 resulted in development of a Backscatter Absorption Gas Imaging (BAGI) technology for leak detection in pipelines and refineries. Ultimately it led to implementation of two new mobile devices to image and to identify gas leaks, which were adopted for use in the petroleum industry by the EPA.

NETL worked with other national laboratories on a number of projects and tasks related to monitoring air quality in California, the Rocky Mountain States, and Alaska. Air quality studies focused on establishing baseline data, improving visibility, and evaluating particulate matter standards and studying carbon monoxide, sulfur dioxide and ozone levels. Other shorter term air emissions projects investigated onshore and offshore emissions in the Houston-Galveston area, sampled emissions both indoor and outdoor at production facilities, provided solutions to gas flaring and abandonment of marginal oil fields in California by developing distributed power generation systems, and evaluated engine emissions from oilfield production equipment. One project, which caught the public interest, was the development of a remotely piloted airship to collect samples over California’s central valley. The data was used by the Californian Air Resources Board and EPA to control emission releases and improve air quality in California. Another long term project conducted jointly by NETL with Lawrence Berkeley and Lawrence Livermore National Laboratories studied airborne water contaminants and allowable Total Maximum Daily Load requirements for the Los Angles Basin watershed.
Long term projects involving technologies for waste management of solids and brines were among the first research projects funded through the Environmental Program. Three multi-agency and multi-task efforts were designed to evaluate current practices, investigate regulatory standards, and provide new strategies and technologies to address disposal of naturally occurring radioactive materials (NORM), disposal of brines in salt caverns, and disposal of drilling waste solids by underground injection. An offshoot of the solid waste management program was the development of slurry injection technologies to dispose of drill cuttings. Soil remediation projects focused on developing technologies to clean up oil and brine spills and return soils and vegetation to their origin condition. The Tallgrass Prairie Preserve in Oklahoma was the site of a number of projects on soil remediation that conducted experiments to clean up old spill sites, and evaluated the long term changes to soils and vegetation. Other soil remediation projects focused on cleanup of abandoned wellsites, evaluated how contamination spread into surface bodies of water, established standards for response to potential contamination and skill prevention, and developed new technologies to deal with brine scars. DOE established an online database, the Environmental Compliance Assistance System (ECAS), to provide information on disposal of solid wastes and brines including contact information for Federal and State regulatory agencies and current standards.
Produced water management efforts concentrated on problems that were created by the large volumes of produced water from oil and gas operations. A significant effort under the Environment Research Program has been the establishment of the Risk Based Data Management System (RBDMS). This cooperative program with the Ground Water Protection Council provides cost-effective approaches to meeting regulatory standards on produced water management. A number of RBDMS tasks included setting up stakeholder groups, developing online databases and permitting procedures, and evaluating Class II injection wells. An offshoot of the Class II injection study was the evaluation of the Area of Review (AOR), which demonstrated to EPA that certain proposed standards were unnecessary. AOR analysis was first conducted in Texas in the mid 1990s, but later projects were funded to assist other states to implement AOR practices. Long term efforts to study coastal and offshore produced water discharge and onshore produced water management focused on the Gulf Coast and the Rocky Mountain areas. Beginning in 2001 and 2002, a number of projects were funded specifically to address problems related to coalbed methane produced water. The focus of the research was to provide improved technologies to handle the large volumes of produced water from coalbed methane (CBM) fields in the Rocky Mountain region. Several guidebooks provided information on evaluating existing technologies for treating produced water, disposal options, “best practices”, and beneficial use of produced water.  One project examined the development of plant strains for phytoremediation using CBM produced water. New technologies developed in Texas and New Mexico for produced water treatment from CBM and gas shale fields addressed membrane separation of salts, toxics and organic contaminants, improved reverse osmosis technology, and implemented mobile units that could travel from field to field to treat produced water. In 2006 DOE funded Argonne National Laboratory to compile data on produced water standards, treatment technologies and beneficial use options, and to create an interactive online website. 
The Ultra Clean Fuels initiative, which began in 2000, involved a number of research partners in long term efforts to produce ultra clean petroleum fuels from alternative hydrocarbon feedstocks. In addition, from 2002 through 2006 the Environmental Research Program assumed the funding of research on processing and fuels that had been previously funded under a downstream refinery program. Four areas which addressed research include 1) developing bioprocessing technologies 2) providing a better understanding of fundamental chemical reactions in processing fuels, 3) developing improved fuels and engines, and 4) summarizing the thermodynamics research conducted by the National Institute for Petroleum and Energy Research (NIPER) and Oak Ridge National Laboratory over the previous 20-30 years. The research focused on the need for clean fuels to meet environmental standards set by industry, and State and Federal agencies.
The newest research area under the Environmental Research Program has been the Federal Lands Access program. Preliminary efforts to improve access to Federal Lands were presented at the Alaska Energy Workshops held from 1997 through 2002, and evaluation of leasing on public lands was conducted by the multi-state IOGCC. Creation of the Arctic Energy Office in 2001 demonstrated the growing public concern with development of oil and gas reserves in Alaska. A number of cooperative agreements and interagency sharing agreements with other Federal Agencies: Bureau of Land Management, Minerals Management, U. S. Fish and Wildlife, U. S. Forest Service and EPA, fostered the joint goal of protecting the environment, and allowed DOE to establish working relations with these agencies to promote oil and gas development in a scientific and responsible way. The Federal Lands Access Initiative in 2003 focused on promoting sound scientific study of leasing and regulatory issues, and developing comprehensive access to existing oil and gas data in order to meet the requirements for the National Environmental Policy Act (NEPA). Recent Federal Lands projects were the creation of a multi-task, multi-agency research partnership under the Bureau of Land Management to study the impact of oil and gas development on Federal Lands in the Rocky Mountain region, and the Low Impact Natural Gas and Oil (LINGO) solicitation that promoted new technologies for oil and gas development in environmentally sensitive areas.
As the needs of the Nation changed and the public became more aware of environmental issues, the Environmental Research Program has changed to meet those challenges. In 2008 the main programs are Federal Lands Access and Produced Water Management. Under these programs projects continue to develop new technologies and strategies to improve air quality, provide water management options, and improve access to Federal and State lands through sound science and regulatory streamlining.
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Regulatory Streamlining and Sound Science have improved Drilling in the Coastal Wetlands of Louisiana

Introduction
The U. S. Department of Energy’s Natural Gas and Oil Environmental Research Program grew out of efforts to promote Environmental Safety and Health (ES&H) issues in the petroleum industry at the National Institute for Petroleum and Energy Research (NIPER) in Bartlesville, Oklahoma. The Environmental Research Program was first created in 1991 as part of the oil technology budget and for several years was run from DOE’s Metairie, Louisiana office. The primary focus of the Environmental Research Program was on technologies that reduce the cost of environmental compliance. 
In 1996 the Environmental Research Program became a part of the research implemented by the NIPER facility in Bartlesville, OK. In May 1997 oversight of the entire Oil Program, including the Oil and Gas Environmental Research Program, moved to Tulsa, OK as the National Petroleum Technology Office (NPTO). In 2004, NPTO came under the direction of the National Energy Technology Laboratory operating from Morgantown, West Virginia. 
Throughout the changes in location and management, the Environmental Research Program has continued to fund, monitor and provide assistance to research projects all over the United States ranging from workshops promoting environmentally sound oil and gas development in Alaska to evaluating salt caverns for brine and produced water disposal in Louisiana and Texas.
While it is beyond the scope of this document to describe in detail the research goals and results of each of the projects funded through the Environmental Research Program, highlights of major efforts, innovative new technologies and strategies, and major initiatives are discussed and illustrated in this review. Project numbers are provided to guide the reader to the spreadsheet of reports where more complete summaries, reports, and presentations from the projects cited, as well as reports from other funded projects which may not be highlighted in this document, can be found. 
The reports archived on the Environmental Program DVD can be accessed through Environment Program DVD Table of Contents spreadsheet via links to the project reports’ pdf files. Reports are grouped under Produced Water Management (including Coalbed Methane), Regulatory Streamlining, Air, Soil, Federal Lands Access, Alaskan, and general projects. Several additional sections include reports on Analysis of the Environmental Program, Workshops, and Presentations made on portions of the program.
A Petroleum Environmental Solutions Program Timeline (page 7) of the major technologies and program elements illustrates the emphasis of the Environment Research Program on five key areas:  air quality, waste management, produced water management, regulatory streamlining and Federal Lands access. The timeline also illustrates how the focus of the program evolved and shifted within the key areas, over the years. 
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BACKGROUND
Federal evaluation of and assistance with safety and environmental concerns in the petroleum industry dates back to the early 1920s when the Bureau of Mines operated the Bartlesville Research Station which later became NIPER. At that time the emphasis was mainly on oil field safety to prevent accidents and fires. In the 1920s a completely stocked and manned railroad car toured U. S. oil towns with a safety display. By the 1940s-1960s the research program at the Bartlesville Research Station was heavily into fuels research, particularly aviation fuel, and safety and environmental issues became an even greater concern.

The U. S. DOE involvement with the Oil and Gas program began in 1978 and by that time there was a well established Environmental, Safety and Health (ES&H) department. The focus was largely on laboratory and field experiments and the best ways to manage and protect personnel and sites from danger and contamination. ES&H at the Bartlesville Project Office was primarily concerned with identifying regulatory compliance issues. NIPER was established in 1983 under the direction of the Bartlesville Energy Technology Center with a goal to pursue energy research and development. Research concentrated on environmental constraints on fuels and refinery issues. By the late 1980s the need for a separate Environmental Research program to focus more on protecting the oil and gas field environment was recognized. Research to improve technologies and methodologies, beyond merely adhering to ES&H guidelines, was increasingly a focus of the Program. 

Congress’s enactment of and subsequent amendments to the Clear Air Act (1970, 1977 and 1990) and the Clean Water Act (1972 and 1977) emphasized the need for environmental research to assist industry in complying with Federal and State regulations during the exploration, production, and refining of natural gas and oil. 

DOE’s initial environmental program in 1991 was a line item in the oil technology budget for $1.5 million. In 1995, a separate program area within the oil program budget was created, and in 1996 the gas environmental program area was created and funded. Both programs were managed out of Fossil Energy’s Metairie Site Office. At the end of the 1996 fiscal year the Metairie office was closed and the Oil and Gas Environmental Program was moved to the Bartlesville Project Office. With the Bartlesville Project Office’s (BPO) history of fuels and refinery research and air emissions research related to these areas, placing Environmental Research at BPO was a logical step.
ENVIRONMENTAL PROGRAM DEVELOPMENT
Program Drivers

Environmental concerns have led Federal and State agencies to impose numerous regulations on oil and gas operations. These regulations provide a framework of environmental protection for the petroleum industry, but compliance can often be high cost, time consuming and complicated. For each gallon of gasoline consumed in the United States in 1996, the petroleum industry (production and refining) spent 9 cents on environmental protection. This figure was roughly equal to the amount spent on exploration for new oil and gas resources. The total amount spent on environmental protection by industry in 1996 was $10.6 billion, nearly twice the U. S. Environmental Protection Agency’s annual budget (NRC Report, 2000). 
DOE works with the petroleum industry, academia, state agencies and federal agancies to ensure that environmental protection approaches make technical, environmental, and economic sense. The Environmental Research program is designed to assist with improvements to the regulatory process by supporting the development of new technologies and encouraging energy efficiency for oil and gas recovery methods (NRC Report, 2000). The Environmental Program supports DOE’s goal to ensure adequate, secure energy supplies. 

In 1991 the Environmental Research Program’s mission was simply to maximize the recovery of U. S. oil and gas resources by reducing the costs of effective environmental protection. The drivers behind this were:

· Our Nation needs a reliable domestic supply of oil and natural gas.

· Protecting the environment is vital to national and global prosperity.

· Environmental regulations have raised the cost of exploration and production and have limited access to new resources. 

· Future generations will experience even further increases in costs.

· Rising costs of environmental compliance could accelerate the decline in U. S. oil production and limit the availability of natural gas. The U. S. would lose jobs and tax revenues, and increased imports would raise trade deficits. 

The goals of this early Environmental Program were:

· Enable industry to reduce compliance costs and improve environmental performance.

· Expand the capabilities of State and Federal government to make more cost effective, risk-based regulatory decisions – promoting sound science and common sense.

· Improve communication and technology transfer among industry, government, Native American Tribes, and the public toward balancing national energy, economic and environmental objectives. 

The original funding for the Environmental Research Program at $1.5 million in 1991 rose to over $8 million in 1996. Following the transfer of the program office from Metairie to Bartlesville funding remained in the range of $8 to $9 million through 2000. Table 1 shows Environmental Research Program funding levels in both real and constant (1999) dollars, from 1991 through 2000 (NRC Report, 2000). 

Table 1:  Environmental Research Program Costs 1991-2000 (Millions)
	
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000

	Actual Dollars
	1.500
	1.800
	2.973
	3.575
	4.339
	8.223
	7.836
	8.615
	8.400
	9.529

	1999 Constant Dollars
	1.752
	2.053
	3.311
	3.901
	4.634
	8.614
	8.052
	8.743
	8.400
	9.314


Mission

Over time, the mission of DOE’s Natural Gas and Oil Environmental Research Program became “to promote clean, reliable and affordable supply of domestic oil and natural gas by providing cost-effective compliance technologies, improving environmental protection and supporting a scientific, risk-based environmental regulatory framework” (Program FACTS, 2005).
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A pristine well site in Utah - Keeping a small footprint
Environmental research in the 1990s focused on regulatory streamlining, air emissions and water purity. Assistance to the petroleum industry in regulatory streamlining was a significant achievement of the Environmental Research Program in the 1990s. Under this initiative the Environmental program helped industry to meet Federal regulations by increasing the efficiency of the permitting process, enhancing  the flow of information, improving understanding of regulatory issues, and developing methodologies to comply with changing regulations without impeding production.

By 2000 the focus had shifted to produced water management and refinery issues. The following statistics, based on 2002 produced water data (Veil, 2003), illustrates the magnitude of the challenges:
· U. S. Offshore Production of Waste Water




1.2 Billion Barrels

· U. S. Onshore  Conventional Oil and Gas Production of Waste Water




14 Billion Barrels

· U. S. Coalbed Natural Gas Production of Waste Water




825 Million Barrels
By 2004 produced water volumes from oil and gas operations in the United States were estimated to have risen to 20 billion barrels per year (Welch and Rychel, 2004). 
The goals of the Environmental program were adjusted throughout the late 1990s and early 2000s to reflect a more comprehensive outlook on ways to meet the Nation’s environmental needs. “The environmental concerns, costly and time-consuming regulatory processes, and restrictions to domestic oil and gas resources on public lands are some of the challenges faced by oil and gas producers. To meet the Nation’s demand for oil and natural gas, efficient environmental technologies and cost-effective regulations will be needed to address new challenges” (Program FACTS, 2005).
By 2004 it had become increasingly apparent that much of the remaining natural gas and oil resources in the domestic U. S. were in environmentally sensitive areas. Sensitive surface environments required less intrusive technologies for extraction of the petroleum resources. New initiatives to address permitting delays on Federal Lands were added to the Environmental Research Program in 2004. 

The Program FACTS brochure issued in 2005 summarized the Environmental Research program’s mission and goals as it had evolved over the previous ten years. Objectives, program areas and benefits reflect the growing involvement of DOE in answering the challenges of providing environmental protection while maintaining natural gas and oil production. The research goals were to work collaboratively with industry, academia and regulatory agencies to apply technical, environmental and economic sense to environmental problems. 

Program areas to be addressed were defined as: 

· Produced Water Management

· Beneficial Use

· Treatment Technologies

· Disposal Methods

· Federal Lands Access

· Surface Impacts

· Air quality

· Drilling Waste/ Associated Waste

· Arctic Development

· Regulatory Streamlining

· Data management

The broad objectives of the Natural Gas and Oil Environmental Research Program included (Program FACTS, 2005):

· Develop effective environmental technologies and improve environmental performance of E&P operations.

· Improve communication and technology transfer among industry, government, Tribes, and the public toward balancing energy needs and environmental protection.

· Resolve critical environmental issues limiting the recovery of oil and gas resources.

· Provide sound environmental science for the development of cost-effective, risk-based regulatory decisions affecting oil and gas E&P.

· Promote streamlining of regulatory processes affecting oil and gas operations.

· Increase public understanding of oil and gas E&P environmental issues.

Potential benefits of the Natural Gas and Oil Environmental Research Program (Program FACTS, 2005):

· Adequate and affordable energy supplies to meet the needs of the U. S. public and promote a viable, economically competitive energy industry.

· More efficient, cost-effective, and environmentally responsible oil and gas production.

· Smaller ecological footprints, reduced emissions, and favorable social impacts on affected communities. 

· Streamlined regulations, greater understanding to energy and environmental issues.

· Increased dialogue among affected parties to balance the nation’s need to develop energy resources and meet its environmental standards.
Institutional Challenges of Environmental Research 

Due to the nature of the environmental research needed to meet the challenges of effective environmental compliance and protection through the 1990s and 2000s much of the DOE funded research was conducted through the National Laboratories, cooperation with other Federal and State agencies, and non-profit environmental groups. 
Cooperating with other Federal and State agencies encouraged the sharing of technologies, methodologies and ideas on environmental protection with other regions experiencing similar problems. Cooperation and data sharing reduced duplicate efforts, increased efficiency in regulatory matters and reduced the time required for permits. 

Working through non-profit organizations, such as the Interstate Oil and Gas Compact Commission (IOGCC), Ground Water Protection Council (GWPC), Petroleum Environmental Research Forum (PERF), and Petroleum Technology Transfer Council (PTTC) broadened the scope of interaction with the petroleum industry and the public. Because these organizations represent large areas and numbers of states they can canvas options, put together guidelines and perform valuable technology transfer to a range of interested parties. They are not constrained by the same regulations that Federal and State agencies face, so they can conduct research and surveys more freely across state and regulatory boundaries. 

Working with the National Laboratories also had several advantages: 1) a close relationship that allowed DOE to elicit and receive quick responses to specific problems or questions, 2) world-class research staff and laboratory facilities that could be dedicated to environmental research, 3) a capability for undertaking long-term studies to benefit air, water and soil issues, and 4) access through the National Labs to participation in industry consortia. Such consortia provided shared funding, participated directly in research with the Labs by allowing access to field sites and samples, and received first-hand results and information beneficial to improved environmental performance. 

