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Chapter 1


Competing Visions of Long-Term Stewardship



Background

In 1942 the United States government embarked on project to produce nuclear weapons.  For those involved, there was little time to lose.  Allied soldiers were being battered in Europe and, in the Pacific, Japan was on the verge of driving U.S. forces from the Philippines.  But more distressing for the scientists and officials involved in the Manhattan project were the intelligence reports claiming Germany was ahead by at least a year in developing the “ultimate weapon”.  

At that time nuclear scientists at the University of Chicago needed nearly 40 tons of uranium to prove by experiment that self-sustaining nuclear reactions were possible.  However, they faced an insuperable barrier.  Only a half of cup of uranium pure enough to sustain fission existed in the country.  To meet the demand for purified uranium, officials from the federal government convinced the Mallinckrodt Chemical Plant in St. Louis to take on the dangerous task of purifying large volumes of uranium.  Within three months, and with inadequate attention to worker safety or to the environmental impact of the uranium purification process, the company was able to produce one ton of purified uranium each day. In December of 1942, scientists at the University of Chicago used Mallinckrodt’s purified uranium to trigger the first nuclear reaction.
  

The environmental legacy of nuclear weapons production begins in downtown St. Louis, but within a few years its impacts would be spread widely.  To manufacture nuclear weapons, the federal government carried out an enormous, complex and highly secretive program.  Uranium was mined in Utah and Colorado and imported from Canada and the Belgian Congo.  The uranium was purified in St. Louis and other cities in the northeast, and then shipped to Oak Ridge, Tennessee, one of three massive facilities built by the government, where the uranium was further enriched.  The enriched uranium was then transported across the country to  Richland, WA., where the government in 1943 had constructed an immense industrial facility by the Columbia River to produce weapons grade plutonium.  The focus of this complex effort of human labor, materials and energy was the construction of the atomic bomb at the isolated site of Los Alamos, New Mexico.   

The industrial complex built to produce the bomb was assembled with great urgency; it was comprised of a handful of government-owned facilities and a number of small, scattered private plants.  During the first decades of the cold war, before environmental regulations were in place to deal with the wastes generated from weapons production, the Atomic Energy Commission (AEC) consolidated many of the functions of nuclear weapons development---research, manufacturing, and testing--- into a network of large federally-owned installations. 
   At these installations, decisions about waste storage, disposal, acceptable emission levels, and routine operations and maintenance were subordinated to the mission of national defense.  The consequences at least from our vantage point are predictable.  Waste materials from production and research activities were often disposed of in seepage basins, unlined landfills or injected into deep wells.  Chemical and radioactive contaminants leaked from barrels and other containment structures and were mobilized by groundwater or surface water flowing through the site to pollute soils and groundwater over thousands of acres.  Many thousands of buildings constructed by the AEC, and later by its successor, the U.S. Department of Energy, to support nuclear weapons production were contaminated with radioactive materials, hazardous chemicals, and asbestos;  and surplus plutonium and other fissile materials were stockpiled on sites without a clear plan for disposal or consolidation.  To make matters worse, much of this activity was shielded both from public scrutiny and from effective external regulatory oversight.  The result was massive, widespread and poorly characterized contamination that stretched across more than 140 sites located in some 30 states.   

These past practices for the most part did not involve deliberate decisions to impose risks on nearby communities and on subsequent generations.  But the long-standing neglect of environmental and health issues at DOE installations have nonetheless framed current policies for the clean up and management of wastes generated by the nuclear weapons complex.  

DOE is responsible for cleaning up more than 140 sites, encompassing an area of over 2 million acres, 79 million cubic meters of soil contaminated by radionuclides and hazardous substances, and more than 475 billion gallons of radioactive water.
  But “clean up” is a misnomer in this context.  Given the volume and complexity of site contamination, the limitations of remedial technologies to deal with certain types of hazards, and the fiscal limits set by Congress to fund remediation, few DOE sites will have the resources to be cleaned up to allow unrestricted use.  This means that DOE has the responsibility of ensuring that waste remaining on site is adequately contained and managed for unimaginatively long periods of time.  Some residual contamination at DOE sites, such as tritium, will degrade or decay within a few decades, but other contaminants such as uranium, with a half life of 4.5 billion years, will persist indefinitely.  An approach to manage this waste, which in DOE parlance is known as “long-term stewardship” will be necessary at 109 of the 144 sites in the nuclear weapons complex.
  

Defining Long-Term Stewardship

The notion of  “long term stewardship” (LTS) was first coined in the mid 1990s when DOE acknowledged that it was unable to clean up sites to background levels and would leave contamination on site that could pose threats to public health and the environment.  DOE initially defined LTS to “include all activities required to protect human health and the environment from hazards remaining at DOE sites after cleanup is complete”.
  For a number of stakeholders this approach to LTS narrowly committed DOE and other entities to focus on a set of operations necessary to protect human health and the environment after cleanup is complete; it failed to identify overall planning and management strategies for a stewardship program. And for those critics who saw cleanup and stewardship as interlinked activities, this version allowed DOE to justify limited and less costly cleanups by  claiming, rather dubiously, that it had the capacity and will to handle residual wastes as stewards over the long-term.   

In contrast to DOE’s early emphasis on post-closure containment, a slew of reports by think tanks, site specific advisory boards, and the National Research Council, challenged DOE to think more broadly about stewardship, and posed competing visions.  For example, the Rocky Flats Stewardship Dialogue Planning Group emphasized  DOE’s moral obligations and noted the likely tensions between cleanup decisions based on future use and DOE’s stewardship obligations:   
“...the issues of stewardship are not solely legal, technical, or economic ones, but also speak to the ethics and values of the community. Deeply held and differing views on the Site's end-state and responsibility for achieving and maintaining that end-state will shape the process of coming to community agreement on issues of stewardship of the Site...[the] stewardship of Rocky Flats means not simply ensuring compliance with current laws but making decisions in the context of our broad and binding ethical and historical relationship to the Rocky Flats environment.”

The National Research Council (NRC) picked up on many of these themes.  It recommended that DOE take into account the needs and capabilities of non-DOE stewards in its cleanup decisions as part of a larger long-term management strategy; it also argued that DOE must move beyond a culture of compliance because current regulations fail to adequately address the many facets of long term stewardship.
  Extending the NRC’s concerns about the regulatory framework for LTS, some policy advocates pushed for new federal legislation to create a stewardship mandate.  Such a mandate, it was suggested, could give coherence to the piecemeal legal framework under which stewardship unfolds, help insulate stewardship from the shifting political inclinations of successive administrations, and provide a more enduring basis for federal funds.
  Another thread of criticism focused on public participation   Citizen’s groups and others argued for early, informed and regular communication with DOE about cleanup decisions and the risks of failure for LTS. 
  Others suggested that if local communities are to carry out stewardship responsibilities, they must be provided adequate resources---the necessary information about site conditions and remedial performance, funding, and technical expertise---to help them fulfill LTS functions.
  And more recently, commentators have urged DOE to put in practice a more iterative and adaptive approach to stewardship.  Not only would stewards plan for fallibility, but under an adaptive management approach, site stewards and other stakeholders would seek to optimize remedies on the basis of monitoring the effects of their past decisions and by evaluating current information on remedial performance.
Long term stewardship is, in essence, an ad hoc framework; it stems from DOE’s inability to cleanup installations to unrestricted use and under the weight of policy debates and budgetary pressures, it continues to evolve at many levels.  At the federal level, DOE established the Office of Legacy Management (OLM) in December 2003.  This Office is responsible for ensuring that DOE's post-closure responsibilities are met.  In its recent Strategic Plan, OLM has attempted to address many of the early criticism of DOE’s initial long-term stewardship definition.  The plan enumerates a number of  strategies to enable DOE to “effectively manage post-remediation responsibilities and liabilities”. 
 These include:  

· Conduct monitoring and maintenance, evaluating and improving the effectiveness of long-term surveillance and maintenance strategies.

· Ensure contingency plans are in place and that adequate funds are available.

· Communicate with stakeholders involved in long-term surveillance and maintenance activities, and work with federal, state, tribal, and local governments to share lessons learned and technologies. 

· Manage the Department's environmental liability for surveillance and maintenance consistent with laws and regulations. 

· Develop and implement a site transition framework to ensure smooth transition of sites into Legacy Management.
 
· Develop the long-term surveillance and maintenance baseline, integrating it into the Department's management policies and principles.

· Facilitate Department-wide understanding and agreement on the scope of long-term surveillance and maintenance and resolve relevant issues through Department-wide forums or processes, such as the DOE Field Management Council.

· Identify, assess, and obtain the capabilities and resources needed to conduct longterm surveillance and maintenance through annual budget requests to Congress.

· Track and use advances in science and technology to improve sustainability and ensure protection.

The Strategic Plan in many ways is an impressive document, providing a broad brush picture of DOE’s stewardship goals and responsibilities. The question we need to ask, and one which is the fundamental question of this study, is to what extent has DOE been able to translate these high-level stewardship plans into project management at the site level.  It is a relatively easy task to articulate the components of long-term stewardship.  But as DOE moves toward “closure” at a number of sites, it is far more difficult to implement an effective long-term stewardship program on the ground for a number of reasons.
   

First long term stewardship at the site level, as we discuss in more detail later in the report, is subject to a mix of federal, state, and local regulations that establish different obligations for stewardship at different sites.  Second, DOE typically posits an “end state” for a site after consulting with regulatory agencies and the local communities.  The end use of a site will determine the extent of cleanup and the level of residual contamination acceptable for that use.  It will also complicate stewardship obligations by opening cleanup decisions and stewardship responsibilities more directly to economic redevelopment pressures and competing agendas.  Third, scientific understanding of the long-term behavior of contaminants typically found at DOE sites is limited.  We know little about the long term performance of caps and other containment mechanisms, particularly in response to environmental change.  And while cleanups increasingly rely on land use controls, such as deed restrictions, to limit exposure to residual contamination it is unclear how these controls will be maintained over time, or what conditions lead to their failure.  Because of these uncertainties, the trade-offs DOE and other stakeholders make between more extensive cleanup and reliance on engineering barriers and land use controls is a matter not only of technical risk assessments, but of values, political negotiations, and trust, and thus inherently unpredictable. 
    

In broader more programmatic terms, implementing stewardship faces additional barriers. As studies by the National Research Council, Resources for the Future, and the University of Tennessee argue long term stewardship activities are affected by the availability of funding, by the quality and inclusiveness of public deliberations concerning DOE’s legacy of wastes, by the extent to which clean up decision leave adequate flexibility for revising underperforming remedies, and the ability of organizations to incorporate new information and learning into long-term management.
  

Purpose of the study

This report is premised on the notion that the long run effectiveness of DOE cleanups will require designing institutions that can manage uncertainty, detect the potential risk of remedy failure, revise underperforming remedies if need be, and re-engage local communities in stewardship activities over long periods of time.  For long term stewardship to be effective, monitoring networks have to maintain their capacity to identify changes in site conditions.  To gauge the remedial performance, monitoring systems must also 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 a contaminated groundwater plume, and maintenance of exposure controls (e.g., security fences, excavation prohibitions, deed restrictions).   Once action is deemed necessary, an effective stewardship program provides the necessary resources and appropriate incentive structure to enable local stewards to deal with unanticipated problems or underperforming remedies.  Such an approach, we argue, requires a participatory and iterative process that involves representatives from multiple scientific disciplines and from different policy spheres, from regulators to community members.  In the context of long term stewardship, we argue that community involvement must be recast 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 hazard.  

In broad terms the purpose of the study is to identify key conditions for sustaining public enquiry over the long term in the management of DOE sites.   We hope it will also help community stakeholders understand and employ adaptive management principles and help promote the policy reforms and institutional arrangements needed to overcome the inertia and lack of political will that makes it hard to revise underperforming remedies or effectively plan for remedy failures.  

Organization of the Report

As many DOE sites are placed on an accelerated path to closure, it is likely that the Office of Legacy Management will face even greater responsibilities to effectively manage residual wastes across the nuclear weapons complex.   In the subsequent chapter, we examine the regulatory framework under which long term stewardship is carried out at DOE sites on the National Priorities List, otherwise known as Superfund.   Our analysis will focus, particularly on the adequacy of five year reviews and institutional controls, and incentives to assist local communities participate more effectively in long-term stewardship decisions. This section of the report is based on interviews and a review of pertinent documents.   

In chapter three we examine, from a community perspective, the types of monitoring typically conducted at DOE sites and how such monitoring systems can maintain community awareness about the ongoing environmental conditions at the site.  Chapter four discusses data requirements for long term community involvement at DOE sites.  Chapters 3 and 4 of the report is based on interviews, document review, and case studies of three DOE sites:  Weldon Spring in Missouri, the Lawrence Livermore National Laboratory in California, and the Mound facility in Miamisburg, Ohio.  Case studies of each site are included as appendices to the report.  The case studies are based on interviews with representatives of the full range of stakeholders at each of the sites, as well as a review of relevant site documents, public transcripts, and newspaper articles.  Because we promised those persons interviewed for the case studies confidentiality, the case studies do not attribute specific remarks to identified individuals.

The fifth and final chapter includes our recommendations. 

Chapter 2

Regulatory Framework for Long Term Stewardship



DOE cleanups at Superfund sites such as Weldon Spring and Mound have used an “end-state” approach and “institutional controls” to meet long term stewardship obligations.  Under this construct, “end-state” or ‘risk-based” remedies impose restrictions on the uses of contaminated sites to prevent exposure to residual wastes in place of more comprehensive and costly cleanups.  In its 1996 Environmental Baseline Management Report, for example, DOE estimated that it would need to spend an additional $124 billion dollars to remediate its sites to unrestricted rather than restricted use levels.

By delineating likely future uses and exposure pathways, the end use posited for a site, in theory, will help regulators determine who may be at risk at a site, how much risk these individuals may bear, how much contamination should be removed, treated, or contained to ensure protective cleanups, and what type of stewardship activities are required.  This approach rests centrally on the notion that changes in land use or site activities can be anticipated and that there exist effective legal and institutional controls---e.g., zoning restrictions, restrictive covenants, excavations bans---that can ensure that the ultimate disposition of a site is consistent with its level of cleanup.

The decision to base cleanup levels on restricted land uses will typically leave more residual contamination on site than cleanups tied to unrestricted uses and require institutional controls to be put in place to prevent human exposure to unacceptable levels of risks.  If these institutional controls are effective, the benefits realized by DOE in the form of less expensive and accelerated cleanups and site redevelopment, such as at the Mound facility, may well extend to the local community and the municipality in the form of tax revenues, jobs, and other improvements associated with the return of a hazardous waste site to productive use.  But if the institutional controls fail at some point in the future, the benefits accruing to DOE may be borne as increased health risks by the local community and as financial and administrative costs to the municipality and the state if there is a need to undertake unplanned remedial actions.    

There is no single statute that governs DOE’s cleanup decisions or stewardship activities but rather a series of overlapping laws and regulations.  These requirements have been outlined in reports by Resources for the Future
 and DOE
.  It is beyond the scope of this report to discuss the regulatory framework for long-term stewardship at the full panoply of DOE sites, such as those remediated under UMTRCA Title I and Title II or FUSRAP sites.  In this chapter our focus is narrower.  We examine how the decision structure of the Comprehensive Environmental Response and Liability Act (CERCLA), better known as Superfund, and associated guidance documents from EPA and DOE, influence three key and inter-related aspects of long-term stewardship at many of the largest and most polluted DOE weapons sites:  the development of institutional controls (ICs);  opportunities for revising underperforming remedies;  and the capacity of the local community to serve as effective watchdogs and advocates in stewardship discussion over the long term.   

To address these issues, we first examine the relevant provisions of CERCLA and its regulatory blueprint, the National Contingency Plan (NCP) and consider the extent to which the statute and accompanying regulations incorporate long term stewardship into cleanup decisions. We then consider the slender statutory provisions for the use of institutional controls and the consequences this has for implementing and monitoring ICs over the long term.  Under CERCLA, DOE is required to conduct five year reviews at sites where contaminants remain above levels allowing unrestricted use.  We then consider the extent to which five year review requirements encourage DOE  to revise underperforming remedies or to re-engage local community stakeholders on issues of protectiveness or land use.  
The Statutory basis for end-state cleanups 

 Section 120 [a] of CERCLA requires DOE to comply with all CERCLA provisions at DOE sites on the National Priorities List (e.g., Superfund sites).  The broad cleanup goals of CERCLA establish a statutory preference for site cleanups that rely on treatment that “permanently and significantly reduces the volume, toxicity, or mobility of the hazardous substances.”
 The law clearly states that the off-site transport of contaminants and the disposal of hazardous substances without treatment should be the “least favored alternative remedial action where practicable treatment technologies are available” and requires federal facilities to address “the long-term effectiveness of various alternatives”.
  Under the existing statute, many of the strategies associated with less stringent cleanups when sites are remediated for restricted uses----capping, containment, the use of institutional controls--- seemingly run counter to the intent of the law.  

The statute, however, can be interpreted to provide DOE the justification to argue for remedies that do not utilize permanent solutions.  While the statute underscores the importance of treatment and permanent solutions, it also states that remedial actions should be cost effective and that permanent solutions and treatment should be the goals of cleanup “to the maximum extent practicable”.
  

Like many environmental statutes CERCLA provides little specific guidance as to how these various criteria should be balanced and what consequences different levels of cleanup may have for a subsequent long-term stewardship program.  Rather, the NCP attempts to define the extent to which treatment is practicable under CERCLA.  To balance the statute’s preferences for treatment and permanent solutions with cost-effective cleanups, the NCP specifies nine criteria to be used to evaluate cleanup alternatives and to select a final remedy.  The nine criteria are grouped into three categories: threshold criteria, balancing criteria, and modifying criteria.  To satisfy the threshold criteria, a remedial alternative must achieve overall protection of human health and the environment and comply with all “applicable or relevant and appropriate requirements” (ARARs) that could be used to set cleanup standards.
 Once over this hurdle, the remedial alternatives put forward at a site are compared with each other based on the five balancing criteria: long-term effectiveness and permanence; reduction of toxicity, mobility, or volume through treatment; short-term effectiveness; implementability; and cost. 

By comparing each remedial alternative against the criteria, DOE officials in discussion with EPA and state regulators, select the preferred alternative for the site and issue a proposed plan for public comment. After the public comment period, DOE, as the lead agency, considers the views of the community and the state as part of the modifying criteria, and if need be may reevaluate the preferred alternative.   The final cleanup decision, which establishes cleanup goals for the site, is formally announced in the Record of Decision (ROD).   

The drawbacks of the nine criteria in connection to long term stewardship are readily apparent.  In certain instances, the balancing criteria may conflict with one another (for example, how should DOE weigh cost versus long-term effectiveness and permanence). Without a system that can explicitly weight the criteria (for example, permanence is assigned a weight double that of cost), it is difficult to assess their relative value or importance in remedy selection and long-term stewardship.  Moreover, absent a well developed methodology to predict the failure of institutional controls, or to estimate the life-cycle costs of such controls,  or to consider the equity implications if institutional controls fail to protect public health or the environment, it is difficult--- without extensive public deliberations---even to assign weights to balance the criteria.   

CERCLA is fundamentally a process-oriented statute.  It eschews standards, apart from ARARs, for process and sets out explicit requirements for the roles of different stakeholders in the decision-making process.  Neither cleanup objectives or long term stewardship are firm goals set at the beginning of the remedial process to guide site cleanup, but rather becomes a function of available technology, costs, and, arguably, the political, economic, and legal pressures that DOE can exert in the course of the remedy selection process.  While this approach may offer DOE the necessary flexibility to deal with various contingencies encountered in the course of a cleanup, there are a number of drawbacks to this approach.  Long term stewardship should require close coordination among DOE, federal and state regulators, local government officials, and community residents.  The decision structure of CERCLA, particularly the discretion it provides for the lead agency, can obscure how DOE weighs the criteria under the NCP to make a cleanup decision and engender distrust of DOE’s motives.  Effective long term stewardship should also recognize how remedies can be fallible and suggest an approach to deal with uncertainty.  But when institutional controls  are used in conjunction with containment strategies, the technical adequacy of the remedy becomes dependent on a number of non-technical unpredictable forces over which DOE has little influence, such as the regional development pressures, the efficiency of land recordation offices, and the willingness of local governments and local residents to comply with use restrictions to mention only a few.   

