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For the past quarter century, the focus of the cleanup process at major hazardous waste sites within the United States has been site investigation and remedy selection. In fact, other than recent efforts to involve the public in Five-Year Reviews at “Superfund” sites, public involvement has generally ground to a halt with the signing of remedial decision documents.

There is growing recognition, however, that the process continues at most major sites, even after remedies are in place or construction is complete, if contamination remains. At facilities that are or were part of the U.S. nuclear weapons production complex, this is a significant challenge, because vast quantities of contaminants are expected to remain on site, at hazardous levels, and many of those substances—particularly radioactive wastes—are likely to remain hazardous indefinitely. Robust long-term—that is, inter-generational—public involvement is essential to effective long-term stewardship at these facilities, perhaps continuing for centuries and beyond.

In 2005, CPEO conducted case studies at three nuclear weapons complex sites. Two of these, Weldon Spring, Missouri and Mound, Ohio, are no longer in operation. The third, the Lawrence Livermore National Laboratory, continues its work under the management of the National Nuclear Security Administration. These studies formed the basis of our 88-page, October 2005 report, Re-Evaluating Remedies: Strengthening Public Involvement in Long-Term Stewardship, available from http://www.cpeo.org/pubs/Re-EvaluatingRemedies.doc as a 408 K Word document. The studies were funded by the Citizens’ Monitoring and Technical Assessment Fund (see http://www.mtafund.org).

This CPEO Federal Facilities Brief summarizes that report, incorporates feedback received after publication, and compiles the report’s major recommendations. The general thrust of these findings and recommendations is not new, but they remain, by and large, unaddressed.

DOE must recast community involvement from a marathon to more of a relay race, in which local communities from one generation to the next have the competence to review and improve cleanup performance over the life of the hazards. That is, because of inevitable institutional, demographic, technological, and environmental changes, communities should be vested with the resources to pass information from one generation to the next and to act, when necessary, upon that information to protect themselves and their environment.

Introduction to Long Term Stewardship

The industrial complex built to produce the atomic bomb was assembled with great urgency; it was comprised of a handful of government-owned facilities and a number of small, scattered private plants. The Atomic Energy Commission (AEC) and its successor, the U.S. Department of Energy (DOE), consolidated many of the functions of nuclear weapons development into a network of large federally-owned installations, before most environmental regulations were in place. Decisions about waste storage, disposal, acceptable emission levels, and routine operations and maintenance were subordinated to the mission of national defense. As a result, widespread and poorly characterized chemical and radioactive contamination stretched across more than 140 sites located in some 30 states, encompassing an area of over 2 million acres, 79 million cubic meters of soil contaminated by radionuclides and toxic substances, and more than 475 billion gallons of radioactive water. 

The long-standing neglect of environmental and health issues at DOE installations framed current policies for the cleanup and management of wastes generated by the nuclear weapons complex. “Cleanup” is a misnomer in this context. Given the volume and complexity of site contamination and the fiscal limits set by Congress, few DOE sites will be cleaned up to allow unrestricted use. Protecting the long-term safety and health of surrounding communities and the environment, therefore, will depend upon activities known collectively as “long-term stewardship” (LTS).

DOE defines LTS to “include all activities required to protect human health and the environment from hazards remaining at DOE sites after cleanup is complete.” This definition allows DOE to justify limited and less costly cleanups by claiming that it has the capacity and will to handle residual wastes as stewards over the long-term. It also allows the liberal use of institutional controls or land-use controls, rather than treatment or removal, as the central component of many remedial actions. 

When DOE first put forward its LTS approach in the mid-1990s, numerous commentators challenged it to think more broadly about stewardship. Many have recommended that DOE take into account the needs and capabilities of non-DOE stewards in its cleanup decisions. Some have suggested that DOE move beyond a culture of mere compliance because current regulations fail to adequately address the many facets of long term stewardship. 