Results from the National Labs, and Federal and State agencies were communicated through verbal exchange, quarterly reports, and eventually via Fact Sheets sent to the DOE Technical Project Managers. Some National Laboratories also submitted regular topical, annual and final reports. In addition, a large portion of the research results from the National Labs were published in professional and academic journals, which are copywrited and not reproducible for DOE’s archive of publications. A partial bibliography of these reports is included on the Environmental Program DVD.
Downstream Research

During the period from 2000 to 2005 a number of downstream projects were also funded through the Environmental Research Program, although these were not entirely environmental in nature. The rationale was that all research dealing with improved refinery, fuel, and process issues ultimately leads to a cleaner environment. This included projects funded under the 2000 Clean Fuel Initiative. These projects dealt with heavy oil upgrading, fundamental chemistry, refinery processes, improving the quality of gasoline and diesel fuels to meet EPA standards, and improvements to engine efficiency. Information and reports on these projects are located on the spreadsheet under headings for Processing, Fuel and Refining; and Downstream.
HIGHLIGHTS OF THE ENVIRONMENTAL R&D PROGRAM
DOE’s environmental research and development (R&D) can be broken into three periods of effort. Environmental research conducted from 1978 to 1990 at the Bartlesville Site Office as part of the oil and natural gas R&D program; research conducted from 1991 to 1996 under the oil technology program and the creation of the Environmental Research Program at the Metairie, Louisiana site office; and research conducted from 1997-2007.
Environmental Program 1978-1990
The focus of Environmental projects funded in the 1980s was on environmental protection from oil and gas operations. Benefits included: reduced oil spills, reduced waste volumes disposed of to the surface, reduced water production, and development of technologies and practices to reduce the impact of E&P operations.
Much of the research funded by DOE in environmental protection during the period from 1978 to 1990 was conducted by the Bartlesville Energy Technology Center (BETC), later operated under IITRI as the National Institute for Petroleum Energy Research (NIPER). In-house research projects involved long-term studies on diesel fuels and issues associated with abandoned oil fields. The first environmental research project conducted at BETC involved diesel exhaust. An analysis of nitrogen oxide (NO2) emission levels from diesel engines was the beginning of air quality research in the Environmental Program. 
In addition to the in-house research, several research projects were undertaken by Argonne National Laboratory. Their work included research on water injection and residual oil saturation. Argonne was also the spearhead for the Naturally Occurring Radioactive Material (NORM) program that DOE funded from the late 1980’s through 2000. The NORM efforts are summarized in the 1991-1996 section.
Waste water disposal through underground injection was a major theme of the research projects in the mid-to-late 1980s. Several projects were conducted and reports generated on the water disposed of by deep well injection methods. Lab studies were made on degradation contaminants and possible interaction of wastes with the underground aquifers, and the addition of organic solids to the water injected into the disposal wells. Additional studies were made on potential hydrocarbon contamination of groundwater and the injection of hazardous waste in deep injection wells. Computer simulations of ground water contamination and state-of-the-art techniques for detection and remediation were analyzed. 
A significant project conducted by NIPER in the late 1980s and published in 1991 was the “Environmental Regulations Handbook for Enhanced Oil Recovery” (NIPER 546). The goal of this guidebook was to familiarize operators of enhanced oil recovery (EOR) projects with regulations by various State and Federal agencies and recommendations on permitting and compliance. The areas addressed were: air pollution control, water pollution control, protection of underground water, and solid waste management. The guidebook was designed to be used as a reference source in planning EOR projects. 

Environmental Program 1991-1996
Several major research efforts were started in the early 1990s or continued from the late 1980s:  Risk Based Data Management System (RBDMS), Area of Review (AOR), Naturally Occurring Radioactive Material (NORM), Safety and Environmental Management Program (SEMP) and Backscatter Absorption Gas Imaging (BAGI). Because the research was conducted over such long periods, the issues and progress for these major projects is summarized (some of the original reports are no longer available). Much of the summary data was gleaned from the Environmental report to the National Research Council in 2000, and from a variety of internal reviews, brochures and slide presentations. Unfortunately similar detailed documentation was not available for work conducted at BETC and NIPER prior to the official creation of the Environmental Program in 1991.  Each of these efforts is summarized below.  
RBDMS

In 1991 DOE began a cooperative program with the Ground Water Protection Council (GWPC). From 1991 to 2008 GWPA has administered five DOE grants (some included multiple tasks): Risk Based Data Management (DE-AP26-97BC15051), Enhanced Oil and Gas Production to Ensure Protection of the Environment (DE-FC26-01BC15371), Class II State Peer Review (DE-FC-26-03NT15428), Interagency Data Sharing (Federal Lands) (DE-FC26-04NT15542 and  DE-FC26-04NT15455), eBusiness (DE-FC26-03NT15428), and Energy in the Environment initiatives 2004-2008 (DE-FG26-04NT15455).
GWPC’s goals were to benefit stakeholders in regulatory agencies, industry, and the public by promoting a Cost-Effective Regulatory Approach (CERA). The first and longest running (1991-2007) DOE grant to GWPC was for the development of the Risk Based Data Management System (RBDMS) (DE-AP26-97BC15051). Originally funded in 1991 as CERA, the name was soon changed to RBDMS. The concept was to assist individual states with the management of oil and gas production and water injection. Data gathering was an essential part of RBDMS and streamlined electronic submission of data, data organization and easy access have become hallmarks of the program. 
The RBDMS program was designed to facilitate water quality management and improve electronic permitting for the petroleum industry. The goal for RBDMS was to design and establish an easy-to-use computer system that oil and gas agencies could utilize for electronic permitting and electronic reporting, allowing for increased transfer speed and accuracy of data, and reduced costs for both industry and State agencies. Electronic permitting reduces the volume of paper handled and stored and the staff time needed to manually enter information multiple times. The data can be transferred electronically from industry to State and Federal agencies for reporting purposes. RBDMS capabilities also include GIS data and modeling tools.
Three main features of RBDMS are Data Mining, eReport, and ePermit. Data Mining is the functional area for downloading datasets. The eReport web application uses a standard format for submitting reports that provides excellent data quality. Prototype electronic reporting systems were tested in Utah, Montana, and California. By 2007, 25 states had adopted RBDMS. The most recent web application was ePermit, which was tested in several states in 2006-2007. 

AOR

The Area of Review (AOR) program began in 1992 in response to drinking water standards passed in the late 1980s. Drinking water protection requirements by the Environmental Protection Agency (EPA) stated that for each new injection well approved the operator must first evaluate all the wells within a quarter mile radius of the proposed injection well. DOE’s Oil and Gas Environmental team summarized the problem and its solution in their report to the National Research Council in December 2000 (NRC Report, 2000). 
As a long term effort the AOR program was conducted by a number of state agencies,   non-profit environmental research groups and contractors for DOE’s Bartlesville Project Offices. Project and report links may be found within the archive spreadsheet under the following organizations: Oklahoma Corporation Commission (DE-GF22-95MT95003), California Department of Conservation (DE-AC22-95MT95004), Kansas Corporation Commission (DE-FE22-95MT95002), Texas Railroad Commission (DE-AC22-95MT65007), University of Missouri-Rolla (DE-FG22-94MT94002), Underground Injection Practices Research Foundation (Ground Water Protection Council) (DE-AC22-95MT95009), and BDM-Oklahoma (DE-AC22-94PC91008).

The new drinking water standards stated that if there was no information on the nearby wells, the operator was required to pay to obtain the data, and wherever problems were uncovered with the existing wells, the operator was required to pay to fix them or pay to plug the wells, regardless of who owns them.  New wells are required to be designed to properly protect any underground sources of drinking water.  Injection wells that were drilled prior to the new law were approved under a ”grandfather” clause and were not subject to the “Area-of-Review” requirements unless major modifications to the well were made.  

These requirements posed several problems for both state regulators and for industry.  For industry, the process of conducting the reviews, and possibly repairing other wells, was costly and time consuming. For state regulators, the process of reviewing these applications and verifying the information submitted was overwhelming. A further impact on the state regulatory agencies was the fact that most of the data on these older wells was to be found only in the State’s files, and the State staff was also burdened with requests to review this old data.

In 1992, EPA proposed to remove the grandfather exemption, suddenly making thousands of existing wells subject to these new requirements. In response to this proposed rule, DOE started a suite of projects to reduce the adverse impact of these regulations.  As part of the solution, DOE granted funds to GWPC, which helped the states develop RBDMS to manage the huge volumes of data.  DOE also co-funded a project with the American Petroleum Institute to demonstrate that it was appropriate to grant variances to the AOR requirements under certain circumstances (e.g., when there is no drinkable groundwater present).  EPA agreed with the variance procedures developed and allowed the states to approve variances.  

Efforts to improve the AOR process were long term. DOE summarized the benefits of the AOR program in the first EYE on Environment newsletter in 1996. As a result of DOE’s work, the AOR process became less costly, and because of the variances, whole fields in Texas were no longer subject to the AOR requirements.  The American Petroleum Institute estimates that this variance procedure saved the industry $86 million dollars in the East Texas Field alone.  Nation-wide these variances saved industry over $300 million in the first year. DOE also provided data to EPA on the extreme cost of removing the grandfather exemption and the relatively low environmental benefit that would be realized.  In part because of DOE’s comments, EPA withdrew the proposed rule. (NRC Report, 2000)
NORM

Low-level radioactive material is regularly associated with oil production in some fields.  The radioactive elements are present in small quantities in subsurface formations, and the production of large volume of fluids from these formations enables these elements to become concentrated in certain spots within the producing system. This naturally occurring radioactive material (NORM) tends to concentrate in pipe scale and in tank bottom sludges.  This material is regulated by the states but EPA proposed to establish Federal regulations to ensure that workers, the public and the environment were properly protected.  The EPA regulations would have affected on-site handling of NORM as well as disposal facilities. These rules would have imposed a national standard that did not make sense in all states and would have needlessly raised the costs of disposing of the material. EPA’s concern over NORM was due in large part to inaccurate assumptions about the volume and radioactivity levels of the material.  In some cases the radioactivity of the oilfield NORM was less than the background level of the native surface soils. 
DOE sponsored a risk assessment by Argonne National Laboratory to examine the real risk to workers, the public and the environment from NORM handling and disposal associated with oil production.  DOE also conducted a survey of current state regulations governing the handling and disposal of NORM.  DOE’s work showed that the risk from NORM was generally much less than had been assumed, but that some risks did exist.  DOE’s work also showed that, for the most part, states already had effective programs for regulating NORM. Industry groups had brought similar data to EPA, but it was dismissed as biased.  Based largely on the DOE work, EPA chose not to proceed with the rulemaking.

Because the risk study indicated that some risks did exist, additional work was done to ensure that adequate controls were in place.  Working with the Interstate Oil and Gas Compact Commission, DOE helped to develop model state regulations that states could use in developing appropriate protections. DOE also helped to develop sampling procedures to ensure that sites contaminated with NORM could be cleaned up thoroughly, but at a fraction of the cost previously experienced. (NRC Report, 2000)

The overall goals for the NORM program which began in 1991 were: 1) review all literature and regulations on NORM, 2) prepare and field test sampling and analysis plans, 3) collect and analyze samples, and 4) summarize the data in a final report(s).  Specific tasks which generated reports from Argonne National Lab included: NORM site characterization, disposal by landspreading, disposal of NORM waste in salt caverns, disposal in landfills, and reviews of NORM literature and state regulation. In addition to Argonne and IOGCC other performers included: Ground Water Protection Council (DE-FC26-03NT15428), Lawrence Livermore National Laboratory (FEW AC-15-998/OAK50), the University of Mississippi (DE-FG26-02NT15227), Mississippi Department of Environmental Quality (DE-FG26-97BC15035), Mississippi Mineral Resources Institute, State of Michigan Department of Environmental Quality, Idaho National Engineering & Environmental Laboratory (FEW 5AC304, DE-AC07-94ID13223), Rice University (M-18), Southern University and A&M College (DE-FG22-94MT94014), The University of Texas at Austin (DE-AC22-92MT92011), and Lockheed-Martin Idaho Technologies. These organizations all cooperated with DOE in the characterization and development of remediation technologies for NORM waste (EYE on Environment, V. 5, #1, 2000). NORM projects performed by Argonne include the following contracts: FEW49277, FEW 49289, FEW 49295, FEW 49392, FEW 49396, FEW 49647, FEW 49668 and W-31-109-ENG-38.
The long term research conducted through the NORM program ultimately resulted in EPA determining that regulations against disposal in salt caverns were unnecessary. The benefits to the petroleum industry were significant reduction in permit requirements and the expansion of the number of possible disposal sites, which reduced the cost of regulatory compliance.
SEMP
The Outer Continental Shelf Safety and Environmental Management Program (SEMP) research project was funded by DOE in the mid 1990s in response to safety and environmental concerns by the Minerals Management Service (MMS). MMS and the American Petroleum Institute and the Offshore Operators Committee developed the RP75 guidelines (Recommended Practices for Development of a Safety and Environmental Management Program for Outer Continental Shelf Operations and Facilities) in May 1993. In 1994, MMS requested that industry voluntarily adopt the RP75 guidelines. The research was managed for DOE under BDM Petroleum Technologies (NIPER/BDM-0343) at the Bartlesville Project Office.
Under the SEMP program, offshore producers are responsible for identifying potential hazards in the design, construction, and operations of drilling and production rigs and developing specific approaches to reduce the occurrence of accidents on offshore locations. However, many small and midsized independent operators and producers raised questions over the costs and methods for implementing RP75. In cooperation with MMS, DOE determined that a prototype demonstration project performed by a smaller producer would answer these questions and provide other offshore operators with the understanding needed to comply with RP75 recommendations. 

Specific concerns that the SEMP program addressed include: 1) Offshore operations have moved into deep water and farther offshore, 2) A large number of offshore platforms are aged and out of date, 3) Older facilities have not incorporated the newest sophisticated technologies for inspection and safety, and 4) An increasing number of smaller companies now own and operate facilities on the Outer Continental Shelf, and many of these companies lack the financial capability, experience and incentive to operate facilities in the manner historically enjoyed by the Major oil companies. 

In 1994 there were over 100 small companies operating on the Outer Continental Shelf, and that number was increasing each year. The cost to develop a Safety and Environmental Management Program depends on many factors, including the size of the company, financial capability, number of facilities it operates, offshore experience, development and use of operating practices, level of technical knowledge, and the safety attitude of management. The cost of program implementation can be recovered by the prevention of one relatively minor accident or oil spill that would otherwise cause operations to shut down for repair and cleanup (BDM-0318, 1997, p. 405-406).

Through a competitive procurement, as a BDM subcontract, Taylor Energy (G4S50125) of New Orleans was selected to demonstrate SEMP development. Taylor Energy implemented SEMP procedures at five platforms in the Gulf of Mexico over a 30-month period in 1994-1996. Engineering and support services were provided by Paragon Engineering. The objectives were to: 1) demonstrate the development and implementation of SEMP, 2) determine the cost and effort for Taylor Energy to successfully implement SEMP, and 3) develop measures of effectiveness that determined necessary improvement found as a result of the SEMP implementation.

The demonstration was designed to guide operators through the complexities of regulations, safety issues and other difficulties associated with SEMP implementation. The demonstration was geared to show how to perform tasks in accordance with SEMP and promote investment of the small and mid-sized operators in the necessary safety equipment and training. 

Paragon assisted in the development and evaluation of SEMP, including hazard analysis, safety, and environmental information, management of changes, and establishment of safe work practices. Paragon evaluated Taylor Energy’s success on resource recovery, profitability, safety and environmental protection. Experience and information developed through implementation of the SEMP was documented and technology transfer of the information to other small and midsized operators was conducted. Training programs for personnel were conducted at each platform that was included in the demonstration. Results of the demonstration were published in three operating manual and safety handbooks (1997): Safe Operating Procedures Manual, Safe Drilling and Workover Practices Manual, and Safety Handbook (BDM-0318, 1997, p. 405-405). 
BAGI
Research on Backscatter Absorption Gas Imaging (BAGI) technology was funded by DOE through Sandia National Laboratory (FEW 5704) in cooperation with Environmental Protection Agency (EPA) from 1994 through 2002. At the beginning of the project in 1994 the state-of-the-art technology approved for natural gas leak detection by EPA was a flame ionization detector (Method 21). This hand-held device could sense leaks at only a single measurement point. Implementation of the new faster BAGI system of leak detection was expected to reduce costs for leak detection and repair by 75%. BAGI was designed to image natural gas leaks at standoff distances which are both cost-effective and safer for individuals operating the system. The improved BAGI system is also more sensitive and can detect leaks that were previously difficult to detect. 
The objective of the project was development of an imaging system to search for natural gas leaks in refineries and pipelines. The motivation for leak sensing in the United States natural gas industry is the industry–wide losses of natural gas through leaks in production, processing, transportation and distribution sectors. According to statistics in the 1990s a typical refinery spends over 1 million dollars per year for leak detection and repair. Safety issues are also involved, in that of 800,000 to 900,000 leaks investigated each year, between 200 and 300 hundred result in accidents. Natural gas losses also represent a significant contribution to greenhouse gas. Surveys mandated by EPA cost industry over $1.6 billion per year. 
Project goals were two-fold: 1) Develop a new implementation of Backscatter Absorption Gas Imaging (BAGI) that used pulsed lasers to improve imaging range, sensitivity, and image quality, and 2) Develop a high-power, compact continuous-wave laser designed to extend the imaging range of scanned BAGI.
Stage I of BAGI development, the first hydrocarbon imager, was a pulsed system developed at Sandia from 1995 to 1998. This was a hand-held imager, which could image a gas plume based on wavelength. When a gas capable of absorbing the laser light entered the camera field-of-view, it attenuates a portion of the laser backscatter and appeared as a dark cloud in the video picture. The BAGI was field tested in first at the Remote Sensor Test Range at the Nevada Test Site and later in 1998 at a refinery. The unique ability of BAGI to remotely generate video images of plumes greatly simplified the detection and location of gas leak sources. 
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          BAGI hand held imager to detect gas leaks
Environmental Program 1997-2007
A ten year review of the Natural Gas and Oil Environmental program conducted in August 2007 revealed shifting emphasis on environmental issues, which were in most urgent need of research to protect both oil and gas resources and the environment. The mission statements in 1997-1999 focus on regulatory streamlining to meet environmental needs. “Maximize the recovery of U. S. Oil and Gas resources and environmental quality, by reducing the costs of effective environmental protection”. 
Technologies and methodologies that could reduce the cost of environmental compliance were attractive to industry. It made industry a more willing participant in environmental research and implementation when they could show cost reductions through improved regulatory streamlining. The AOR work done in the mid 1990s was an immediate success because it demonstrated substantial cost savings to industry through streamlined regulatory procedures. The Toxic Release Inventory successfully convinced EPA to delete a proposed program, which would have added unnecessary reporting requirements and added costs to the petroleum industry.
The goals in the 1997-1999 period reflect an expansion to include a strong technology transfer component with emphasis on public awareness and national issues:  
· Enable industry to reduce compliance costs and improve environmental performance.

· Help State and Federal government make sound regulatory decisions based on good science and common sense.

· Facilitate technology transfer among industry, government and Tribes.

· Raise public awareness about the need to balance national energy, national security, economic and environmental objectives. 

Table 2 shows changes in the name of the Environmental Program from 1997 to 2006, reflecting DOE’s response to changing environmental needs. New initiatives and revised mission statements were made in the years indicated: 1998, 2000, 2001 and 2004. DOE’s funding for oil and gas environmental programs is shown in Figure 1. High levels of funding for the oil environmental area indicates support for the initiatives in air quality emissions, fuels, produced water management and federal lands access.
Table 2:  Program Time line (* indicates years with new initiatives)
	Program
	Year

	Oil and Gas Environmental
	1997

	Oil and Gas Environmental
	1998*

	Oil and Gas Environmental
	1999

	Oil and Gas Environmental Research
	2000*

	Upstream and Downstream Oil & Gas Environmental
	2001*

	Petroleum Environmental Solutions
	2002

	Environmental Solutions
	2003

	Petroleum Environmental Solutions
	2004*

	Petroleum Supply and Natural Gas and Oil Environmental
	2005

	Natural Gas and Oil Environmental Solutions
	2006


Figure 1:  DOE Budget 1997-2006 for oil and gas environmental program
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The 1998 initiative in the Environmental program listed fourteen key issues (Table 3) that challenged the petroleum industry. Some of these issues had been addressed by the Environmental program since the 1980s, but others were new considerations. 
Table 3:  Key Environmental Issues identified by DOE for Future study in 1998

	Drilling waste management

	Low-impact operations in sensitive environments

	Public land/leasing

	Produced water management

	Production waste management

	Spill prevention

	Remediation

	Air emissions

	Underground injection

	Data management/on-line systems

	Risk management planning

	Permitting/regulatory compliance advisories

	Toxics releases/community right-to-know

	Regulatory streamlining


For the first time the issue of public lands and Federal leasing programs and sensitive environments found a place beside traditional waste management, remediation, air quality and regulatory issues. Produced water management was split out from overall waste management issues as the volumes of produced water and regulations for disposal impacted the economy of oil and gas operations.
Highlights of 1997-1998
Highlights of the 1997-1998 years were the resolution of the Toxic Release Inventory, the introduction of the Environmental Compliance Assistance System (ECAS), continuation of the BAGI development at Sandia National Laboratory, salt cavern disposal, the first DOE Alaska Energy and Environmental workshop, Tallgrass Prairie remediation and expansion of the RBDMS program.
Toxic Release Inventory
In 1996 EPA announced plans to impose a major new reporting requirement on the oil and gas industry to expanding its Toxic Release Inventory to include all oil and gas E&P operations. The Toxic Release Inventory tracks information on toxic chemicals. Most of the releases are state or federally approved safe, legal, permitted disposal activities. One of the most misleading and inappropriate requirements would have been to require the reporting of underground injection as a release to the environment. This requirement would place a tremendous burden on the oil and gas industry and on the state and local agencies that would receive the reports. 
IOGCC received a grant (DE-AF22-96BC14999) from DOE to review the requirements for the oil and gas industry and make recommendations to EPA. The petroleum industry was actively involved in IOGCC’s effort to collect data and supported efforts to make information already reported by E&P operations more accessible to the public. IOGCC concluded that: 1) the public already had access to important environmental regulatory information for E&P operations, 2) environmental regulatory information collected at the state and local level is more immediately available from Federal sources, and 3) a cooperative effort should be developed between the states; industry, EPA and environmental organizations to provide easier access to existing data sources.
IOGCC’s analysis and review of the regulations provided sufficient information that EPA determined that the proposed regulations were unnecessary and the reporting requirements were dropped (Alleman, 2008). The American Petroleum Institute had estimated the cost for the expansion of reporting requirements for the first year alone would have been $200 million. Over 4,700 oil and gas facilities, including 40% of the oil and gas wells in the U. S. would have been subject to the requirement. IOGCC’s participation with DOE yielded substantial cost avoidance for the petroleum industry.
Environmental Compliance Assistance System (ECAS)
ECAS was developed for on-line assistance with regulations and permitting programs. DOE developed an Internet Web site to help operators understand and meet compliance issues. A study in 1990 by the First International Symposium of Oil and Gas Exploration and Production Waste Management Practices estimated the costs at $15 to $79 billion for initial industry-wide compliance with new environmental regulations. Annual costs for compliance were estimated to range from $2 to $7 billion as environmental regulations increased in the 1990s. A large number of wells in the U. S. are either marginal producers or idle. These wells all need to meet varying environmental regulations. DOE’s objective in establishing ECAS was to simplify environmental regulations without compromising protection.
Oak Ridge National Laboratory (ORNL) (FEW FEAC308) was charged with establishing the ECAS on-line website and keeping the information updated. The on-line ECAS system was set up with a number of questions to guide operators to the type of information they needed to comply with regulations. Applicable cleanup methods, environmental and safety guidelines, specific state requirements, and information on how to obtain permits were the among the original data supplies. Information also included specific regulations for states and contact information for all states. 