Increasing Reliance on Institutional Controls
In the DOE context, institutional controls may include administrative or legal controls (e.g., deed restrictions, zoning permits), physical barriers and markers and informational devices (e.g., transfer act requirements) and methods to preserve data in order to inform current and future generations about site hazards and associated risks.  According to its 2003 policy guide, “Use of Institutional Controls”, the Department intends to use institutional controls in:

· protection of waste disposal operations,

· conduct of normal operations and site security

· maintenance of storage facilities

· conducts of restoration and cleanup programs, and

· management of natural and cultural resources

DOE’s increasing reliance on institutional controls in its waste disposal operations and cleanup programs reflects a general trend.  According to a recent study by the U. S. General Accounting Office, institutional controls were used at one half of the Superfund Sites that were remediated from 1991 through 1994.  In sharp contrast, the report found that institutional controls were in place at 28 or the 32 Superfund sites that were cleaned up during fiscal years 2001 through 2003.
  

The increased demands that DOE has placed on institutional controls presents site stakeholders and local communities with a number of unknowns and ambiguities.  CERCLA , for example, provides DOE the authority to take actions “as may be necessary to prevent, minimize, or mitigate damage to the public health or welfare or to the environment”
  but it does not contain specific provisions about the design of institutional controls. Similarly, while the NCP makes clear that institutional controls should not be used as a substitute for treatment and engineering controls it contains no detailed provisions that specify the legal authority for institutional controls and whether they are to be implemented by a unit of government, the subsequent owner of a transferred property, or another party, such as a custodial trust.
   
Without clear statutory provisions, the identification of institutional controls is often left to the end of the remedy selection process, and at a number of sites institutional controls are not described in detail in the Record of Decision, a legally binding decision document under CERCLA.
   In its recent study on institutional controls the GAO noted that of the 108 Superfund remedy decision documents they examined only roughly a third considered the four key factors EPA has identified to help regulators select appropriate institutional controls:  objectives, mechanisms, duration, the party responsible for monitoring and enforcing the control.
 The consequences of this practice for long term stewardship are of utmost importance.  To be effective over the long term, institutional controls must clearly delineate the roles and responsibilities of the parties involved in maintaining them, and be implemented with an understanding of their objective, to whom they are going to apply.   

 Over the past decade, a number of studies have identified deficiencies in the use of institutional controls at DOE sites.  Pendergrass examined the use of institutional controls at the Grand Junction Uranium Mill Tailings Remedial Action (UMTRA) project site and found that unresolved cleanup issues and a lack of coordination between state and federal agencies hindered the development of institutional controls. 
  McElfish found that the long-term durability of institutional controls was an open question at Mound because local government and DOE had far different expectations and incentives to use institutional controls at the site.
  More generally, criticisms of institutional control have focused on four related concerns: who has the authority to enforce institutional controls, what entity will be responsible for monitoring and maintaining the control over the long term; what groups are most likely to be susceptible to non-compliance, and what pressures are likely to drive non-compliance.

To address the widely perceived limitations of institutional controls, DOE’s Office of Environment, Safety and Health 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.  DOE’s specifies the following implementation goals: 

· “the purpose for controls is identified clearly, need for the controls is well established and has been considered early in planning processes consistent with integrated safety management, and both purpose and need are documented and made available to the public as appropriate and allowed by law;

· mechanisms are in place to ensure controls are effective, implemented as planned, properly maintained, inventoried, periodically reevaluated, and modified as necessary to reflect changes in conditions, needs or technological advancements;

· where multiple institutional control needs or goals exist at the same site, the institutional controls address relevant requirements or goals in an integrated cost effective and protective manner;

· actions are taken to maintain long-term site stability, minimize reliance on institutional controls, and keep maintenance requirements for such controls as low as practicable; and decisions to terminate or reduce controls (e.g., because of mitigating actions, scientific advances, natural attenuation, or changes in policy or programmatic needs) are documented and publicly available, as appropriate.”

The policy is intended to guide site specific and programmatic decisions at DOE sites, and at least on paper, attempts to address many of the deficiencies noted early.  The guidance instructs DOE staff to identify the purpose of the control early in the remedial process and to ensure that mechanisms are in place to ensure the controls are effective and implemented as planned.  It also calls for periodic revaluation and modification of the institutional control is necessary.   Admittedly this is a broad brush attempt by DOE to fashion a more coherent and consistent approach to institutional controls; clearly these policies will be negotiated at individual sites and outcomes will depend on whether or not DOE will retain the site for continuing missions or for the purpose of providing perpetual long term stewardship, or transfer it to another federal agency, or convey it to a non-federal owner or private party.    

And yet, even as broad policies, the guidelines do not adequately address key issues.  It is unclear how institutional control activities will be funded.  Any entity responsible for maintaining institutional controls will incur both initial and operational costs related to planning, liaising with the public, information provision, record keeping, monitoring, inspections, and enforcement.  While DOE may see the use of institutional controls as cost-effective means to reach site closure,  local and state governments are likely to see them as unfunded mandates if they are required to pay for costs associated with maintaining institutional controls.  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 may be compromised.
  

The policy guide also fails to seize an opportunity to help DOE better anticipate the conditions that lead to institutional control failures.   As more DOE sites transfer from active cleanup under the Office of Environmental Management to stewardship under the Office of Legacy Management, DOE could create an institutional control tracking program.  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 of institutional failure to public health and the environment are most acute.  For purposes of long term stewardship, a model institutional control tracking and audit program would help DOE and the public clarify conditions under which existing institutional controls are likely to work, and under which conditions they are ineffective and should not be used as a substitute for treatment.  As it is, we know relatively little about compliance rates, the harms caused by inadvertent or intentional institutional control failures, the thresholds for enforcement employed by state and or local programs, the criteria used to select appropriate enforcement responses, and the costs to maintain ICs and to run IC audit programs.  Like other federal agencies, DOE has increasingly used institutional controls to control exposure at contaminated sites.   Under any long term steward framework, however, institutional controls are only acceptable if they reliably achieve risk levels consistent with federal and state mandates to protect human health and the environment.

Five year reviews

As a lead agency at Superfund sites like Mound, the Lawrence Livermore National Lab (LLNL) and Weldon Spring, DOE is required by CERCLA to conduct post-remedial inspections and reviews on sites where contaminants remain above levels allowing for unrestricted use.  Section 121 of the statute requires DOE to conduct an in-depth review of the effectiveness of the remedy within five years of a completed remedial action.
  The overriding purpose of the five year review is to evaluate the performance of the remedy and to assess whether it is still protecting human health and the environment.
  While DOE is responsible for conducting five year reviews, EPA retains final authority to determine if the remedy is protective.

A typical five year review includes a site inspection, interviews with regulators, local officials, community groups, and residents living near the site, as well as a review of decision documents, and site monitoring data.  EPA’s five year review guidance poses three basic questions to help reviewers frame their evaluation of the remedy:  1) is the remedy functioning as intended; 2) are the exposure assumptions, toxicity data, cleanup levels, and remedial action objectives still valid, and 3) has any other information come to light that could call into question the protectiveness of the remedy.
  

Five year reviews are a key component in long term stewardship.  They are mandated by CERCLA and can only be discontinued when DOE, with the concurrence of EPA, determines that contaminant levels on site allow for unrestricted use and unlimited exposure.  Given the long-lived hazards on many DOE sites, five year reviews could well become a perpetual requirement at many DOE sites where containment remedies are in place and cleanup goals to unrestricted use are not being attained.   The question then is to what extent are five year reviews designed, not simply to assess whether the remedy remains protective, but to revise underperforming remedies and expedite site closeouts.  Moreover, to what extent does the guidance direct DOE in its stewardship role to re-engage community stakeholders after remedies are in place and to elicit useful information about community preferences and values to help inform post-remedial decision making? 

The guidance is designed primarily to ensure that engineering controls, (e.g., landfill caps, pump and treat systems and slurry walls) effectively contain residual contamination, and that institutional controls are in place to prevent exposures that would compromise the remedy.  It couches potentially explosive future land use issues primarily as a matter of identifying changes in exposure pathways and receptors, (i.e., who is likely to be exposed).  And it mentions, but only in a somewhat tepid fashion, opportunities for optimizing remedies:  ‘If readily apparent during the course of conducting five-year review activities, identify any opportunities to improve the performance and/or reduce the costs of sampling and monitoring activities and operating treatment systems.”
 

As an opportunity to broadly re-evaluate the public acceptability of an ongoing cleanup the five year review has various deficiencies.  Given the importance of land use controls in DOE’s stewardship responsibilities, the five year review should be seen as a strategic opportunity for DOE to learn whether the current use of the site is in keeping with the wishes of the local community, to explore how potential land use changes for on-site and surrounding properties can be evaluated to accord with cleanup activities, and to liaise with local stakeholders to better understand the conditions that make institutional control susceptible to failure.  

The five year review does not make adequate provision for another key component of a long term stewardship program; if the remedy is deemed protective, the guidance does little to foster incentives to deploy new technologies that could optimize site cleanups.  In part this is due to institutional inertia and what in many cases has been a long and arduous process to select and implement a remedy.  But it also reflects uncertainty about how to assess remedial performance.  As a recent National Research Council report on environmental cleanup at Navy facilities put it:

“...there is little guidance available to Navy RPMs [remedial project managers] to assist them in evaluating whether remedies are operating optimally or whether remedies are unlikely to attain site-specific cleanup goals and need to be modified to ensure protectiveness...none of the existing guidance on changing the remedy and on site closeout provides a systematic scientific approach to assessing optimization.” 

With respect to involving the community in five year reviews, the guidance offers no firm and fast rules.  Rather it links the level of consultation with the perceived level of public interest and concern. At a minimum, the guide requires DOE to notify the public that a five year review will be conducted and to provide information about residual contamination, details about how the community can contribute during the review process and contact information.
  When the review is completed, DOE is expected to notify the public and provide a brief summary of the results, any follow up actions, and locations where copies of the five year review can be obtained.
 For high profile sites, or sites where there has been a history of community engagement, public comment sessions and other community activities could be used. 
The five year review in many ways sees community involvement as a problem to manage.  It fails to acknowledge that the public is the only entity that will maintain a continuous and long-term presence at the site.  And while many have cautioned about the gradual erosion of institutional memory at DOE sites, one justification for public involvement is that a well informed public may be the best means to maintain the integrity of institutional controls and effective long-term oversight.  

But as the federal presence at the site diminishes, encouraging a high level of community involvement a decade or more after the ROD has been signed is likely to be a steep challenge.  The role of five year reviews could be expanded to support long term public involvement.  An expanded five year review could evaluate the information needs of local communities and consider if the appropriate data and documents are available in a form that contributes to public understanding, a subject we discuss in more detail in chapter 4.   Five year reviews can also me a means to evaluate public involvement efforts.  The 2005 National Defense Authorization bill established local stakeholder organizations at Rocky Flats, Mound, and Fernald for the purpose of soliciting and encouraging public involvement, disseminating information, and transmitting concerns to representatives of the Department of Energy.   It is unclear how membership on these LSOs will be determined, what set of activities each LSO will undertake, and how LSOs will carry forth the work of the citizen’s advisory board at each site.  An expanded five year review process could track and analyze the efforts of these organizations over time.   

Chapter 3

Planning for Failure, Long Term Maintenance and Monitoring



This Chapter addresses two issues in connection to long-term stewardship.  The first addresses the need to deal with uncertainty in long term stewardship (LTS), and to plan that systems will inevitably break down.  The second addresses the role and importance of long term monitoring in dealing with uncertainty and having a capability to adapt the management of the site.  
Planning for Failure 
Many of the challenges of LTS are associated with the potentially long time frames for residual contamination and dealing with the associated uncertainties about the fate and transport of contamination as well as changing site conditions.  Many waste management techniques at DOE sites do not eliminate contaminants; instead, contaminants are stored in the subsurface or on the surface, where institutional and engineering controls are designed to provide containment and/or protection until the hazard is reduced to regulatory standards.  The best available technology is most often used in the design, construction and monitoring of these site. However, we know from experience that best available technology is rapidly changing, and risks to human health and the environment will remain even after regulatory-approved environmental remediation operations are complete. 

The DOE sites that enter the LTS phase are designed to maintain safety until they are no longer a risk to humans or the environment. The protective measures include a combination of engineered and institutional controls. Unfortunately, experience with a large number of waste management facilities both within and outside of DOE control provides ample evidence that the controls fail to maintain protectiveness over long time frames. A study of approximately ten waste management sites have shown that even with the best of controls available at the time, there were substantial failures. 
 Without continued human intervention to correct these errors, contaminant isolation facilities will fail, given the longevity of the contaminants. Groundwater and vadose zone engineering controls (as are in place at LLNL) and landfills (Weldon Spring and LLNL), will ultimately fail without continued human intervention, given the longevity of the contaminants (i.e., half-lives rates greater than 100 years). Therefore, planning that there will be inevitable failures should be a necessary part of the LTS plan.

Engineering advancements have led to improved construction materials and design that improve the system reliability. Most engineering controls are designed to perform within expected ranges. Models are used to predict potential long-term performance; however, even with the best of information models often do not predict failure of the containment system or failure of the controls.  Institutional controls that are designed to provide protection for long periods are also not well tested and failure will be difficult to avoid, without a vigilant and robust monitoring program. The consequences of failure will be site-specific because they depend on the nature of the contamination, the geophysical environment (which will define potential exposure routes and rates), the human and environmental receptors exposed, and a host of other factors. Failures could also be the result of the not understanding the full extent of the problem in the first place.

A case in point is the failure of the waste pits at Site 300 at LLNL. During the 1960s and 1970s, several unlined pits were filled with the residues from tests conducted at the site.  These residues contained depleted uranium, tritium, and explosives. They were closed in the late 1970s through the late 1980s. In the early 1980’s, there was an extreme rain event at the site.  Although the pits were covered with at least three feet of soil, preventing massive infiltration, tritium and uranium were mobilized due to a rise in the water table that saturated the fill.  Concentrations of tritium in groundwater downstream from the pits were measured as high as 1.8 million pCi/L in 1984.  This extreme event was thought to be an anomaly, and no remedial action was taken.  Pits that were still not closed, but did not contain much waste, were covered with RCRA compliant caps.  Despite this occurrence, in the mid 1990s, several additional extreme rain events washed tritium and uranium (1.3 million pCi/L to 1.4 million pCi/L of tritium) from the pits by the same mechanism as in the early 1980’s. These events resulted from El Nino heavy rainfalls, which were not recognized as a regular phenomenon when it first occurred. Also, in the 1980’s, LLNL staff thought that most of the tritium had been released from the pits.  No effort was made to hydraulically control it; partially based on models indicating that it would not contaminate groundwater off-site.
  Also unexpected by LLNL staff was that these pits were changing the oxidation states of depleted and naturally occurring uranium, thus mobilizing it. A third information failure developed because monitoring wells were detecting tritium where the models did not predict it would be.  Later investigations discovered that a very narrow sand lens was acting as a pathway to areas that were unexpected. Because of the continued releases, LLNL proposed in 2005 to install hydraulic controls that would be designed to prevent mobilization of tritium and uranium from the pits.  It also agreed that it would treat the uranium contaminated groundwater. 

A useful way to model such potential failures is through fault tree analysis.  Kostelnik used a fault tree analysis to identify failure mechanisms that could occur with engineering and institutional controls. Fault tree analysis is a process used to clarify how undesired events can occur and how efforts can reduce system failure. An analysis of the details of the system is then performed to determine logical ways in which the undesired event could occur.  Kostelnik posits that a number of errors could occur when carrying out institutional and engineering controls that would lead to the failure of any “contaminant isolation system”. For the former these may be caused by failures in information management, stakeholder awareness (e.g., public disclosure error, lack of involvement), zoning (zoning change, failure to enforce), ordinance (failure to enforce), deed restrictions, permits, other legal orders, contracts, or government ownership. All of these failure mechanisms have a monitoring aspect: that is, they must be monitored to ensure that the protection provided by these factors remains in place. For the latter, these may include site security (including signage, fencing, and access control), surface covers (includes improper design, construction, or maintenance), active process errors (includes improper design, construction, or maintenance), or subsurface barrier errors (includes improper design, construction, or maintenance).
 Therefore, it should be assumed that system failure will occur, and LTS and adaptive strategies should be planned to reduce the probability of system failure.  This involves a system whereby maintenance, long-term monitoring, and comprehensive recordkeeping are integrated through the life of LTS. 
Long Term Maintenance and Monitoring

Long-term maintenance and monitoring are required to ensure that hazards left behind are fully contained.  These activities are required for active processes (e.g., groundwater treatment systems, monitored natural attenuation), passive containment facilities (e.g., engineered landfills, stabilized wastes), associated institutional controls, and the monitoring system itself. Maintenance activities for LTS are more likely to be prescribed for the physical systems (i.e., engineering controls) so they are only briefly described. However, maintenance is integral to a good monitoring plan, and lines between maintenance and monitoring are often blurred. 
Long-Term Maintenance

Maintenance activities fall into four categories. The first are associated with maintaining the ongoing treatment of contaminated groundwater or soil.  Activities might include maintaining power supply and equipment. The second is associated with engineered landfills and other barriers (e.g., slurry walls).  Activities may include repair and replacement of surface covers (which are likely to be needed if the landfill is going to be in place for any length of time).  They might also include repairing access controls (e.g., signs and fences), irrigation, cutting vegetation or selectively applying fertilizer or herbicides, or applying rodent control. The third is maintaining the institutional controls discussed in Chapter 2. Activities may require making sure that information as required by the controls is up to date.  The fourth is maintaining the physical monitoring system.  Activities may include maintaining electrical supplies, and repairing replacing sensors and other monitoring equipment.  An operations and maintenance plan, similar to those required under CERCLA and RCRA, should be part of every LTS plan.  Most of the maintenance activities are implicit in a good monitoring program.  
Long-Term Monitoring

A systematic monitoring program is critical for evaluating the long-term performance of remediation facilities and other hazard control activities when a site enters the LTS phase.  Monitoring involves the active investigation and observation of processes, operations, structures and controls applied at a specific site. 

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 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 identifying gaps in knowledge.  For example, risk factors for certain contaminants may change with continued research, as well as contaminant movement through various media.  The conceptual model should be frequently updated/modified based upon the monitoring data and other scientific information until the residual risk diminishes to the point where the site can be released for unrestricted use; sometimes this may take very long periods of time.

Like the maintenance activities, monitoring activities fall into four categories: monitoring active treatment systems, monitoring landfills and other passive barriers, monitoring institutional controls, and monitoring systems used to monitor the site.  In order to fully capture all the monitoring activities required at LTS we discuss the role of monitoring in each of the four categories. There are certain common aspects and challenges to each of the physical monitoring categories, and these are described following the fourth category. These include: visual inspection, developing advanced technology used for monitoring, periodic review and addressing community concerns.
Active Treatment Systems

Active treatment monitoring systems establish contaminant concentration trends, monitor the effects of remedial actions and compliance with applicable standards, and provide data for use in modeling.  Monitoring should provide the information needed to track conditions at the site, determine whether the selected remedies remain effective over time, provide information to decide whether remedies should be altered, and guide decisions on when to stop individual stewardship activities. An ideal plan should monitor groundwater, surface water, air emissions, ecological changes, and public health. 