Furthermore, critics have urged DOE to put into practice an iterative or adaptive approach to stewardship. Scientific understanding of the long-term behavior of contaminants typically found at DOE sites is limited. Little is known about the long term performance of caps and other containment mechanisms. Lesser still is known about how both the contaminants and containment respond to environmental changes. Not only should stewards plan for the failure of protective action, but under an adaptive management approach site stewards and other stakeholders should seek to optimize remedies that appear to be working through ongoing site monitoring as well as continuing research and development.

Communities near nuclear weapons complex sites are rightly concerned that many DOE properties will become “sacrifice zones.” They want DOE to integrate long-term stewardship better into an overall remediation process that begins with the goal of cleanup to standards that allow unrestricted use. Under the current process, decisions to leave contaminants in place actually discourage research on better remedial technologies, reinforcing the need for long-term stewardship measures. 

To succeed, DOE’s LTS program will require the design of institutions that can manage uncertainty, detect the potential risk of remedy failure, revise underperforming remedies if need be, and engage or re-engage local communities in stewardship activities over long periods of time. Reliable monitoring networks must maintain their capacity to identify changes in site conditions to help all stakeholders gauge the performance of remedies. Monitoring systems must also provide information that can help assess key performance criteria, such as the volume of contaminants removed over time, changes in the removal rate of a particular contaminant, changes in the size of a contaminated groundwater plume, and performance of containment structures (e.g., landfills), as well as inform maintenance activities. 

An effective stewardship program should provide the necessary resources and appropriate incentive structure to enable local stewards to deal with unanticipated problems or underperforming remedies. Such an approach requires a participatory and iterative process that involves representatives from multiple scientific disciplines and from different policy spheres, from regulators to community members. All aspects of establishing, maintaining, and funding long-term stewardship activities should be considered during the remedy selection process. 

The Problem with Institutional Controls

DOE’s cleanup approach is currently based upon the “end use” of its sites. Assuming the presence of residual contamination, this approach rests on the notion that changes in land use or site activities can be anticipated, and that there exist effective institutional controls---e.g., zoning restrictions, restrictive covenants, excavation bans, markers, and informational devices---to ensure that the ultimate disposition of a site is consistent with its level of cleanup. Such controls must include methods to preserve data to inform current and future generations about site hazards and associated risks, as well as any engineering controls or remedies put in place. Yet, it is unclear how these controls will be maintained over time, or what conditions might lead to their failure. If institutional controls fail at some point, the current benefits accruing to DOE for less costly and rigorous cleanup may be borne as increased health risks by the local community or as remedial costs to the government entities forced to undertake unplanned re-remedial actions. 

DOE’s increased reliance on institutional controls presents other site stakeholders with a number of unknowns and ambiguities. There are no specific provisions about the design of institutional controls in CERCLA (the Comprehensive Environmental Response, Compensation, and Liability Act, or “Superfund” law) or the National Contingency Plan (NCP) that specify the legal authority for institutional controls. DOE issued guidelines in 2003 to help DOE field staff “establish a consistent approach to the implementation, delegation, documentation, maintenance and reevaluation of institutional controls as an integral part of missions and operational activities.”
 The policy guide calls for a “defense-in-depth” strategy, or a “layering” of institutional controls to ensure that if one control temporarily fails, another control will be in place to mitigate any harmful effects. It also calls for periodic revaluation and modification of institutional controls if necessary. 

Yet, the guidance does not assign responsibility for funding institutional control activities. Any entity responsible for maintaining institutional controls will incur operational costs related to planning, meeting with the public, providing information, record-keeping, monitoring, inspection, and enforcement. Local and state governments are likely to see institutional controls as unfunded mandates if they are required to pay for such essential functions. Without a dedicated source of funding for institutional controls, such as a DOE-financed state trust fund, the long term effectiveness of institutional controls at DOE sites will likely be compromised. 