The first states in the ECAS program to complete environmental safety manuals were Kentucky, Texas, Colorado, Wyoming and New Mexico. ECAS later evolved into an electronic system to assist operators with the preparation of waste management plans, identify hazardous waste materials, records management, remediation methods and emergency response issues. 
Salt Caverns

A series of projects were conducted by Argonne National Laboratory (ANL) (FEW 49400 and W-31-109-ENG-38) from 1995 through 2004 on the identification, characterization and potential use of Salt Caverns for oilfield waste disposal. The Texas Railroad Commission (TRRC) requested the research, and early efforts concentrated on baseline studies on caverns in Texas. 

The initial report by Argonne found that disposal of wastes in caverns was technically feasible and that there were no federal or state legal prohibitions against cavern disposal. However, some states would need to revise their regulations to make salt cavern disposal feasible. Following release of Argonne’s feasibility report, DOE recommended that several research organizations join forces to coordinate their salt cavern research. Argonne National Laboratory, Sandia National Laboratory (SNL), the Texas Bureau of Economic Geology (BEG), and the Solution Mining Research Institute jointly formed the Salt Cavern Research Partnership. The Partnership established a government/industry advisory committee that helped to identify the most important salt cavern research needs. 

Other tasks and analysis on salt caverns included projects with Sandia National Laboratory (FEW 3692, FEW 7912, FEW 8242 and FEW 9189), The University of Texas (DE-AP-22-96BC14978 and DE-AF26-97BC15030), and BDM-Oklahoma (DE-AC22-94PC91008). The goals of the projects were to evaluate solution-mined salt caverns for long-term storage of non-hazardous oilfield waste. Later tasks included analysis of salt caverns for the storage of naturally occurring radioactive minerals (NORM). The original objective was to aid the Environmental Protection Agency (EPA) in clarification of regulations for disposal of wastes and to provide a site for onshore storage and disposal. The specific wastes included wastes that could not be disposed on in Class II injection wells.

The tasks included analysis of design criteria and identification of salt caverns in the United States. Salt cavern disposal methods were designed to minimize the chance of failure due to closure, collapse or leakage. Specifications for space, configuration, disposal techniques and required seals for the caverns were considered. Salt caverns in the Gulf States, Texas and Louisiana met the requirements. 

The use of caverns for oil field waste disposal is dependent on two primary factors – the presence of suitable salt formations and a large enough volume of oil field wastes to make a cavern economical. Underground salt formations in the United States with potential for storage are mainly in the Gulf Coast states, although most of these salt locations are not good candidates for disposal caverns. Currently, Texas, Canada and several sites in Europe are the only locations that have approved oil field disposal in salt caverns.  To deal with the potential of cavern leakage a number of criteria are used in the design and placement of disposal caverns; including depth, size, distance from drinking water sources, surface development, and monitoring plans. 

Salt caverns used for oil field waste disposal are created in salt formations by solution mining. When created, caverns are filled with brine. Wastes are introduced into the cavern by pumping them under low pressure. Each barrel of waste injected to the cavern displaces a barrel of brine to the surface. The brine is either used for drilling mud or is disposed of to an injection well. Several types of oil field waste may be pumped into caverns for disposal. These include drilling muds, drill cuttings, produced sands, tank bottoms, contaminated soil, and completion and stimulation wastes. Waste blending facilities are constructed at the site of cavern disposal to mix the waste into a brine solution prior to injection. 

An additional aspect of oil-field waste disposal in salt caverns is evaluating the processes that may affect the cavern over time. Once a cavern has been filled with waste, any oily layer floating on the top surface is removed and the well leading to the cavern is plugged permanently, sealing the cavern. Internal pressure will increase after sealing due to deformation of the salt deposit under the weight of overburden rock. As the salt flows into the cavern, a process known as salt creep, the volume of the cavern is reduced.  Geothermal energy in the rocks may cause the waste contents to expand. Both are very slow processes, and as the fluid pressure increases, the cavern may reach a point that the cavern walls crack or leak, or the waste materials might migrate into the salt formation.

Since no disposal caverns have been closed anywhere in the world, no data is yet available on cavern behavior following closure. Additional laboratory and field research continues to study the effects of pressure rise in oil field wastes disposed of in salt caverns. The Solution Mining Research Institute oversaw preparation of a bibliography for cavern behavior following plugging, including salt creep and rock strength behavior, the permeability of rock salt, temperature and pressure build up, and plugging and sealing issues.  

The risk study found that the health risks associated with various types of cavern failure scenarios were all below the EPA’s acceptable risk threshold, even when the analysis assumed that all caverns would leak. Many of the contaminants in fluids leaking from the cavern would be bound up by soil and rock and would not migrate to locations where they could affect drinking water wells. 
Portions of ANL’s work on salt cavern waste disposal of oil field waste and NORM wastes were reported in earlier issues of EYE on Environment. Since the initial feasibility studies on salt cavern disposal and NORM disposal were published, TRRC has permitted two caverns for disposal of NORM waste. The Summer 1997 issue (Vol. 2 #2) discussed the formation of salt caverns and the mechanics of oil field waste disposal. The Winter 2000 issue (Vol. 5 #1) highlighted the disposal of Naturally Occurring Radioactive Materials (NORM) in salt caverns. 

DOE funded the University of Texas BEG to conduct an extensive study of bedded salt formations in the Permian Basin of West Texas. The study mapped total salt thickness, depth from the surface to the top of the salt deposits, and the processes of salt dissolution in the formation of caverns.  These factors were used to assess the potential for storage in salt formations and the parameters necessary to establish environmentally safe waste disposal in salt caverns.

DOE funded Sandia National Laboratories to model the behavior of horizontal caverns formed in salt structures. Sandia identified potential sites for horizontal caverns, evaluated the stability of their roofs, and calculated leaching times for different sized caverns. Various monitoring methods, including sonar, can give indications of the interior dimensions of caverns. 

The overall results of the Salt Caverns Research Program include valuable information and options for the oil and gas industry. Use of well managed and operated salt caverns represents a viable means of disposal for oilfield wastes. Salt cavern disposal was found to provide a cost saving over other disposal methods (at the time of the study the savings was $0.30 to $14.05 per unit of disposed material). A patented permeability test was 3-times faster and cost 1/3 less than existing methods. By the end of the Salt Cavern Program potential sites were identified in 16 states. By 1997 Texas had 56 active salt cavern disposal projects. 
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Map showing the salt deposits, and salt caverns storage areas in Texas

Alaska Energy Workshops
DOE’s Natural Gas and Oil Environmental Research Program’s sponsorship of the first Alaska Energy and Environmental Workshop was in fact the second Alaska workshop, but the first to make environmental issues a major concern. DOE, along with the State of Alaska and the University of Alaska, conducted the Alaska Energy workshop in June 1987. That workshop was instrumental in planning and implementing a number of oil and gas research projects in Alaska which addressed recovery of heavy oil, natural gas-to-liquids, risks associated with discharge of produced waters, and coal issues.
“Alaska Fossil Energy Workshop: One Decade Later – What’s Alaska’s Future” was held in Anchorage, Alaska on October 28-29, 1997. The goal of the workshop was to maximize development of fossil energy resources, to ensure future growth of the energy industry and provide assistance for environmental protection of Alaska’s unique land and assets. The objective was to encourage participation of all parties; industry, State and Federal agencies, and Tribal groups.

DOE’s role in Alaska’s future was seen as an independent developer and evaluator of state-of-the-art technologies, which demonstrated environmental protection and benefits for the North Slope and offshore producing areas. Technology transfer and education to industry and Native corporations on energy and environmental concerns was to be a major component of DOE’s participation. In addition to oil, gas and coal development issues, power generation for remote rural populations was addressed. 
The workshop consisted of breakout sessions on Access and Resource Development, and on Power Generation with nine presentations by DOE, Alaskan State and industry officials. Sessions addressed access, exploration, resource development, R&D, regulatory and policy issues, and financial investment through the perspectives of both Federal and local Alaska planners. (DOE, 1998)

DOE’s participation is the Alaska workshop advanced technology transfer in Alaska and assisted industry and the public to better understand environmentally sound practices in the production of oil and gas resources. The Alaska Conference was repeated in 2000 (See EYE on Environment, Summer 2000, Vol. 5, #2) and 2002 to increased audiences. 
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View of caribou resting and feeding near an oil platform on the North Slope illustrates the adjustment caribou have made to oil and gas development
Tallgrass Prairie Remediation

Initiation of the Tallgrass Prairie remediation project in Osage County, Oklahoma allowed DOE’s Bartlesville Project Office the opportunity to participate first hand and observe long-term soil and vegetation loss, and innovative remediation practices. The Tallgrass Prairie Preserve was created in 1989 as a nature preserve by the Nature Conservancy. The concept was to protect and recreate a tallgrass prairie ecosystem on the 37,000 acres of former ranch land that represented the 142 million acres of tallgrass prairie that covered the mid-continent (parts of 14 states) less than 200 years previously.
Oil and gas production in the mid-continent for over 100 years have impacted numerous sites in the tallgrass prairie ecosystem. The Tallgrass Prairie Preserve offered a unique opportunity to test remediation methods on areas where accidental spills had contaminated soils and retarded vegetation growth. The Tallgrass Prairie Preserve had been ranched for decades, but grazing was well managed, and a minimal number of introduced plant species were found, and native grasses were abundant. The Nature Conservancy began returning the area complete to native vegetation and reintroduced bison as the grazing animal native to the region.
DOE originally funded research on soil remediation studies in the Tallgrass Prairie Preserve by BDM-Petroleum Technologies (DE-AC22-94PC91008). Of the 120 well sites that were analyzed, a number of sites were contaminated by crude oil and brine releases prior to 1997. The objective of the study was to determine the long-term effects of crude oil and brine contamination on the soil. Microbial analysis was undertaken to understand how natural soil microbes cleanse the soil. BDM evaluated the use of microbial gel barriers; the pumping of a nutrient–enriched bacterial solution into the subsurface on contaminated sites. 

Because the Tallgrass Prairie offered an excellent field laboratory to study long term oil and brine spills and remediation of the soils and vegetation, DOE expanded research to test other remediation technologies. Lawrence Livermore National Laboratory (FEW 0054 and FEW 0067) began work on the site in 1999, and Oakridge National Laboratory  (FEAC 321) and the University of Tulsa joined in the research efforts in 2000 (DE-AC22-01BC15332). The University of Tulsa and the National Labs under the Natural Gas and Oil Technology Partnership Program (NGOTP) developed a long term ecological model and analysis of the Tallgrass prairie ecosystem. Analysis of oil and brine impacts on soils, groundwater, vegetation and terrestrial vertebrates provided information on how to assess the impacts and how to develop remediation plans. Part of the NGOTP goals for the projects were to develop recommendations for EPA on how to regulate exploration and drilling sites in grassland communities. The University of Tulsa project developed a risk assessment and self-assessment guide for operators and land owners to determine the extent of soil and vegetation damage and determine the appropriate remediation steps. The University of Tulsa established a series of workshops and provided soil test kits and information to interested parties.
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Production brine scar before and 15 years after remediation in the Tallgrass Prairie Preserve, Oklahoma
Highlights of 1999-2000
In 1999 and 2000 the AOR program was expanded to Texas, Oklahoma and California fields and resulted in substantial cost-saving benefits in meeting regulatory requirements. Additional NORM projects and disposal options were funded during the period, including projects in Michigan, Mississippi and the Rocky Mountain states. A second highly successful Alaskan North Slope Conference and workshop was held in April 2000 in Anchorage, Alaska and was reviewed in the Summer 2000 EYE on Environment (Vol. 5, #2). The Conference Proceedings (April 2000) is available on the Environmental DVD Archive under the Workshop section.
Important new projects at this time included: 1) Air emissions and water contamination projects initiated in California and the Rocky Mountains to study the impact of air emissions,  NOx and MTBE, 2) A cooperative project with Minerals Management Service (MMS) conducted by Argonne National Laboratory with the goal of providing recommendations to EPA on synthetic based muds used in offshore oil and gas drilling, 3) An educational project with the Oklahoma Energy Resources Board (OERB) focusing on remediation of abandoned well sites and public educational including a video for school children, and 4) The Ultra Clean Fuels initiative announced in 2000 (a new approach to developing clean fuels and engines to meet new vehicle emission standards). The Ultra Clean Fuels concept was the culmination of decades of fuel research and engine testing at the Bartlesville Project Office, including aviation fuels research in the 1940s and 1950s. 
A high point in 2000 was the announcement that the Ground Water Protection Council (GWPC) had received the Department of Energy’s Energy 100 award for development of the Risk Based Data Management System (RBDMS) as one of the “best scientific and technological achievements of DOE in the Twentieth Century”. 

Air Emissions

Several projects with Lawrence Berkeley National Laboratory and Lawrence Livermore National Laboratory begun in 1999 and 2000, studied a variety of impacts on air quality in the West with specific studies in Wyoming and California. Projects with LBNL included: FEW EE1483, FEW EE1490, FEW EE1557, P-210, P-51, and FEW EE1682. Projects with LLNL included: P-74, FEW 00027, and FEW 0043. 
The focus on air quality in 1999 addressed six topics: visibility, SO2 concentration, ozone, acid deposition, new particulate matter standards (PM-10 and PM-2.5), and carbon monoxide (CO). Varying levels of concern for these issues were ranked in different regions: the Gulf Coast, Alaskan North Slope, California’s San Joaquin Valley, the Rocky Mountain region and the California coast. Visibility was a serious concern in the San Joaquin Valley and in the Rocky Mountains, and less so in all the other regions. The SO2 levels were an issue in the Rocky Mountains. Ozone levels were considered serious in the Gulf Coast, and the San Joaquin Valley and less so in the Rocky Mountains and along the California coast. Acid deposition was a new concern in the Rocky Mountain region. Meeting new EPA Particulate Matter standards was a serious problem in the San Joaquin Valley, a concern in the Gulf coast region and potentially an issue in both the Rocky Mountains and the California coast. The problem of carbon monoxide build-up is specific to very cold climates, and could be a health hazard on the North Slope. 
Studies at LBNL and LLNL contributed to the understanding of how air quality is impacted by various pollution constituents and assisted EPA in setting standards for emissions of allowable toxics in the air. Modeling efforts on ozone looked at NOx and VOC emissions and concentrations and provided tools for objective analysis of these constituents in the air. Particulate matter standards were addressed through a series of tests, measuring concentrations both indoors and outdoors to determine the effects of leaks and cracks in buildings on the infiltration rate of chemical pollutants from the outside entering houses and buildings. A project on visibility issues in National Wilderness areas set up a series of monitoring sites in Wyoming. Wyoming served as a prototype for the EPA’s new regional haze regulations. Overall, the air pollution studies established methods and new technologies to measure the various types of pollutions, made observations on the timing of natural absorption and cleansing, and determined safety levels. 

One project specifically addressed the use of plasma-assisted catalysis for NOx emission control. Efficient reduction of NOx was demonstrated with plasma assisted catalysis when propene was used as the reducing agent. LLNL also investigated several other types of catalysts to determine optimum combinations with the plasma. 
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Air quality study addressed the problems of pollution in National Parks and Wilderness areas. Views of Half Dome, Yosemite National Park, California on clean and smoggy days
Methyl tertiary-butyl ether (MTBE)
Methyl tertiary-butyl ether (MTBE) was used as an oxygenate to improve the combustion characteristics of gasoline until EPA banned its use in 2006. Lawrence Livermore National Laboratory (FEW 0016) conducted tests on its potential hazards as a contaminant of water supplies from 1996-1999. 
In 1992 MTBE became the oxygenate of choice for U. S. oil refineries. MTBE made gasoline burn cleaner and reduced automobile emission, but as it found its way into the groundwater, people found it gave drinking water an unpleasant taste and odor. Refineries were required by the Clean Air Act to add an oxygenate to gasoline to help reduce air pollution. However, MTBE appeared in drinking water as a result of leaking gasoline storage tanks and by the late 1990s EPA had declared MTBE a possible human carcinogen. Water production from more than 20 public drinking water wells in California was halted due to MTBE contamination.
EPA formed a 14-member panel of government, academia and industry experts to study MTBE. LLNL led a multidisciplinary team to study the additive. The goal was to help water quality regulators and public health specialists understand how MTBE entered and behaved in the groundwater and how to manage it. Areas were identified for remediation, and levels of MTBE assessed in a number of sites in California. LLNL provided a map to EPA which showed thousands of underground fuel tanks with leaks and associated public drinking water sources demonstrating a direct link to storage facilities and MTBE in aquifers. Recommendations were made to the California State Water Resources Control Board, DOE and EPA on effective management of California’s groundwater resources. The information was used to make legislative decisions and set future policies of the elimination of MTBE.
Synthetic Based Muds

In 2000 DOE entered a cooperative agreement with another Federal agency, the Minerals Management Service (MMS), to expedite offshore regulations on the use of synthetic-based muds for oil and gas drilling operations. In the mid-1990s DOE promoted the use of synthetic based muds (SBM) as a pollution-preventing technology and asked the Environmental Protection Agency (EPA) to revise and clarify offshore regulations to permit use of SBM. Argonne Natural Laboratory was tasked to study SBM and make recommendations to EPA. Project information may be found under MMS, DE-IA26-15168 and under Argonne’s multi-task projects on waste management, W-31-109-ENG-38.
The oil and gas industry has traditionally used two types of drilling fluids to lubricate drilling wellbores: water-based muds, and oil-based muds. Water-based muds are less expensive and the wastes can be discharged into the sea. In some situations, difficult drilling conditions with reactive shales, deep wells and horizontal wells have forced operators to switch to oil-based muds, containing diesel and mineral oil. EPA prohibited the discharge of these materials into the sea. Removal of pollutants or transportation to onshore disposal wells was extremely expensive. Synthetic based muds that use chemicals to replace diesel and mineral oils had been developed, but had not proved acceptable for use in offshore drilling operations by EPA.
Argonne developed a series of sediment sampling and laboratory tests on SBM, and the impact of SBM discharge into the sea. SBM contain no harmful, polynuclear aromatic hydrocarbons, exhibit lower toxicity, and bio-accumulation potential and biodegrade faster than oil-based muds. The study found that SBM were less likely than oil-based muds to accumulate and cause adverse impacts on the seafloor and marine life. Argonne summarized the advantages of use of SBM and demonstrated the value of this innovative pollution preventing technology for offshore drilling operations. In November 1998, the National Pollutant Discharge Elimination System permit for the Outer Continental Shelf recognized that SBM were distinct from oil-based muds and lacked terminology to prohibit use of SBM. The process of modifying EPA regulations often takes four to six years, but EPA recognize the oil and gas industry’s need to resolve the discharge issue in a timely manner, and scheduled a final ruling for December 2000. 