Groundwater monitoring systems are usually the most comprehensive and developed at active treatment sites.  Monitoring systems may include plume definition wells, boundary wells, compliance wells, and water level monitoring. Surface water is monitored to ensure that water quality, especially water leaving a site, meets applicable standards. 

Surface water monitoring should focus on a variety of factors with the goal to measure the quality of surface water that may be effected by operation of the remedy.  Consideration should be given to sampling water quality of springs, streams that run through a site, effluents from treatment systems, inflows to ponds, stream flows.

Air monitoring systems need to measure ambient air quality, air emissions from treatment systems and site operations, and meteorological data. Meteorological data includes wind, temperature, barometric pressure, and rainfall.  Air quality monitoring provides important information that can indicate process performance and health risk.

Ecological monitoring includes identifying the types and locations of animal and plant species, monitoring and delineating wetlands and other aquatic ecosystems, and determining the presence of threatened, endangered, and state special-concern species. This aspect of long-term monitoring is often overlooked, but provides crucial information on possible changes in environmental features.  For example, there did not seem to be an established ecological monitoring program at Weldon Spring, even though the surrounding site is a recreational conservation area where fishing is allowed. Community members were concerned that fish populations were not sampled.

All monitoring data, including hydrogeologic, have uncertainty associated with them.  Both the measurement technique and the inherent variations in a given system contribute to this uncertainty. This uncertainty should be quantified as much as possible, and incorporated into monitoring plans. 

A major challenge at both LLNL and Weldon Spring is monitored natural attenuation (MNA).  At Livermore Site 300, the proposed remedy for tritium plumes that escaped from the pits (described previously), after hydraulic control is established, is to allow tritium to naturally decay (half-life approximately 12 years).  Although current models indicate that tritium will decay to below drinking water standards at the site boundary, hydrological models are often proven wrong.  At Weldon Spring, the issue is more complicated.  A dissolved uranium plume is heading for regional water supply wells.  There has been indication that the uranium becomes immobile because it changes oxidation states as it crosses underneath a stream channel.  Environmental changes that disrupt or alter this process (e.g., geochemical changes) should be periodically checked.  Because of the long half life associated with uranium, plus the proximity to regional drinking water supplies, this plume must be monitored well into the future.

Also, at Livermore a comprehensive monitoring network has been installed at both sites.  For the task at hand (i.e., cleanup), most if not all of the monitoring is installed and compliance reports are issued periodically.
  However, since the plans deal with a relatively short-term perspective, a more comprehensive plan would have to be developed for LTS.  At Site 300, the plan includes groundwater and surface water monitoring, inspection of landfill sites, treatment facility monitoring, risk and hazard management program; data management program; reporting; and, a contingency plan. 
Passive Containment Systems

Engineered designs stabilize contamination and provide barriers to physically contain and isolate waste.  Some of the more common types include landfills designed with vertical and horizontal barriers, in place (in situ) stabilization, groundwater barriers (e.g., slurry walls), permeable reactive barriers, surface water diversions (e.g., dams, ponds, and ditches), and vaults or repositories.  Each will require its own set of monitoring parameters to ensure performance. At most DOE sites, these systems will remain after site closure and even transfer, and monitoring the performance of these systems is a key objective.

Monitoring for the same general categories for active treatment systems is required. The difference is that in passive remedies, wastes are left in place, and monitoring must take place over a longer period of time, often in perpetuity. After some length of time, we expect that the monitoring activities will become less frequent.  As DOE is already facing severe budget problems in meeting its environmental restoration goals, more effective and less costly monitoring techniques and systems are needed. There will be of a demand to develop remote sensors that can monitor performance (see subsection on Common Aspects and Challenges).

Engineered landfills and other barriers have finite design lives. Periodic monitoring is necessary to alert site managers to breakdowns of controls and hazardous substance releases. Most surface covers, particularly those on landfills must be monitored and maintained to ensure that the contaminants contained do not migrate from the facility.  The life-span of modern surface covers is yet unproven.  Environmental factors such as settling, erosion of the cover, die-off of protective vegetation should all be anticipated events.  Natural events, such as earthquakes, can affect the engineered structures by inducing erosion, bio-intrusion, subsidence, material degradation, infiltration and seepage. Monitoring moisture to indicate a problem at the landfill boundary is often a good indicator of cover performance, and is emerging as a standard monitoring approach for landfill. Moisture data also enhances specific site understanding of the transport pathways and processes that influence contaminant movement. A variety of sensors are being developed to monitor moisture around landfills (see subsection on Common Aspects and Challenges). 

With most modern landfills, there is also a leachate collection system that will be designed to capture liquids flowing down through the fill.  This system also acts as a monitoring system and can show trends that may indicate that infiltration is occurring at a rate that is beyond of design basis. If leachate has to be treated before discharge, then the treatment system itself must be carefully monitored.  Experience at a large landfill site has indicated that the treatment system, together with the leachate collection system piping has been one of the largest contributors to unregulated discharges.  At many landfills, there are holding ponds and dams.  Integrity of the dam needs to be monitored as well as it operation. 

Subsurface barriers such as slurry walls are designed to hold water in.  Unfortunately, these too fail.  If water level on the downward side of the barrier is not consistent over time and cannot be attributed to rainfall, then this indicates failure of the barrier. Subsurface barriers may also be horizontal, such as liners below landfills.  If applied properly these usually have less problems than vertical barriers.  However, when there is no liner, it raises the potential for landfill failure that cannot be detected by any other means than rigorous groundwater sampling.  Weldon Spring is a perfect example of a remedy that could fail, but 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.  There is no indicator that this possibility has occurred except what we derive from the groundwater monitoring system.  Unfortunately, it is not our understanding that the groundwater monitoring system used this pathway in its conceptual model.

At Weldon Spring, it has been recommended that DOE also periodically inspect the contents of the disposal cell to ensure that it remains in a stabilized form.  Stabilization techniques are problematic and an active monitoring of the wastes that were stabilized needs to put in place.  This may require periodic removal and analysis of buried wastes. Also at Weldon Spring it was recommended that surface water in the Missouri River be monitored. Remote sensors in and around the cell and the quarry to monitor moisture were also recommended (thus indicating if the sites are containing wastes, both vertically and horizontally). Ecological monitoring in and around the quarry and cell for possible uptake of contaminants was recommended as well. 

Remaining buildings and structures will also require monitoring. Though the usual approach to physical structures is one of remediation through deactivation, decommissioning, decontamination and dismantlement, certain structures may present a situation in which the short-term human health or environmental risks of conducting remedial activities outweigh the benefits of the remediation. For example, there is a small area at Rocky Flats where most of the buildings were located.  As we understand it, this area will remain closed to any public use. In such cases, LTS or interim LTS, possibly combined with stabilization, is an option, and some form of modified surveillance is necessary.

Considering the timescale for contaminant migration in soils, groundwater, or subsurface vapor, obtaining real-time data may not be cost-effective, so long as there is adequate periodic monitoring. However, as periodic monitoring becomes less frequent, remote, continuous monitoring systems providing real time or near real time data may be required. If more frequent monitoring data would provide valuable information, such as monitoring rivers that are transient in nature, and situations when real-time or near real-time information would provide the a more accurate picture, then this approach may be desired.  
Institutional Controls (ICs) 

Institutional Controls (ICs) include those defined in Chapter 2.  They include community involvement, zoning, laws and regulations, deed restrictions, permits, and any other land-use controls.  The need for monitoring the effectiveness of, and compliance with ICs is not well recognized, and techniques need to be developed to ensure that they are working as intended. The monitoring capability must track the various types of institutional controls, who is responsible for implementation and enforcement, and be able to identify shifts in compliance that can contribute to failure. Information regarding ICs must be a part of the record keeping system as described in the next chapter.

Maintaining community awareness through the application of a Community Relations Plan (required for CERCLA sites) or similar document is an important factor in the success or failure of ICs. The monitoring of community awareness must start with ensuring that obligations that are committed to in a community relations plan are followed. The community should be vested as the repository of information and knowledge as the “last resort”. Institutions and the people running those institutions will inevitably change. Those most affected by site activities have the largest stake. Information handed down through the community is an important safeguard for remembering the site and the potential hazards. If community members are not informed, possible outcomes could include premature suspension of ICs through lack of enforcement or changes. We view this factor as critical in the performance of a LTS plan.  

Community members at Weldon Spring expressed some degree of frustration that stakeholder involvement was limited to only those lived near the site, and some key environmental advocates were excluded from the discussions of LTS. And although the annual inspection verified documents and records, they were not consolidated in one location, making it more difficult for community members to track them down.  At Site 300 at LLNL, there is also concern that if the major advocacy group following activities at the site fails to do so, those near the site will not be informed by DOE.  Many of those potentially affected only speak Spanish, and DOE has not issued notices or information in Spanish.  
Zoning is one of the most common land-use controls in the U.S.  However it is necessary that zoning requirements are not changed as long as the site remains hazardous. For example, sites can either be zoned residential, industrial, commercial, recreational or mixed-use (e.g., Rocky Flats will become a Wildlife Refuge, and the surrounding buffer area not under federal ownership will most likely not be zoned for residential use). However, either because of a lack of enforcement of zoning restrictions, or changes in zoning while the hazards remain, a monitoring capability will have to be built into the plan to address this control.  A possible scenario at Rocky Flats is that scarce resources are located beneath the site and the commitment to keep it as a refuge without mineral extraction will not be heeded. 
Monitoring the monitoring system

Monitors, particularly those developed using remote sensors must also be monitored to ensure that they are still working.  Sensors 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, corrosive media or in harsh chemicals.  In such instances, the sensor(s) may need to be sealed within an inert package and should be accurate for years without replacement or repair, since the sensors are intended to be left in place for extended periods with little or no maintenance. Major issues to consider regarding monitoring and maintenance requirements for sensors are continuous and reliable calibration, useful sensor lifetime, easy retrieval, and easy repair. Smart sensors can serve as sentinels to trigger an alarm if a sensor malfunction is detected. In the event of a sensor malfunction, the sensor should be retractable for servicing or replacement. 

Air monitoring systems require regular maintenance and monitoring to ensure that they are working.  At the Casmalia Landfill site, a perimeter air monitoring system was installed, but the monitors failed to work due to moisture and electrical disruptions. One year’s worth of data was lost, data that has been a major issue for the community.
 
Recently the Department of Energy’s inspector general raised the issue that additives used in drilling monitoring wells at Los Alamos National Laboratory could have masked the presence of radioactive contaminants and compromised the reliability of information on groundwater contamination.
 
Common Aspects and Challenges of Physical Monitoring Systems
Visual Inspection

Visual inspection of the site is an important monitoring technique. For active processes, inspections often look at the physical infrastructure (e.g., pipelines), electrical connections, changes in vegetation that may indicate some release, as well as the inspection of the treatment systems. 

Regular visual inspections for landfills are able to pick up areas where vegetation is in need of care, erosion, or burrowing.  The purposes of the visual inspection at Weldon Spring include: confirming the integrity of the visible features (such as disposal cell and monitoring wells), documenting the site condition, identifying changes in conditions that may affect site integrity, and determining the need, if any, for maintenance or additional inspections and monitoring. The disposal cell inspection at Weldon Spring looked for depressions, shifts in the cell, and other indications of settlement and degradation. Other items for inspection were vegetation, wet areas, apron drains, guard rail, and the stairs. A GPS unit was used during the previous inspection to map any areas that showed some signs of deterioration. Other areas inspected included roads, fences, signage, the monitoring wells, and record maintenance and review. There should be distinct criteria as it related to settlement, and easy to read indicators can be incorporated in the design to provide reference points for settlement or slippage.
 Also, no radiation detectors were used, which would be in order if there were cracks in the liner that were not visible.  If the containment facility has buried radioactive substances, such as is the case at Livermore and Weldon Spring, breaks in the surface can lead to exposure.  There is no radiation testing during inspections, which is an inexpensive means of determining if all radionuclides are contained. 

Site Security

A key element in a LTS monitoring plan pertains to maintaining access controls, fencing and proper markings.  Monitoring must ensure that access controls and markers that were designated in the LTS plan are in place for the life of LTS.  As was recently stated by David Abelson, executive director of the Rocky Flats Coalition of Local Governments, the closure "is primarily designed to protect the (cleanup) from people, not to protect people from the (cleanup)."
 There is nothing as disconcerting as seeing a rusted out warning sign that was used for target practice lying on the ground.

Technology Development 

Regulators that are directly involved in managing DOE sites were interviewed by the Interstate Technology Regulatory Council (ITRC). A majority indicated that real-time data, remote sensing and data transmission, and redundancy in monitoring are considered of importance for successful LTS monitoring. A majority thought monthly or more frequent observation of a site by personnel was important at sites that are in populated areas. Eighty percent of regulators felt that for unpopulated areas on-site human observation was necessary on a quarterly to annual basis.

To the extent that waste will be left in place for long periods of time, monitoring systems should be automated with data transmission via telemetry for remote control and data processing capability. Use sensors of various types (physical, moisture, chemical, radionuclide) to gain the earliest possible warning of the failure of isolation/containment facilities such as landfills, caps, and vaults. The earlier the warning, the earlier appropriate maintenance or corrective action can be taken. Real-time, in situ sensors that measure contaminants to MCL detection levels reliably over extended periods are in development, but except for a few techniques, remain unproven. Designing sensors systems for monitoring surrogate parameters (including moisture content, pH or redox conditions, and barometric pressure changes) that are good indicators of remedial system performance may be more readily achievable. 

Many limitations and challenges exist in regard to sensor development. Remaining calibrated and reliable for long periods of time is of concern.  There is a need to know the relationship between hydrologic factors and the transport of radionuclides.   There is a need to know the distribution of radionuclide contamination in the vadose zone and how it is changing.  Below are descriptions of some of the analytical and sampling technology that are applied or in development.

· Advanced In-Situ Moisture Logging System was designed to provide a system capable of measuring soil moisture content. This parameter is necessary to detect leakage or contaminant movement from a landfill or a contaminated soil site. The detector counts neutrons that have contacted hydrogen atoms, thus measuring soil moisture. Measurements are calibrated to soil moisture and soil density. This device has an approximate radius of influence of about 30 cm. This technique is similar to that used for many years in the mineral and oil industries. It differs only in the spacing between the source and detector. The mineral and oil industries’ probes are widely spaced to detect the presence of hydrogen over much larger area, with a consequent decrease in precision. This technology measures soil moisture in landfills and soil. It is not contaminant specific. This technique does not differentiate between hydrogen in water and hydrogen in the many contaminants found in landfills and other contaminated sites.

· Cone Penetrometer Technology (CPT) is a method of providing “real-time” data for use in characterizing and sometimes monitoring the subsurface, as opposed to older methods of analyzing subsurface conditions in the laboratory. It consists of a steel cone that is hydraulically pushed into the ground at up to 40,000 pounds of pressure. Sensors on the tip of the cone collect data. Standard cone penetrometers collect information to classify soil type by using sensors that measure cone-tip pressure and friction. Initially developed to collect information about soil characteristics, as sensor technology was developed, CPT also became a platform for collecting information about a variety of contaminants. Recent advances in sensor technology have expanded cone penetrometer capabilities to detect the presence of petroleum hydrocarbons. Sensors are being tested or demonstrated for the detection of other organics, compounds, metals, radioactivity, explosives, and soil moisture.

· Cross Borehole Electromagnetic Imaging is used in landfills containing metallic waste. It the contrasts in electrical properties among contaminants enhance the effectiveness of electromagnetic method for site characterization and monitoring. The method is based on radio imaging. This technique measures the strength and timing of a transmitted signal from borehole-to-borehole or borehole-to-surface. The resulting data is similar to medical tomographic imaging, which shows a two or three-dimensional image of a body structure constructed by computer from a series of flat cross-sectional images made along a certain axis. The resolution (smallest object imaged) is 1/20 of the distance between the transmitter and the receiver. At Sandia National Laboratories’ Chemical Waste Landfill (CWL), the resolution is approximately 1.5 feet. Cross Borehole Electromagnetic Imaging optimizes sampling, fills in gaps between boreholes, distinguishes between water soluble and organic contamination, minimizes drilling and sampling requirements, and does not require radioactive sources. This technique is sensitive to changes in moisture content, permeability, and water chemistry. Therefore, it can characterize changes in the landfill system and the zone between the landfill and the water table. The technology has been demonstrated at DOE remediation projects at Fernald, Rocky Flats, and the Idaho National Engineering Laboratory.

· Three-Dimensional (3-D) Electromagnetic Resistivity (i.e., resistance) surveys are used to develop high-resolution images of subsurface contamination zones and local geologic features. In a 3-D resistivity survey, an above ground electromagnetic coil transmits a magnetic signal through the ground to a receiver located in a well. This receiver records the signal strength at various points, from near the surface to the bottom of the well (often deeper than 300 feet). Differences in signal strength, caused by different materials’ varying inherent electrical resistance, indicate the presence of different materials beneath the surface. For example, free hydrocarbons can be detected because they are highly resistive compared to subsurface waters. Large pockets of contaminants, such as dense non-aqueous phase liquids (DNAPL), can also be detected. The above-ground coil is moved to a succession of surface locations on a predetermined grid, and new measurements are taken until the entire site is mapped. It appears that this technique is appropriate for large concentrations of contaminants. However, it is not clear which contaminants can be successfully identified, or if there are situations where false readings are likely to occur. The 3-D resistivity method is not a stand-alone means of effective site characterization. The technique is interpretative, and it requires confirmatory (validation) sampling and chemical analyses to verify that subsurface contamination is present. The 3-D resistivity survey has been used in exploration for oil and gas, as well as subsurface fresh water, since the 1950s. It is still being field tested for use at contaminated sites.

· Time Domain Reflectometry (TDR) Sensor and the Fiber Optic Relative Humidity (RH) Sensor are two sensors for the cone-penetrometer that permit real-time, continuous measurement of soil moisture content.  Both are critical parameters for modeling the fate and transport of contaminants in the subsurface. The TDR sensor employs an electromagnetic pulse technique to quantify moisture content. It measures the time for a pulse to travel between the beginning and end points of the probe and converts this transit time to a distance. As the moisture content of the soil increases, the distance increases. The RH sensor quantifies capillary pore pressure in dry unsaturated soils. Two optical fibers measure optical energy across a porous polymer sensor. When water vapor is present, the optical energy is altered. The pore pressure is calculated from this relative humidity measurement.

· The Geosynthetic Membrane Monitoring System (GMMS) was also developed by Sandia. Geosynthetic membranes are used in landfill caps and liners. These relatively thin (e.g., 1.5 millimeter) layers of high-density plastic prevent rainwater infiltration through caps and prevent leachate migration through liners. After installation, site managers usually know little about the status of these membranes. Current practices usually involve drilling nearby wells to monitor sites. The GMMS consists of fiber optic lines and sensors embedded into the geosynthetic membrane material. Sensors can measure subsidence, moisture content, and fluid levels. They can also detect tears in the membrane, detect local subsidence where drums and waste boxes may have collapsed, determine hill slope stability, and monitor road and runway stability. However, leaks, tears, and other factors cannot be detected unless there is a sensor nearby. The effectiveness of this innovation thus relies on the density of the lines and sensors.

· Immunoassay Tests are designed to detect specific chemicals by measuring the chemicals’ response to specific antibodies. Antibodies are developed specifically to bind with organic compounds [e.g., polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), and pesticides]. The antibodies do not respond to dissimilar substances. For example, antibodies may be coated inside a test tube. A sample is added to the test tube followed by a chemical that reacts with enzymes released by the antibodies. This chemical changes color in response to the enzymes. Color change in an extracted solution is related to specific contaminant concentration. The tests can be conducted in laboratory settings or in the field. When immunoassay is used as a screening tool, it will not pick up chemicals that are not suspected of being there. It is not appropriate if quantitative results are required

· Immunosensors are similar to immunoassay tests in that they are based on the principle that the immune response of certain biological species (usually bacteria) to contaminants will produce antibodies, which in turn can be measured. Two immunosensors were developed to test water and soil contaminated with explosive compounds, such as trinitrotoluene (TNT) and Royal Demolition Explosive (RDX). The fiber-optic biosensor determines the level of contamination by measuring the level of fluorescent activity caused by the introduction of a biological sample to the system. The fiber-optic biosensor works when contaminant molecules compete with fluorescent antibodies on the sensor. A decrease in fluorescent activity caused by contaminants binding onto antibody sites corresponds to the level of contamination. 

