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Preface

The Committee on Remediation of Bunied and Tank Wastes was asked by the U.S. Depanment of Encrgy
(DOE) to0:

. assess approaches for developing cntena for ransibon frm acuve 10 passive remediation and
subsequent long-term disposition, including instituuonal contrul with menitoring and surveillance, of
DOE waste sites and facilities such as Hanford, Wastingion: Savannah River, South Carolina; Idaho
National Engincering Laboratory; and Oak Ridge National Lahoratory, Tennessee. Such critena 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 agrecments will be included. Appropnate approaches will be applica-
ble to facilitics such as high-level radioactive waste tanks (ncluding related facilities and contaminated
environments). buried radioactive waste (such ax the Hanford low level waste disposal sites). and on
environments contaminated by nuclear testing tsuch as the Nevade Test Site weapons test event loca.
uon).

Implicit 1n this charge is DOE's recopmuon that radiolopical amd chemical naks are likely to pervast at many
DOE wastc sites tor very long ume penods, and that protecting humana and the envirenment trom these nsks v 2
dauntingly complea task. For society, now and in the future. this task challenges not only our seientfic and
technological capatiliies, but also our abihity 10 estabhish and mamtan the intitutional arrangements that are
fundamental to ensunng this protection.

The commintee approached 1ts vharge by developing o conceptual tlamework for Jong term nstitubonsl
management of DOE’s waste sites. In sts study, it conventrated on the sites identified in the DOE request bt ook
other DOE waste sites nto account &y well. The comeptual framenork developed by the commitiee fucuses on
three complementary clements of waste site disposiion - waste reducion, waste nolation. and stewardship—
using the metaphor of a “three-legged stool © The chasactenstios of and interretationships among these three
clements were examined 1n the commiltee’s study, s wene vurrent capatihties, hmitations, and other conteatual
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factors that must be taken into account Following this assessment, general design critena for long-term institu-
tional manasgement were identified

The commitiee took this general, conveptual approach because the diversity of DOE's waste sites and their
residual contaminants, together with large uncertainties shout the present and future capabilities of sciengce,
technology. and stewardship measures as well as budgetary uncenainties. preclude guantifying the curremt and
future risks posed by various ytes or providing a stngle “recipe for success.™ Invtead. as described in this report,
long term institutional management, broadly and « stematically conceived. is essential to responsible site disposi-
tion.

In summary. at most of DOE's waste vites complete ehismnation of unacceptable risks to humans and the
environment will not be achieved. now or 1n the foresceable future. At many of DOE’s sites, radiological and
chemical contaminants posing potentially substantial nsks are likely to remain on site and may migraie off site.
Engincered measures for waste iselation, together with institutional controls and other stewardship measures, will
largely be rclied upon to prevent unacceptable exposure 10 these contaminants. The quality of management of
residually contaminated waste sites, buth in the present and over the longer term, will determine whether these
measures are adequately protective. AU most rites, no sngle clement— waste reduction. waste 1solation, or
stew ardship-- can be relied upon. Long: term insttutional management will require anaintegrated, systems approach
that 1s tailored 10 the conditions of the site and 18 revisited over ime, as the condiions of the site and its
rurtounding arca change and as new technulogies become available,

In closing, we should note the genesss and evolution of this commnee. The Committee on Remediation of
Buned and Tank Wastes was formed in 1992, Tts work has resulied in numerous reports addressing problems of
site remediation in the DOE complex (the ldaho National Engincering and Environmental Laboratory aquifer
pumprng and infiltration test, use of systems analyss and systems engincenng at the Hanford Site in Washington,
isolation barricrs, the Niagara Falls Storage Site, techmical management at DOE; and tank waste remediation at
Hanford), culminating in the present examimtion of the long-term disposition of DOE waste sites. Ths report is
in many ways a direct descendant of those carhier studies, and the present committee members owe a debt of
gratitude to those carlier members who, though noy pan of the group that prepared this report, were instrumental
in helping to shape the thinking that we brought 1o bear

We arc indcbted to Tom Burke, Bob Catlin, Tom Cotion, Rod Ewing, Glenn Paulson. and. especially, to Paul
Witherspoon. whose wit and wisdom have continued 10 ccho through the commitiee’s deliberations. We owe a
special debt of thanks to Bob Budnitz, the comnutice’s first chair, whose ceaseless admonitions to “think outside
the box™ we hupe we have honored. The commitiee also extends 1ts warmest thanks to John Lehr, our DOE liaison,
who proved w0 be a man of infinie forbearance. and 10 DOE"s consultant 1o the committee, Julie D’ Ambrosia,
whose insightfulness und ability to sweep aude contusion continue 1o amaze. ANl of these people have been of
tremendous assistance, but none of them bear responsthility for this report. Finally, we want to scknowledge the
essential role that the NRC staft plays in bringing reponts Tike this ané to compietion. Although they are “just doing
their jobs.™ as Sentor Staff Officer Bob Andrews convtantly reminded v, Hob and Semor Project Assistant Laura
Llanos are especially to be commended for thet help and covvutagement We are especiatly indebted to Bob, wha,
aver the years of the comnuttee’s hte, became a tnue Tnend to all of us

Thomas M Leschine, Chare
Mans R English, Viee Chasr
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Contents