Argonne established working groups for the oilfield service industry, Federal agencies and regulatory agencies including the Synthetic Fluids Discussion Group and the Toxicity Work Group, to provide analysis, technical advice and support to assist EPA’s decision making. Argonne’s research was instrumental in characterizing SBM’s and demonstrating the advantages of SBM drilling fluids, and as such it paved the way for favorable rulings by EPA. 
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Synthetic based muds sampling on offshore rig, Gulf of Mexico

Oklahoma Energy Resources Board

The Oklahoma Energy Resources Board (OERB) has the responsibility for identification and remediation of abandoned oil and gas wells and sites in Oklahoma. A voluntary assessment (Oklahoma Voluntary Tax) of one tenth percent of the sale of oil and natural gas produced in Oklahoma is set aside for remediation efforts and administered by OERB. In addition, OERB is tasked with education goals to provide public outreach on the oil and gas industry. 

Under the DOE funded projects (DE-FG26-98BC15036 and 75-98SW43133), OERB conducted environmental assessments of abandoned oil and gas sites and provided information on environmental clean-up technologies to the oil and gas industry. A teacher training program offered innovative curriculum on oilfield safety and education to 150 teachers in 2000. As part of the project OERB developed public education materials including a video for school children, and helped other states in developing similar programs in their states. By 2002 over 1,200 elementary teachers were trained in “Fossils to Field” energy curriculum and over 64,000 Oklahoma students were impacted by the programs in the schools. 

DOE’s contribution of $200,000 per year for 5 years assisted in the establishment of OERB’s site remediation and education program. By early 2002 over $12 million had been spent restoring over 3,000 sites across Oklahoma at no cost to the current landowners. The Ohio Energy Education Program, the Illinois Energy Education Program and the State of Kentucky developed oilfield safety programs using the OERB program as a model.
DOE assisted OERB in the establishment of a multi-agency effort including EPA, Oklahoma Corporation Commission, Corp of Engineers and the Coast Guard to clean up abandoned wells located in four man-made reservoirs or lakes in Oklahoma. Over 1,000 submerged wells were plugged at 162 sites. 
Ultra Clean Fuels

The Ultra Clean Fuels Program was a new downstream initiative announced by DOE in 2000. This multi-year initiative had long term goals to produce ultra clean petroleum fuels from domestic and imported crude oil and alternative hydrocarbon feedstocks, and to develop fuel and engine combinations that met future (more restrictive) vehicle emission standards. The Ultra Clean Fuels program encouraged the production of clean fuels to enhance environmental protection and lower emissions.

A number of projects were funded through the program (projects ran through 2005) focusing on research to characterize and identify new technologies to produce cleaner fuels and more efficient and lower emission engines. Projects included: research on removal of sulfur from refined fuels, removal of naphthenic acids from heavy crude oil, developing and testing of synthetic fuels, improved catalysts for hydrogen production, developing catalysts for upgrading heavy crude oil, development of improved membranes for hydrocarbon filtration, development of solid fuel cells, and development of cost-effective reciprocating engine emission controls.  

Several projects were conducted through the Natural Gas and Oil Partnership Program: 

· Brookhaven National Laboratory (FEW 13W0186) 
· Idaho National Laboratory (FEW 4661-080, FEW 42C1-06, FEW 4340-68 and FEW 4661-06) 
· Argonne National Laboratory (FEW 49022) 
· Lawrence Berkeley National Laboratory (P-52 and FEW ESD98-040)
· Oak Ridge National Laboratory (FEW FEAC309, FEAC323, FEAC326, and FEW FEAC327).
Industry and university projects included:

· California Institute of Technology DE-FC26-02NT15383)
· Clark Atlanta University (DE-FC26-00NT40833) 
· Integrated Concepts and Research Corporation (DE-FC26-01NT41099), 
· Kansas State University (DE-FC26-02NT15464) 
· PetroStar (DE-FC26-01BC15281 and DE-FC26-02NT15340)
· TDA Research (DE-FC26-01BC15333)  
· Jicarilla Apache Nation (DE-FG26-02NT15454) 
· University of Tula (DE-FC26-02NT15381).
The program promoted a continued stable fuel supply, enhanced environmental protection, continued U. S. innovation in global energy production and refining technologies, and lower emissions through use of improved fuel and engine and emissions systems. 
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U. S. refinery – fuel for a clean future
Highlights of 2001

Projects in 2001 emphasized the Regulatory Impact Analysis, Regulatory Streamlining and Risk Assessment; California’s Clean Airship monitoring, new remediation technologies (How Clean is Clean?), ECAS update, an IOGCC NORM website, and new downstream effective environmental protection initiatives and research on chemical upgrading and fundamental chemical properties.
In 2001 the Upstream Oil and Gas Environmental Program was inaugurated with a new mission statement, goals and anticipated benefits, which reflected the attitudes of the Federal government and the public towards encouraging oil and gas production while protecting the environment.
Mission 

Promote both cost-effective Environmental Protection and Enhance Environmental Performance to encourage maximum recovery of U. S. Oil and Gas Resources.

Goals
· Enable industry to reduce compliance costs and improve environmental performance
· Expand capabilities of State and Federal government to make more cost effective, risk-based regulatory decisions
· Improve communication and technology transfer among industry, government and the public
Benefits 

· Extend economic production in domestic fields
· Increase ultimate recovery in known fields
· Increase domestic oil reserves
· Decrease cost of environmental compliance
Regulatory Streamlining

One aspect of regulatory streamlining was renewed emphasis on projects with the National Laboratories and with non-profit organizations that promoted a dialogue between industry and Federal agencies. Lawrence Berkeley National Laboratory (FEW EE1483, FEW EE1490, FEW EE1557, P-210, P-51, and FEW EE1682) made a number of recommendations to State and Federal regulatory agencies following several years of air quality and air emission evaluations in California and Wyoming. 
A new Energy Education Partnership was funded through IOGCC (DE-FC26-01BC15336) as a pilot training program for operators, regulators and emergency response teams to handle oil and gas facility fires, explosions and other field spills or emergencies. As a part of the training, operators received information on how to protect the land before an emergency occurred and what to do after an emergency. A guidebook, Responding to Oilfield Emergencies, was based on a similar handbook produced by the Ohio Oil and Gas Energy Education Program. One premise for training on-site personnel was that well trained responders will result in less costly cleanup and more efficient management of environment concerns.
The Ground Water Protection Research Foundation (GWPRF) (DE-FC26-01BC15371) began a 3-year program to enhance the Risk Based Data Management System by collecting information on hydraulic fracturing of coal seams. GWPRF developed new manuals for RBDMS training and assisted state agencies in North Dakota, Florida, Alaska, West Virginia and Illinois with adapting the data management system to their individual state systems. 

The Petroleum Environmental Research Forum (PERF) (DE-AP26-02NT20384) organized workshops to explore industry/government cooperation on produced water issues. PERF’s role as a facilitator between industry, scientific research organizations and State and Federal regulatory agencies provided a medium of exchange for industry needs, opinions, new technology and new regulatory requirements.
Remediation - How Clean is Clean?
The University of Tulsa joint effort with Lawrence Livermore and Oak Ridge National Laboratories in research on soil remediation of old oil and brine scars in the Tallgrass Prairie was the beginning of a new concept. The University employed a probabilistic risk assessment approach to data from well heads, pumps, gathering lines, oil-water separators, and tank batteries to develop guidelines for operators to model potential risks and determine remediation procedures.

The concept of “How Clean is Clean?” was promoted by the Upstream Oil and Gas Environmental program when considering remediation sites such as the Tallgrass Prairie in Oklahoma and brine scar remediation conducted by the Kansas Corporation Commission (DE-FC26-00BC15328). “How Clean is Clean?” simply acknowledges that there must be a distinction drawn between continuing to clean a site to a point of diminishing environmental improvement and determining when a site is sufficiently restored to its original condition.
The Kansas Corporation Commission conducted research comparing various means of remediation for soils impacted by crude oil and brines. An online diagnostic tool and guidelines for mitigation of oil and brine impacts was also provided. The tool can be used by operators and landowners to repair oil salt scars by preparing the soils and planting salt-tolerant plants to minimize erosion and encourage soil repair. The Kansas Corporation Commission project (DE-FC26-00BC15328) ran from September 2000 to September 2003, and ultimately received IOGCC’s Stewardship Award in 2006 for their contribution to improved remediation technology.
Clean Airship

The Clean Airship was a remotely piloted blimp with advanced air monitoring capabilities launched in the San Joaquin Valley (Central Valley), California in December 2000. Tracer ES&T (75-99SW47519) from San Diego designed and built the airship and its RPATS navigation system and instrument package designed to collect air samples. The concept was that a highly maneuverable remotely piloted airship could provide an ideal platform capable of flight operations in the low surface layer of the atmosphere (below 1,000 ft). Manned flight at this altitude is highly dangerous under the conditions of smog, wind or other air pollution which needed to be sampled. During winter in the Central Valley a condition know as Tulle Fog blankets the area for extended periods making other air sampling methods inoperable. The motivation for the sampling program was to meet air quality standards set by the Environmental Protection Agency. California’s Central Valley and San Joaquin Valley needed to be brought into compliance with ozone standards. 
The airship is a 30 ft long 7.5 ft wide helium filled blimp capable of carrying a payload of 10 pounds. Tracer’s challenge was to design both the navigation system, and air/gas sampling equipment (which needed to weight less than 7 pounds for optimal operation). The navigation system used a radio control unit tied to a Global Positioning System (GIS). Ideally the pilot on the ground (mounted on a truck) identifies plumes of air, clouds or emission streams coming from oilfield steam generators, refineries or other industrial plants, maneuvers the airship through the area and activates the sampling equipment. Test runs in December 2000 and early 2001 were highly successful in collecting air samples which the California Air Resources Board analyzed. Data on air quality was used to assist in controlling emission releases and improving air quality in the California’s Central Valley. 
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The Clean Airship in flight over California’s Central Valley. The air sampling equipment hangs in the small platform below the blimp.

IOGCC and ECAS Websites
With the emergence of efficient on-line information and the increasing number of personal computers, Federal agencies and non-profit groups felt the time was ripe to add or update public websites with new databases and guidelines related to environmental issues. 

Under IOGCC’s Regulatory Streamlining project (DE-AP26-04NT40549) funded by DOE, two websites were established. The first was an expansion of on-line permitting to shorten the time and reduce the cost of regulatory permits for oil and gas operations. The Regulatory Streamlining project focused on eliminating duplicate and overlapping requirements of state and Federal programs, and educating current and future State and Federal policy makers on oil and gas issues.  This site was particularly concerned with continuing to provide the public and EPA with a forum on waste disposal regulations to avoid ineffective regulations that burden the petroleum industry without improving environmental protection. The second website was a dedicated site – NORM Technology Connection – designed to provide information on identification, transportation and disposal methods of naturally occurring radioactive material (NORM). In addition, the NORM website included contact information for Federal agencies and a database of companies that provide services such as site characterization and remediation support. 
The Environmental Compliance Assistance System (ECAS) website maintained by Oakridge National Laboratory (DEW-FEAC308) provided contact information for State and Federal regulatory agencies and details on how to obtain and complete forms.  Guidance documents for preparing waste management plans, records management procedures and emergency response planning were also available. In addition, updated material on new laws and regulations and how these are to be applied was provided. The site allowed the reader to click on a map of the United States and the ten EPA regions and find relevant information for any area.
Downstream Effective Environmental Protection

As a follow up to the 2000 Clean Fuels initiative, the Oil and Gas Environmental program announced the Downstream Effective Environmental Protection initiative in 2001. The goals and anticipated benefits are listed were:
Goals:
· Develop environmental data and technologies to provide science-based information for environmental regulations for downstream operations.

· Perform research to develop and enhance innovative technology to reduce environmental impact of processing Western hemisphere heavy crudes without comprising product quality.

· Provide technologies that prevent the formation of pollutants by process modifications and/or unit changes in the refineries.

Benefits:
· Reduce the environmental impact of refinery operations.

· Reduce the number of refinery closures.

The response to the Downstream Effective Environmental Protection solicitation included two multi-performer, long-term research projects; chemical upgrading of heavy crude oils and a study on fundamental chemical properties of heavy crude oil. 

Chemical Upgrading of Heavy Crude Oil

Oakridge National Laboratory (FEW-FEAC312, FEW FEAC323 and FEW 49022), Idaho National Engineering and Environmental Laboratory (FEW-5AC412 and FEW 4340-42), Phillips Petroleum, Pall Corporation and Marathon-Ashland PLC joined in the efforts on chemical upgrading of heavy crude oil. The problems addressed were the declining quality of crude oil available for U. S. refineries and the increasing environmental problems due to heavier, high-sulfur content oil.
The objectives of the project were to determine the chemical basis for developing processes to upgrade heavy crudes, increase the value of produced crude, and ease refining requirements while improving fuel quality. 
The project was successful in performing research on metallic membrane development to allow production of lower-sulfur fuels with minimal costs. It was also found that supercritical alkylation could be used to remove hazards associated with acid alkylation and leave no spent acid sludge, which required disposal by land farming. 
Fundamental Chemical Properties of Heavy Crude Oil

Oak Ridge National Laboratory (FEW FEAC309 and FEAC 327) and Phillips Petroleum Company joined together to study the problem of a lack of high-quality fundamental chemical data needed to design new fuel processes. Without support and cooperative efforts, oil companies find it difficult to justify the long-term analysis necessary for this kind of research.

The objective of the project was to measure chemical properties of sulfur- and nitrogen-containing organic compounds and determine how this information could further the development of new fuels.
Initial research measured fundamental chemical properties on key heavy-oil compounds and developed computer programs to transfer measurement results to refinery process-design engineers. The project also developed data on key refinery processes to improve efficiency and modeling parameters. Through the technology transfer plan established as part of this fundamental research, refiners were able to use the data to develop a new family of catalysts for production of gasoline which met EPA’s fuel sulfur specifications without octane loss. 
Highlights of 2002
The Oil and Gas Environmental Program began a cooperative effort with the Bureau of Land Management (BLM) to fund multiple research tasks in the western U. S. A technique for hot water extraction for on-site remediation of soils was developed by SRI International. However, the major focus of the year was on handling produced water resources. 
BLM

In 2002 BLM’s cooperative efforts were active from Oklahoma to Alaska with the majority of projects in the Rocky Mountains. The EYE on Environment issue, Winter 2002, Vol. 7 #1, included a map and descriptions of each of these projects. The tasks involved projects aimed at monitoring the air and water quality and wildlife habitat of sensitive areas in six western states where energy production can have an impact on the environment. DOE funded 11 projects ranging from air sampling in Alaska, to erosional problems in the San Juan Basin of New Mexico, to wildlife protection in Wyoming and Montana.

The research projects were grouped under two Interagency Agreements between DOE and BLM, and a joint Resource Management Plan (RMP) in Wyoming. Funding was provided by the DOE with the work performed by personnel from the BLM field offices. Agreement DE-IA26-00BC15171 included four tasks aimed at helping to resolve issues that affect access to Federal Lands for oil and gas operations. The projects were located in the San Juan Basin of Colorado, Seminole County Oklahoma, north-central Wyoming and, southwestern Wyoming. Agreement DE-IA26-01BC15237 focused on research to improve access to public lands for oil and gas operators. Project sites included the National Petroleum Reserve in Alaska, Powder River Basin Wyoming, Largo Canon in the San Juan Basin of New Mexico, southeastern Montana, and two state-wide management projects in Wyoming. The RMP project was located at Grass Creek in northwestern Wyoming.
Highlights of the projects were studies to map and monitor coalbed methane seepage in the San Juan Basin, New Mexico; long term impact of brine on soils and vegetation in Oklahoma; effects of oil and gas development on sage grouse in Wyoming; air monitoring in the National Petroleum Reserve Alaska;  evaluation of impact of surface disposal of coalbed methane produced water in the Powder River Basin, Wyoming; erosion caused by oil field activities in New Mexico; and compliance and permitting issues in Wyoming.
The benefits of the research projects funded by DOE and BLM have wide reaching results. DOE’s contribution helped to ensure that energy needs are given consideration along with environmental protection of Federal Lands. Ultimate goals of both agencies are to promote protection of environment resources (air, water, land, wildlife) and to maintain the economic uses of the Federal Lands. Nine of the projects looked at problems of air, water, and soil contamination by petroleum production related activities. Two of the projects focused on disturbance to wildlife populations or habitat. Results from the research projects were used to make recommendations on land use (including seasonal regulations), and to promote more efficient and faster permitting for land use.  
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Male Sage Grouse on the Pinedale Anticline, Wyoming
Hot Water Extraction
SRI International (DE-AC26-99BC15224) developed and evaluated a hydrothermal (hot water) extraction technology (HWE) for remediating petroleum contaminated soil. The technique was designed as a stand-alone treatment for removal of volatile and heavy components from contaminated soil. Soils studies were carried out on soils that had been contaminated in two ways: 1) drilling operations in which drilling fluid becomes contaminated in the reserve pit during or after completion of the well; and 2) production operations in which oil, condensate, or produced water is spilled or released into the ground (e.g. pipeline leaks).
SRI’s remediation process uses water with added electrolytes heated to subcritical conditions (150º-300º C). The use of electrolytes allows the reactors to operate under mild conditions and obtains high separation efficiency. The importance of using water as a solvent is that, unlike common organic solvents, water under subcritical conditions dissolves both organics and inorganics, thus allowing opportunities for separation of both organic and inorganic material from the soil. Compared with water at room temperature, subcritical heated water removed 900 to 3,600,000 times more polycyclic aromatic hydrocarbons (PAHs) from soil samples. The treatment was able to remove naphthalene, phenanthrene, flouranthene, pyrene, chryene, and benzopyrene.  In bench scale tests the process was able to recover volatiles for reuse as fuel to reduce the energy cost of the remediation. A pilot demonstration was conducted using a 1 ton/hr scale plant for removal of contaminants from soil. The ultimate goal was to construct a plant operating at 40 -100 tons/hr.
Handling Our Water Resources

The Summer 2002 issue of the EYE on Environment (Vol. 7, #2) focused on 22 projects that were active dealing with a variety of produced water problems. An increased number of requests for this newsletter were received following the initial distribution at conferences and by e-mail.
The produced water projects were grouped into Water Management Approaches and Analysis, Water Treatment Technologies, and Coalbed Methane Produced Water Issues.