· The In-Situ Permeable Flow Sensor uses a heat source to measure groundwater flow velocity. The instrument consists of a cylindrical heater with 30 calibrated temperature sensors on its surface. The sensor is placed in the zone to be measured. The heater is turned on until the sediments and groundwater surrounding the probe are warmed by 20 to 30 degrees Celsius. In the absence of any flow past the probe, the temperature distribution on the surface of the instrument will be symmetrical. When there is flow past the probe, the moving water changes the heat distribution on the surface, thereby causing it to become asymmetrical. Thus, water flow rate can be extrapolated. The key to accurately measuring groundwater flow velocity with this technology is to bury the tool in the ground in direct contact with the formation. This avoids all the negative effects that may result from the presence of a borehole, casing, screen and gravel pack. The technology is appropriate only in saturated, unconsolidated (i.e., material that is relatively permeable) sediments.

· Passive Soil Gas Sampling and Screening Technology utilizes tubes containing an absorbent material, placed in a matrix near the surface. As contaminants in the soil and groundwater evaporate, gases are sorbed onto the material. Minute quantities of soil gases sorb to the material in the collectors. The success of the tubes depends upon gas reaching the sampler. Barriers such as dense clay, as well as the depth and type of contaminant, affect the usefulness of this tool. Lawrence Livermore National Laboratory has used this technique extensively for the rapid screening of groundwater and soil contamination at its two Superfund sites.

· The SEAtraceTM System uses a low-cost, early detection method to both verify subsurface containment emplacement and monitor long-term performance. The system is non-destructive and minimally intrusive. It works by injecting a non-toxic tracer gas into a barrier. The gas diffuses through the barrier and through any breach into the soil (vadose zone) surrounding the barrier. A vapor sampling system outside the barrier is used to detect the tracer gas. Measured concentration histories from the various sampling points are used in a model to find the probable location and size of the breach. It can sample up to 64 ports and analyze barrier integrity within 30 minutes. The system is robust, and unattended, it can monitor a site for months.

· Subsurface Gamma Ray Detectors have been advanced by DOE. Because gamma radiation is more penetrating and travels further than alpha or beta radiation, and because most radionuclides produce some gamma radiation, gamma detection is the most common form of radiation detection. The crucial component of any gamma-measuring device is the detector, which is a component producing electrical signals as a result of the interactions of the gamma radiation. The following are descriptions of the most recent innovations that DOE has demonstrated and evaluated to detect gamma radiation in the subsurface.

· Spectral Gamma Probe -The Spectral Gamma Probe is designed for the in-situ detection of subsurface radionuclides. The gamma radiation detection system is driven into the subsurface using a cone penetrometer truck. Gamma rays emitted by the radioactive waste are collected and this energy spectrum is analyzed to identify radioactive constituents and their relative concentrations. 

· Slim-Hole Gamma Ray Log - Slim-hole gamma ray tools using sodium iodide (NaI) scintillation crystal detectors are best suited for high radioactivity environments. (A scintillator is a material that gives off light when a charged particle passes through it. Typically it is a form of plastic, produced with traces of certain elements that are readily excited by the passing charged particle and then rapidly decay, thereby producing light). At LLNL, a slim-hole gamma ray drilling log detector was improved upon by doubling the scintillation crystal volume. This approach is of value in low radioactivity environments. 

· Thermo Alpha Monitor (TAM) has been developed to detect and analyze alpha-emitting radionuclides. Effluent waters leaving contaminated DOE sites sometimes contain alpha-emitting radioisotopes, such as Uranium-238, Uranium-234, and Plutonium-239. Currently, surface and ground waters at contaminated DOE sites are monitored for alpha emitters (and other contaminants) by intermittent sampling, with analysis at a central laboratory. Shortcomings of the current approach include spikes (high, intermittent values) that are often undetected, a long time delay between sampling and data availability, and multiple handling and processing steps that make this approach susceptible to errors and mistakes. In demonstrations, TAM has been proven to accurately measure naturally-occurring and transuranic alpha emissions. The technology provides an on-line, in-situ method of collecting and concentrating dissolved radionuclides on a solid surface, with rapid quantification of specific, alpha-emitting particles. 

· The Vadose Zone Monitoring System provides unattended, automated, “real-time” monitoring of soil vapor. (The vadose zone is the zone between ground surface and the water table). An instrument, installed in single or multiple wells, provides gas sampling at up to 64 sampling ports. Measurements indicating changes in vapor movement suggest contaminant movement. This sampling system identifies, measures, and stores the concentration of up to five target gases. It shines an infrared light on the gas sample in a chamber, and sensors monitor the response of the gas to the light. The standard practice for vadose zone monitoring is to monitor groundwater wells for contaminants. This approach may be problematic at a site with a relatively deep groundwater table. By the time contaminants are detected in the groundwater, significant vadose zone contamination will have occurred. Therefore, monitoring the vadose zone of the remediated site instead of the groundwater permits earlier detection of a contaminant release. Contaminants detected are volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs).

Addressing Community Concerns

As mentioned in the IC monitoring section, maintaining community awareness about the site is a crucial component of overall monitoring. The community should be vested as the repository of information and knowledge as the “last resort”. Institutions and the people running those institutions will inevitably change. Those most potentially affected by site activities have the largest stake in safety and the environment in they live. Information handed down through the community is an important safeguard for remembering the site and the potential hazards. Below are a number of general issues relating to how communities deal with technical issues with regulators and better participate in the decision making process. 

· Monitoring data is only valuable if it becomes understandable information. The community must draw upon its own resources or hire independent technical support to help it get through the maze of technical data. However knowledgeable and competent “volunteer technical experts” are, there is no assurance that they will be able to offer this assistance consistently and reliably over the long periods of time envisioned by LTS plans. At Superfund sites, the role of providing independent technical advisors is funded by US EPA Technical Assistance Grants.  A consortium of universities provides technical support to Brownfield communities and Native American communities under to the EPA funded Technical Outreach Service for Communities (TOSC) program. The Department of Defense provides independent technical support to Restoration Advisory Boards (RABs) under its Technical Assistance for Public Participation (TAPP) program. Each of these programs has as its goal to help communities understand the underlying technical issues related to contamination so that they can more readily participate in the decision-making process.  There is no such program for LTS. Full funding of independent technical advisors not only helps to translate monitoring data into meaningful information, but also helps keep track of many of those items that the community does not have the resources or capacity to follow.

· Monitoring data is also only useful if it is 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, many of those potentially affected only speak Spanish, and DOE has not issued notices or information in Spanish.

· The entire interested community must be notified and be kept informed. Community members at Weldon Spring expressed frustration that most stakeholder involvement was limited to only those who lived near the site, and some key environmental advocates were excluded from the discussions of LTS. For example, the leachate is collected and treated by the Metropolitan Saint Louis Sewer District (MSD) under a state permit; thus residents of St. Louis have a real interest in monitoring data and making sure that it stays in compliance.  However, most community involvement activities by DOE concern residents of St. Charles County, which does not include St. Louis. Although welcome to attend meetings of the Weldon Spring Citizens Commission (WSCC), only a few individuals outside of local and state government, plus the few community members on the commission were involved.  

· Communities have a responsibility to participate in decisions. DOE has an obligation to make sure that funding for communities is available to support the various types of involvement: However, if discouraged because of some of the following reasons, communities will be unprepared to fulfill this responsibility:

· data is too impenetrable

· clear connections are not made between the remaining hazards, public health and environmental quality, and the decisions

· interested parties are not notified

· meetings and events to inform the community have no real connection to decision making at the site 

· examples of the decisions that the community should be involved in and noticed include:

· substantial changes in the remediation strategy have occurred, including any ROD amendments

· there have been substantial changes in cleanup standards or identification of new pathways (e.g., vapor intrusion at sites) or new chemicals of concern 

· there have been substantial changes in the monitoring plan (over the course of time we expect that some monitoring wells will have to be replaced or abandoned, the monitoring will become less frequent)

· there have been significant land-use changes that could alter the protection provided by the remedies, or changes in the land-use that can potentially increase exposure

· there have been significant decommissioning and waste removal activities

· if DOE has transferred responsibility to another entity
· DOE has a responsibility to inform the public of key performance parameters, notify the public when there is significant failure or achievement of goals. 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 plume, and progress towards meeting cleanup standards.  For example, at Weldon Spring, if there is any detection of uranium in groundwater that is higher than expected, DOE should inform the community.

· Public health information related to the potential or observed affects of hazards at the site should be distributed to the public and to health providers in the area. Additionally, if there have been any reports of health problems associated with site activities, the LTS plan should develop a health monitoring plan. At both Livermore and Weldon Spring, community members and organizations such as the Physicians for Social Responsibility have endorsed this requirement.
Chapter 4

Record Keeping and Data Requirements for Long-term Stewardship


This chapter discusses the requirements of information management systems to satisfy both technical and community interests. In order to protect human health and the environment during long-term stewardship (LTS), many different types of individuals will 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 in offsite areas, and those such as community planners who are responsible for decisions that may affect the surrounding communities. Information needs will evolve over the long time frame during of LTS, until there are no residual hazards, and perhaps beyond.  Therefore, it is not possible to predict what specific information will be needed in a 100 to 1,000 years from now. 

An overarching finding among many of the evaluations of LTS is that developing the necessary data management system is critical to the success of LTS. Failure could result in delay and/or increase the costs of site closure and transfer, and compromise the ability to protect human health and the environment. Without the appropriate data about residual hazards, it will be difficult to conduct responsible long-term stewardship activities and make future decisions that adequately protect human health and the environment. 

CPEO has broken down data management challenge for LTS into three components:

· Compiling the most accurate and reliable information necessary 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 can be adjusted to account for new technologies, changes in regulatory requirements, and to support the principles of adaptive site management.

In our evaluation of the literature and our sites visits, we cannot give DOE high marks in any of these areas.  DOE contracted with ICF-Kaiser in 1998 to evaluate data management requirements for LTS.
  This report provided a comprehensive analysis of the then current data requirements, reasons for recording and retaining data, and management systems that could be used to access and index these data. Generally, in large part, we agree with most of the ICF-Kaiser findings and recommendations, and will not try to re-invent the wheel.  We will borrow liberally from this study, and add CPEO recommendations where appropriate.  

Compiling Necessary Information

Site managers, regulators, cities and towns, transferees and community stakeholders will all need detailed information about the location and nature of residual hazards, the processes that generated them, and the engineered and institutional controls that are part of the remedy. This information must serve multiple audiences, ranging from technicians and regulators to non-technical community members.

ICF-Kaiser identified seven general activities that require long term data records. These activities may require different audiences. 

· Monitoring hazards and maintaining engineering controls. 

· Emergency response. 

· Compliance oversight. 

· Resource management. 

· Providing administrative support for long-term stewardship activities. 

· Site redevelopment. 

· Community planning. 

As a result of these activities, ICF-Kaiser identified the following 12 distinct types of information needed to support LTS.  

Existing hazards. Records include the location, type, condition, likelihood to migrate, and vulnerability (e.g., to fire, rain, earthquakes) of radioactive and chemical hazards left onsite after cleanup. 

Past and present releases and accidents. Includes reports and other related data on past and present releases and accidents and any documented or suspected exposure levels.

Hazard removal. This information pertains to site hazards that were removed to a point that allows unrestricted use, including supporting documentation to demonstrate that the hazards are no longer present.

Engineering controls.  Information should include the location, type, and condition of engineering controls, including schedules for maintenance or other related actions required to ensure adequate protections remain in place.

Process history. This information includes a general history of the site; its historical mission(s); its role in the design, testing, production, and dismantlement of U.S. nuclear weapons. 

Historical infrastructure. Records should indicate facilities, pipelines, and other infrastructure that have existed onsite; where they were located; and for what they were used. 

Post-closure/transfer operations and infrastructure. Records should describe the operation of the site after closure including post-closure monitoring data, compliance reports, remaining buildings/facilities, processes, pipelines, infrastructure, and effluent monitoring.

Regulatory framework (past and present). Includes any compliance agreements, regulations, site closure agreements, permits, or other legal requirements associated with long-term stewardship activities at the site.

Transfer/closure and post transfer/closure requirements. Information includes any specific monitoring, maintenance, or reporting requirements established as a part of site closure agreements, as well as specific reporting schedules established for monitoring or other data.

Real estate records. Includes real property records related to acquisition of the site, easements and other access rights, and water rights. 

Cultural and natural resources. Includes the location, type, and condition of onsite natural resources (including minerals, land and water resources, and habitats/species of concern). 

Geophysical characteristics. This information includes site topography, site hydrogeology, geotechnical hazards, and public exposure data.

Kaiser made the recommendation regarding this area:

· DOE should develop a consensus on stewardship data needs and the types of information that are required to meet these needs. Sites should evaluate the potential gaps in current information management.

· DOE should establish a process for assessing the value of data which access is currently restricted (e.g., classified or litigation-sensitive records) so that it can be merged with other stewardship data when restrictions no longer apply.

Generally, CPEO supports these twelve categories, with the following additions.  The Kaiser Study does not identify health providers as being an activity, and therefore does not deal with the distribution of health data. Both at Weldon Spring and Livermore, community groups have requested that information be distributed to health personnel, and that available medical records pertaining to the surrounding community be compiled, evaluated and stored.  The Kaiser also study failed to address how the community should be involved in selecting the data that is needed.  CPEO recommends that the LTS plan actively and frequently involve the community in establishing the scope and breadth of the data to be selected for the record. 

It is not clear from our review of the literature or our site visits if DOE has made a systematic effort to compile the information suggested by ICF-Kaiser.  The INEEL LTS Plan lists documentation that it must keep historically (e.g., permits, facility history reports, waste manifests, occurrence reports, monitoring data, as built drawings). However, at Weldon Spring, the state regulators and community members cited that there was not sufficient information available on the location of contaminants. For example at Weldon Spring there were criticisms that three dimensional maps showing the location of pollution were not available.  There was concern that future community planners and state workers would not know the location of contaminants (e.g., if roads were expanded over contaminated areas, there is concern that road workers will risk exposure).  Also, not enough information was available with respect to the location of some radioactive substances.  Community members at Weldon Spring also were critical of the way that information was displayed (i.e., it was too technical to be understood by lay people). At LLNL, there has been an ongoing criticism that site characterization data is incomplete (See the Case Study for LLNL, where DOE has low confidence of some of the characterization).  Also, most building specific information at LLNL is classified and not available for review.  Based on our review of available data, CPEO does not believe that an adequate effort is being made to compile data with an eye towards long-term stewardship.

Retaining Data

There are numerous instances at hazardous waste sites, nuclear sites and DOE facilities where incomplete or faulty data records, or lost records, have resulted in substantial extra costs to the community and to the responsible entity.  At DOE sites, from the beginning of weapons production, records were not managed or recorded with an eye towards the future.  Accurate and complete records describing the types of waste disposed of, the nature and location of buried waste, past releases, and other aspects of site contamination were not retained. This has resulted in enormous expenditures of resources to reconstruct site information.  For example, almost all of the landfills at DOE sites have imprecise records of what went in, so as to make monitoring and other aspects of LTS more difficult.  Even carefully stored Transuranic Waste (TRU) at each DOE site have conflicting and unreliable records.
  In the early 1990’s, DOE reported that LLNL couldn't account for 5.5 kilograms (12 pounds) of plutonium in its stockpile. 
  This could be attributed to releases to the environment, quantities that remain bound in the ventilation and sewer systems, theft, or incorrect weighing of the plutonium.

Laws such as CERCLA, the Resource Conservation and Recovery Act (RCRA), and the Atomic Energy Act (AEA) contain requirements for generating information; however, they are not necessarily identified as data intended for future stewards. Additionally, there are few requirements in these laws with regard to data preservation for long periods. For example, in the case of certain NRC-licensed facilities (e.g., Uranium Mill Tailings Remedial Action sites, Battelle Columbus Laboratories, Piqua Nuclear Power Facility), records of the disposal of licensed radioactive materials need only be retained until the NRC license expires. 

Currently, once a piece of information is generated, it may become a record as defined by the National Archives and Records Administration (NARA). Records are used for a period of time, and when no longer needed, either preserved permanently or saved for a specified period of time, then destroyed. Hard copy records (e.g., books, reports, maps) are typically preserved by placing them in boxes, indexing the boxes, and shipping the boxes to an interim repository at the site. Large sites such as Oak Ridge and Hanford have dozens of interim repositories. Once records are placed in an interim repository, they are stored for varying periods of time until they are either destroyed or shipped to one of several archival repositories managed by NARA. 

Under current practices, records and indexes may be either electronic or hard copy. Electronic indexing systems are used for both electronic and hard copy records. In addition, hard copy indexing systems are used for hard copy records. It is not clear whether any hard copy indexing systems are used for electronic records, but if so, they are probably uncommon.

Kaiser divided this data preservation into two parts. The first involves maintaining physical control of the media on which the information resides and ensuring the physical integrity of these media. Reports, electronic databases, photographs, and other types of information must be adequately stored, maintained, and archived. The second aspect involves recording and preserving what we need to know about the information in order to understand enough about it to use it in the future. 

The Kaiser Study recommends that DOE needs to begin planning for the eventual transfer of this information now, to prevent it from being lost. DOE also needs to begin identifying who will need this information, what specific data will be needed, and how the appropriate information will be preserved. The following specific actions are recommended to achieve these objectives:

· DOE should train site personnel to ensure stewardship data preservation.

· DOE should provide for adequate funding to ensure sites will preserve stewardship data. 

· DOE should identify appropriate entities that would manage or use stewardship data, identify their roles and responsibilities with regard to these data, and actively coordinate stewardship data efforts with each entity.

· Sites should transfer stewardship information to an offsite stewardship entity(ies) as rapidly as possible. 

· DOE should archive information in a user-friendly way. This means that a person without an intimate knowledge of the site or the technical terminology used during weapons production and site cleanup can understand how to search for and find the necessary information. Employing common terminology will increase the utility of stewardship data for the long-term.

A high level of concern has also been shown by regulators
 regarding the problem of maintaining institutional memory and long-term accessibility of information. The major limitation identified in currently used technologies is limited accessibility and long-term usability of data/records. 

CPEO agrees with the Kaiser suggestions, although we are not convinced that transferring data to another entity is imperative, or even prudent. We think that data retention is as important as compiling the actual data and DOE has the responsibility to ensure that this data is preserved. Transferring it to another entity has questionable value.
 Additionally, the Kaiser study failed to address how the community should be involved in selecting how the data should be stored, retained and accessed, and what form it should take.  We recommend that the LTS plan actively and frequently involve the community in establishing the best way to store and access data.  We expect that data management technology will continue to rapidly evolve. 

With respect to DOE’s data retention, it is unclear whether it has made any progress with respect to the Kaiser suggestions.  At LLNL (a NNSA site), there is hardly any data for the purpose of long-term stewardship that is centralized, and thus preserved.

Developing a Management Information System That is Flexible, Supports Adaptive Site Management and is Accessible

LTS will require information resources to be retained for long periods of time – as long as a hazard exists, and beyond. A plan for managing necessary records, and developing information management systems so that they remain current and accessible, and are designed with flexibility to meet the needs of interested parties is a critical aspect of LTS. This will require that DOE ensures that older information is combined with current information in one data base. Maintaining data to optimize existing engineering and institutional controls and adapting the cleanup as new information becomes available is also an important function of this management information system.