Planning for Failure: The Role of Long–Term Monitoring and Maintenance

The challenges of LTS derive from the lengthy potency of residual contamination as well as the uncertainties about the fate and transport of that contamination under changing site conditions. Institutional and engineering controls are designed to provide containment and/or protection until the hazard is reduced to regulatory standards. Engineering controls treat, stabilize, and/or provide barriers that physically contain and isolate contamination. Some of the more common types of engineering controls include landfills designed with horizontal barriers, in situ (in place) waste stabilization, groundwater barriers (e.g., slurry walls), permeable reactive barriers, and surface water diversions (e.g., dams, ponds, and ditches). 

However, the technologies for establishing engineering controls are rapidly changing. Experience at a large number of waste management facilities both within and outside of DOE control provide ample evidence that without continued human intervention engineering controls fail to maintain protectiveness over long time frames. Therefore, site stewards should assume that there will be failures. More important, they should employ the best available monitoring systems to detect failures before they occur.

The goals of long-term monitoring are to determine the effectiveness of the remedy, improve understanding of contaminant releases and migration, support general maintenance activities, and inform decisions on when and how to modify controls and other LTS activities. Monitoring should be an iterative process whereby the site remedies and protective barriers are continually re-evaluated as new information becomes available. Each monitoring program should be supported by a good conceptual model that identifies all risks and pathways, as well as gaps in knowledge about the site. The conceptual model should be frequently updated/modified based upon monitoring data and other new scientific information. 

Maintenance is integral to a good monitoring plan. In fact, the line between maintenance and monitoring is often blurred. Long-term maintenance and monitoring activities are required for active processes (e.g., groundwater treatment systems), passive containment facilities (e.g., engineered landfills, stabilized wastes), associated institutional controls, and the monitoring system itself.

For example, surface covers must be monitored and maintained to ensure that the contaminants continue to be contained. Under normal condition, factors such as settling, erosion of the cover, die-off of protective vegetation, material degradation, infiltration, and seepage should all be anticipated and measured. Unusual natural events, such as earthquakes, can further undermine engineered structures by inducing erosion, bio-intrusion, and structural failure. Moisture monitoring at landfill boundaries is often a good indicator of cover performance. Vertical subsurface barriers such as slurry walls are designed to hold water in, but these sometimes fail. Groundwater monitoring, if properly applied, will pick up the most onerous failures. Horizontal subsurface barriers, such as liners below landfills, usually have fewer problems than vertical barriers. However, where there is no liner, landfill failure is likely, and it can only be detected by rigorous groundwater sampling. The Weldon Spring landfill is a perfect example of a remedy that is likely to fail, but where the failure would not be detected for some period of time. The waste at the landfill was placed on “karst,” which is a soft and porous limestone. Infiltration through the landfill cap and the waste may carry contaminated water into the porous limestone. Unfortunately, the groundwater monitoring system appears not to include this pathway in its conceptual model. 

Institutional controls also require monitoring and maintenance. Information must be kept up to date, and restrictions must be upheld—in some cases, indefinitely. Maintaining community awareness is an important factor in the success or failure of institutional controls. The community should be vested as the information and knowledge repository of “last resort,” because institutions and the people running those institutions will inevitably change. Those most affected by site activities have the largest stake, so their continuing involvement is an important safeguard for remembering the site and its potential hazards. Remote sensors, which are in development, have the potential to simplify the monitoring task. But they must be able to withstand harsh environments and provide reliable data over the expected range of environmental conditions and events, including temperature, radiation, pH, humidity, lightning strikes, and corrosive chemicals. They must remain reliably calibrated over a long period of time, and both current and past data should be continuously accessible. Sensors should report their own failure, and repairs should be easy.

Recordkeeping and Data Requirements

To protect human health and the environment during long-term stewardship, many different types of people need to know about the hazards that remain on DOE sites. These include those responsible for maintaining engineering controls and other protective measures; those who are using the site; those who live or work nearby; and those such as community planners who are responsible for decisions that may affect the surrounding communities. Information needs will evolve over the long timeframe of LTS, until there are no residual hazards. It is not possible to predict accurately what specific information will be needed in 100 to 1,000 year. 