Significant accomplishments under Water Management Approaches and Analysis were: 
· Water and waste regulatory analysis conducted by ANL (W-31-109-ENG-38) in conjunction with EPA to access guidelines for offshore oil and gas discharge

· Evaluation of brine spills and long term impact and remediation conducted by USGS (DE-IA26-01BC15238) at Skiatook Lake, OK
· BLM study of brine impacts on aquifers in Seminole County, OK (DE-IA26-00BC15171)
· Study of toxicity in produced water systems by ANL (FEW 49297) 
· Analysis of produced water and characterization of soluble organics by (ORNL) (FEW FEAC329) 
· Studies on Total Maximum Daily Load (TMDL) and Domiguez Channel (CA) modeling of pollutant transport by LBNL (FEW 0088, FEW ESD02-002) and LLNL (FEW 0115)

· Feasibility study of downhole oil/water separators (DOWS) by ANL (W-31-109-ENG-38-14).
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Schematic of a downhole water separator unit evaluated by Argonne National Laboratory as part of a feasibility study on produced water treatment technologies.
Research projects under the Water Management Technologies included: 
· Design of a bioreactor for microbial oxidation of sulfides and sulfide removal by INEEL (FEW 4340-50, P50) 
· Development of a centrifuge design downhole water separator by ORNL (FEW FEAC305); 
· Analysis of ozone as a treatment to remove soluble organics from produced water by ANL (FEW FEAC307) 
· Study of cement-casing leaks in old wells by the University of Waterloo (Ontario) (75-02SW51634).
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Reactor used in large-scale water experiments to study ozone treatment of produced water (Oak Ridge National Laboratory)
With the increase in natural gas/methane development from coalbed methane wells in the Powder River (WY) and San Juan (NM) basins, the increased need to handle large volumes of produced water prompted DOE to fund several research projects or include them in tasks under the cooperative agreements with BLM. CBM projects highlighted in the EYE on Environment (Vol. 7 #2) included: 

· Phytoremediation study using coalbed methane produced water to test plant growth and salt tolerance by Montana State University (DE-FG26-01BC15166)
· Analysis of the coalbed methane resources of the Northern Cheyenne Reservation by INEEL (FEW 4340-72) 
· Development of a Best Management Practices guidebook for coalbed methane technologies by ALL Consulting (DE-FG26-01BC15334)
· Feasibility study of beneficial uses for CBM produced water by ALL Consulting (DE-AP26-03NT30489) 
· Studies by BLM under DE-IA26-01BC15237 on evaluation of land application for disposal of CBM produced water, site evaluation for disposal of CBM produced water, and water quality monitoring systems for CBM produced water

· Water injection study for the Powder River Basin by Advanced Resources International
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BLM land application for disposal of CBM produced 
water in the Powder River Basin, Wyoming

Highlights of 2003

2003 was a year for accomplishments; new developments under the expanded BAGI program, completion of a drilling project in Alaska with environmental benefits, OERB reached National prominence, ECAP won an award from the Texas Railroad Commission, DOE work with EPA led to Storm Water regulations, and the 4th Alaska workshop was held. Major projects included: Slurry injection improved handling of produced waste water. Two projects with LLNL and LBNL focused on Total Maximum Daily Load (TMDL) and modeling the Domiguez Channel. DOE expanded its research partnerships with IOGCC, GWPC, PERF and BLM. The Collaborative Streamlining with the States was a result of DOE’s partnership with IOGCC. Coalbed Natural Gas (methane) became the focus of produced water management.
BAGI-LiDAR

Because natural gas leaks are a safety hazard to the public, Federal regulations require monitoring for potential leaks. Since most leaks occur in refineries and industrial plants, the original emphasis on leak detection was at the industrial level. According to recent statistics a typical refinery spends over $1 million per year for leak detection and repair. Safety statistics indicate that of 800,000 to 900,000 leaks investigated each year, between 200 and 300 result in accidents. Accidents in refineries may cause loss of life, injury and lost time in addition to damage to facilities. 
Sandia National Laboratory (FEW 5704) developed a Backscatter Absorption Gas Imaging (BAGI) leak detection unit. The BAGI portable laser-coupled video camera scanner was tested at a Texas refinery in 2003. The camera allows the operator to see otherwise invisible hydrocarbon gas leaks. The American Petroleum Institute (API) and EPA are conducting joint tests to determine whether the new technology can provide a way to both reduce emissions and reduce costs when compared to the current requirements for Leak Detection and Repair (LDAR).   The camera was able to detect several large leaks not found by the current "sniffer"—flame ionization detector technology. Based on the initial results, EPA proceeded with plans to revise its rules to allow use of the camera. A laser source prototype linescanner was assembled and mounted on a vehicle for mobile use in refineries and along pipelines. The next step in the evolution of the BAGI system was the development of Light Detecting and Ranging (LiDAR) system, a less expensive imaging method. 
 (
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Portable scanning imager
NANA Development Corporation - Slimhole Drilling in Alaska
This project with Northwest Alaska Native Association (NANA) Development, Inc. (Inupiat Tribe) (DE-FG26-01BC15151) funded under the Native American Program, had a resource assessment component, a new technology component and an environmental protection component. A mobile, small footprint exploration and development well system for Arctic unconventional gas resources was developed.  The tools, techniques and algorithms for drilling wells of less than three inches in diameter in Arctic conditions using a mining core rig were developed. The rig was designed to be transported and installed by helicopter, further enhancing the environmental benefits for sensitive areas. This new system was designed to drill wells at a cost of between 20 and 50% of the cost and one third the “footprint” of a conventional drill rig. It is capable of replacing 13.3-18 million gallons of diesel fuel usage, saving mine owners $2.2 million in fuel costs/year with a $111 million savings over the life of the zinc mine (50 yr).  The NOx emissions would be cut in half by providing a local source of gas rather than importing diesel fuel with the mine conversion. The environmental benefit was twofold in the area of the Red Dog Mine. The first was that lowered emissions from the mine reduced pollution, and second, the mobile unit reduced damage to the tundra. The long term goal was to reduce the need to bring diesel fuel to the local village via trucks.  Based on cost estimates, this mobile drilling technology will provide economic and environmental benefits to other remote villages in Alaska.
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OERB – “Actions Speak Louder Than Words”
The Oklahoma Energy Resources Board (OERB) received national coverage in the July 2003 issue of AAPG Explorer for its outstanding job of education and remediation of abandoned petroleum sites in Oklahoma. The DOE /SCNGO office had funded OERB for several years and the project (DE-FG26-98BC15036) has been selected as one of the top projects in 2002.  Started in 1993 by a group of oil and gas producers and royalty owners, OERB allocates 50% of its budget to cleaning up abandoned oil sites, and reclaiming the natural resources abandoned by companies that are no longer in operation, and has spent more than $19 million to restore over 4,500 oil field sites in Oklahoma. Public education is OERB’s second major goal. Educational videos for students, public television, radio and newspaper programs and advertising, have highlighted the petroleum industry’s voluntary tax support of cleanup efforts, and the responsible attitudes of the modern oil and gas operators. Oklahoma’s success is now being copied in Ohio and Illinois using energy curriculum and clean up programs based on OERB’s model. 

 SEQ CHAPTER \h \r 1NETL Project Wins Award
The Texas Railroad Commission project continued to win awards. The Electronic Compliance and Approval Process (ECAP) project (DE-FG26-99BC15183) was a joint initiative that developed a realistic solution for streamlining regulatory demands through the implementation of a totally paperless workflow between industry and government.  The project was presented a “Best of Texas” award from the Center for Digital Governmental and Government Technology Magazine.  The project was among nine winners of the Best of Texas awards selected from 32 entries submitted by state and local government.  The ECAP project previously received a 2000 Recognition Award for Outstanding Achievement in the Field of Information Technology from the National Association of State Chief Information Officers (NASCIO) in the Public/Private Partnership category.  
Storm Water Regulations
The Oil and Gas Environmental Program sponsored an EPA-State Workgroup to promote dialogue on proposed Storm Water Regulations. A workgroup that included DOE personnel, Argonne National Laboratory (W-31-109-ENG-38), state oil and gas regulators and EPA officials met in Williamsburg, VA. The purpose was to discuss proposed storm water regulations that could affect thousands of oil and gas sites.  As part of the National Pollutant Discharge Elimination System, EPA had proposed requiring storm water run off permits for lease road and pad construction at exploration and production sites. The requirement would have been particularly difficult for small independent operators of marginal fields to meet, and would have caused the shut-in of many wells. After input from DOE, EPA delayed implementation of the rules for two years while it analyzed the costs and environmental benefits of the proposed rule.  Working though the Interstate Oil and Gas Compact Commission (IOGCC), the oil and gas environmental program brought together state and EPA officials to examine the environmental controls already in place. The goal was for EPA to evaluate whether further regulation made sense.  IOGCC agreed to gather information for EPA and a state working group in preparing a “Best Practices” document that was presented to EPA.  EPA ultimately decided that the regulation was unnecessary due to the information provided by ANL and IOGCC (Alleman, 2008). The cost saving benefit to the oil and gas industry tremendous, and was especially beneficial to small independent operators and operators of marginal fields.
Oil and Gas Practices and Technologies on Alaska’s North Slope 

In February 2003, DOE and the Alaska Oil and Gas Association sponsored this fourth in a series of targeted technology transfer meetings in Alaska on state oil and gas issues.  The 2003 program included independent operators and was designed to encourage industry and government partnerships in finding practical solutions to environmental exploration and production challenges. It was also a conduit to share established economically viable oilfield practices. By sharing “established” practices and lessons learned, the independents can realize economic and environmental advantages.  Over 200 people attended this meeting which focused on “Reducing the Effects of Oil and Gas Exploration and Production on Alaska’s North Slope: Issues, Practices, and Technologies.”  Forty-six papers were presented by Federal and state officials, petroleum industry professionals, research organizations and environmental groups. These studies covered most aspects of animal impact avoidance and mitigation, tundra protection and recovery, and water use. DOE meeting sponsorship helped facilitate a robust dialogue which promoted sound practices in the oil and gas fields of Alaska. 
Slurry Injection

Terralog Technologies (DE-AC26-99BC15222) and Argonne National Laboratory (W-31-109-ENG-38) teamed to evaluate and demonstrate slurry injection technology for disposal of solid waste from oil and gas field operations. The slurry injection process involves mechanical grinding, mixing and pumping operations to create an injectable fluid stream into selected downhole disposal sites. Oil and gas field waste include drilling fluids, drill cuttings and muds which require processing before they can be injected into approved wells. The solid materials, which can be processed, included bentonite clay, barium sulfate, chemical additives and some hydrocarbons. In 1995 the American Petroleum Institute estimated that solid waste from onshore U. S. wells totaled 40 million bbl per year. 
In the slurry injection process the ground-up wastes are mixed with water to make a slurry which is then injected into wells or salt caverns. By August 2002 Texas had permitted waste injection into 11 salt caverns. The more common underground disposal is injection into subsurface geological formations that have sufficient seals to contain the waste water mixture. Prior to injection of the waste, fresh water is injected into the formation to create a fracture network to hold the waste material. Injection is performed in a cycle, allowing the formation to rest between slurry injections. This intermittent injection generates a series of smaller vertical planes that form a zone of starched fractures around the injection point. Continuous injection is not used because it can cause fractures that extend long distances vertically or horizontally from the point of injection, intersecting other well bores, natural fractures or drinking water aquifers. Argonne evaluated slurry injection in Texas, Louisiana, Alaska and the Gulf of Mexico. Terralog developed the processing equipment and performed the injection procedures.
The benefit of this R&D project was the demonstration of the slurry injection method as a safe, environmental disposal method for solid/semisolid oilfield waste. 
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Terralog Slurry Injection Well
Total Daily Load – Domiguez Channel
Lawrence Livermore National Laboratory (FEW 0115) and Lawrence Berkeley National Laboratory (FEW ESD02-002/ FEW 0088) conducted a comprehensive study of the water in the Domiguez Channel. The Domiguez Channel watershed includes Los Angeles, Long Beach and other ports and coastal communities in southern California. For many years water quality has been controlled by limiting the amount of pollutants that could be emitted by nearby major industrial and urban sources. Since many waterways in California are not in compliance, EPA was planning to implement new Total Maximum Daily Load (TMDL) requirements for pollutants.

The objectives of the projects were to understand contaminant sources, rates of transfer, and storage in the Domiguez Watershed and to assess the effectiveness of different water quality management strategies or actions. The immediate goals were: 1) to implement, Evaluate, and Apply EPA’s HSPF (Hydrologic Simulation Program) to the Domiguez Channel Watershed and optimize the model parameters, 2) improve available input precipitation estimates using geospatial techniques, 3) develop a coupled atmosphere-land surface-ground water-harbor circulation model to understand hydrologic cycling at the Dominguez Channel Watershed, 4) develop pollutant transfer modeling within the coupled model for application as a tool for determining future TMDL’s, and 5) provide educational outreach to stakeholders and policy-makers for understanding watershed and pollutant transport and modeling concepts. 
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Conceptual diagram of the hydrologic model for the Domiguez Channel showing the atmosphere, land surface, ground water, harbor and continuous water circulation.
Modeling efforts over the three year project included: coupling data with a state-of-art atmospheric model, coupling data with harbor circulation models, simulating a 30 year climate cycle, and analyzing flow nets. The water circulation model will improve cleanup rates and allow for tradeoffs among the contributors to watershed management. The framework of the model will allow evaluation of the impact of conditions from year to year and from harbor to harbor to develop better strategies for contaminant management.
Partnerships: IOGCC, GWPC, PERF and BLM

DOE’s program of partnering with other Federal agencies and non-profit organizations has continued since the early 1990s. Environmental protection and economic development of public lands in the United States is the responsibility of the DOE and the BLM. Mutual cooperation between these two stewards of national assets resulted in beneficial solutions for the American public which were highlighted in previous sections (2001 and 2002). New projects stressed the synergistic partnership. 
In 2003, DOE’s Environmental newsletter, EYE on Environment (Vol. 8, #1, Winter 2003) reviewed the history of the working relationship DOE had with non-profit organizations and BLM, which highlighted the advantages of working together. The goal was to provide a better public understanding of how these organizations contributed to improving environmental protection and maintaining oil and gas productivity. IOGCC, GWPC and PERF hosted several focus group studies, environmental workshops or conferences in 2003 which furthered DOE’s goals.
DOE has established a partnership with the Interstate Oil and Gas Compact Commission (IOGCC), a 30-state member organization. IOGCC’s primary goal is to promote conservation and efficient recovery of domestic oil and natural gas resources while protecting health, safety and the environment. IOGCC has undertaken several long term, regional studies on oil and gas environmental and safety issues for DOE. IOGCC has also proved to be a powerful lobby in Washington DC and to the American public for continued oil and gas research and environmental protection through its strong state compacts headed by the governors of each of the 30 member states. 
In conjunction with the Ground Water Protection Council’s (GWPC) Research Foundation, DOE focuses on the protection and conservation of ground water. GWPC is a nonprofit organization whose members consist of state and federal ground water agencies, industry representatives, environmentalists and concerned citizens, all of whom come together within the GWPC organization to mutually work toward the protection of the Nation’s ground water supplies. The purpose of the GWPC is to promote and ensure the use of best management practices and fair but effective laws regarding comprehensive ground water protection. 

DOE’s relationship with PERF is a natural partnership in providing a stimulus to and a forum for the collection, exchange, and analysis of research information relating to the development of technology for health, environment & safety, waste reduction and system security in the petroleum industry. PERF members include individuals from industry, universities, geological surveys, National Laboratories, Federal agencies and environmental groups. 
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Collaborative Streamlining

Collaborative Streamlining with the States was a program to provide technology, education, training resource assessment and development information and provide project managers with tools to improve management of operations, budgets, products and services. The Interstate Oil and Gas Compact Commission (DE-FC26-04NT15456) worked with representatives of various States to design programs tailored to oil and gas development and environmental protection. Benefits of the program included: improved ability to monitor security of oil field operations, maximized production of domestic oil and gas, minimized threats to National Security, provided assistance to States in developing and maintaining Environmental Protection, promoted application of appropriate technologies and informed the Public about Emerging Energy Issues.
Coalbed Methane Produced Water
Coal is the most abundant energy source in the world, and it is a major source of hydrocarbons, particularly gas. Coalbed methane (CBM) represents a significant energy resource in this country. During CBM production large volumes of water is pumped to the ground surface to lower the pressure in the coal bed reservoirs and to stimulate the release of methane from the coal. Coalbed methane can be used as an energy source that is environmentally acceptable. Coal deposits are widespread, underlying 13% of the United States. The in-place coalbed methane resources of the United States are estimated to be more than 700 trillion cubic feet (Tcf), but less than 100 Tcf may be economically recoverable. 

To provide information to CBM operators and to inform the public on CBM development, water rights, environmental impacts and potential beneficial uses for CBM produced water, DOE sponsored several public workshops and guidebooks. As a continuation of previous research, ALL Consultants (DE-FG26-01BC15334 and DE-FG26-02NT15380) provided workshops and guidebooks on coalbed resources, coal characteristics and all factors related to development of coalbed methane resources and handling of CBM produced water (DE-AP26-03NT30403 and DE-AP26-03NT30489). Emphasis on beneficial use of CBM produced water stressed the need for useable water in the arid western states, and the cost-effective concept of making a high cost disposal problem into a profitable water resource.
CBM produced water from the Powder River Basin often has low salinity and sodicity and with no or minimal treatment can be put to beneficial use. Beneficial use ranges from impoundment pond for livestock and wildlife to discharge into ponds to support fisheries, nesting areas for waterfowl, and larger man-made bodies of water for recreational use. Agricultural use includes irrigation by a number of methods for grazing lands and to raise crops. Sprinkler systems provide a slow discharge of water over a wide area and improve soil infiltration and avoid erosion. Constructed wetlands and native vegetation have been augmented by crop species that are tolerant of higher salinities, such as varieties of wheat, sugar beets sorghum and cotton. Industrial uses include dust abatement on road and in coal mine operations; water for processing coal, and remediation of strip mine areas; animal feedlots to assist in disposal of waste by dilution; cooling towers for industrial plants and municipal power plants; fire protection, car wash facilities and enhanced oil recovery. 

Assessment of CBM produced water treatment technologies focused on freeze/thaw/evaporation ponds; reverse osmosis; ultraviolet light; chlorination, ion exchange; capacitive desalination; electrodialysis reversal and artificial wetlands. Many of these technologies are successful at removing salts, heavy metals, organic contaminants and trace hydrocarbons. The critical aspect of the research is developing technologies that are cost-efficient and can handle large volumes of water in a short time frame. Improvements on capacitive desalination, ion exchange and electrodialysis, combined with reverse osmosis are being actively pursued.
Workshops were held in Gillette, Wyoming; Billings, Montana; Denver, Colorado; and Albuquerque, New Mexico. Publications from the projects include:

Handbook on Best Management Practices and Mitigation Strategies for Coal Bed Methane in the Montana Portion of the Powder River Basin, ALL Consulting, Tulsa, OK, April 2002

Handbook on Coal Bed Methane Produced Water: Management and Beneficial Use Alternatives, ALL Consulting, Tulsa, OK, 2003

Coal Bed Methane Primer – New Source of Natural Gas- Environmental Implications, ALL Consulting, Tulsa, OK, 2004
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CBM produced water in the Powder River Basin
Highlights of 2004

The focus for 2004 was on technology and policy solutions for the environmental barriers that limit domestic production. There was increased emphasis on produced water treatment technologies, beneficial use, coalbed methane and cost-effective regulatory streamlining, including Energy in the Environment Initiatives. A new Federal Lands Access initiative was announced to reduce permitting times and provide science-base stipulations for regulatory decision making. To accommodate these new goals the Petroleum Environmental Solutions program developed a new mission statement and goals.
Mission
Encourage maximum recovery and use of domestic oil and gas resources by improving environmental protection.

· Provide improved and advanced technologies to:  reduce compliance costs, and improve environmental protection.
· Develop sound scientific data for regulatory decisions.
· Improve communication and technology transfer among industry, government, and the public.
· Streamline regulatory processes to maximize production of oil and gas.