As discussed previously, many of documents are required by other regulatory requirements. For instance, a large amount of data produced by site remediation under RCRA or CERCLA (e.g., engineering controls, chemicals of concern, monitoring plans, land use and institutional controls, and operations and maintenance plans), is frequently stored in separate systems that have no formal connection. There are no standardization requirements for LTS, and data important to LTS exist in several media, including paper, digitized formats, and microfiche. Interviews with state regulators also emphasized the need for standardization in data organization and formatting to facilitate intergenerational understanding of information and transfer of data into new forms of storage media. For example, the Office of Legacy Management (OLM) estimated that at three closure sites (Rocky Flats, Mound and Fernald), by closure, there will be approximately 167,000 cubic feet of paper records that must be managed by OLM. OLM also expects that as sites continue to transition to LTS, the volume of hard copy records may exceed 225,000 cubic feet. These volumes do not include X-rays, photographs and negatives, video and audio-tapes, and architectural drawings.

Access to information relevant to stewardship can be obtained in a variety of ways. Some aspects are governed by existing laws and regulations (e.g., NEPA), others by DOE's own practices. The Freedom of Information Act (FOIA) prescribes procedures for public access to certain information maintained by the federal government. However, our evaluation of this aspect of LTS points out large shortcomings. Based on our review of data that is available over the internet and at the sites that we visited, we think that data is too dispersed and difficult to retrieve, if it’s available at all.  Our attempt to gather information about LLNL has been met with an acknowledgement by the LLNL personnel that “there are no LLNL documents on LTS on the web or elsewhere”.
 Attempts to contact DOE directly have not been successful.  Also, the community group at Livermore has had difficulty with FOIA requests, so that even the effectiveness of this basic procedure is often in doubt. At Weldon Spring, we were able to access information generated in the past decade; older information was not available or was only available through community groups.  At Mound,  community groups were concerned that the questions they and others had raised about the quality of the data, and the uncertainties associated with interpreting monitoring data would be lost when the responsibility to maintain the records is shifted to the Office of Legacy Management.
Long term stewardship will require information for all aspects of site remediation to be periodically updated to optimize cleanup activities, and alter the remedy as new information becomes available.  For example, compiling data on new technologies that could enhance cleanup would be important in this context. As suggested by the ECOS MOU signed with DOE, “there should be a mechanism to examine and share new technologies for cleanup and LTS actions over time and to consider whether the application of such would provide a more cost-effective means of assuring or enhancing protection of public health and the environment in ongoing or future response actions.” To that end, CPEO recommends that DOE implement 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 may be part of a national data base. As of now, we believe that a site would be hard pressed to gather this information easily. 
Chapter 5

Recommendations


This report has 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, as we noted early, is the only entity that will maintain a continuous and long-term presence at the site, and thus can serve as a bulwark against the slow erosion of institutional memory.  

Our major finding from our 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 groups have brought insight and expertise to cleanup deliberations that have helped DOE to make more informed cleanup decisions; local activists have worked with DOE to develop--- at sites like Mound---consensus based future use plans; and community groups are recognized by some at DOE as necessary partners in maintaining institutional controls.  Partnership, however, can be a dubious term, when the capacity and ability of two partners to influence decisions is grossly unequal.  The question that we have attempted to tackle is what resources are needed by local communities to sustain effective public involvement at sites that will require long term management of residual contamination.  

In brief, we have examined the way in which the regulatory framework of CERCLA influences public involvement in cleanup decisions and five year reviews; we have discussed the need for communities to be involved in processes to implement and monitor institutional controls;  we have asked communities in our case studies what site data they require from monitoring systems and how these data should be analyzed and maintained, and we have listened to concerns not only from community groups but from other stakeholders about how long term stewardship may be nothing more than smoke and mirrors without a dedicated source of funding.  Our recommendations are as follows:

· Commitments to fund LTS programs should be made prior to closure of the sites. A basic concern is that funding sufficient to ensure long-term stewardship will not be forthcoming. Long-term funding for stewardship activities should be a major commitment and DOE and 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. 

· DOE should implement an IC tracking system in conjunction with recent efforts by EPA and states such as Wisconsin and Kansas. 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 of institutional failure to public health and the environment are most acute.  For purposes of long term stewardship, a model institutional control tracking and audit program would help DOE and the public clarify conditions under which existing institutional controls are likely to work, and under which conditions they are ineffective and should not be used as a substitute for treatment. 
· The role of five year reviews could be expanded to support long term public involvement.  An expanded five year review could evaluate the information needs of local communities and consider if the appropriate data and documents are available in a form that contributes to public understanding.  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.  
· Long-term stewardship activities at each site should include distribution of health information and a health-monitoring plan. The community believes that the long-term stewardship plan should require the distribution to the public of information about possible disease outcomes related to contamination and the distribution of detailed health-related information to local public health providers about possible disease outcomes related to contamination.  Additionally, if there is an indication of health problems caused by the site activities, the LTS plan should develop a health monitoring plans.
· It is essential that the Office of Legacy management receive and maintain raw site data that includes uncertainty estimates, rather than a summary of site data limited to Records of Decisions and other more general overviews of the site.  DOE and other stakeholders need to ensure that the uncertainties associated with site characterization (e.g. anomalies, unexplained trends), test data related to remedial technologies used at the site, and salient institutional factors can be gleaned by local stakeholder organizations from the overwhelming amounts of data contained in a site’s administrative record.

· Community groups involved in long term stewardship must have the resources to hire technical advisors to help them analyze data.  While community groups, in our discussions, noted the importance of data collection and trend analysis to evaluate remedial performance, they emphasized that the crucial component to help them participate in post-remedial discussions was having expert technical assistance at their disposal.  If DOE wants communities to be partners in long term stewardship deliberations, technical assistance grants must be provided.  
Appendix A:  WELDON SPRING CASE STUDY

A.
Description of Site/General Information

The Weldon Spring Uranium Refinement Site (WSURS) is located in Weldon Spring Missouri, about 30 miles from St. Louis.  It is situated in St. Charles County, the fastest growing county in Missouri.  The two communities closest to the site are Weldon Spring and Weldon Spring Heights, about 2 miles to the northeast. The combined population of these two communities is about 5,000. Francis Howell High School is about 0.6 mile northeast of the site along Missouri State Route 94.  It serves a large student body and is occupied regularly by about 1,700 people.

The site is comprised of two geographically distinct properties: the Weldon Spring Chemical Plant and Raffinate Pits and the Weldon Spring Quarry.  The Chemical Plant site is 219 acres and the quarry is approximately 9 acres.  Both sites are close to the Missouri River, and existing natural drainage channels feed directly into the River.  The quarry is less than 1 mile from the St. Charles County well Field, which supplies much of the drinking water for the county.  The drainage channel known as the Southeast Drainage goes from the Chemical Plant to the Missouri.  We understand that some of the drinking water from St. Louis is taken close by. Surrounding land has since been used for Army reserve training, St. Charles County water treatment, and two conservation areas of approximately 14,000 acres.  It’s estimated that each year more than 1.2 million visitors use the conservation areas for hiking, fishing and hunting. 

Both sites are situated above karst bedrock.
 The karst extends to approximately 80 feet below ground surface. Mike May, a geologist at Western Kentucky University stated that “Karst is one of the quickest ways water can move underground. Groundwater flow maps in karst have a different significance; it seeps, and, locally, the seepage can go the opposite way of regional groundwater flow. The water can be like a spiral.” 

The principal aquifer systems are the alluvial aquifer and the three bedrock aquifers:  shallow, middle, and deep.  These bedrock aquifers are separated by thick bedrock.  The shallow bedrock aquifer is separated from the middle bedrock aquifer by 70 to 135 ft: the middle aquifer is separated from the deep aquifer by 210 to 295 ft of bedrock. At the chemical plant, water levels indicate downward gradients and therefore recharge through the bedrock units. Near Burgermeister Spring ( a spring within the conservation area), the major discharge point for groundwater from the chemical plant, water levels indicate that the shallow and middle bedrock aquifers discharge to Dardenne Creek in this area.  There is a limited hydrogeologic connection between the deep and upper aquifers.  The alluvial aquifer adjacent to the quarry is recharged by the Missouri River. 
The United States Geologic Survey (USGS) modeled the groundwater flow system in St. Charles County to address concerns about the potential for contaminated water to enter the deep aquifer from directly beneath the chemical plant area. The results estimate that 21% of the groundwater flow out of the shallow aquifer beneath the chemical plant area has the potential to enter the middle aquifer.  Approximately 80% of the groundwater flow out the middle aquifer in the same area has the potential to infiltrate into the deep aquifer.  The quantity of water infiltrating from the shallow aquifer to the deep aquifer is small, and the time required for water to travel this distance is measured in hundreds of years.
South of the slough, the direction of groundwater flow has an increasing eastward component, due to the influence of the Missouri River and/or pumping in the St. Charles County well field (of which there are 8 active production wells).  DOE has not detected contaminants in the St. Charles County well field from surface water or groundwater flow in the Southeast Drainage.  This drainage is located 0.85 miles downstream of the well field and therefore has no influence on the groundwater quality at the upstream and upgradient well field.
B.
History

In the 1941 the Department of the Army bought 17,000 acres of property and constructed the Weldon Spring Ordnance Works.  It was used to manufacture trinitrotoluene (TNT) and dinitrotoluene (DNT).  These operations resulted in contamination of soil, sediments and off-site springs.  At the same time, the chemist Edward Mallinckrodt Jr. was working on an efficient way to refine uranium in order to build atomic weapons. Although this work began in downtown St. Louis, in 1956, a portion of the property was transferred to the Atomic Energy Commission (AEC, the predecessor agency of the Department of Energy [DOE]) for construction of the Weldon Spring Uranium Feed Materials Plant (i.e., the Chemical Plant). The plant converted processed uranium ore (often referred to as yellowcake) to pure uranium trioxide and uranium metal.  Also, a small amount of thorium was processed.  Simple bag filters were used to vent uranium dust out of the buildings into the air. Wastes were stored in four so-called “raffinate” pits located on the property (“raffinate” comes from the French word for slag).  Uranium processing operations resulted in radiological contamination of the same locations previously contaminated by former Army operations. 
In 1960, the Army transferred the Quarry Site to the AEC, who used it from 1963 to 1969 as a disposal area for uranium and thorium residues from the Chemical Plant (both drummed and uncontained), contaminated building rubble, process equipment, and soils from demolition of a uranium processing facility in St. Louis. It was also reported that seven wastewater lagoons contained contaminants and radioactive waste water was disposed of in Femme Osage Creek (FOS), which runs parallel to the Missouri River before emptying into it. 

Operations of the chemical plant ceased in 1966. Between 1966 and 1987 some maintenance took place.  Previously, the Army burned explosives in the Quarry and disposed of contaminated rubble. These activities resulted in contamination of the soil and in rock fractures at the quarry, in groundwater under the quarry and between the quarry and Femme Osage Slough. 
The Quarry and the Chemical plant were placed on the National Priorities List by the EPA in 1987 and 1989, respectively.  The Department of Energy (DOE) initiated cleanup, with oversight of the U.S. EPA.  The Missouri Department of Natural Resources (MDNR) was not a party to the Federal Facilities Agreement (FFA), an agreement that sets forth the scope and schedule of the remediation effort because it wanted to steer an independent course.  However, it has tried to become a party to the FFA recently, and we were informed that this is in negotiation.

Health concerns at the site derive largely from uranium in groundwater, as well as radium, thorium nitrate, nitroaromatic compounds (TNT and DNT residues) and more recently, trichloroethene (TCE). Under layers of clay lay more than 7,044 curies of radioactive waste. The noncancer hazard quotient for all contaminants in groundwater range from 0.11 - 36.  Uranium dominates the hazard quotient. (up to 15). The hazard quotient is a relative indicator.  If it exceeds 1.0, then the contaminants are deemed to have a health effect. Carcinogenic risk range from 9x 10-4 to 6 x 10-7.  This translates to 9 persons in 10,000 to 6 persons in 10,000,000 will have an additional cancer if the water is consumed.

Some of the potential health effects of the major chemicals of concerns are listed in Table 1.

Table 1: Potential Health Effects

	COC
	Confidence in health effect
	Health effect

	Uranium
	Medium
	‘Weight loss; moderate kidney activity

	Nitrate
	High
	Methemoglobinemia

	1,3-DNB
	Low
	Increased splenic weight

	2,4,6-TNT
	Medium
	Liver effects

	2,4-DNT
	
	Neurotoxicity; bilary tract, Hyperblasia; Heinz bodies

	Nitrobenzene
	Low
	Hematological, adrenal, renal, and hepatic Lesions

	
	
	


C. Remedial Action

After the sites were placed on the National Priorities List in 1987 and 1989, the Weldon Spring site was administratively divided into four Operable Units (OUs): Quarry Bulk Waste OU, Chemical Plant OU, Quarry Residuals OU, and Groundwater OU. Records of Decision for each OU have been approved. Additionally, an area called the Southeast Drainage was remediated as an interim response action through a separate engineering evaluation/cost analysis. Sediment in accessible areas of the Southeast Drainage was removed. Figure 1 is a map of the facility.

The remedy for the Quarry Bulk Waste OU consisted of excavating and removing bulk waste from the quarry and transporting it along a dedicated haul road to an engineered temporary storage area located at the chemical plant. Over 120,000 cubic yards of material was removed from the quarry. This activity was completed in 1995. 

The Chemical Plant OU consists of the disposal cell and the surrounding properties which contained several buildings. The remedy included removal of contaminated soils, sludge, and sediment, and chemical stabilization/solidification and disposal of the chemical plant and quarry bulk wastes in an engineered on-site disposal facility. This is known as the disposal cell. Over 40 building were demolished. The ROD for the Chemical Plant Operable Unit was signed in September of 1993. 

The Quarry Residuals OU addressed residual soil contamination in the quarry, surface water and sediments in the FOS, and contaminated groundwater. Activities also included the backfilling and restoration of the Quarry pit. The major remedy consists of institutional controls and long term monitoring.  An interceptor trench between the quarry and FOS did not meet DOE’s criteria for recovering contaminated groundwater because of low flow conditions, and it was ultimately decommissioned. During the Remedial Investigation, DOE found that uranium precipitates out of the groundwater as it approaches the County well-field. Rapid precipitation of uranium from groundwater is caused by minerals in the subsurface that oxidize/reduce uranium, thus changing its state. A contingency plan was developed in the event that contaminant migration would affect the county well field, which is immediately downstream from the Quarry. The ROD was signed in September 1998. 

The Groundwater OU addressed residual contamination of the shallow groundwater aquifer in the vicinity of the former Chemical Plant. An Interim ROD focused on the trichloroethylene (TCE) plume Chemical oxidation (i.e., injecting a compound into the groundwater that oxidizes the TCE) was selected as the appropriate remedy. A pilot test was performed in April and May 2002. Because it was ineffective, the treatment method that will be used to address cleanup of TCE is being reevaluated. The source of TCE contamination was drums discarded in Raffinate Pit 4, which were removed as part of the Chemical Plant Operable Unit. Since 1996, decreasing TCE trends have been observed. Table 2 indicates the chemicals of concern, levels found in groundwater.  Table 3 indicates the cleanup standards and the basis for it.
The final site conditions from the above remedial actions include the following:

· An on-site disposal cell contains 1.48 million cubic yards of contaminated material. The disposal cell is accessible to the public. The cell contains approximately 7,000 Curies of radioactive material, primarily uranium
· Residual groundwater contamination remains in the shallow aquifer beneath both the Chemical plant and Quarry.

· Several springs near the Chemical Plant area discharge residually contaminated groundwater.

· Residual soil and sediment contamination remain in the Southeast Drainage
· Contamination remains at two culverts, one along Missouri State Route 94 and one along Highway D.
· Residual soil contamination remains at inaccessible locations within the Quarry.

· A leachate collection system is in place.  Leachate is collected and treated by the Metropolitan Saint Louis Sewer District (MSD) under a state permit.  Leachate must meet MSD requirements.

D. Long term Stewardship of the Site 

The long term monitoring plan consists of several major components: monitoring wells in and around the two properties, annual inspections of the site, institutional controls (discussed later), five year reviews to determine the effectiveness of the cleanup, and operation and maintenance of the Weldon Spring Interpretive Center, which is intended to serve a s a strong reminder about the site history and what took place there.

1. Monitoring Well Network

The current monitoring well program consists of 86 wells (including 5 wells that monitor the performance of the Chemical Plant disposal cell) and 5 springs. The current network of wells and current network of springs monitored at the Chemical Plant area are intended to detect the chemicals of concern (COCs) listed in Tables 1 and 2.  The network includes monitoring of off-site springs located in the conservation area (i.e., Burgermeister Spring).

The quarry monitoring program has two primary objectives: (1) Monitor uranium concentrations in groundwater south of the FOS to verify that the groundwater is not adversely affected to insure that the St. Charles County drinking water supply is not endangered, and (2) Monitor contaminant concentrations within the area of impacted groundwater north of FOS until they attain target concentrations indicating negligible potential to degrade the groundwater quality south of the slough.  Monitoring frequencies were selected based on groundwater travel times from north of the slough to south of the slough.  

Table 2: Summary of Major Contaminants of Concern and Exposure Point Concentrations (from Groundwater ROD)

	COC
	Exposure Point Concentration

	Groundwater

	TCE
	2 − 3,800 µg/L

	Nitrate
	0.005 − 900 mg/L

	Uranium
	0.22 − 60 pCi/L

	2,4-DNT 
	0.026 − 5 µg/L

	2,4,6-TNT 
	0.044 − 29 µg/L

	1,3-DNB 
	0.27 − 0.86 µg/L

	NB
	0.042 - 0.062 µg/L

	Spring water a

	Nitrate
	0.14 − 18 mg/L

	Uranium
	0.33 − 120 pCi/L

	2,4-DNT 
	0.04 − 0.21 µg/L

	2,4,6-TNT 
	0.02 − 120 µg/L


a 1,3-DNB and NB were not detected in the springs for the BRA evaluation.

Table 3: Cleanup Standards for the Groundwater Operable Unit of the Weldon Spring Site

	Contaminant of Concern
	Standard
	Basis of Cleanup Standard



	TCE
	5 µg/L
	Federal MCL for drinking water

	Nitrate
	10 mg/L
	Federal MCL for drinking water

	Uranium
	30 µg/L a
	Federal MCL for drinking water

	2,4-DNT
	0.11 µg/L
	State of Missouri water quality standards

	1,3-DNB
	1.0 µg/L
	State of Missouri water quality standards

	NB
	17 µg/L
	State of Missouri water quality standards

	2,6-DNT
	1.3 µg/L
	Risk-based concentration equivalent to 10–5 for a resident scenario

	2,4,6-TNT
	2.8 µg/L
	Risk-based concentration equivalent to 10–6 for a resident scenario


a 30 µg/L converts to 20 pCi/L based on the isotopic ratios of uranium established for the Weldon Spring Site.

2. Operation of Interpretative Center
Negotiations are still on-going with the Saint Charles County Government (taking over Interpretive Center).  The outcome is likely to be a use agreement.  This agreement will not be essential to meeting the long term stewardship requirements at the site and therefore will not be described in detail in the LTSP.  If the County does not agree to use the facilities, DOE will make other arrangements for buildings and grounds maintenance.

3. Annual Inspection

The purposes of the annual inspection were to confirm the integrity of the visible features (such as disposal cell and monitoring wells) at the site, document the site condition, identify changes in conditions that may affect site integrity, determine if institutional controls are adequately implemented, and determine the need, if any, for maintenance or additional inspections and monitoring. The inspection team included representatives from the U.S. Environmental Protection Agency (EPA) and Missouri Department of Natural Resources (MDNR), the Weldon Spring Citizens Commission (WSCC) and the Missouri Department of Conservation (MDC), as well as DOE staff.

