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Synopsis

This study examines concerns raised by the U.S. Department of Energy (DOE) in its planning for transition
from active waste site management and remediation to what the department terms “long-term stewardship.” It
examines the scientific, technical, and organizational capabilities and limitations that must be taken into account in
planning for the long-term institutional management of the department’s numerous waste sites that are the legacy
to this country’s nuclear weapons program. It also identifies characteristics and design criteria for effective long-
term institutional management.

Of the sites in DOE’s inventory, few will be cleaned up sufficiently to allow unrestricted use. At many sites,
radiological and non-radiological hazardous wastes will remain, posing risk to humans and the environment for
tens or even hundreds of thousands of years. In some cases, contaminants have migrated off site or are likely to do
so in the future. Future changes in the uses of sites and nearby areas make predicting risks even more difficult. In
response to the technological, budgetary, and societal problems posed by these sites, DOE plans to rely on
institutional controls and other stewardship measures to prevent exposure to residual contaminants following
activities aimed at stabilization and containment. One message that emerges from this study, however, is that
effective long-term stewardship will likely be difficult to achieve.

In this study it is argued that, while stewardship as defined by DOE is essential, a much broader-based, more
systematic approach is needed. For any given site, contaminant reduction, contaminant isolation, and stewardship
should be treated as an integrated, complementary system: one that requires foresight, transparently clear and
realistic thinking, and accountability. Today’s waste management actions should become an integral part of
stewardship planning. Scientific, technical, and organizational deficiencies or knowledge gaps should be acknowl-
edged frankly and, where possible, research investments should be made to correct them. The long-term institu-
tional management plan for a legacy waste site should strive for stability, balanced by flexibility and provisions for
iteration over time. No plan developed today is likely to remain protective for the duration of the hazards. Instead,
long-term institutional management requires periodic, comprehensive reevaluation of those legacy waste sites still
presenting risk to the public and the environment to ensure that they do not fall into neglect and that advantage is
taken of new opportunities for their further remediation.
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94EW54069 and DE-FC01-99EW59049. All opinions, findings, conclusions, and recommendations expressed
herein are those of the authors and do not necessarily reflect the views of the Department of Energy.
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Cover Image: The U.S. Department of Energy is engaged in an effort of national importance to address the
legacy of environmental contamination resulting from its Cold War defense mission. Many U.S. defense
complex sites are highly contaminated with radionuclides and hazardous chemicals and cannot be cleaned
up with current technologies (top image). These sites must be managed to isolate and contain the waste
(fence image in center), in some cases in perpetuity (hourglass image). These contaminated sites will
require long-term institutional management to protect the land and the people who live “outside the fence”
(bottom image). The bottom image also embodies the hope that in at least some instances the principles of
long-term institutional management, diligently applied, make the need for the fence eventually to go away,
as sites that are contaminated today are cleaned up in the future with new technologies.
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The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the charter
granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the
federal government on scientific and technical matters. Dr. Bruce M. Alberts is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is autono-
mous in its administration and in the selection of its members, sharing with the National Acad-
emy of Sciences the responsibility for advising the federal government. The National Academy
of Engineering also sponsors engineering programs aimed at meeting national needs, encourages
education and research, and recognizes the superior achievements of engineers. Dr. William A.
Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under the responsibility given to
the National Academy of Sciences by its congressional charter to be an adviser to the federal
government and, upon its own initiative, to identify issues of medical care, research, and educa-
tion. Dr. Kenneth I. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to
associate the broad community of science and technology with the Academy’s purposes of
furthering knowledge and advising the federal government. Functioning in accordance with
general policies determined by the Academy, the Council has become the principal operating
agency of both the National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and engineering communi-
ties. The Council is administered jointly by both Academies and the Institute of Medicine. Dr.
Bruce M. Alberts and Dr. William A. Wulf are chairman and vice chairman, respectively, of the
National Research Council.