Energy in the Environment Initiatives

The Ground Water Protection Council (GWPC) ((DE-FC26-04NT15542) continued to expand the RBDMS program under a new contract to improve electronic commerce, provide electronic on-line training, and assist with development of a Cost-Effective Regulatory Approach (CERA). GWPC reported on the status of RBDMS that has expanded to include 20 states and one Indian Nation, has enhanced domestic oil and gas production, increased environmental protection by Interagency Sharing, assisted with Class II (injection well) State Peer review, promoted e-Business applications over the internet, and expanded the capabilities of the eBusiness /ePermitting website. On-line permits under the ePermitting program have reduced rig downtime and processing time and increased environmental compliance. A CBM resource tool has been added to the website, and an on-line guide to produced water disposal, treatment and beneficial use options has been added with information on what State and Federal agencies to contact for information.
Federal Lands - BLM
The new Federal Lands initiative led to a Public Lands Technology Partnership with the Bureau of Land Management (BLM). Projects under the Partnership included tasks which addressed studies of air quality monitoring, coalbed methane monitoring, brine contamination, wildlife stipulations, noise analysis and mitigation, and development of cultural resources model and Web-based RMP’s. Some of these projects were continuations of previous cooperative agreements (DE-IA26-00BC15171, DE-IA26-01NT15237).  
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Federal Land access is a growing concern for producers.  Forty-one million fewer acres were available in 2004 than in 1999.  Complicated regulations and standards to maintain while protecting the environment, providing for multiple use, and conflicts between users (grazing rights, water rights, mineral rights, timber production and recreation) are barriers to production of oil and gas. Mineral development is challenged by restricted areas on Federal Lands with no access, limited access or split estates (land and mineral rights are separate owners).
Map showing Federal Lands under BLM and Tribal Lands under BIA jurisdiction.
The goal of the BLM project (DE-IA26-03NT15420) to resolve environmental barriers to oil and gas production on Federal Lands was to provide an objective, fact-based, framework for 1) analyzing both short-term and long-term vegetation impacts from seismic operation and 2) for developing mitigation measures during the preparation of Environmental Assessments and Impact Statements. Seven tasks in the project were used to develop Resource Management Plans for the management of public land resources on the Colorado Plateau. 
Vegetation is one of the most important resources managed by BLM. Vegetation protects the soil from erosion and maintains the watershed so that water can be naturally purified to provide for wildlife habitat and livestock grazing. The USGS has designated the Colorado Plateau as a key region containing large quantities of undiscovered and undeveloped oil and gas resources requiring exploration and development for the future. Seismic permits issued in BLM field offices have recently been challenged in Federal District Courts. The significance of impacts from geophysical operations on soil and vegetation was cited as a major concern. The BLM project was designed to provide scientific data on how long term seismic exploration has impacted the Colorado Plateau and to develop a model for estimating recovery rates over a 50-year time period. 
Federal Lands – NEPA Process
Access to Federal Lands can also be enhanced by improving the amount and quality of information available for the public and operators. With this goal DOE funded IOGCC to develop guidelines on existing oil and gas leasing and development data necessary for the National Environmental Protection Agency (NEPA) processes (DE-FC26-04NT15541). Objectives of the project were to: assist with data gathering and information, develop a site management and research tool, provide documentation and evaluate existing government documentation, study environmental impacts, provide technology transfer, and perform a case study in Alaska.
Expected benefits of the project include: increased access to Federal Lands, consistent impact analysis methods, faster and more comprehensive use of data by land management agencies, tools for use in other areas, and the availability of information on a public Web site. IOGCC’s goal was to provide the data to assist management agencies and operators to make better and faster decisions that support access to Federal resources while achieving a legitimate balance between environmental protection and appropriate levels of development, consistent with DOE’s goal to reduce the footprint of development. 
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Reducing the footprint of oil and gas
 development to preserve the environment
Alaska

The Arctic Energy Office was established in Fairbanks, Alaska in 2001 to oversee research projects concerned with environmental issues stemming from development of the oil and gas resources on the North Slope. Increased funding to the University of Alaska Fairbanks (DE-FC26-01NT41248) addressed a number of tasks to improve development of oil and gas resources on the North Slope while providing new technologies to protect the fragile Arctic tundra. One task looked at new technologies to explore and develop CBM resources in rural Alaska to provide fuel for remote villages and reduce the high cost and transportation of diesel fuel. A task on characterization of Alaskan North Slope lakes studied water withdrawal for use in building ice roads. 
The University of Alaska’s research on Alaskan North Slope fresh water lakes determined that more water could be withdrawn for ice road construction without harm to the lake.  The results led to a permit change that allowed withdrawal of up to 30% of the water volume of the lake identified as L9312, a 100% increase over the previous limit of 15%.  This allowed Conoco-Phillips to build the largest ice road on the North Slope in order to safely transport materials.
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Building an ice road in Alaska 
Idaho National Engineering and Environmental Laboratory (FEW 4633-01) began a three year Alaska North Slope Oil and Gas Resources Assessment in June 2004. INEEL also assisted in organizing and managing a Technology and Best Practices Workshop, which was held in Anchorage, Alaska. 
Highlights of 2005
In 2005, the Petroleum Environmental Solutions Program conducted an internal review of their accomplishments and published the results in the EYE on Environment, Summer 2005 (Vol. 10 #3). The objective was to demonstrate to the public the broad spectrum of research being conducted and the demographic distribution of projects. With the increased emphasis on Federal Lands, NETL wanted to show that all Americans benefited from environmental research on oil and gas issues. One hundred and two environmental projects were active in fiscal years 2004-2005. Funding for these projects reflects long-term efforts that began as early as 1998 and extended to 2007. Most DOE research projects are spread over three years to allow time for data collection, analysis, and publication of results. Long-term funding to several National Laboratories and cooperative agreements with other Federal agencies reflected research on a variety of environmental topics, including analyses to provide recommendations to EPA or BLM on regulatory issues such as the use of synthetic muds offshore, underground injection, the length of drilling seasons, and protection of wildlife.

DOE funds for these 102 projects totaled $92.3 million between 1998 and 2007. The cost-share amount from the companies and organizations was $38.8 million, for a total of $131.1 million over the life of the projects. Many project performers have their offices in one state but conduct environmental research in one or more states making an impact on a national level. For example, the Interstate Oil and Gas Compact Commission is headquartered in Oklahoma, but has interests and research benefiting 37 states. Access to Federal Lands focuses primarily on the 507 million acres of Federal Land in the Western Interior U. S. and Alaska. Sixty-eight percent of all oil and gas reserves in the U. S. is held on Federal Lands. Access to these lands and protection of the environment go hand in hand with DOE’s Produced Water program. Regulatory Streamlining provides improved data management, assists states to modernize electronic permitting and allows agencies and operators to move quickly and cost-effectively to implement oil and gas operations on private, state, and Federal Lands. Recommendation made through funded research projects also provides regulatory agencies such as EPA and BLM with sound scientific data for decisions.
The main programs active during 2005 were Produced Water and Federal Lands. The focus on Produced Water projects was treatment technologies that purify the water sufficiently for beneficial use options. Under the Federal Lands the Alaska North Slope tundra travel model, data sharing through GWPC and technology partnerships with BLM and the Forest Service were prominent.

Produced Water

Produced water disposal can be very expensive. Traditional disposal wells are costly to build and the large volumes of water from many oilfields require new disposal wells. Transportation of produced water has become a major issue. EPA regulations for transportation and disposal are stringent, and the cost of trucking produced water off site can severely impact economics of production. Beneficial use of produced water for rural areas and agriculture in Texas and New Mexico was a motivation for the projects at Texas A&M, the University of Texas, Austin and New Mexico PRRC. The arid north, west and south Texas regions, where aquifers have become depleted, need water for crops and grazing, and for municipal use in small communities. The boom of shale gas production in the Barnett shale play near Fort Worth Texas was creating enormous volumes of produced water that required treatment to make it useable. Produced water production in the Permian Basin averages 8 bbl water per bbl of oil, the Barnett shale equivalent ratio is closer to 10 to 1. 

Mobile Advanced Membrane Filtration Technology

Texas A&M (DE-FC26-03NT15427 and DE-FC26-04NT15543) developed a trailer functional as a mobile desalination unit capable of processing up to 10,000 gallons of produced water per day. The goals of the projects were to develop improved reverse osmosis membrane filtration technology for treating waste-water produced during oil and gas operations, and to improve the lifetime and operating efficiency of the membrane filters. Objectives of the first project were to evaluate new pre-treatment technologies using combinations of liquid-liquid centrifuges, organo-clay absorbents and microfiltration and modification of oil-resistant trans-membrane pressure and recycling ratios to permit optimization of the desalination unit. The object of the follow-up project was to develop innovative and novel cleaning agents that would remove fouling materials and restore the microfilters and enhance reverse osmosis of the membrane used in the desalination unit. 
Reverse osmosis (RO) has been used for decades for desalination of seawater, but it is high cost and used only in areas where fresh water for human consumption is scarce. The challenge was to modify the process to treat oilfield produced water and make the system cost-effective. Produced water in Texas averages less the 40,000 ppm dissolved solids (TDS) and can be desalinated using the advanced membrane filtration RO system. The key to cost-effective RO desalination is the pre-treatment of the water to remove particulate matter and heavy minerals and to reduce the saline content. The process relies on improved filters and new methods to clean the filters on a daily basis. 

In pilot studies conducted by TX A&M in the Barnett shale, the mobile desalination unit with the pre-treatment filtration provided a cost saving for hydraulic fracture stimulation wells of $8,000 per completion or $40,000 per well. In the Barnett the cleaned water is used for hydro fracing new wells, so the water is re-cycled and it is not necessary to transport the produced water offsite. The pilot project resulted in cost savings of $250,000 per month. In an area that is permitting and drilling hundreds of new wells per year the cost-savings and the reduced regulatory restraints are significant. A number of chemical solutions were tested in the follow-up project which addressed the membrane fouling problem and developed improved, self-cleaning filter membranes.
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Mobile trailer RO desalination unit developed by the Texas A&M University
Ultrafiltration, Nanofiltraion and Reverse Osmosis Membranes

The University of Texas at Austin (DE-FC26-04NT15547) took a somewhat different approach to analysis of membranes for reverse osmosis processes to clean produced water. The goal was to provide new alternatives to purify produced water with emulsified oil, particulate matter, and dissolved solids for beneficial use. They performed extensive laboratory studies on new fouling-resistant polymer membranes. New membrane coating and grafting techniques were developed and applied to ultrafiltration, nanofiltration and traditional reserve osmosis membranes. Two methods were investigated: surface coating of the commercial RO membranes with UV treated polymerized hydrogels (grafting) and direct chemical surface modification of the commercial RO membrane.
Methacryloyl chloride grafting on the filtration membranes was accomplished by treating the RO membrane with the solution and allowing it to soak at room temperature. The membrane was de-ionized to remove residual methacrolyl chloride. Grafting provides a straightforward, practical method to alter surface properties of the RO membrane and yields a material that does not exhibit significant fouling by oil/water emulsions. 

Ultrafiltration and nanofiltration membranes were tested in cross-flow experiments with different emulsions. A solution of 135 ppm decane and 15 ppm sodium dodecyl sulfate, and anionic surfactant, was effective to prevent fouling of these membranes.

Zeolite Membranes to treat CBM Produced Water

New Mexico Institute of Mining and Technology, and the Petroleum Recovery Research Center (PRRC) (DE-FC26-02NT15326 and DE-FC26-04NT15548) have been working with reverse osmosis and improvement membranes for purifying CBM produced water since 2000. The goal of the original project was to develop and fabricate a bentonite clay membrane (cheap and readily available) and a precipitator unit with a tubular clay ceramic membrane to provide a water treatment system to process produced water into reusable water. The bentonite membranes did not prove successful for salt rejection, but new zeolite membranes were developed that were superior. Following the experiments of the first project the goals of the second project were to improve the understanding of reverse osmosis and use modified zeolite membranes to establish the optimal operating condition for water flux and ion rejection. The ultimate goal was evaluation of a technical and economic feasible long-term reverse osmosis operation.

The zeolite membrane developed in the first project had excellent performance factors for water separation, but low volume of water flow and high cost of the membrane made it uneconomical. Improving methods to synthesize the zeolite membrane allowed for long-term RO permeation and lab experiments worked for over 30 days using CBM produced water. Development of an in-line oxidative regeneration process to clean the filtration unit with 10% H2O2 solution removed organic fouling and recovered 90% of the water. 

Synthetic zeolite membranes are easy to clean and have a longer life, and are mechanically and chemically more stable than other in-situ synthetic membranes. The goal is to transform the high TDS produced water from CBM operations in the San Juan Basin and reduce them by 90%, leaving purified water available for beneficial use in agricultural and industrial applications. Experiments with other chemicals to modify the water flux also continued.
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Growth of synthetic zeolite membranes used in reverse osmosis treatment system
Federal Lands
Federal Lands Access includes a broad range of issues including: interagency cooperation and regulatory streamlining, improvement of permitting, wildlife protection, assisting states to update procedures, and developing technologies and methodologies that allow oil and gas exploration and exploitation while protecting the environment. NETL used the EPCA survey results to improve Federal Lands Access.
Interagency Data Sharing
To facilitate oil and gas industry access to Federal Lands an Interagency Data Sharing project was established through the Ground Water Protection Council (GWPC) (partnering with the states and BLM. GWPC was funded through the Energy in the Environment Initiatives 2004-2008 (DE-FG26-04NT15455) under a Congressional Mandate. The goal was to increase production of oil and gas on Federal Land by improving industry access to the data needed to target exploration opportunities and to understand how these opportunities are affected by lease stipulations. The objectives were to make resource inventory assessment and environmental data available for proposed geographic locations on Federal Land.

The first challenge was to overcome technological difficulties associated with setting up a national electronic permitting system for State and Federal agencies. The project developed a XML schema that conforms to the data requirements for oil and gas well regulation. Through an interagency agreement BLM provided data on lease stipulations (including restricted areas, seasonal restrictions and no road areas). GWPC established an Internet Map Server using GIS data and ArcMIS and ArcSDE programs, and incorporated the risk based data management system (RBDMS) already in use by many states. The data sharing and permitting system was made available via public internet browsers so that industry, state agencies and the public could all have access to the same information in a timely manner. 
The benefits of data sharing include the elimination of duplicate permitting by multiple State and Federal agencies, and the reduction in regulatory barriers through increased understanding of the issues. The data sharing allows industry to use batch submission for permits and reports. An example of the streamlined regulatory process is the project level plan of development submission in which a number of wells, roads, pipelines and related infrastructure are described within a single permit. 
Tundra Travel Model 
The success of the Alaska North Slope Tundra Travel Model demonstrates how sound science can be used to reassess old regulations and improve oil and gas development. Exploration and development of the North Slope depends on seasonal transportation across the tundra. Arbitrary standards set in the 1970s set a minimum of six inches of snow and 1 foot of frozen ground as the criteria for building ice roads or wheeled vehicle travel on the tundra. In the 1970 this allowed a 200 day winter season. However, over the last 30 years, raising temperatures have cut the season in half to 100 days. This is insufficient time for the necessary oil field operations and could cause significant delays in exploration, drilling and development, and severely impact the economics of oil and gas production. The oil industry requires a minimum of 120 days for the winter field season.
The Alaska Department of Natural Resources (DNR) (DE-FC26-03NT41790) working with Anadarko Petroleum, ConocoPhillips Alaska, and the North Slope Borough facilitated a longer winter operation window on Alaska’s North Slope. The project developed an ecological model accounting for the snow conditions and depth, soil character, permafrost depth and vegetation cover; and used the data to predict tundra resistance to oil field disturbance. Initial soil and vegetation samples were collected in 2003 and 2004 near Prudhoe Bay in both coastal and foothill regions and over a variety of soil and vegetative types. The device for consistent measurement of snow and frozen ground depth was a “slide hammer”, a calibrated steel rod with a 15-pound sliding weight that is dropped rather than pounded to give a precise measure of the force needed to pierce a foot of soil. Tests ran several types of equipment (trucks, tracked vehicles and rollagons) over the test site at intervals during freeze-up to evaluate the impact. 

This ecological model provides a better understanding of the tundra. Results showed that some restrictions could be lifted without compromising the health of the tundra plant community, allowing traffic on the winter tundra at an earlier date. DNR proposed replacing the old tundra travel standards. On September 25, 2004, Alaskan Governor Frank Murkowski announced that preliminary results indicated the tundra could be protected adequately if the rules were eased. DNR opened the Eastern Coastal area of the North Slope for tundra travel on December 10, and the Western Coastal area on December 16, 2004. In 2005, DNR opened the North Slope to tundra travel on December 6th, the earliest date since 1995. Extending the travel season by over two months has had a very positive impact on oil and gas development on the North Slope.
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Rolligon, an all terrain vehicle used to move on large, low pressure adjustable tires, typical of the vehicles used for transport on the North Slope
Technology Partnerships with BLM 
The Federal Lands Technical Partnership was established with BLM through a Memorandum of Understanding (MOU) as part of an Interagency Agreement and included a variety of tasks and projects (DE-IA26-00BC15171, DE-IA26-01NT15237 and DE-IA26-03NT15420). Tasks under DE-IA26-00BC15171  included mapping and monitoring in the San Juan Basin, coalbed methane studies in Wyoming and New Mexico and impact studies for sage grouse, mule deer and pronghorn in Wyoming. 

Results reported in 2005 under DE-IA26-01NT15237 included a model to assess impact of CBM development on wildlife habitat in the Powder River Basin, development of a GIS database for the State of Wyoming, a study of Mountain plover, establishment of timeframes for disturbance from exploration methods in Utah, design standards for drainage control in erosive soils in the southwest, and development of a web-base decision support system for land use planning. 
In 2005 under DE-IA26-03NT15420 and DE-AI26-06NT15467 new initiatives were signed for a multi-agency study of impacts on wildlife in the Rocky Mountains. Projects started in late 2005 and early 2006 involving research partners from Argonne National Laboratories, University of Wyoming, Natural Resources Conservation Center, Lawrence Livermore National Laboratory, Oak Ridge National Laboratory, Utah State University, University of California at Davis, University of Montana, Wyoming State Offices, U. S. Fish and Wildlife, U. S. Forest Service, Southern Ute Tribe, Colorado Division of Wildlife, Montana Bureau of Mines and Geology, U. S. Geological Survey, Montana Department of Fish and Wildlife and the state BLM offices from Wyoming, Colorado, Utah and Montana.
EPCA Survey

DOE and BLM participated in research and analysis for Phase I of the U. S. Energy Policy and Conservation Act (EPCA) survey, concluded in January 2003. Working through Advanced Resources International, DOE studied the impacts of Federal Lands environmental stipulations of the survey to determine which ones posed the greatest restrictions to oil and gas development. DOE focused its research on finding economical approaches to furnishing the protection that each stipulation was designed to provide, while allowing oil and gas development to proceed.
Specific tasks of the inventory were to determine oil and natural gas resources and their potential for recovery. Analyses of all federal actions and stipulations affecting land use were included in the study. The goal was to assist energy policy makers and Federal Land Managers in making decisions, and to work out a compromise to maintain environmental protection and mineral development. The approach was to first determine the extent of the resource and then to address the restrictions on a scientific basis. The primary focus was on the Interior West. The latest undiscovered technically recoverable resources from Federal Lands in the U. S. are placed at 5.5 billion bbl total fluids and 183Tcf natural gas. The Interior Western or Rocky Mountain states include: Montana, Wyoming, Colorado, Utah, New Mexico, Arizona, Nevada, Idaho, North Dakota and South Dakota. Oil and gas is produced from all of these states except Idaho. The total liquid reserves on Phase I Federal Lands are estimated at 428.6 million bbl oil, which is 53% of all U. S. reserves. Natural gas reserves on Phase I Federal Lands were estimated at 26 Tcf or 60% of U. S. reserves. 

Phase I contains most of the natural gas and oil resource on Federal and State Lands in the following areas: Paradox/San Juan basins, Uinta/Piceance basins, Greater Green River Basin, Powder River Basin, and the  Montana Thrust Belt. The Phase I EPCA study found that under leasing stipulations of Federal Land, 11% of natural gas reserves were on leases closed to development. Leases with restrictions contain 26% of natural gas reserves. The remaining 63% of natural gas reserves are on leases with standard lease terms. Leasing stipulations of Federal Land for oil result in 15% of reserves closed to leasing. Leases with restrictions contain 28% of oil reserves, and 57% of oil leases have standard lease terms. 