The disposal cell inspection looked for depressions, shifts in the cell, and other indications of settlement and degradation. Other items for inspection were vegetation, wet areas, apron drains, guard rail, and the stairs. A GPS unit was used during the previous inspection to map any areas that showed some signs of deterioration, but were determined to not require immediate correction. 

A few small shallow depressions on the cell cover and along the grade break were noted during the inspection. A  DOE consultant with disposal cell design experience evaluated the inspection observations. He concluded that the shallow depressions on the cell cover and along the grade break are not an unusual occurrence on rock-covered disposal cells and are probably due to localized settling of the rock layer during heavy rainfall events. 

Operations of the leachate collection and removal system were discussed with site personnel and the system was inspected. Recent changes to leachate treatment were discussed.  The DOE had received notification from Metropolitan Saint Louis Sewer District (MSD) earlier this year that the disposal cell leachate must meet radiological drinking water standards prior to acceptance. This includes a limit for uranium of 20 PicoCuries per liter (pCi/L), which the disposal cell leachate is sometimes slightly above. DOE now pretreats the leachate through a system of cartridge filters and ion exchange media that is selected for uranium.

Some areas of erosion were identified on the chemical plant property.  During the spring of 2004, these areas were greatly affected by one or more heavy rainfalls and the repairs were washed out resulting in very large erosion gullies. Runoff from the chemical plant property had flowed under the fence onto the Army property and had eroded out a gravel road used to travel around the Army property. Both of the areas were repaired. No visible erosion areas were observed during the inspection of the Quarry area.

Other areas inspected included roads, fences, signage, the monitoring wells, and record maintenance and review. The monitoring wells in the Disposal Cell Monitoring Well Network, Chemical Plant Monitoring Well Network, and Quarry Monitoring Well Network were inspected as per the inspection checklist. 

The inspection checklist required the wells to be inspected to ensure they are properly secured and locked, in good condition, and to check if they need maintenance. All the disposal cell wells were inspected. 31 of 85 of the chemical plant wells were inspected. 21 of 29 of the quarry wells were inspected.  
On-site documents and records were verified, including: Contingency Plan/Emergency Response Plan As-Built Drawings Groundwater monitoring records Leachate records. It was recommended during the document review portion of the inspection that the site consolidates all of its relevant records and documents into one location. 
In addition, there is an ongoing prairie maintenance activity which includes seeding, application of herbicide, and manual weeding.

E.
Institutional Controls 

Section 2.3.4 of the LTS&M Plan states that “DOE will conduct a formal annual inspection of the physical locations addressed by institutional controls. DOE also will evaluate whether the institutional controls remain effective in protecting human health and the environment and will take appropriate action if evidence indicates controls are not effective, in coordination with EPA and MDNR.”

The majority of the instruments for institutional controls are still pending and not yet formally in place. The institutional controls that are in place include a Notation of Land Ownership on the Chemical Plant and Quarry Property which is filed with St. Charles County; the interpretive center; a license granting DOE permission to abandon or install and operate groundwater wells and perform sampling; and a license granting DOE continuing operation and maintenance of the effluent discharge pipeline that runs from DOE property to the Missouri River and through the Katy Trail. During the inspection, the pending institutional control areas were inspected in accordance with the current information in the LTS&M Plan. Figures 4 and 5 are the institutional control location maps from the LTS&M Plan.

Institutional controls for groundwater will be established under the Record of Decision and implementing work plans for the Groundwater Operable Unit.  This could include springs such as Burgermeister, or springs in the Southeast drainage.  It is not anticipated that warning signs or barriers will be necessary since the public can come into contact with these waters and suffer no adverse impact given the current recreational use of the land.  Institutional controls will be needed only to maintain the recreational status of the land.

The Institutional Control areas were inspected to ensure that pending restrictions such as excavating soil, groundwater withdrawal, residential use, etc., were not being violated. Each area was inspected and no indications of violations of future restrictions were observed.
The institutional control areas are listed below as they are stated in the inspection checklist:

· Land and Shallow Groundwater Use Within the Site Proper Boundary (Outside Disposal Cell Buffer Zone)

· Land and Shallow Groundwater Use at DOE Site Proper Disposal Cell and Buffer

· Groundwater Use in Areas Surrounding the Chemical Plant

· Land and Shallow Groundwater Use on the DOE Quarry Property

· Groundwater (Quarry)

· Land Use in Quarry Area Reduction Zone

· Southeast Drainage

· Highway D Culvert

· State Route 94 Culvert

· Pipeline from LCRS to Missouri River

.
F.
Public Participation and Community Concerns

DOE funded the Weldon Springs Citizens Commission (WSCC). Through the County Administrator, 7 members were selected.  They are assisted with a Technical Advisor and an administrative aid. They hold regular meetings and meetings are open to the public.  Other groups that have participated in the process include the Missouri Environmental Coalition, located in St. Louis, and unaffiliated community members. We were informed that at the beginning of the remediation process, over 2,000 people attended the first meeting held by EPA and DOE.  We observed a WSCC meeting and noted that very few members of the general public attend.  

The following is a compilation of community concerns that we compiled from interviews and reading of comments on various documents.

· Lack of trust that the 75-foot-high disposal cell sited over porous limestone will contain the waste for the long periods of time required.

· The cell and quarry are sited in a rapidly growing residential area, near the County drinking water well field to what extent has this been factored into risk assessments and contingency planning
· The cell should not be featured as a recreation spot with children playing on it.
· There are no flyover restrictions

· General concern expressed about the lack of characterization about the contents of the cell, including small amounts of plutonium.

· There is no radiation testing during inspections, which is an inexpensive means of determining if all radionuclides are contained.

· Terrorists can easily penetrate cell and create “dirty bomb”; the Long-Term Stewardship Plan does not address this possibility

· There is no video or audio detection system for the cell

· There is no financial commitment to carrying out the Long-Term Stewardship Plan, although it requires perpetual inspections and maintenance

· There are no warnings, markers or restriction about swimming, fishing or recreating in the affected areas.  Notes that there have been reports of sporadic fish kills

· During operations of the ordnance works and the uranium works, large amounts of particulate matter were emitted into air.  This is a concern at the surface for many square miles.  Local farmers have complained about sick and deformed animals, and there are high rates of childhood leukemia in the area.

· There are radioactive hotspots in the Southeast Drainage, some of which are not marked and are accessible to hikers.

· Uranium contaminant plume is larger than stated

· Concern over risk assessment, particularly that DOE used inappropriate “background levels” for uranium

· Concern that no medical staff qualified to make health decisions were consulted and recommends that medical personnel in adjacent communities be consulted

· Concern that continued use of recreational trails poses a health risk

· Residents report that PCBs were spread as insecticide in area

· No 3 dimensional contaminant maps of the site

· No warning to other agencies (e.g., the Missouri Department of Transportation must maintain two highways.  There is concern that they will not be adequately informed about the potential effects of the sites

· Technical documents are difficult to read and there is concern that they won’t be accessible over long term

E. General Recommendations 

· Periodically inspect the contents of the disposal cell to ensure that it remains in a stabilized form.  Stabilization techniques are problematic and an active monitoring system needs to put in place.  This may require removal and analysis of buried wastes.

· Place markers on the cell so that settlement can be easily determined.  Such markers are now in place at Fernald.  The plan should set a criterion that establishes unacceptable settlement.

· Periodically monitor surface water in the Missouri River

· Continue to operate air monitoring network into the future

· Place remote sensors in and around the cell and the quarry to monitor moisture (thus indicating if the sites are containing wastes, both vertically and horizontally)

· Periodically undertake ecological monitoring in and around the quarry and cell for possible uptake of contaminants (including Burgermeister Spring, e Southeast Drainage, the FOS and the Missouri River).

· Institute an annual method for informing all other agencies about the site and possible effects from operations (e.g., the MoDOT)

· Establish  a trust fund to finance state participation, as is done at Oak Ridge

· Periodically test for radioactivity – rewrite inspection checklist to include this.

Appendix B:   LAWRENCE LIVERMORE NATIONAL LABORATORY (LLNL) CASE STUDY

This case study covers the following issues about the LTS Program: general perspective, institutional controls anticipated, concerns, and the future adaptability of the remedy as monitoring or other information indicates they are necessary. 
  Because LLNL manages two properties that are both now Superfund sites, both are included in this case study.

A.  Description of Site/General Information

Lawrence Livermore National Laboratory (LLNL), under the auspices of the University of California, manages two DOE sites: the Main Site and Site 300.  The former is a research facility with its main mission to design and research nuclear weapons.  The latter site is a high explosive test facility designed to research and test the materials that compose a nuclear weapon, except for the fissionable material.  Explosive tests with fissionable material were, until recently, carried out at the Nevada Test Site.  The two LLNL sites are within twenty miles of each other are covered together in this report.

LLNL Main Site

The Main Site at LLNL encompasses 800 acres, or about one square mile. The site is 3 miles east of downtown Livermore, and approximately 40 miles east of San Francisco. The population within a 50 mile radius is approximately 4 million people. The Site is surrounded by residential dwellings to the west, and commercial and industrial development and agricultural lands nearby. 

LLNL is a Department of Energy (DOE) research facility operated by the University of California. In 1942, it was first used by the Navy as an aircraft maintenance facility. In 1950, the property was transferred to the Atomic Energy Commission (AEC), a predecessor of the DOE. The site was established in 1952 by Edward Teller and E.O. Lawrence to develop the hydrogen bomb, thus becoming the United States’ second nuclear weapons design center (after Los Alamos National Laboratory).  

Historically, the site is used for the fabrication, development, and testing of new weapons at the Nevada Test Site.  In 1952, the University if California began management of the site under contract with the AEC. Since 1950, it has been used for the design of nuclear weapons, as well as processing and testing of high explosives materials and components.  Even today, LLNL continues to study new deep earth-penetrating “mini-nuke” and various other new weapons concepts. 

Existing facilities include a plutonium facility, and a tritium (radioactive hydrogen used in the hydrogen bomb) facility. The main site houses up to 1540 pounds of plutonium and 500 hundred pounds of uranium 235. Recently, DOE has proposed to double the quantity of plutonium allowed at LLNL at any given time.  Along with the use of radioactive substances, over the years LLNL has used many chemicals that were inadvertently or carelessly released to the environment.  These include fuel hydrocarbons (mostly gasoline), metals, tritium, PCBs and volatile organic compounds (VOCs), most often trichloroethene (TCE). Plutonium has also been released to the environment from on-site activities, and although it is not currently a chemical of concern (COC) at the site, there have been detections of plutonium in surrounding areas, most notably in Big Trees Park. Tritium gas was released through normal operations and accidentally. Tritium is not only of concern because of direct exposure, but since Livermore has a large agricultural sector, it is important to keep it out of the food supply.

Additionally, LLNL is planning to develop a Bio-safety facility on LLNL property.  This facility (known as BSL-3) is also controversial because it would allow LLNL to experiment with a broad range of biological agents including anthrax, bubonic plague, botulism and genetically modified lethal bio-warfare agents.  Aside from its inherent ability to weoponize these agents, if inadequately managed, it could endanger the workforce and the surrounding community.  

As a result of its work designing nuclear weapons, LLNL conducts experiments with extremely hazardous substances, including weapons grade plutonium (Pu), enriched uranium (U235), tritium and other radioactive substances, as well as hazardous materials.  In operating the facility over fifty years, LLNL has had numerous accidental releases of these substances, and has extensive groundwater pollution that threatened the City of Livermore’s water supply. Releases by the LLNL began in the 1950’s: previous releases of solvents and fuel were done by the Navy. 

Major groundwater contaminants are Freon 113, trichloroethene (TCE), trichloroethane (TCA), DCE, and DCA.  Also found in groundwater are benzene, toluene, carbon tetrachloride, chromium and tritium (radioactive hydrogen) in excess of drinking water standards established under the Safe Drinking Water Act.  These and other pollutants also exist in the soils at numerous locations on site.  Groundwater plumes contaminated with volatile organic compounds stretch beneath 85% of the site. 

Before cleanup began, EPA’s risk assessment estimated that if the groundwater were not cleaned up and reached Livermore’s municipal wells, the cancer risk to Livermore from the VOCs alone would have been one cancer for every 1,000 residents.  This would mean at least 64 additional cancers for Livermore alone. The risk to someone drilling a well near the LLNL boundary would have been two times higher; two cancers per 1,000.

As a result of the groundwater contamination, in 1987 the Environmental Protection Agency (EPA) named the main site to the Superfund list. DOE has entered into agreements with the EPA and state regulators to clean up the groundwater so that it meets drinking water standards and no longer poses the risks described above.  

Much of the contamination at the main site results from poor waste management practices.  For example, at the old Taxi Strip area on the eastern side of the site, wastes were dumped into earthen pits. After 1962 the pits were replaced with solar evaporation trays where the radioactive and chemical liquid wastes were allowed to evaporate, and the remaining salts were rolled up in a plastic liner and then placed in 55-gallon drums. Nevertheless, some contaminants were released to the air and ground from evaporation, wind and spillage. In 1982 and 1983, four former pits in this area were excavated and backfilled. 

A Record of Decision (ROD) was signed in 1992, and full cleanup began in 1995. It and other planning documents first sought to capture the off-site plume and reduce it to MCLs.  At the same time, a plan was developed to treat the most heavily contaminated source areas.  LLNL proposed, and is partially implementing a plan to pump the contaminated groundwater to the surface, treat it through air strippers, and recharge most of it back to the ground.
  At certain areas where the contaminant levels were highest, in order to prevent the discharge of treated chemicals to the air or capture and dispose of it in granular activated carbon, LLNL used an ultra-violet (UV)/hydrogen peroxide pretreatment that essentially broke down the VOCs into basic, harmless substances. The original plan contemplated a 53 year clean up time frame. As active remediation began and as time, experience and knowledge have progressed, LLNL has exceeded expectations about plume capture and mass removal.  This is due in part to a much better understanding of the hydrogeology underlying the site and innovations in well-field management that allows LLNL to target source areas. 

Site 300

The Department of Energy (DOE) high-explosives test facility is approximately 12 miles west of the Main Site.  This encompasses approximately 10.5 square miles in the Altamont Hills 8.5 miles southwest of Tracy.  The Site has been surrounded by open space used mainly for ranching and recreation. However, a residential neighborhood is being developed one mile from the site. 

There is a diverse and rich ecosystem at Site 300, enhanced by the complex topography and hydrology of the site.  There are two known federally-listed endangered species: the San Joaquin Kit Fox and the Large-Flowered Fiddleneck (Amsinckia grandflora) in addition to many other plant and animal species that are at potential risk from contaminants at the Site
. Habitat for the California Red-Legged Frog, a threatened species occurs in the southwest portion of the site.  Localized habit for the tiger salamander also occurs in the eastern part of the site. 

The climate of the Site is semi-arid and windy, and the topography consists of rugged hills and canyons. The geology and hydrology of Site 300 is complex.  There are at least five different geological formations at Site 300, and several fault zones.  As a result of the complex geology of the site, modeling and characterizing the groundwater flow is especially difficult.  There are three main aquifers (i.e. a geological unit that is saturated and can yield economically significant amounts of water) at the site. Upper aquifers separated from lower aquifers by layers clay and rock. The second aquifer provides groundwater to a “regional” system that is used for drinking water and irrigation water.  Third, is a deeper regional aquifer zone.  

Site 300 is adjacent to farmland, grazing land and a recreational area.  Upper aquifers flow into a creek bordering the southern boundary of the site, an area that was heavily contaminated with TCE.  Also on the southern boundary two off-site wells were contaminated.

Since 1955, Site 300 has been used for the processing and testing of high explosive materials, mainly used in nuclear weapons, and surrogate nuclear detonations.  Historic activities include formulating, processing and fabricating high explosive compounds and weapons components; thermal and mechanical testing and measuring of physical properties of explosives; transport, receipt, use, storage and disposal of high explosive compounds and waste; and decontamination of high explosive equipment.  Testing of weapons materials was done on open concrete and gravel pads called firing tables. Tests attempted to simulate how materials and components of the weapons would perform in a real nuclear explosion.  

Often, radioactive substances such as depleted uranium and tritium were used in test explosions. These materials were later released to the environment, and are present in the groundwater.  Other chemicals of concern at the site include: high explosives materials, volatile organic compounds (VOCs), most often trichlorethene (TCE), perchlorate, nitrate, PCBs, dioxins and furans, and some silicate based lubricating fluids.  There have been significant releases due to poor operating practices and waste disposal practices. Some areas within Site 300 have extremely high concentrations of contamination. Because of the high concentration, it is very difficult to thoroughly clean up. 

Beginning in 1981, initial investigations of potential groundwater contamination were made by LLNL.  In August 1990, Site 300 was placed on the National Priorities List (NPL).  Subsequent investigations and cleanup have taken place within the framework of the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), otherwise known as Superfund.  In addition to the DOE, agencies involved in Site 300 cleanup are the Environmental Protection Agency (EPA), the California Regional Water Quality Control Board (CVRWQCB), and the California Department of Toxic Substances Control (DTSC).  Because Site 300 is a federally owned facility, Superfund cleanup takes place within the framework of a Federal Facilities Agreement (FFA) signed by these four agencies.  

In order to simplify the cleanup process, Site 300 is divided into operable units (OUs). In 2000 and 2001, LLNL prepared a Final Proposed Plan and an Interim Site-Wide Record of Decision (ROD) that addressed the cleanup at all of these Operable Units. After there has been experience with the remedies, LLNL is scheduled to prepare a final ROD for the Site that will contain explicit clean-up standards. This is due in 2007.

By far the most controversial of these OUs is the Pit 7 complex, which has been moved to a separate a separate track. The Building 850/Pit 7 Complex OU encompasses over 3,200 acres and is divided into four sub-areas consisting of the Pit 7 Complex, the Building 850/Doall Ravine Area, the Southern-WFA, and the EFA.  The area has been operating since 1955 for use in explosives experiments on seven outdoor gravel-covered firing tables. 

Wastes generated from experiments on the firing tables were disposed of at several on-site landfills.  Primary contaminants of concern are tritium, TCE and other VOCs, PCBs, furans and dioxins, depleted and natural uranium, other metals; and explosives. It was reported that 22,670 curies of tritium were used at Site 300.  Primary areas of contamination include: three separate groundwater tritium plumes, three separate groundwater 238U plumes, three firing tables with contaminated surface soil, two springs, and ten areas of subsurface soil contamination.  Tritium was released from Pits 3 and 5 in the early 1980’s due to a rise in the water table that saturated the fill and mobilized the tritium. Concentrations in groundwater were measured as high as 1.8 million pCi/L in 1984.  

In December 1996, LLNL reported that a groundwater sample south of Pit 5 contained 1.3 million pCi/L to 1.4 million pCi/L of tritium, a five-fold increase from previous samples.  This was caused by groundwater rising from beneath the pit, saturating the material, and mobilizing the tritium in the groundwater.  These are the same phenomena that mobilized the tritium in the early 1980’s. Present soil and groundwater modeling predicts that the maximum tritium contamination will reach the Site 300 eastern boundary in the year 2046 at a concentration of 1,626 pCi/L.  Tritium from this plume is expected to reach the spring 6 outfall at 3,890 pCi/L in the year 2032. 

The proposed plan will treat uranium in groundwater, engineering controls will be put in place too prevent the saturation of the Pits, and tritium will be left to slowly decay.
 Because the engineering controls will reduce the hydraulic “head”
 on the tritium plume, tritium will be left in the ground to slowly decay. Other remedial actions taken have included: removing gravel and some soil from firing tables; removal of oil-contaminated soil; removal of PCB shrapnel and debris; removal of the Building 850 sand pile, a source of tritium and 238U; treatment of TCE, perchlorate, nitrate, and explosive compounds at various locations, and closure by capping various landfills at the site. 