Developing a robust, reliable, flexible, user-friendly data management system is therefore critical to the success of LTS. The absence of such a system could result in delay, increase the costs of site closure and transfer, and compromise the protection of human health and the environment. 

The data management challenge for LTS falls into three components:

· Compiling the most accurate, reliable, and complete information about both contamination and response activities for all users, now and in the future.

· Retaining and preserving the data.

· Developing a management information system that is accessible and flexible enough to withstand changes in technology and is robust enough to span generations. This system must be capable of periodically reviewing information needs, and it should be easy to adjust to account for new technologies as well as changes in regulatory requirements. 

Thus far, DOE does not deserve high marks in any of these areas. The same resource challenges that led DOE to choose LTS as a strategy—over full cleanup—are threatening DOE’s ability to manage LTS itself. At numerous sites, information is not consolidated, or it is too difficult too retrieve. DOE has promised to preserve data in a form that is usable to future generations, but it is unclear how this will happen in the face of repeatedly inadequate funding. In some areas of DOE, offices have been closed and the data they developed is no longer accessible. And lastly, there is no commitment on the part of DOE to ensure that the management information system is designed to encourage the periodic updating of site information..

Strategies for Strengthening Long-Term Stewardship

Re-Evaluating Remedies: Strengthening Public Involvement in Long-Term Stewardship examined the regulatory framework under which long term stewardship is carried out at DOE sites, as well as the implementation of institutional controls. It also reviewed the types of monitoring typically conducted at DOE sites, examined how such monitoring systems can maintain community awareness of the ongoing environmental conditions at the site, and analyzed the data requirements for long term community involvement. 

The three DOE sites visited by the project team—Weldon Spring in Missouri, the Lawrence Livermore National Laboratory in California, and the Mound facility in Miamisburg, Ohio—were selected because they each represent unique challenges: Weldon Spring is “cleaned up,” with a landfill cap in place. The Mound Facility is in the final stages of cleanup, and transfer of the property has been negotiated. Lawrence Livermore National Laboratory remains in operation, and after all remedies are in place, the responsibility for stewardship will be transferred to the site operator, the National Nuclear Security Administration. The case studies of each site are included as appendices to the report. 

This study proceeded on the assumption that meaningful community involvement should be a central component of any long term stewardship approach at DOE nuclear weapons complex sites. An informed public is the only entity that will maintain a continuous and long-term presence at each site, and thus it can serve as a bulwark against the slow erosion of institutional memory. The major finding from CPEO’s case studies and research is that the local community is a resource for DOE in ways that are little appreciated. Citizen advisory groups and local watchdog organizations have for many years brought insight and expertise to cleanup deliberations. For example, at Livermore, local activists have helped DOE to make more informed cleanup decisions And at Mound, community members have worked with DOE to develop consensus-based future use plans. Consequently, some DOE officials now view community groups as necessary partners in maintaining institutional controls. 

Partnership, however, is a dubious term, where the capacity and ability of two partners to influence decisions is grossly unequal. DOE must provide a small but continuing stream of resources to communities to sustain effective public involvement. For example, the same type of technical assistance provided before remedy selection must be available throughout the stewardship process.

At major DOE sites, the needed public involvement in LTS will outlive the activists who have thus far taken the time to oversee cleanup programs. DOE and its community partners must therefore design programs to bring in and educate new community representatives, transforming what has seemed like a marathon into a relay race. That is, effective LTS requires resources, not only to support current community involvement, but to sustain the partnership as long as the residual contamination poses a potential risk to the community.

The following recommendations are designed to strengthen long-term stewardship programs at nuclear weapons complex sites and thus minimize the risk to public health and the environment.