Leasing stipulation categories ranked from 1 (no leasing) to 10 (standard lease terms) are an item of contention. Categories 5-8 cover a range of seasonal restrictions based on wildlife habitat and use. The restrictions are related to raptor nests, sage grouse leks, breeding habits of various birds and mammals, big game migration patterns/winter range, big game calving areas/seasons, waterfowl migration, and the presence of threatened or endangered species. Other restrictions may be based on cultural or historic value, aesthetic value, steep slopes, water shed problems, potential soil erosion or contamination, presence of sensitive resources and sedimentation rates. 

Scenarios were developed for each basin to study the impact of restrictions to land use at 10%, 20%, and 30%. The overall results showed that big game winter range is the most significant stipulation type in terms of natural gas development. Sage grouse and raptor habitat tied for the second place, followed by geologic and steep slopes and other wildlife habitat. The EPCA model showed that the impact of stipulations types for resource assessment for the Greater Green River and Powder River basins is significantly larger than results based on earlier USGS data. Targeted, productive R&D to address these stipulations has the opportunity to provide a significant increase in access to oil and gas resources in the Rocky Mountain basins. The research shows that as much as 7 Tcf equivalent of oil and gas resources can become accessible for the Nation’s use.
Highlights of 2006

Results from projects which were initiated in the Federal Lands Access program included updates of IOGCC’s NEPA process as well as field tests on the Environmentally Friendly Drilling System. Three of DOE’s Preferred Upstream Management Practices (PUMP) projects with environmental emphasis were completed in 2006 by Gnomon, IOGCC, and State of Alaska. A new multi-participant CMB produced water project was initiated with Colorado School of Mines as the prime contractor. An online Produced Water Management Information System was developed by Argonne.
At the annual IOGCC meeting held in October in Austin, Texas the Kansas Corporation Commission (DE-FC26-00BC15328), ALL Consulting and NETL received IOGCC’s 2006 Environmental Stewardship Award for the research and development of technologies to deal with brine scars.
One issue that concerns the public is that not all Federal Lands are remote, barren, wilderness or scenic lands. Twenty-two million people live in urban and rural areas within 25 miles of Federal Lands in the western U. S. This population constitutes a public interested both in benefiting from the energy resources to be found on Federal Lands, and in enjoying the recreational aspects of these areas as well.

NEPA Process

IOGCC’s (DE-FC26-04NT15541) goal was to develop faster and more comprehensive access to existing oil and gas data in order to effectively enable land management agencies and operators to make better and faster decisions that support access to Federal resources while achieving a legitimate balance between environmental protection and appropriate levels of development. The solution to issues that limit production from Federal Lands lies in development of more-consistent impact evaluation methods and analysis techniques for oil and gas development scenarios. The objective was to define sound analytical methods by detailing real cases and compiling nationally assessed data relative to onshore oil and gas leasing and development in a manner that meets the requirements for the review process of the National Environmental Policy Act (NEPA). 

A manual of existing studies, reports and oil and gas related information with nationwide application was compiled. A case study of a targeted coalbed methane development area in Alaska was used to validate the manual. To accompany the manual SMART geographic information GIS tools were provided to enable land management agencies to use a consistent approach to analyze impacts from oil and gas development, reduce conflicting decisions and encourage responsible development. SMART-GIS based analysis tools allow regulatory agencies to evaluate various options for development in combination to optimize decision making. ALL Consulting working with IOGCC assisted in interviews of 250 representatives of Federal, State, local government, and industry to identify NEPA documents and guidance manuals to be evaluated and included in the manual.

Lease stipulations and data from the EPCA Phase I study were incorporated into existing RBDMS databases established by GWPC, and GIS information was included in the web application that allow permit applications and NEPA review process to be completed is an efficient manner. The plan is that ultimately, the process will eliminate the need for duplicative submittals to State and Federal regulatory agencies. The pilot program provided for the listing of all lease stipulation data for Colorado, complete with the text of environmental requirements and GIS information. Work began next on New Mexico and Montana so that data could be posted in the NEPA approved manner. Field reconnaissance visits were made to sites in Wyoming, Alaska, Montana, Kansas, Oklahoma and North Dakota to gain a better understanding of development operations and evaluate and document the variations in development practices and scenarios applicable. As part of the study, ALL Consulting prepared a white paper on the impact of oil and gas development on the greater sage grouse, reviewing current conservation approaches and addressing data gaps and issues that require additional research. IOGCC has developed an expanded outreach and education plan that will thoroughly address the needs of key stakeholders in the NEPA process. As part of the plan, IOGCC will leverage the expertise of their Public Lands subcommittee to assist in the development and review of the proposed education program.
Environmentally Friendly Drilling Systems

A consortium of university and industry partners led by Texas A&M University (DE-DC22-05NT14658) led a project to identify critical enabling technologies for a prototype low-impact drilling system. Tests of the prototype in field laboratories were followed by a field demonstration of the advanced technology to show how these practices would benefit the environment. Partners with Texas A&M included: Noble Corporation/ Maurer Technology, Anadarko Petroleum, U. S. National Park Service, American Civil Engineering Society, and Chevron. 

Working with industry, the researchers identified critical drilling rig parameters as the basis of platform design, access plans, and waste management operations for Environmentally Friendly Drilling (EFD). Designs were made for hard rock (desert ecosystems), soft rock (coastal margins), and tundra models. Access issues were defined for a nationwide scholastic competition for a design for a “Disappearing Road” under the Global Petroleum Research Institute as a joint venture. The new EFD systems will be designed to be compatible with environmentally sensitive or currently off-limit areas such as Federal Lands in the west or wetlands and marshes on the Gulf Coast.
Initial work included establishment of a Industry Advisory Group and draft Technology Assessment Report, design of new platform supports for the Anadarko platform (used on Alaska’s North Slope), and a new waste management assessment report. A completed prototype onshore platform was tested in West Texas. The design calls for a “pad free” drilling in sensitive ecosystems. As an example, Anadarko’s platform uses disappearing ice roads to transport materials to and from the well site.
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The Environmentally Friendly Drilling concept; Anadarko’s platform deployed in the Summer 2003 to drill a well, the following summer showing the site after the platform has been removed. A disappearing ice road was used for material transport to and from the well site.

Three Preferred Upstream Management Practices (PUMP) projects on environmental impacts that were awarded in 2002 in Alaska, New Mexico and Wyoming, and California were completed in 2006 or early 2007.  These three projects are discussed in the following paragraphs.
Alaska Oil and Gas Development

The Alaskan Oil and Gas Exploration, Development and Permitting project conducted by The State of Alaska (DE-FC26-02NT15446) promoted improved development. The goals of this project were to encourage exploration and development of the state’s vast oil prospects, to improve permitting of oil exploration and development activities and create a shared GIS environment to support exploration, development and permitting. The project was statewide in scope, with emphasis on the North Slope and Cook Inlet. The emphasis was to provide information access and reduce regulatory barriers to increase near-term oil production from onshore and offshore Federal, State, Tribal or private land in Alaska. 
A GIS system was developed to provide subsurface geoscience and engineering information on-line. On-line diagnostic and access information on permitting applications was completed in 2005. Web-based software for automating the Alaska Coastal Management Program for consistency in review and storing of permit information was completed in 2006. Multi-agency sharing of land status and resource data to support oil and gas planning and permitting decisions was integrated into a database for business applications. In 2005 an on-line customer identity management system for shared information among agencies was completed. Reorganization of permitting agencies consolidated the responsibilities within the Alaska Department of Natural Resources, and clarified rules and procedures for oil spill contingency planning.

Adaptive Management Cultural Resources 

Gnomon, Inc. (DE-FC26-02NT15445) examined and analyzed existing cultural resource and historic preservation management practices in Wyoming and New Mexico. The project allowed regulatory agencies and industry to anticipate or avoid regulatory entanglement when petroleum exploration and production permitting issues conflict with historic preservation issues. The goal was to maximize energy production on public lands through better management practices of archaeological resources. Specifically a set of information and management tools were designed for better informed and more rapid decision-making in oil exploration and extraction processes. A user-friendly, web-accessible data analysis and tracking system was built for two areas; the Powder River Basin of Wyoming and the southeastern New Mexico region. Both areas are rich in oil and gas potential and contain important archeological and historical sites.
The problem for oil and gas development is the uncertainty of where archeological or historical remains will be found. A typical cultural resources inventory costs $1,000 but the timing may impact the economics of lease development and prevent allocation of capital. Providing lease operators with some forecast of the likelihood of archaeological features of regulatory significance could help avoid leasing in restricted areas and delays in petroleum resource development. New information systems for cultural resources were developed for the Powder River Basin which included models and analysis to provide work flow information management that is more appropriate and more comprehensive than previous methods. GIS-base maps provide a range of probability for oil and gas exploration and development.
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Web-accessible GIS map of cultural resources for oil and gas development showing areas of high and low probability for uncovering archaeological or cultural sites.
Distributed Power Generation 

The goal of the distributed power generation project conducted by IOGCC (DE-FC26-02NT15444) was to demonstrate the ability to convert flared or stranded gas into on site electricity. Results of the project anticipated increased oil production and reduced green house gases and NOx emissions in California by utilizing flared and shut-in gas from California’s oil-fields to generate valuable electricity using proven distributed generation technologies. Several types of conventional and new microturbine generators were tested at sites selected from among California’s 21,000 marginal wells. The project goal was to add 75,000 bbl per day oil in the next ten years by preventing the waste of oil resources through premature plugging and abandonment of shut-in or marginal oil wells. In addition, the use of stranded gas (gas that does not qualify for commercial pipelines) would help to eliminate flaring, which is a source of air quality contamination.
Four demonstration projects conducted as part of the prime contract for distributed power generation with IOGCC, analyzed different aspects of the problem and provided solutions. A high-BTU microturbine utilized a horizontal scrubber to remove produced water and a small compressor to make waste gas suitable for on-site power generation to run a marginal oil field. A medium-BTU microturbine with a large compressor achieved sufficient pressure to operate a vertical scrubber and a refrigeration-dryer unit preventing abandonment of a 19-well marginal field. A harsh-gas demonstration improved air quality by eliminating flaring using a hydrogen sulfide scrubber and a patented sulfur-treating system. An ultralow-BTU project utilized a new technology to burn gas that was previously incombustible. Additional research developed special soundproofing for the compression units to reduce noise pollution by 95%.
Produced Water Management and Beneficial Use
The multi-task, multi-performer study headed by the Colorado School of Mines (CSM) (DE-FC26-04NT15549) was designed to develop a portfolio of technologies to address produced water issues in a comprehensive manner. Produced water problems related to coalbed methane production in the Powder River Basin were the focus of the project with the assumption that successful management and treatment procedures can be transferred to other CBM basins.  Because of the variability of produced water there is no single treatment or handling scenario. The group of subcontractors working on the project includes: Argonne National Laboratory, Gas Technology Institute (GTI), University of Wyoming, Stanford University, Montana Technical University, Pennsylvania State University, and PVE, Inc.  
Argonne National Laboratory (FWP 15549csm and FWP 49243), subcontracts to the CSM contract, worked to ensure that technologies developed in the project mesh with regulatory requirements related to water issues under EPA and various state agencies. Argonne also conducted a review of electrodialysis processing methods for conditioning produced water for beneficial use. GTI worked on development of electrodialysis method for reliable, low-cost treatment of CBM produced water. The University of Wyoming also explored CBM produced water treatment through the use of down-hole membranes to extract methane without water production. One of their goals was to develop a zero discharge method which meshed with Stanford University study on geomechnaics and effectiveness of wellbore completion methods to evaluate CBM methods to determine ways to produce less water, while still achieving adequate coal depressurization for production. Volume minimization was an essential element in both studies. 
Montana Technical University performed standardized testing of CBM water treatment systems, and developed a standardized trailer-mounted unit for water testing and analysis. 

A second task at MTU studied water treatment by injection and tested the feasibility of disposal of produced water into shallow zones to preserver the water for ultimate beneficial use. The pilot study looked at the thick porous and permeable sands and non-producing coal beds in the Tongue River member of the Fort Union Formation and the underlying Lebo Shale Member for potential test injection wells. Under a second project task Montana Tech conducted a regional study of CBM infiltration ponds as a method to control infiltration of produced water and provide surface use ponds for agricultural, wildlife or recreation use.

Pennsylvania State analyzed the fate of CBM produced water and its impact on shallow aquifer quality. The project provided data and numerical modeling of groundwater in the Powder River Basin and developed predictive tools for water management. PVES Inc., in a related task, evaluated CBM produced water for use land application in the Powder River Basin. Various soil amendments were tested to enable the beneficial use of CBM water for irrigation of sprinkling and aerial spraying applications for agricultural uses in grow crops or promote grazing in arid areas without water sources.
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Coalbed produced water in the Powder River Basin showing well sites, monitoring equipment, treatment facilities, and beneficial use for irrigation and livestock.

PWMIS

Argonne National Laboratory (FEW3 49648/49658) developed an online Produced Water Management Information System (PWMIS) as a continuation of analysis of the impact of water and waste regulations. The web-based tool is designed to help assist oil and natural gas producers tackle produced water and environmental issues related to produced water disposal. The website provides an online resource for technical and regulatory information on practices for managing produced water. Resources include information on industry standard practices; how to determine which regulatory requirements that must be met; and how to select optimal management strategies for a given location and circumstances. Individual Fact Sheets provide an introduction to produced water; technology descriptions of current management practices; existing state and federal regulation that form the basis for produced water management practices.  There is also an interactive tool to assist in determining the optimal management practices for a geographical or environmental setting. Information guides users to beneficial uses of produced water that allows producers to turn a costly waste product into a valuable resource.  The project was funded by NETL and the website tool came online on ANL’s website in June 2007.   
Highlights of 2007

The LINGO solicitation from December 2005 funded three projects and one subcontract to investigate low-impact natural gas and oil solutions (Michigan Tech, University of Arkansas/Argonne National Laboratory and IOGCC). In addition to the solicitation, results from a multi-year series of projects between the University of Texas and Los Alamos National Laboratory on the development of a surfactant modified zeolite/vapor phase bioreactor system for produced water treatment were demonstrated in the San Juan Basin, New Mexico. The Federal Lands access program began to receive significant results from the multi-task, multi-agency Environmental Protection of Federal Lands cooperative agreement with the Bureau of Land Management.
Low Impact Natural Gas and Oil (LINGO) was a new initiative in late 2005 under the Federal Lands Access program. The goal was to support environmentally responsible oil and gas exploration and production. The objective was to develop designs for onshore oil and gas exploration and production in the United States that integrated technologies and practices in ways that minimize adverse environmental impacts from oil and gas recovery over the life of the projects. Three specific goals were announced: to consider the whole operation of a project over its life, to creatively combine and apply current technologies and practices, and to develop new science, technologies and approaches. These projects are developing tools that will help small to medium size companies implement low-impact projects across the country.  Three projects were conducted under this initiative by Michigan Tech, University of Arkansas/Argonne National Laboratory, and IOGCC as described below.
Antrim Shale
Michigan Technological University (DE-FC26-06NT42931), Western Michigan University and Jordan Development Company collaborated to develop and test a new strategy to satisfy environmental restrictions that currently place large tracts of prospective Antrim Shale in the Michigan Basin off-limits to exploration and production. The Antrim Shale has produced over 2.4 Tcf of gas to date, but expansion of acreage into regions that are more challenging to gas development was halted by restrictions. Constraints such as topography, wetlands or urban development, and a state requirement that all wells must have 100 ft of surface casing into the bedrock below glacial drift have slowed or halted development. This requirement is to protect groundwater resources in the glacial drift, and also forbids fracture stimulation 50 ft from the base of the casing string. These state requirements leave a vast area of Antrim shale (up to 50%) inaccessible in the conventional sense. 
Michigan Tech proposed drilling horizontal offsets from the target that can be cemented and cased in the vertical leg as required by regulations with laterals that can penetrate the gas target in an environmentally safe manner. Michigan Department of Environmental Quality cooperated with the proposal and granted a drilling permit. The planned demonstration well was held up by right-of-way permits from the highway department (9 months), but two “J” wells were drilled at nearby Antrim sites, and these provided the opportunity to redesign and modify the demonstration well by reducing the ascent angle into the Antrim zone. A database was created and used in the Project Handbook to include isopach maps and formation top data. Mapping has shown that the erosional edges of the Antrim are ragged and unpredictable due to glacial process in the waning states of the last glacial retreat. Jordon Development drilled three open-hole laterals in the Antrim and has found that there is a difficulty to remove cuttings as the hole extends further out. Cuttings accumulated and required stimulation treatments by acid, suggesting that laterals should be cased for the entire length of the hole.
Fayetteville Shale
The University of Arkansas (DE-FC26-06NT42930) and Argonne National Laboratory (FEW 49345) are developing a probabilistic risk-based decision support tool for sensitive ecosystems. The web-based tool is for use by small and mid-sized oil and gas exploration and production companies, environmental regulators and others to proactively minimize adverse ecosystem impacts associated with production in sensitive areas of the Fayetteville Shale Play of central Arkansas. The decision tool allows operators to select locations within their leases and technologies that minimize environmental impact while still allowing production. The Fayetteville Shale is an unconventional natural gas play that requires fracturing to produce gas at an economic level, which in turn requires significant infrastructure and disposal of large volumes of produced water. 
Discussions were initiated with regulatory and other data managers in Arkansas to implement data sharing that will allow site site-specific ‘flags’ to be generated, so that industrial developers will have an early warning of particularly sensitive locales. One challenge associated with this effort is that the information regarding the locations of threatened or endangered species is not (and will not be) made publicly available. Researchers currently have a ‘low level’ data sharing agreement in place with the Arkansas Natural Heritage Commission that will allow a “red flag” identification of sensitive locations. This level of warning will allow developers to avoid environmentally sensitive locations, or plan appropriate protective measures in advance of development.

Phase 2 began with work on the development of the Geospatial Decision Support System, which will provide regulators and gas producers operating in the Fayetteville Shale Play a platform to assess potential environmental impacts of proposed well pad, reserve pit, compressor station, gathering line and road placements. A graphical user interface has been created in which standard map navigation tools as well as special icons are available to activate a Feature Placement Tool. This tool allows users to propose a location for the well pad (with associated drilling mud and reserve pit), and gathering lines or roads using all available layers as the selection guide. After placement of the pad, the system will track and report potential environmental impacts at the site. As a simple example, all areas upslope and within a certain distance from a perennial stream may be highlighted as a translucent layer over the aerial imagery. More complex “impact surfaces” will take into account soil type and land cover. 

Onshore Natural Gas and Oil Exploration and Production

The Interstate Oil and Gas Compact Commission’s (IOGCC) (DE-FC26-06NT42937) goal for this project was to reduce onshore natural gas and oil exploration and production impacts. The objective was to conduct an evaluation of practices that are common and key to oil and gas exploration and production that will assist by identifying and minimizing impacts from the most notable issues delaying or curtailing E&P activities. The approach was to engage a broad-based stakeholder group including landowners, ranchers, farmers, and other concerned citizens, as well as State and Federal agencies and industry. The final goal was to determine practices that ultimately overcome impedances or delays in development of new energy resources. 

A wide range of documents and information sources related to environmental mitigation practices have been reviewed and a number of public meetings held to discuss concepts with regulatory and industry personnel and the interested public. Working groups have been established to interview ranchers and landowners for their input on mitigation needs and strategies from the viewpoint of the surface owner. The final phase planned for the project will be to complete documentation of the finding in a handbook and to develop a Web site to host the report. A series of workshops to share opinions and conclusions of the project is planned. 
Zeolite/Vapor Phase Bioreactor

Consecutively funded projects performed by the University of Texas (DE-FC26-02NT15461, and DE-FC26-04NT15546), and Los Alamos National Laboratory (FEW 00FE010, FEW 02FE20, FEW 04FE10-5 and FEW 15546) with assistance from New Mexico Institute of Mining and Technology have culminated in a field demonstration of a bioreactor produced water treatment system. The goal of this research was to develop and test (via a long-term field test) a prototype surfactant-modified zeolite/vapor-phase bioreactor (SMZ/VPB) treatment system. This system would be used to remove dissolved organics from produced water prior to demineralization to produce water that can be used by agriculture, utilities or other industrial users.  