B.  Long term Stewardship of the Sites 

Despite several recent studies, including one by the Secretary of Energy’s Advisory Board, recommending that all plutonium stockpiles should be concentrated in one location (from Los Alamos and LLNL) and a new facility should be built, LLNL currently assumes that the future use of the sites will reflect the past. That is, they will continue to operate in their current research and testing capacities. Both sites will be transferred to the National Nuclear Security Administration (NNSA), formally Office of Defense Programs. 

For the LLNL managed sites, there is barely any information with regards to LTS.  In March 2000, prior to the establishment of NNSA, LLNL issued short LTS Plans for each site, together with a budget estimate.
 LTS plans are preliminary in nature, laying some broad assumptions about land-use and future funding needs. Most activities are based on complying with the regulations, maintaining the remedies, and preventing exposure by prohibiting access.  For the most part, LTS at LLNL managed sites is synonymous with completing cleanup under CERCLA. In fact, budget estimates track the completion of CERCLA remediation and last through the first Five year Review after the site is closed out. 

A presentation to expedite LTS written in 2001 has as major objectives to protect beneficial uses of groundwater, demonstrate effective ramp down and exit strategies, and facilitate expeditious closeout of the facility.  By closeout, LLNL means finishing cleanup. Activities include installation and operation of remaining treatment systems; operations and maintenance; continued regulatory compliance; groundwater monitoring; modeling to estimate contaminant concentrations and risk to human health; relay progress to stakeholders; maintain a data information system to support planning, verification and interpretation of data.  Facility structures and contamination controls will be maintained to prevent onsite worker exposures and offsite public exposures. “Once the distal plumes are cleaned up, our regulatory-approved exit and ramp down strategy, along with our ability to cooperatively work with the regulatory agencies, will facilitate removal of the Livermore Site from the National Priorities List (delisting).”  Additional funds requested “will expedite buildout, accelerate source area cleanup by 45 years” and save DOE $67 million.

1. Monitoring 

A comprehensive monitoring network has been installed at both sites.  For the task at hand (i.e., cleanup), most if not all of the monitoring is installed and compliance reports are issued periodically.
  However, since the plans deal with a relatively short-term perspective, a more comprehensive plan would have to be developed for LTS. 

The existing plan does include a groundwater and surface water monitoring plan; inspection of landfill sites; treatment facility monitoring; risk and hazard management program; data management program; reporting; and, a contingency plan. The monitoring well network includes “guard wells” to provide an indication if contamination is about to effect water supply wells, aquifers, or approach the boundary; plume tracking wells that define the vertical and lateral extent of the plumes; and, surface water monitoring focusing on the springs throughout the site. Visual and sampling measures are taken at landfills, and soil moisture is analyzed regularly, as this would be an indication of landfill failure.  Risk and hazard management is merely controlling access for locations that could have elevated risk levels.  Fencing and a security force prevent access to the sites.  Since there is a possible threat of vapor entering buildings or outdoor areas, LLNL has identified those areas (only at Site 300) and has put additional restrictions on time worked in those areas. There are numerous on-site and off-site drinking water wells.  For the most part, those are abandoned and sealed.

2. Institutional Controls 

There are no formal institutional controls at either site. Building occupancy and access are controlled by management.  Warning signs are posted where there is an unacceptable risk.

3. Inspection

As the sites are operational, they are inspected periodically, and both have undergone Five year Reviews. Included in these reviews will be evaluating changes in contaminant and ecological conditions. There is no mention about inspections should the site no longer become operational.

4. Data Management

Data management systems for sample planning, chain-of custody, sample location, geological information and analytical results.

5. Contingency Planning

The contingency plan describes how DOE plans to address foreseeable problems that may arise during remediation and monitoring.  It does not address long-term stewardship. The plan is divided into three sections.  The first is technical contingencies that may arise during remediation (e.g., a remediation technology does not work, or a new technology is developed that does the work more efficiently) and uncontrollable events such as an earthquake. The second is logistical contingencies, such as changes in personnel, budget reductions, changes in groundwater use or demand, changes in building access due to newly discovered risks, changes in LLNL’s mission, and property transfers. The third addresses changes in the regulatory framework, including modifications to the Record of Decision needed to achieve remediation objectives. The contingency plan touches upon many of the subjects required for long term planning under a LTS plan.

6. Public Participation and Community Concerns
At the main site, DOE convenes a community work group (CWG) made up of interested parties.  As of now, the CWG meets once every year to advise DOE and the regulators on any changes to the federal facilities agreement. The EPA funds a Technical Assistance Grant and DOE, LLNL, the community group and its Technical Advisor meet quarterly to discuss issues involving the CERCLA cleanup. At Site 300, there is no formal convocation such as the CWG.  Formal public participation runs through the TAG grant, which meets concurrently with the main site. 

The following is a compilation of community concerns that we compiled from interviews and reading of comments on various documents.

· There is a continued threat of radioactive releases 

As both sites are operational, there is a continued threat of on-site and offsite releases of radioactive materials, including tritium, uranium, and plutonium from operational and accidental releases. The new Environmental Impact Statement has proposed that plutonium storage and research, as well as tritium production be increased.  Even with the best of practices, accidents occur and are expected to occur in the future with continued operations.  In the same vein, the sites are vulnerable to terrorist attack. This and other problems have led the Defense Nuclear Safety Review Board to issue a series of critical reports about the LLNL’s management and procedures.

· There is no procedure to adapt the LTS strategy of a site to account for new information.

As new contaminants are discovered, or their health effects are re-assessed, there is concern that new information will not be integrated into the LTS strategy for the sites.  The community is concerned that after the site is “cleaned up” under CERCLA, there will no longer be resources or incentives to search for new contaminants, nor adapting an approach that recognizes changes in cleanup levels, or more effective cleanup technologies. DOE should develop a program to look for solutions that would minimize or eliminate the need for long-term stewardship.
Additionally, risk assessment defines how contaminants (i.e., chemicals of concern) are mobilized in the environment, and how humans can be exposed. If the site is assumed to be used for purposes similar to current uses, risks may fail to provide a sound basis for long-term environmental cleanup and stewardship.  For example, if groundwater is not currently used at the site, a risk assessment may fail to identify it as a risk, even though drinking groundwater would pose a risk to a future resident. 

· The sites must be fully characterized prior to the LTS period, and the LTS plan should require that existing characterization be reviewed and updated periodically.

The community is concerned that all areas of contamination are not well defined and DOE has not budgeted for additional characterization. Information in the Long-term Stewardship document
 for both sites indicates a level of confidence about understanding the source and movement of contamination in the environment.  In certain areas at both sites, LLNL indicates a low level of confidence in its estimates of the area contaminated, and the volume and mass of contamination for soil and groundwater.  

· Complete cleanup should be the goal of any LTS program

Wherever possible, the sites should be cleaned up to a level that allows unrestricted use and avoids the need for long-term stewardship. The community is concerned that the facilities will become “sacrifice zones”.  LTS must be a process within the long-term remediation program which has as its goal to entirely cleanup the sites. Recognizing that at a few selected areas it may not be possible to cleanup with current technology due to the nature of the contaminants, it wants commitments inserted into the LTS plan that require that DOE continually look for solutions.  Once decisions are made to leave a contaminant in place, it is difficult to continue research on how the contaminant could be safely treated, thereby avoiding or reducing the need for long-term stewardship measures.  

· When contaminants are left in place, DOE should compensate local governments.  

Compensation to fund protective equipment, emergency preparedness, and sophisticated record keeping should be available to local governments wherever long-term stewardship activities fall under their jurisdiction or contaminants are left in place. Even with the best plans, there will be failures. Some of these failures may require emergency medical response due to sudden events (e.g., explosion), but many may lead to negative health affects due to non-sudden events (e.g., failure to contain seeping groundwater plumes leading to contamination of the water supply). Aside from direct compensation, DOE should provide an insurance policy for each site, similar to Environmental Impairment Liability policies required by the Resource Conservation Recovery Act (RCRA).  
· Long-term stewardship activities at each site should include distribution of health information and a health-monitoring plan. 
The community believes that the long-term stewardship plan should require the distribution to the public of information about possible disease outcomes related to contamination and the distribution of detailed health-related information to local public health providers about possible disease outcomes related to contamination.  Additionally, if there is an indication of health problems caused by the site activities, the LTS plan should develop a health monitoring plans.

· Commitments to fund LTS programs should be made prior to closure of the sites 

A basic concern is that funding sufficient to ensure long-term stewardship will not be forthcoming. Long-term funding for stewardship activities should be a major commitment. There are estimated budgets for LTS in the March 2000 documents, but funds stop five years after estimated remediation is complete. 

· LLNL’s Risk Based End State Vision does not comply with existing regulations and would not fully clean up the sites, thus extending the period for LTS.

In late 2003, DOE tasked each site with formulating an “End State” and cleanup strategy based solely on human health risk that would be contrasted to the "Current End State". The implementation of this Risk Based End State (RBES) policy would be a substantial rollback of the cleanup strategy at the sites.  The RBES sets the point of measuring compliance with environmental laws at the Site boundary.  Therefore, contaminants will be left to migrate to the fence line and be cleaned up only if the plume crosses the boundary.  This will allow contaminants to pollute a much larger area than if the contamination were controlled at the source.  As such, this would result in a longer time frame for LTS.

· The devolution of Environmental Management puts cleanup at risk.

As part of DOE’s accelerated cleanup program, the Office of Environmental Management is going to transfer its responsibility over each site to the National Nuclear Security Administration (NNSA). This Office within DOE has as its mission building and maintaining the nuclear weapons arsenal, within a culture of secrecy. The culture of secrecy is contrary to the openness that is crucial to long term stewardship, as the public must be aware of the hazards the sites present. The public feels that when all else fails, it will provide the memory of the hazards. As this bureaucratic shift occurs, there is also a risk that the budget for environmental management will become a lower priority. 

· Monitored Natural Attenuation (MNA) is risky, unless MNA is complete prior to LTS.

At Site 300, two of the remedies will contain MNA. Because of the long times associated with MNA, together with pressures on funding and resources, the community is concerned that attention will not be paid to the effectiveness of this remedy if it is part of a LTS strategy.

· Vapor intrusion and surface volatilization pose new risks.

Vapor intrusion is the phenomena whereby contaminants in the groundwater or the soil change phases (in this case liquid to gas), and are emitted into the overlying air. If there is a building above contaminated soil or groundwater, there is a danger that vapor will mix with the air in buildings, either through cracks in the foundation or from the outside air.  This is a growing concern throughout the country, and many Superfund sites with high levels of VOCs such as TCE are now being re-evaluated to understand the risk that this new pathway may pose.  LLNL recognizes this in the Site 300 Comprehensive Monitoring/Contingency Plan, but there is concern that after the CERCLA process is complete, this recognition will be forgotten.

· When institutional controls or land-use controls are part of the remedy, DOE should be required to monitor and enforce compliance with those controls. 

If property is transferred to another entity, DOE should develop a system whereby it will monitor compliance with any land-use restrictions/institutional controls, and enforce compliance when necessary. 

· A reliable, up-to-date record management facility accessible to the community is required.  

DOE must fully characterize, document, and disclose all environmental contamination at the sites in case failures occur. Because of the long-term nature of contaminants found at the sites, DOE should develop a record management system that will always be accessible near the location of the stewardship activities, from a regional access point (such as the state archive or library) and from the National Archive system. All waste disposal activities should be fully documented.

· LTS programs should use the CERCLA regulatory framework for providing technical assistance to the community and conducting Five-Year Reviews. 

The community anticipates that it will require independent technical assistance to review monitoring data and other technical information. This could be a program that is consistent regulatory mechanism with the CERCLA program that provides the most opportunity for community involvement in decision making. Additionally there should be a periodic review of the sites after they are transferred, similar to a Five Year Review required under CERCLA.  The LLNL managed sites estimate a budget for one Five Year Review.  Given the nature of the contaminants, these reviews will have to take place far into the future. 

Appendix C:  The Mound Plant
Background

The 306 acre Mound Plant, as its name implies, is located on high bedrock bluffs overlooking the city of Miamisburg and the Great Miami river.  The Main-Erie Canal, running parallel to the river, forms its western border and the site is surrounded by adjacent residential, commercial and recreational land uses.   

From 1948-1995, the plant manufactured radioactive components for nuclear weapons and served as integrated R&D facility with emphasis on explosives and nuclear technology.  The mission at Mound also included retrieving and recycling tritium from dismantled nuclear weapons and the production of weapon components that contained Plutonium-238 and Polonium 210.  Before ending defense production operations, the facility employed over 2,200 persons and housed more than 130 buildings and structures on site, and was the largest employer in the city.  

When DOE decided to end operations at the facility in 1994, the community’s desire to find economic reuse of the site, prompted the city to create an eleven-member Mound Reuse Committee to examine site reuse issues and to establish a non-for profit economic development corporation, the Miamisburg Mound Community Improvement Corporation (MMCIC), to negotiate transfer of the property from DOE and to redevelop and market the site as an industrial park.  

In January 1998 DOE entered into a sales agreement with MMCIC to transfer the site via individual parcels subject to regulatory approval by EPA and Ohio EPA.  Because the Mound site is being remediated to an industrial/commercial use standard, any land use or activity restrictions required under CERCLA must be included in the quit claim deed for the property.  It is assumed that the recorded deed restriction will alert all future owners that the property contains hazardous substances and that certain activities, such as soil removal from the site or groundwater consumption are prohibited. 
 The contract further stipulated that MMCIC was obliged to accept the Mound property with whatever restrictions were placed upon the property under CERCLA compliance.  

Since 1998, a number of buildings and more than half the acreage of the original property have been transferred to MMCIC and are currently in use.  The Mound Advanced Technology Center, the name of the industrial park developed by the MMCIC, has attracted some 18 businesses, employing nearly 200 persons in a variety of high-tech businesses launched in many cases by former Mound DOE employees.  Even though much of the site has been redeveloped and high tech employees come to work in the industrial park, the site is still part of an active Superfund cleanup and some challenges in cleaning up the remaining parcels of the site are still unresolved.
  

This brief discussion summarizes past remedial actions, describes the institutional controls in place, and considers the challenges to maintaining these controls after DOE transfers the site to the MMCIC which is scheduled for 2006.   

Remedial actions:  Mound 2000
The Mound site was place on the National Priorities List (NPL) in 1989 due to the threat posed by contaminated groundwater on site to the Buried Valley Aquifer, a designated sole source aquifer that extends under the facility.  In addition to groundwater contamination and mixed chemical and radionuclide contamination in landfills, the remedial investigation showed that hazardous substances and radionuclides were found in hundreds of small patches, somewhat randomly distributed across the site.  DOE, EPA, and Ohio EPA originally planned to address the Mound Site's environmental restoration issues under a set of Operable Units (OUs), each of which would include a number of Potential Release Sites (PRSs).  For each OU, the site would follow the traditional CERCLA process: a Remedial Investigation/ Feasibility Study (RI/FS), followed by a Record of Decision (ROD) and Remedial Design/Remedial Action (RD/RA).  Initially, cleanup of the site was organized into nine operable units, each of which had numerous “potential release sites” (PRSs).  But the CERCLA model of operable units was a poor fit at Mound. Typically OUs at Superfund sites are landfills or a contaminated groundwater plume where a limited set of remedies can be used.  At Mound the CERCLA model was forcing regulators to aggregate highly variable types of contaminants into arbitrary operational units.  
The CERCLA model came under fire for different reasons.  By requiring lengthy assessments and feasibility studies for large areas, RI/FSs in CERCLA often take years to complete.  This would have confounded the interest of both DOE and the city of Miamisburg to return individual parcels and buildings to productive reuse as quickly as possible.  To streamline site assessment and cleanup, in 1994 DOE and federal and state regulators worked out a different approach to site cleanup built around PRSs.  They agreed to evaluate each PRS or building separately, use CERCLA’s removal action authority to remediate each one as needed, and establish a goal of no additional remediation other than institutional controls for the final remedy. More than 400 hundred PRSs were identified.  Using information gathered from site visits, existing data, and knowledge of Mound Plant processes, a core team of officials from DOE, EPA, and Ohio EPA determined whether or not any action was warranted for potential release sites.  An evaluation package was assembled, presented for public comments, revised if necessary, and then finalized by DOE, EPA, and Ohio EPA.  For each PRS, three outcomes were possible:

1. no further assessment is required based on existing information 

2. a response action is clearly needed, based on existing information, or

3. further assessment is required to determine whether a response action is needed

This approach became known as Mound 2000 and its intent was to enable DOE and site regulators to make triage judgments about small parcels and individual buildings so that those assessed as “no further action” could be leased and eventually sold to the MMCIC.  Individual PRSs were grouped into “release blocks” and after all necessary response actions were completed for all PRSs in a release block, a cumulative assessment was made for the entire release block.  The point was to determine if the actions taken are protective of health and the environment based on the assumed future use of the site, industrial/commercial reuse.   

The regulatory process at Mound rolled PRSs and release block decisions into subsequent Records of Decision.  The first ROD was signed on March 15, 1999 for Release Block D, a 12-acre parcel which contained two buildings.  The property was then conveyed to the MMCIC.  Later in the year, a second ROD was signed for Release Block H, a 14-acre parcel which included a large parking lot and a site access road and this was also transferred to the MMCIC.  Both RODs called for institutional controls to be placed on these parcels to restrict future use to industrial/commercial use.  

Clearly Mound 2000 has helped accelerate cleanup and reuse at the site, and it has done so by creating an ad hoc decision making process built on the unlikely use of CERCLA’s emergency removal authority.  A removal action typically addresses situations that present an immediate or short-term threat to human health or to the environment, whereas a remedial action under CERCLA typically addresses situations that present a more long-term threat to human health or the environment.  The regulatory framework established by Mound 2000  has direct consequences for long term stewardship.  Some have argued that by shoe horning cleanup at Mound into CERCLA’s removal authority rather than the usual CERCLA remedial approach, DOE has only an inadequate characterization of the site as a whole, and that “the piecemeal cleanup may miss pockets of contamination and lead to poor understanding of the hyrdogeological behavior of the ground water.” 
  Moreover, according to local stakeholders at the site, the regulatory approach of Mound 2000 has had the unintended consequence of making it more difficult for community watchdogs groups and city managers to get an overall picture of site contamination.  Data that refers to the nine original OUs must then be linked to subsequent PRSs and release blocks, a difficult task if one is trying to construct a time series to study trends in contaminant removal or other site conditions. 

Institutional controls 


Institutional controls (ICs) are administrative or legal mechanisms used to protect public health and the environment from residual contamination at contaminated sites.  ICs are designed to limit land use and on-site activity that might interfere with the containment of residual contamination after completion of a response action.  Some common examples of ICs include well drilling prohibitions, zoning restrictions, deed restrictions and excavation permits.  At Mound ICs are used extensively in cleanups and constitute the sole remedy at parcels that have been transferred to the MMCIC.  At closure, DOE expects that all soil levels above the CERCLA risk range of 10-4 to 10-6 for an industrial/commercial risk scenario will have been excavated and shipped offsite.  At Mound the presumption is that the soil cleanup will be adequate for are not simply technical and legal add-ons to remedies.  Their use raises a number of questions pertinent to long term stewardship.  What kinds of institutional arrangements are needed to monitor and enforce land use restrictions? How feasible is it for DOE, a federal agency that is unlikely to have a presence on the after site closure, to ensure the long run legal enforcement of institutional controls.   What incentives will encourage the city and the MMCIC to notify people who work at the industrial park about the presence of contamination if such information stigmatizes the site and puts the industrial park at a competitive disadvantage?  And how can DOE anticipate what ICs are likely to fail and why?