· Wherever possible, sites should be cleaned up to a level that allows unrestricted use and avoids the need for long-term stewardship. Communities are concerned that sites will unnecessarily become “sacrifice zones.” LTS should be considered a viable remedy only where it is not possible to complete cleanup with current technology, and as part of that stewardship DOE should continually seek new technologies that might enable more thorough remediation.
· Where LTS is necessary, DOE should devise up-front mechanisms for long-term funding to ensure that LTS activities are sustained for the life of the contamination. . State regulators should investigate what steps are necessary for DOE to capitalize state trust funds for the oversight of long-term stewardship, with a focus on supporting the work of local stakeholder organizations. Currently, DOE relies on annual appropriations to fund LTS. 

· It is essential that DOE receive and maintain raw site data that includes uncertainty estimates. At sites where contaminants remain, DOE should clearly document the nature of these contaminants, problems that they may present, and reasons why they have not been removed. Estimates of uncertainties associated with site characterization (e.g. anomalies, unexplained trends) and remediation methods should be incorporated into the administrative record. 

· DOE should implement an institutional control tracking system in conjunction with recent efforts by EPA and a number of states. The long-range goal of such a program is not simply to create an inventory of what types of institutional controls are in use and which parties are responsible for implementing them, but to help target resources on those sites that for various reasons are likely to shift out of compliance and where the consequences to public health and the environment are likely to be most acute. 
· The community should be vested as the information repository of “last resort.” Institutions and the people running those institutions will inevitably change, but the community—those most likely to be affected by site conditions—will remain concerned. . Thus, community knowledge is an important mechanism for remembering the site and its potential hazards.

· DOE should support technical assistance so communities can properly interpret monitoring data. Monitoring data is only valuable if it becomes understandable information. Today, data is usually too dense for the community to interpret without technical support. It must draw upon its own resources or hire independent technical consultants to help it sift through the maze of technical data. A number of federal programs fund technical assistance to help communities participate constructively in the remedial decision-making process, but such support is generally not available for long-term stewardship. 

· Monitoring data should be easily accessible. At Weldon Spring the annual inspection verified documents and records; however, they were not consolidated in one location, making it more difficult for community members to track them down. At Site 300 (Livermore), Spanish is the first language of many of those potentially affected, but DOE has not issued notices or information in Spanish.

· DOE should inform the public of key performance parameters and notify the public whether cleanup goals are being met. To gauge the remedial performance, monitoring systems should provide information that can help stakeholders assess key performance criteria over time, such as the volume of contaminants removed over time, changes in the removal rate of a particular contaminant, changes in the size of contaminated groundwater plumes, and progress towards meeting cleanup standards.

· The entire interested community should be given the opportunity to design and monitor LTS activities. The hazards from nuclear weapons facilities potentially affect large areas, but LTS public involvement activities are sometimes kept local. For example, community members at Weldon Spring expressed frustration that most stakeholder involvement was limited to only those who lived near the site. 

· The role of five year reviews should be expanded to support long-term public involvement. DOE should use five-year reviews as a systematic process for re-evaluating and modifying existing “end states” over time to ensure that developments in science, technology, and other knowledge are incorporated into long-term stewardship strategies. The information required should be site specific; but the information resources should be part of a national data base. DOE acknowledges the need for this type of re-evaluation, yet there is no specific legislation or regulation that requires it. 
· Public health information related to the potential or observed effects of hazards at the site should be distributed to the public and to health professionals in the area. After remedy selection, long-term stewardship should include the distribution to the public of information about possible disease outcomes related to contamination. Furthermore, similar, more detailed information should be provided to medical and public health professionals in potentially impacted areas to help them identify disease outcomes that may be linked to exposure to site contaminants. Additionally, if there have been any reports of health problems potentially associated with site exposures, LTS should incorporate health monitoring designed to improve medical treatment through early detection as well as to identify past or present exposure pathways.

� U.S. Department of Energy, 2003. Use of Institutional Controls. DOE P 454.1. Washington, DC. p.1. We have been informed that the Office of Legacy Management is conducting an internal review of institutional controls, which should be completed by February 2006.
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