SYNOPSIS

SUMMARY

1

INTRODUCTION

LONG-TERM STEWARDSHIP, 11

TRANSITION “FROM CLEANUP TO STEWARDSHIP.” 12
PURPOSE OF THE STUDY, 15

LONG-TERM INSTITUTIONAL MANAGEMENT. 16

CONCEFTUAL FRAMEWORK

GENERAL REQUIREMENTS, 18

SITE DISPOSITION DECISIONS FROM A LONG - TERM INSTITUTIONAL
MANAGEMENT PERSPECTIVE. 21

CONTAMINANT REDUCTION

FUTURE STATES, 27

CONSTRAINTS AND LIMITATIONS, 12

FUTURE DIRECTIONS FOR IMPROVEMENTN, 11

CONTAMINANT ISOLATION

DESCRIPTION OF THE TECHNOLOGIES, 38

PERFORMANCE MONITORING OF ENGINEFRED BARRIERS AND
STABILIZED WASTEDS, 39

CHARACTERISTICS OF IDEAL CONTAMINANT ISOLATION MEASURES, 40

CONSTRAINTS AND LIMITATIONS, 41

FUTURE DIRECTIONS FOR IMPROVEMENT, 44

L1

10 p

28

2

PE




X COUNTENTS

S STEWARDSHIP ACTIVITIES

COMPONENTS OF A COMPRELHENSIVE STEWARDSHIP PROGRAM. 47
! TYPICAL INSTITUTIONAL CONTROLS, 50
! CONSTRAINTS AND LIMITATIONS. 52
CHARACTERISTICS OF AN LFFRCTIVE STEWARDSHIP PROGRAM. 60
FUTURE DIRECTIONS 1 OR INPROVING STEWARDSHIP, 61
RELEVANT RESEARCH AND DEVELOPMENT NEEDS. 65

46

. 6  CONTEXTUAL FACTORS
; RISK. 66
SCIENTIFIC AND TECHNICAL CAPABILITY. 68
INSTITUTIONAL CAPABILITY. 69
COST. 70
LAWS AND REGULATIONS, 72
VALULS OF INTERESTED AND AFFECTLD PARTIES. 73
OTHLER SITES, 74
INTERACTION AMONG CONTEXTUAL FACTORS WITHIN A CLIMATE OF
UNCERTAINTY, 76

FUNDAMENTAL LIMITS ON TECHNICAL AND INSTITUTIONAL CAPABILITIES 17
TECHNICAL CAPABILITIES AND LIMITATIONS. 77
INSTITUTIONAL CAPABILITIES AND LIMITATIONS, 83
BROAD SOCIETAL FACTORS. 86
STRENGTHENING LINKS BETWLEN TECHNICAL AND INSTITUTIONAL
CAPABILITIES, 89

&  DESIGN PRINCIPLES AND CRITERIA FOR AN LFFECTIVE LONG-TERM
INSTITUTIONAL MANAGEMENT SYSTEM: FINDINGS AND RECOMMENDATIONS 93
DESIGN PRINCIPLES AND CRITERIA, 93
FINDINGS. 96
RECOMMENDATIONS, 98.

REFERENCES CITED 101

APPENDIXES
A COMMITTEE'S STATEMENT OF TASK, 19
B CLOSURE PLANS FOR MAJOR DOY SITES. 110
C COMMITTEE INFORMATION GATHI RING MEETINGS, 120
D SUMMARY OF RECLNT STEWARDSHIP STUDIES, 128
I ENISTING LLGAL STRUCTURE 1 OR C1 OSURE- O THE WEAPONS COMPLEN SITES, 133
3 DISPOSITION OF THE NEVADA TEST ST 141
G MATHEMATICAL MODELS USED T OR SITY O OSURE DECISIONS, 149

H BIOGRAPHICAL SRUTCHES OF COMMITTLL M) MBERS AND CONSULTANTS, 159
| DEFINITIONS OF TURMS USEDIN THIS RLEPORT. 163




----------?.
H
H
;

P

CONTENTS

FIGURES

1
2

TABLES

1
2

Map of DOE Nuclear Weapons Complex Sites, 12
Long-Term Institutional Management Conceptual Framework, 20

Institutional Management Charactcristics, Criteria, and Principles Found in This Report, 17
Summary of Solid Waste Across the DOE Complex, 30

SIDEBARS

1-1
2-1
4-1
4-2
4-3
5-1
5-2

5-3
5-4
7-1
7-2
7-3
7-4

Development of DOE Long-Term Stewardship Report, 13

Hanford Site Reactor ‘Interim Safe Storage,” 23

Hanford Site Groundwater/Vadose Zone Integration Project, 37

How Can Radiation Exposures from Waste Disposal be ALARA?, 42

The Hanford Barrier, 44

Love Cana), New York: An Example of Failed Stewardship, 53

The Bikini Atoll Experience: Inherent Fallibility of Institutional Controls and
the Vintues of “Defense in Depth,” 54

Institutional Controls at Yucca Mountain Geological Repository, 56

Trust Funds and Institutional Management, 63

Role of Models, Site Data, and Science and Technology in Risk Assessment and Management, 80
Evaluation of Nevada Test Site Groundwater Modcling. 81
Reindustrialization of the Mound Site, 87

Basic Research Needs in Subsurface Science, 90

xiii