At Mound a considerable amount of energy has been focused on the questions of how to make ICs legally binding over time and how to provide DOE, EPA, and OHIO EPA with authority to enforce controls against future site owners or lessees.    All parcels from the Mound Plant that have been conveyed to the MMCIC, have three distinct deed restrictions placed on them.  These include:  1) a restriction of the removal of soil from original Mound Site Boundaries without prior written approval from Ohio EPA or the Office Health Department; 2) a land use restriction that states the property will be for industrial/commercial use only.  Here the land conveyances to date have specified certain land uses will not be permitted on site such as single or multi-family dwelling, day care facilities, schools for children under eighteen years of age, farming activities, and any other activities that could result in the “chronic exposure” of children under 18 years of age to soil or groundwater; and 3) a prohibition on the consumption, exposure, or use in any way of the groundwater underlying the premises without the prior approval of U.S. EPA and Ohio EPA.  


The deed restrictions are enforceable by DOE and federal and state regulators in two ways.  They are included in the Record of Decision (ROD), which is a legally binding document that cannot be changed without following specific procedures, including public review.  In addition, the ROD spells out the roles and responsibilities of the various parties involved in site stewardship.  Under the provisions of the RODs that are now in place, DOE is responsible for monitoring, maintaining and enforcing deed restrictions.  U.S. EPA and Ohio EPA have the authority to take legal action against DOE in the ROD.


The three restrictions noted above are also included in the quit claim deed for each parcel that DOE uses to convey property to MMCIC.   Not only is the deed intended to notify the owner and future owners about the presence of hazardous materials on the property, but it also reserves an easement for DOE, USEPA, and OEPA for the purposes of any future response action under CERCLA.  And  importantly, the deed restriction remains attached to the property which means the restriction is enforceable against subsequent property owners.  One long-standing criticism of  deed restrictions as an IC is that under state real property laws regulators might lack the legal authority to enforce compliance with the deed against future owners of the property.  At Mound, however, the enforcement mechanisms provided by the ROD and the quitclaim deed give DOE and federal and state regulators the adequate legal authority to enforce compliance and to maintain the protectiveness of the remedy.   


ICs, of course, are only effective if they are understand and complied with; compliance, in turn, requires effective monitoring and a viable threat of enforcement.  Under CERCLA, DOE is not only responsible for monitoring ICs at Mound but also for responding to any release of hazardous substances that may occur after the site has been conveyed to MMCIC if the release can be attributed to DOE operations.  Moreover, the 1998 site sales contact between DOE and MMCIC includes a Remedial Action Covenant requiring DOE to take any additional remedial action found to be necessary by regulatory authorities with jurisdiction over the property.  At Mound, the perception of one local stakeholder is that DOE is “on the hook” for ICs.


Under the terms of its O&M Plan, DOE is obliged to report on the effectiveness of ICs in annual reports to EPA, Ohio EPA and the Ohio Department of Health.  These inspections have included personnel from DOE, Ohio EPA, MMCIC, officials from the city of Miamisburg, and contractors.  The review consists primarily of a visual inspection of the site in which the team looks for evidence of unauthorized well installation or soil removal from the original boundary of the site, and if there is any evidence of possible changes in the use of the site from industrial.  To complement the visual inspection, DOE reviews building permits issued by the city to contractors engaged in construction work and companies excavating pipelines or laying road beds at the Mound industrial park.  With respect to the timing of these inspections, DOE has conducted an IC assessment annually, but according to stakeholders interviewed for this case study, it is expected that DOE will petition the regulators to tie IC assessments to the Departments five year review responsibility.  DOE has also raised the possibility that in the future it may turn over the monitoring of ICs at Mound to a “designated agent”.


While DOE is responsible for maintaining ICs at Mound it will also rely on so called “layering” mechanisms to raise red flags in the event of non-compliance by property owners or lessees on the site.  One of these layering mechanisms, as noted above, is the building permit system of the City of Miamisburg.  Others include the county’s permitting requirements for drilling a private well-drilling, the MMCIC soil management plan, the city’s zoning ordinance, as well as a state wide call before you dig program.  The idea is that ICs need to have built in redundancy if they are to be effective over the long term.  Some local stakeholders took a contrary view and noted that layering could lead to a situation where no one entity took ultimate responsibility, and over time attention to ICs would attenuate.                                                                                                                                                                                                                                                                                                                                                                                                                                 

Layering mechanisms are one way to address potential failure of an institutional control.  The larger question, and it is one that stakeholders at Mound have begun to address, is how can failure modes of ICs be anticipated and ranked in order to plan for contingencies.  Such an analysis might be able to address the question if an institutional control were to fail what would that failure mean for public health? 


To address these issues, DOE, federal and state regulators, and city officials from Miamisburg conducted an uncertainty analysis of land use controls at the site.  The purpose of the evaluation process was twofold:

1. “To document the uncertainties associated with land use controls, regardless of the risk these uncertainties present; and

2. To prioritize uncertainties based on the risk so that the core team can effectively allocate resources to manage these uncertainties.”


The analysis was not based on a review of empirical data of IC failure at other sites---such data are scarce---but rather used the professional judgment of the participants and their familiarity with the site to estimate the likelihood of various risk scenarios: single family housing built on the site; utility worker exposed to unknown contamination while excavating at the site; contaminated soil being shipped off site for private use at a school, and budget cuts result in reducing activities at the site.  After assigning each risk scenario a probability of occurrence, the team then evaluated the impact of each scenario on health, public perception, and the response required by DOE.  


The analysis ranked as its top two risks 1) a utility worker’s exposure to unknown contamination, and 2) that soil containing a hot spot is moved offsite without approval and is used at a facility for children under 18.  Each case was assigned a high probability of occurring.  The health impacts were modeled as follows.  For the worker the duration of exposure and the contaminant concentration was consistent with assumptions in the Residual Risk Evaluation
  and it was further assumed that there are no unacceptable risk to workers prior to the transfer of land.  Under these assumptions, the team concluded that the health impact to the utility worker was low.  


For the second scenario, the team estimated that the probability of soil being removed at some point in the future was high, while the probability of removing a hotspot that would result in a health impact is low because “for the hotspot to have a health impact, the volume and/or concentration of the hotspot would need to be sufficient to exceed the assumed exposure scenario in the RRE”. In addition, it was claimed, “the impact of the hotspot may be diluted at its final destination point if it mixes with other soils, causing the concentration of contaminant to be lower. Therefore, if this risk scenario were to occur, the health impacts should be low.”
 

One could perhaps challenge some of the exposure assumption the team made, and some skeptics might say this is “risking” away the threat, but the more important point the analysis makes is that the team rated these scenarios at the top not because the health impacts are severe but because “the impact could be high due to perception issues and potential cost impact to DOE associated with addressing these perceptions”. 


The team recommended that DOE should develop a community involvement process to ensure that the public education about the site continues following site transfer.  Having gone through the uncertainty exercise and identifying contingencies for various kinds of risk scenarios, the team made a recommendation that could be useful for other sites in the DOE nuclear weapons complex that rely heavily on institutional controls as part of long term stewardship plan.  Although DOE’s responsibility to maintain and monitor ICs is written as a binding agreement in RODs for various release blocks,  the uncertainty analysis concludes: “This uncertainty management analysis identified management approaches and contingency planning that are additional to the requirements established in the site’s RODs”.
  Identifying changing conditions, and planning for new contingencies is a key attribute of any long-term stewardship program. 
 
The use of ICs at Mound, as elsewhere, will be subject to various pressures over time.  Perhaps the most important is budgetary pressures which translate into the question who will pay for ICs activities.  In their analysis, the team identified budget cuts as a possible impact on those IC monitoring activities, such as community involvement, not specified in the ROD.  Without a dedicated trust fund, the contingency plans they identified to deal with budget cuts on ICs have a somewhat hollow ring:  “support a lobbying campaign for Congress” and “prioritize stewardship activities” 
  Enforcing ICs at Mound will invariably have to deal with pressures to bend ICs to the interests of the more powerful and active local stakeholders.  The current ICs on transferred parcels prohibit persons under 18 years of age from working on the site if the activities lead to chronic exposure to soil and groundwater contamination.  For businesses on site, this restriction limits the possibility of training apprentices or using high school workers, and it is being challenged.  And finally, there is the inevitable loss of institutional memory about ICs, a process that at Mound seems to be accelerated by the economic redevelopment goals of MMCIC and the city of Miamisburg, which is to make the industrial park as stigma-free and as attractive as possible to companies seeking a business location.  In this context, it is unclear, how DOE will come to notice non-compliance with ICs in the decades to come if site owners and lessees are likely to have scant knowledge of the ICs and little incentive to comply with them.  As an alternative, should DOE rely on community groups living near the site to monitor ICs, something akin to a neighborhood watch?  Or should DOE, together with EPA consider how ICs, at Mound and other DOE sites, private Superfund sites and complex brownfields in the area,can be monitored on a regional basis.  Having focused on meeting target cleanup dates, DOE it would appear is only beginning to address these questions.  






� We are indebted to Kay Drey for information about uranium purification in St. Louis.


� For a detailed discussion of the environmental legacy of nuclear weapons production, see U.S. DOE, 1997, Linking Legacies: Connecting the Cold War Nuclear Weapons Production Processes to their Environmental Consequences . U.S. Department of Energy, Washington, DC.


�  U.S. DOE,  2002. Top to Bottom Review of the EM Program,  U.S. Department of Energy, Washington DC.


� U.S. DOE, 1999. From Cleanup to Stewardship: A Companion Report to Accelerating Cleanup: Paths to Closure and Background Information to Support the Scoping Process Required for the 1998 PEIS Settlement Study. Office of Environmental Management DOE/EM-0466, Washington, D.C.


� Ibid., p. 1


� Rocky Flats Stewardship Dialogue Planning Group, 1999. Beyond Closure: Stewardship at Rocky Flats.


� NRC. 2003. Long-term Stewardship of DOE Legacy Waste Sites---A Status Report.  Committee on Long-Term Institutional Management of DOE Legacy Waste Sites: Phase 2. National Academy Press, Washington DC.


� Probst, K. and M.H. McGovern. 1998, Long-term Stewardship and the Nuclear Weapons Complex:  The Challenge Ahead.  Resources for the Future: Washington, DC. 


� Applegate, J.S. and S. Dycus. 1998. Institutional controls or emperor’s clothes? Long-term stewardship on the nuclear weapons complex.  The Environmental Law Reporter News& Analysis 28(11).  


� Energy Communities Alliance, 2003. ECA Comments to the DOE Draft Policy Titled “Use of Risk-Based End States”.  Washington, DC.


� U.S. Department of Energy.  2004. Strategic Plan: Managing Today’s Change, Protecting Tomorrow’s Future.  Washington, DC., p.5.


� Ibid., p.5.


� Ibid., p. 5. 


� Ibid., p.5.


� Ibid., p.6.


� Ibid., p.6.


�Ibid., p.6. 


� Ibid., p.6.


�Ibid., p.6.


� Ibid., p.6.


� See Applegate, J.S. and S. Dycus. The Environmental Law Reporter News& Analysis 28(11).   Rocky Flats Stewardship Working Group. 2001. Hand in Hand:  Stewardship and Cleanup.  Report from the Rocky Flats Stewardship Working Group to the Rocky Flats Coalition of Local Governments and Rocky Flats Citizens Advisory Board. 


� See. Pendergrass, J.A. and Kirshenberg, S. 2001. The Role of Local Government in Long-term Stewardship of DOE Facilities. Environmental Law Institute and Energy Communities Alliance.  Washington. DC.  


� NRC. 2003. Long-term Stewardship of DOE Legacy Waste Sites---A Status Report.  Committee on Long-Term Institutional Management of DOE Legacy Waste Sites: Phase 2. National Academy Press, Washington DC. 


Russell, M. Legacy Waste Cleanup and Stewardship:  Beyond the Top-To-Bottom Review. JIEE Report NO. 2002-06. Joint Institute for Energy and the Environment


Probst, K.N., and A.I. Lowe. 2000. Cleaning Up the Nuclear Weapons Complex: Does Anybody Care?  Resources for the Future, Washington D.C.


� U.S Department of Energy.  1996.  Environmental Baseline Management Report.  Chapter 6., p.9. Washington, DC


� Probst, K. and M.H. McGovern. 1998.  Long-Term Stewardship and the Nuclear Weapons Complex: The Challenge Ahead.  Resources for the Future: Washington, DC, p.56- 59.


� U.S. Department of Energy. 2001. Major Environmental Statutes, Regulations, and Executive Order for Long Term Stewardship at DOE Sites.  DOE: Washington, DC.


� CERCLA 121[b][1]  


� CERCLA 121 (b) (1)


� CERCLA 121 (b) (G)


� ARARs do not exist in any one document but are rather media specific chemical concentration standards for ambient water quality, groundwater and soil which are promulgated in federal, state, and local laws to protect public health.


� U.S. Department of Energy. Use of Institutional Controls.  DOE P 454.1.  Washington, DC. p. 3.


� U.S General Accounting Office. 2005. Hazardous Waste Sites:  Improved Effectiveness of Controls at Sites Could Better Protect the Public.  Washington, DC.  p. 5.


� 42 U.S.C. 9604(a)(1), 9606(a).


� 40 C.F.R. §300.430(a)(1)(iii)(d).


� U.S General Accounting Office. 2005. Hazardous Waste Sites


� Ibid., p. 5.


� Pendergrass, J. A., M. Clancy-Hepburn, J. James M. McElfish, M. Mitchell and R. Jensen 1999.. Institutional Controls Case Study: Grand Junction. Environmental Law Institute, Washington D.C. 


� James M. McElfish Jr., 1999. Institutional Controls Case Study: Mound. Environmental Law Institute, Washington D.C.,. 


� U.S. Department of Energy. 2003.  Use of Institutional Controls.  DOE P 454.1.  Washington, DC. p.1.


� Ibid., p. 3.


� For an interesting discussion of the role of trust funds in long term stewardship, see Bauer, C. and K. Probst. 2000.  Long Term Stewardship of Contaminated Sites:  Trust Funds for Mechanisms for Financing and Oversight.  Resources for the Future; Washington, DC.


� U.S. Environmental Protection Agency. 2001. Comprehensive Five-Year Review Guidance.  EPA: Washington, DC.


� Protectiveness is defined by the acceptable risk range of 10-4 to 10-6 for carcinogens and a hazard index of less than 1 for noncarcinogens


� Ibid., p. 4-1.


� Ibid., p. 4-4. 


� National Research Council. 2003. Environmental Cleanup at Navy Facilities:  Adaptive Site Management.  National Academies Press: Washington, DC. 


� Ibid., A-4


� Ibid., A-4


� See “An Analysis of Institutional Responsibilities for the Long-Term Management of Contaminant Isolation Facilities”, Kevin M. Kostelnik, Dissertation Submitted to the Faculty of the Graduate School of Vanderbilt University in partial fulfillment of the requirements for the degree of DOCTOR OF PHILOSOPHY in Interdisciplinary Studies: Environmental Management May, 2005


� This does not comply with California’s Non-Degradation Policy.


� Kostelnik, p.157


� ITRC, Issues of Long-Term Stewardship: State Regulators’ Perspectives, July 2004


� Compliance Monitoring Plans/Contingency Plans have been written for both sites.  These plans are required by CERCLA and are in reference to the cleanup.   


� Personal experience of Peter Strauss at the Casmalia Hazardous Waste Landfill.


� Associated Press, October 12, 2005


� Apparently, this is in place at Fernald, but has not been put in place at Weldon Spring.


� Rocky Mountain News, October 13, 2005


� Personal experience of Peter Strauss at a former Department of Defense firing range, 1999.


� See � HYPERLINK "http://www.cpeo.org/tree.html" ��http://www.cpeo.org/tree.html� for full description of these and other techniques.


� ICF-Kaiser, Managing Data for Long-Term Stewardship, March 1998


� See The Waste Isolation Pilot Plant: How Well is “Accelerated Cleanup” Working?, Southwest Research and Information Center, July, 2005 (Sponsored by the Citizen’s Monitoring and Technical Assessment Fund)


� This quantity is enough to assemble 2 Hiroshima type atomic bombs.  


� ITRC, Issues of Long-tern Stewardship: State Regulators’ Perspective, July 2004


� The Energy Community Alliance (ECA) “Long-Term Stewardship Policy” states that local governments may be willing to perform record-keeping activities if federal funding is available.  However this is not meant to preclude national or regional records management “that would maintain duplicate records as fail-safe measures.”


� Personal Communication with Bert Heffner, Community Relations, September 16, 2005. We recently received a communication that DOE is preparing an LTS Plan for the LLNL site, but it was unavailable for review.


� Karst is a land form that is made up of limestone.  Karst usually has many fractures and voids formed by dissolution.  As a result, contaminants that make there way to the Karst bedrock are very difficult to locate and contain.


� 	Tri-Valley CAREs has been very active at both the site level and the national level in the Long Term Stewardship programs.  It is also the community group that has taken the lead at Site 300 and the LLNL Main Site.  Peter Strauss is the group’s Technical Advisor, and thus has had a role in formulating many of the comments.  Because of this, we did not include a recommendation section, as the section on community concerns reflects our recommendations.


� 	Originally, LLNL constructed a Re-injection basin south of East Ave.  In 2003 this was closed because the basin was not sufficiently draining to groundwater.


� 	91 acres has been set aside as an ecological preserve to protect the Large-Flowered Fiddleneck.  


� 	As of now there is not a proposed plan: however, a feasibility study has been completed and the preferred remedy is described.


� 	Hydraulic head is in lay terms the force that is exerted on a volume of water.  For example, by damming a river, one reduces the head exerted on the downstream portion of the river. 


� 	In personal correspondence with Mike Brown, October 14, 2005, DOE Project Manager for both sites, DOE is preparing a Long Term Stewardship Plan for the LLNL sites.  It was not available for review when this report was written.  However, in discussing the general components of the plan, we were informed that there is there are only minor changes to the March 2000 documents.


� 	Fast Track to Long Term Stewardship at the Lawrence Livermore National Laboratory Site, 2000, UCRL-TE-140498 


� 	Compliance Monitoring Plans/Contingency Plans have been written for both sites.  These plans are required by CERCLA and in reference to the cleanup.   


� 	DOE, March 15, 2000 


� According to EPA guidance, when a federal agency transfers to an entity other than another federal agency property on which hazardous substances have been released the deed must contain a covenant warranting that "all remedial action necessary to protect human health and the environment has been taken before the date of transfer" (the CERCLA 120(h)(3)(A)(ii)(I) Covenant) and that "any additional remedial action found to be necessary after the date of the transfer shall be conducted by the United States EPA, with the concurrence of the Governor of the State in which the facility is located.


� At Mound, the remedy for a landfill on the western border of the site is a source of contention for Ohio EPA and local stakeholders.   The ROD was signed in 1995 but site circumstances have changed since then.  During installation of the pump and treat system to deal with volatile organic compounds,  crushed drums and thorium contaminated sils were discovered and in the course of O&M more VOC contamination was found than expected.  In addition there is concern that that the landfill may still contain hazardous materials and radionuclides. Currently the remedy consists of pump & treat, air sparging and soil vapor extraction.  DOE’s end state vision has identified monitored natural attenuation as the expected remedy, and includes institutional controls that prohibit excavation and building.  These restrictions are not acceptable to the city of Miamisburg who argue that the landfill would stigmatize the site and complicate redevelopment. 


� http://www.doe-md.gov/prsinfo/1_prsdata/howto.html


� National Research Council. 2003. Long-Term Stewardship of DOE Legacy Waste Sites: A Status Report National Academies Press: Washington, DC.  p. 59.


�Uncertainty Analysis of Land Use Controls at the Mound Plant, 2003. available at


 � HYPERLINK "http://www.landtrek.org/projects/MOUND/UncertAnal.pdf" ��http://www.landtrek.org/projects/MOUND/UncertAnal.pdf�.  p.6.


� The RRE evaluates the health risk to workers from exposure to concentrations of residual contamination for a duration of time consistent with the activities expected to take place at the site.


� Uncertainty Analysis. 2003  p.4.


� Ibid., p.4


� Ibid., p.9.


� Ibid., Attachment Level 2-3.





PAGE  
46