The major achievement of the project was the development of an integrated treatment system for produced water that can remove dissolved organics to levels that would make downstream reverse osmosis demineralization treatment cost-effective, and allow for a range of beneficial water applications. The McGrath salt water disposal facility at Farmington, New Mexico was selected for the demonstration. The facility was characterized and the infrastructure needed for a long-term field demonstration was established on site. The response of the SMZ/VPB system to varying water flow rates and air-stripping regeneration cycles was evaluated in a pilot-scale test prior to the field demonstration. Several changes were made based on the pilot tests including modifying the hydraulic configuration, adjusting the column to optimize regeneration cycling, and automating the system operation. Results from the research indicate that over 90% of the organic acids can be removed from CBM produced water, which will make reverse osmosis treatment more economically viable. The long-term field test continues following licensing. Additional licenses for commercialization are in the planning stage. Treatment costs (2007 dollars) are estimated at $0.13 to $0.19 /bbl compared to disposal costs ranging from $1.76 to $4.91/bbl.
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SMZ columns treating produced water at the McGrath salt water disposal facility, Farmington, New Mexico

Environmental Protection of Federal Lands – BLM

The Bureau of Land Management’s (DE-AI26-06NT15467) multi-agency project to investigate technologies and strategies for environmental protection of Federal Lands included seven tasks. A summary of the tasks and the work accomplished through the end of 2007 is presented below:

Task 1 – Examination of the effect of noise from energy exploration and development on the breeding biology of the Greater Sage Grouse was performed by BLM, U. California at Davis, and the University of Montana. The study areas are at sage grouse breeding grounds (leks) near Lander and Pinedale, Wyoming. Noise levels were monitored and experiments conducted by playing recorded noise to determine the impact as well as how far the sounds carry in the environment. The results will assist in establishing areas and time periods when oil and gas exploration and production activities should be avoided, while still allowing E&P activities in the remaining areas. A second part of the study will provide a database for assessing any potential impacts of coalbed methane (CBM) production on sage grouse populations. Previous work has shown that much of the reduction in the sage grouse population between 1988 to 2005 occurred prior to CBM development in the Powder River Basin (MT and WY).

Task 2 – Potential impacts of oil and gas field activities on raptor nesting radius (as defined by West Benches Raptor Research) was performed by BLM and Hawk Watch International. The goal was to identify spatial and temporal nest-protection stipulations that will minimize both disturbance to nesting raptors and the restrictions imposed on oil and gas development activities on Federal Land. Phase I and II analyses have been completed for the study areas near Price, UT and Rawlins, WY. The establishment of scientifically defensible protection stipulations that will be less likely to be challenged will be one of the benefits of the research.

Task 3 – Hydrologic Modeling was performed by BLM, and the University of Wyoming. The project will develop modeling tools to assist in streamlining analysis of the effects associated with energy development upon soil and water resources, and to improve the Application for Permit to Drill process in Wyoming. A test of the model and toolkit has been conducted in the Fortification Creek sub-basin of the Powder River Basin. The models can compute and show spatial distribution of runoff, erosion, and water quality to assist in resource management. Areas to be studied include the Powder River Basin, Atlantic Rim, and Pinedale area – all CBM development areas. The Atlantic Rim near Rawlins is of particular interest as it is the newest region of Wyoming for CBM exploration.

Task 4 – Monitoring of mule deer in the San Juan Basin, Colorado was performed by BLM, Southern Ute Indian Tribe, and the Wildlife Resource Management Division of the Colorado Division of Wildlife. Global Positioning System (GPS) collars were attached to mule deer, and used with ArcMap software to monitor mule deer movement and survival on winter range area, which span Federal and State lands prospective for oil and gas development. The goal is to provide data to develop effective energy development standards and mitigation strategies in areas of intensive CBM development in western Colorado and northern New Mexico.
Task 5 – Regional coalbed methane ground-water monitoring was performed by BLM, the U. S. Forest Service, and the Montana Bureau of Mines and Geology.  The goal was to support decision makers by providing scientifically sound, long-term data, descriptions of ground water systems in the CMB areas of Montana, and model future conditions in these areas. Field areas are in the Montana portion of the Powder River Basin. Coal beds, aquifers and streams including the Tongue River are being monitored to determine water levels, water quality and the impact of CBM development. The project will promote data sharing among regulators, land-management agencies, operators and the public. Information on critical baseline conditions and changes occurring during and after CBM production will also be provided.

Task 6 – Data collection for assessment of aquatic communities in northeastern Wyoming and southeastern Montana was performed by BLM and the U.S. Geological Survey. The goals are to monitor current conditions for aquatic biota and habitat, and to determine existing and potential effects of CBM discharge of produced water on aquatic life. The project will provide for environmentally sound energy development and coordination of best practices, and will monitor the impact of CBM activities. This will assist BLM in providing effective resource management to promote compatibility in multiple land use areas. Fish, algae and invertebrates were sampled in the Tongue River and its tributaries in the Powder River Basin in Wyoming and Montana during the first year of the project.  The sampling will be repeated during the second year to see if any changes to the populations have occurred.

Task 7 – Monitoring the effects of coalbed methane on fish assemblages in the Powder River Basin was performed by BLM, Montana Cooperative Fishery Unit of Montana Department of Fish, Wildlife and Parks, Montana State University, and the U.S. Geological Survey. The goals of this task are to identify the potential effects of CBM on fish, to determine the drainage area impacted by CBM development, to look at long term effects, and to study fish at specific sites in the Powder River Basin in order to determine if populations are the same now as in the past.  Studies were conducted to determine if fish populations were effected immediately after CBM discharge into the streams, whether areas downstream were impacted, or whether there were impacts after longer periods of time.   Initial surveys were conducted in 2005, repeated for the same areas in 2006, and will be monitored for several years.
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Tagging Mule Deer for tracking winter range in the San Juan Basin, NM, and collecting fish for monitoring studies in the Powder River Basin, WY and MT
Highlights of 2008

Sixteen projects are active, and thirty-three additional projects in the Oil and Gas Environmental Program are in the stage of final report preparation and not yet closed as of the third quarter FY2008. The performance of four of the active projects (University of North Carolina, Kansas State University, University of Wyoming, and BC Technologies) was not discussed under the previous year’s highlights section and is summarized below. Updates from projects with the Colorado School of Mines, TX A&M, University of Texas at Austin and IOGCC bring the research aspects of the Environmental Research Program up-to-date.

Modeling Transport of Onshore and Offshore Emissions

The University of North Carolina (DE-FC26-03NT15466) project’s goal is to develop a variable-grid resolution atmospheric modeling system that will aid in providing a more realistic simulation of the interaction between chemical and dynamic processes occurring at different spatial scales. The project began air modeling simulations in 2003 and will develop a modeling tool to assess the impact of emissions associated with oil and gas exploration and production on local and regional air quality. 

Following the completion of air modeling simulations over the Houston-Galveston region, the research team performed simulations for selected periods during 1998 and/or 2000 over the southern Louisiana region. Model simulations focused on assessing the impact of off-shore emissions from oil and gas E&P facilities on local and regional air quality in the southern states. Model simulations of ozone were compared to available measurements from the EPA Air Quality System (AQS). Six of the eight project tasks have been completed. Task 7 will complete model simulations of ozone for the Houston-Galveston case and those will be compared to available measurements from the EPA AQS database. Task 8 will complete evaluations of air emissions over the southern Louisiana region, and model simulations of ozone will be compared to measurements from the EPA AQS database. 

Cost-effective Reciprocating Engine Emissions Control

Kansas State University (DE-FC26-02NT15464) created a database inventory of compressor engines being used in the oil and gas exploration and production industry. The goal of this project was to evaluate emissions control technologies in the lab, perform field tests and encourage technology transfer to an industry consumer group. The objective was to engineer retrofit systems that are significantly less expensive than replacing engines. Engine tests were conducted to analyze nitrogen oxide and carbon monoxide emissions reduction technologies. KSU acquired data on three fully instrumented engines. Initial work on clean burning engines has been completed. Findings from the initial work on rich-burn technologies indicate that non-selective catalytic reduction will be the preferred solution. 

The rich-burn engine, a Compressco GasJack engine and compressor system (typical of those used for collection of gas from marginal wells in the field), will be used to characterize a non-selective catalytic reduction system (NSCR). Behavior under a number of controlled conditions will be analyzed. Among operators and regulators, NSCR systems have been the most trusted method for emissions reduction on rich-burn engines. However, the results of studies conducted in 2006 indicate that current NSCR systems are not sufficient at very low emission levels or for continuous control as ambient conditions change. The study focused on characterizing NSCR systems on typical engines rather than on the “ideal engine.” The project’s research was intended to lower the cost of environmental compliance, and expedite permitting for Exploration and Production (E&P) operators by identifying, developing, testing, and commercializing emissions control and monitoring technologies.

Research and Development Concerning Coalbed Natural Gas–Congressionally Mandated
Coalbed natural gas from the Powder River Basin of Wyoming and Montana is a significant component of U.S. natural gas supply. The University of Wyoming (DE-FC26-06NT15568) is investigating concerns over CMB produced water, which limits development of this resource. The goal is to assist in defining the true environmental issues associated with produced water and to develop cost-effective treatment or mitigation technology that will allow production of the resource without harm to the environment.

Project tasks include data collection and monitoring precipitation, evapotranspiration, soil moisture, radiation data and recharge in the Powder River Basin. Establishing a database of meteorological and precipitation data, monitoring groundwater contamination for trace elements in CBM disposal ponds, and collection of water samples and sediment samples occupied the first year of the project. 

A collection of 30 samples of Powder River water from the headwaters to confluence was collected during the period August 31 to September 3, 2007, to be used as a baseline for the low-flow season. A smaller set of samples was collected in June and in July 2007 to assess monthly geochemical variations. Geochemistry analyses were performed to determine speciation and mineral saturation processes.  Statistical analyses were conducted to determine differences among sediments in watersheds and provide potential prediction models. Two trace metals, barium and manganese, were found to be leaching from pond sediments. Specific field measurements from disposal ponds, along with data of trace metal concentrations, can be used to explain the concentration of trace metals in the sediment leachate that could potentially migrate downward into the shallow groundwater system.

CBM Produced Water Treatment Using Gas Hydrates

BC Technologies in Laramie, WY (DE-FC26-05NT15551) is working with Oak Ridge National Laboratory (FEAB 112) to develop a technology for use of gas hydrate formation at the wellhead to treat coalbed methane produced water. The goal was to develop a technically feasible, environmentally benign, cost-effective process for CBM produced water treatment using gas hydrates and transfer it to industry. The performer, working with the Integrated Petroleum Environmental Consortium, has planned a unique and synergistic process for wellhead produced water to reduce brine salinity to levels where beneficial use is possible. Data from the Wyoming Oil and Gas Conservation Commission were used to compile well data from the Greater Green River Basin. 

Laboratory-scale experiments were conducted by ORNL using synthetic brines and varied gas compositions. Methane hydrate formation was investigated in a series of laboratory-scale experiments, propane hydrate formation in another series of experiments, and a final series of experiments in which a gas mixture of 95% methane and 5% propane was used to form the hydrate.  Successful hydrate formation was achieved using each of the three gas mixtures. ORNL is currently (3rd quarter FY08) using the data generated thus far to optimize the performance of their continuous-jet hydrate reactor (CJHR).  Once this is completed, lab testing of hydrate formation using actual field brine will be conducted.

Design of a prototype injector for removal of dissolved salts was developed and a location in the Green River Basin selected for the field test. BCT requested a no-cost extension to December 31, 2008, which will provide them with the additional time to ensure a successful demonstration and to complete their technology transfer activities. Current plans (3rd quarter FY08) are to conduct simulations of hydrate dissociation to determine brine and treated water yields and qualities, complete the design of the gas collection and recompression systems and determine the economic feasibility of the water treatment process prior to proceeding to Phase 3.
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Prototype injector developed by BC Technologies and Oakridge National Laboratory for continuous hydrate formation for produced water treatment.

Colorado School of Mines update 
A Colorado School of Mines project (DE-FC26-05NT15549) included several subcontract tasks. The University of Wyoming performed subcontract work to evaluate the feasibility of minimizing CBM water production using a combination of gas injection and gas permeable membranes to recover methane without de-watering the coalbed. This project concluded that a large amount of membrane area would be required for adequate gas recovery and that the approach is not feasible in its current form.

Subcontract work performed by Stanford University investigated ways to produce less CBM water and still achieve adequate depressurization for gas production. Researchers have constructed two 3D stochastic reservoir models of conceptualized sand units in the PRB and have run fluid flow simulations to determine the rate at which CBM water can be injected into the aquifers. Simulations show that for the shallower sands, water can be injected at a rate of ~160 bbl/day for ~4000 days. In contrast, for the deeper sand, water can be injected at a rate of ~435 bbl/day for ~4000 days.

Subcontract work performed by the Montana Bureau of Mines and Geology evaluated concepts for sequestering sodium and controlling salt migration from infiltration ponds. In laboratory tests, leonardite has been shown to be a promising sodium adsorption medium, which can be used to reduce the sodium adsorption ratio (SAR) of managed water. SAR values in the treated water were reduced from 54.3 (CBM water) to less than 6. If complete mixing of the water with the leonardite could be maintained, it is possible that greater decreases in SAR could be achieved.
Texas A&M Friendly Drilling 

As part of its project “Field Testing of Environmentally Friendly Drilling System” (DE-FC22-05NT42658), Texas A&M University and its partners have announced the establishment of an Oil & Gas Desert Test Center http://www.pecosrtc.org/ near Pecos, Texas on the edge of the Chihuahua desert. The Center will be set up to evaluate new low impact drilling technology in desert ecosystems such as is found in CBM developments in the Western U. S.
University of Texas at Austin 

The project “Novel Cleanup Agents for Membrane Filters Used to Treat Oilfield Produced Water for Beneficial Purposes” (DE-FC26-04NT15547) conducted by University of Texas at Austin has made progress in elucidating optimal coating conditions and techniques.  A basic model was applied using composite water flux to gauge coating thickness.  Scanning Electron Microscopy (SEM) images confirmed the viability of this model. Initial cross-flow fouling tests showed the coated membrane to foul less than an uncoated membrane.  

IOGCC’s NEPA Process 
As part of its project “Compilation and Presentation of Existing Data on Oil and Gas Leasing and Development in a Manner Useful to the NEPA Process” (DE-FC26-04NT15541), the IOGCC and its research partner, ALL Consulting, have alpha tested their practical handbook and educational program at the Public Lands Committee Mid-year Meeting, May 2008 in Calgary, Alberta, Canada. Transferring technical information to key audiences has been shown to be critical to the project’s success. Researchers have recognized that federal agencies, industry, scientists, geologists, and consultants who participate in the NEPA process would benefit from a repeatable, sustainable, education program to provide them with the essential resources necessary for preparation of environmental impact statements associated with oil and natural gas leasing and development on federal lands. IOGCC has developed an expanded outreach and education plan that will thoroughly address the needs of key stakeholders in the NEPA process. As part of the plan, IOGCC will leverage the expertise of their Public Lands subcommittee to assist in the development and review of the proposed education program.
CONCLUSIONS
Environmental concerns are perhaps more pressing in 2008 than when the Environmental Research Program began in 1991. In the seventeen years since the program was started a number of issues have been addressed, yet many of the same concerns, such as handling produced water and maintaining air and water quality, remain high priorities for the petroleum industry and the Federal government. The Environmental Research Program continues to strive to help DOE achieve its mission “to promote clean, reliable and affordable supplies of domestic oil and natural gas by providing cost-effective compliance technologies, improving environmental protection and supporting a scientific, risk-based environmental regulatory framework.” 

Overall, the program has been a success, resulting in increased production, reduced operating costs, reduced permitting time and increased efficiency; new technologies to address identification, monitoring, remediation and improvement of the quality of the Nation’s air, water and soil; and improved access to Federal Lands and oil and gas resources. Technology transfer has been a major focus of the program, with a range of efforts under way to provide information to the oil and gas industry and the public. Online websites, such as PWMIS and ECAS, provide information on new technologies and preferred management practices and the ways that they can protect environmentally sensitive areas. While the program has faced some challenges, each of these has resulted in “lessons learned” that have provided information for subsequent attempts to develop new technologies and strategies for better managing our natural resources while maintaining the environmental quality that Americans demand.
Through DOE’s regulatory streamlining efforts, cost avoidance has been a primary benefit, both to the petroleum industry and the American public. Since 1991, the regulatory streamlining program has addressed problems in all aspects of environmental research: soil remediation, waste disposal, air quality, water quality, produced water disposal, and Federal Lands access. DOE has leveraged funding for sound scientific research through the National Laboratories and non-profit groups (such as IOGCC and GWPC) in order to provide regulatory agencies with information to reassess existing or proposed regulations. Cooperation with other federal and state agencies, including the Bureau of Land Management, Minerals Management Service, the Environmental Protection Agency, and Alaska DNR, have resulted in decisions that have saved millions of dollars each year while maintaining protection for both the environment and human health. Examples of significant successes in this arena include: AOR, Salt Caverns, NORM, SEMP, BAGI, Toxic Release Inventory, Storm Water, and Tundra Modeling. In each case, sound science was applied to a specific problem and the results used to provide guidelines for decision making. The research resulted in significant cost avoidance through government decisions to change or eliminate regulations that created barriers to continued oil and gas exploration and production activities without providing environmental benefits. For an energy-conscious Nation, cost avoidance translates to tremendous savings as higher exploration and production costs would have been passed on to the consumer through reduced supply and higher prices. 
Future Needs
A recent review of areas where the Environmental Program needs to focus in the future revealed that the research goals of the past 17 years should be viewed as building blocks for the future. Environmental concerns are now among the most pressing issues limiting U. S. oil and natural gas production. Environmental regulations can cause long delays and significantly raise costs for operators. At the same time, environmental protection concerns are limiting access to significant portions of the domestic oil and gas resource. 
While most environmental issues benefit from “sound science”-based technology solutions, many of these issues are emotionally charged for the stakeholders involved.  Because of this, scientifically objective environmental studies conducted or paid for by either the oil and gas industry or the non-governmental environmental groups are frequently perceived by the “other side’ as biased. DOE is uniquely positioned to provide objective credible science and technology solutions that both protect the environment and reduce costs for industry.

U. S. natural gas and oil resources are located in diverse ecological systems (e.g., arctic tundra, Rocky Mountain basins and ranges, Appalachian Mountain woodlands, Southwestern deserts, offshore Gulf of Mexico and others). Each region and resource type has unique environmental sensitivities and needs. Yet, there are many common activities that must be controlled to reduce environmental impacts: construction of temporary and semi-permanent roads and drill sites; noise mitigation from operations conducted over periods ranging from a few weeks to several years; handling of waste streams from drilling and completion operations as well as produced water; and construction and maintenance of wellheads, fluid-processing equipment, pipelines, and metering equipment. Building on existing technologies and adapting them to new areas may provide low cost opportunities for mitigating environmental impacts (e.g., low impact or small footprint exploration and production systems).
But in many cases, entirely new technologies must be developed, tested and demonstrated. In the area of environmental regulatory compliance, industry has a tendency to apply the least cost technology that meets the necessary rules. If costs are reasonable and regulations are met, there is little incentive to invest in new technology developments or “next generation” environmental solutions. R&D that targets entirely new approaches to environmental problems can be one area where Federal initiatives can catalyze real innovation.

Future environmental R&D carried out through DOE’s oil and gas program will likely need to focus on these areas:  objective studies that can reduce energy costs while maintaining environmental safeguards, adapting existing technologies to new areas as the industry seeks to develop previously uneconomic and often unconventional resources, and “next generation” environmental solutions. 
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The pristine Tall Grass Prairie Preserve in Oklahoma was once dotted with oil wells; now is home to wildflowers and bison – environmental protection and remediation at its best. (Photo courtesy of Harvey Payne, Director, Tallgrass Prairie Preserve, Osage County, Oklahoma)
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Drilling site near Red Dog Mine.  The mobile rig protection enables drillers to work under harsh Arctic conditions.
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