National Academy of Sciences
National Academy of Engineering
Institute of Medicine
National Research Council
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Preface

ix

The Committee on Remediation of Buried and Tank Wastes was asked by the U.S. Department of Energy
(DOE) to:

. . . assess approaches for developing criteria for transition from active to passive remediation and
subsequent long-term disposition, including institutional control with monitoring and surveillance, of
DOE waste sites and facilities such as Hanford, Washington; Savannah River, South Carolina; Idaho
National Engineering Laboratory; and Oak Ridge National Laboratory, Tennessee. Such criteria will
include technical feasibility, future land use, performance assessment of remediation activities, and risks
to health, safety, and the environment associated with long-term site disposition. Relevant federal and
state regulatory requirements and agreements will be included. Appropriate approaches will be applica-
ble to facilities such as high-level radioactive waste tanks (including related facilities and contaminated
environments), buried radioactive waste (such as the Hanford low-level waste disposal sites), and on
environments contaminated by nuclear testing (such as the Nevada Test Site weapons test event loca-
tion).

Implicit in this charge is DOE’s recognition that radiological and chemical risks are likely to persist at many
DOE waste sites for very long time periods, and that protecting humans and the environment from these risks is a
dauntingly complex task. For society, now and in the future, this task challenges not only our scientific and
technological capabilities, but also our ability to establish and maintain the institutional arrangements that are
fundamental to ensuring this protection.

The committee approached its charge by developing a conceptual framework for long-term institutional
management of DOE’s waste sites. In its study, it concentrated on the sites identified in the DOE request but took
other DOE waste sites into account as well. The conceptual framework developed by the committee focuses on
three complementary elements of waste site disposition—waste reduction, waste isolation, and stewardship—
using the metaphor of a “three-legged stool.” The characteristics of and interrelationships among these three
elements were examined in the committee’s study, as were current capabilities, limitations, and other contextual
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factors that must be taken into account. Following this assessment, general design criteria for long-term institu-
tional management were identified.

The committee took this general, conceptual approach because the diversity of DOE’s waste sites and their
residual contaminants, together with large uncertainties about the present and future capabilities of science,
technology, and stewardship measures as well as budgetary uncertainties, preclude quantifying the current and
future risks posed by various sites or providing a single “recipe for success.” Instead, as described in this report,
long-term institutional management, broadly and systematically conceived, is essential to responsible site disposi-
tion.

In summary, at most of DOE’s waste sites complete elimination of unacceptable risks to humans and the
environment will not be achieved, now or in the foreseeable future. At many of DOE’s sites, radiological and
chemical contaminants posing potentially substantial risks are likely to remain on site and may migrate off site.
Engineered measures for waste isolation, together with institutional controls and other stewardship measures, will
largely be relied upon to prevent unacceptable exposure to these contaminants. The quality of management of
residually contaminated waste sites, both in the present and over the longer term, will determine whether these
measures are adequately protective. At most sites, no single element—waste reduction, waste isolation, or
stewardship—can be relied upon. Long-term institutional management will require an integrated, systems approach
that is tailored to the conditions of the site and is revisited over time, as the conditions of the site and its
surrounding area change and as new technologies become available.

In closing, we should note the genesis and evolution of this committee. The Committee on Remediation of
Buried and Tank Wastes was formed in 1992. Its work has resulted in numerous reports addressing problems of
site remediation in the DOE complex (the Idaho National Engineering and Environmental Laboratory aquifer
pumping and infiltration test, use of systems analysis and systems engineering at the Hanford Site in Washington,
isolation barriers, the Niagara Falls Storage Site, technical management at DOE, and tank waste remediation at
Hanford), culminating in the present examination of the long-term disposition of DOE waste sites. This report is
in many ways a direct descendant of those earlier studies, and the present committee members owe a debt of
gratitude to those earlier members who, though not part of the group that prepared this report, were instrumental
in helping to shape the thinking that we brought to bear.

We are indebted to Tom Burke, Bob Catlin, Tom Cotton, Rod Ewing, Glenn Paulson, and, especially, to Paul
Witherspoon, whose wit and wisdom have continued to echo through the committee’s deliberations. We owe a
special debt of thanks to Bob Budnitz, the committee’s first chair, whose ceaseless admonitions to “think outside
the box” we hope we have honored. The committee also extends its warmest thanks to John Lehr, our DOE liaison,
who proved to be a man of infinite forbearance, and to DOE’s consultant to the committee, Julie D’Ambrosia,
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