
REPORT  TO

THE   U.S. CONGRESS 
AND

THE  SECRETARY  OF  ENERGY

U.S.  NUCLEAR  WASTE  TECHNICAL

REVIEW  BOARD

1994  FINDINGS  AND  RECOMMENDATIONS

 

 







NUCLEAR WASTE TECHNICAL REVIEW BOARD

Dr. John E. Cantlon, Chairman
Michigan State University

Emeritus

Dr. Clarence R. Allen
California Institute of Technology

Emeritus

Dr. Garry D. Brewer
University of Michigan

Dr. Edward J. Cording
University of Illinois at Urbana-Champaign

Dr. Patrick A. Domenico*
Texas A&M University

Dr. Donald Langmuir
Colorado School of Mines

Dr. John J. McKetta, Jr.
University of Texas at Austin

Emeritus

Dr. Dennis L. Price*
Virginia Polytechnic Institute

and State University

Dr. Ellis D. Verink, Jr.*
University of Florida

Emeritus

*Term expired on April 19, 1994; continuing as a consultant pending Presidential appointment/reappointment.

 

 



Executive Staff
William D. Barnard Executive Director
Dennis G. Condie Deputy Executive Director

Technical Staff
Sherwood C. Chu Senior Professional Staff
Carlos A.W. Di Bella Senior Professional Staff
Daniel J. Fehringer Senior Professional Staff
Russell K. McFarland Senior Professional Staff
Daniel S. Metlay Senior Professional Staff
Victor V. Palciauskas Senior Professional Staff
Leon Reiter Senior Professional Staff

External Affairs Staff
Paula N. Alford Director, External Affairs
Frank B. Randall Assistant, External Affairs
Karyn D. Severson Congressional Liaison

Publications Staff
Nancy E. Derr Director, Publications
William D. Harrison Production Consultant

Administrative & Support Staff
Davonya S. Barnes Staff Assistant
Kathleen A. Downs Staff Assistant
Helen W. Einersen Executive Assistant
Debra K. Hairston Management Assistant
Linda L. Hiatt Staff Assistant
Victoria F. Reich Librarian
Donna M. Stewart Staff Assistant

 

 



Table of Contents

Executive Summary .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . xi

Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1

Chapter 1 – Background  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3
Summary of Board Activities this Reporting Period  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 3
Board Interactions with Congress  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4
Board Views on the DOE’s New Program Approach  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 4
The Evolving Waste Isolation Strategy  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 5
Other Developments  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6
Board Views on Minimal Exploratory Requirements  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 6
The Program Approach and Thermal Management Strategies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 8
The DOE’s Transportation Program  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9
Board Publications  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 9

Chapter 2 – Lessons Learned in Site Assessment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 11
Part 1: Site Assessment — Successes and Failures  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 12

The Martinsville Alternative Site  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 12
The Waste Isolation Pilot Plant  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 13
Gorleben, Lower Saxony, Federal Republic of Germany  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 14
Swan Hills Hazardous Waste Treatment Facility  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
Four Critical Facilities in California  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 15
The U.S. Geological Survey — Experiences in Site Evaluation .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 16
Licensing Hearings  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17

Part 2: Common Issues in Site Assessment and Their Applicability to Yucca Mountain  .  .  .  .  .  .  .  .  .  .  .  .  . 18
Issue 1: Site Assessment — It Requires a Strategy  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 18
Issue 2: Determining Site Suitability and License Application — They also Require Strategies  .  .  .  .  .  .  .  . 18
Issue 3: Uncertainties are Unavoidable  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19
Issue 4: Expect Surprises  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19
Issue 5: Technical and Institutional Overconfidence Does Not Pay  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 19
Issue 6: Independent Technical Review is Important  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 20
Issue 7: Quality Assurance Counts  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 20
Issue 8: Regulations Must Be Clear  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 20
Issue 9: Political and Institutional Issues Count, Too  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 21
Issue 10: Process Counts  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 21
Issue 11: Public Involvement — It’s Necessary  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22
Recommendation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 22

Table of Contents

vii



Chapter 3 – Resolving Difficult Issues — Volcanism  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 23
Introduction  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 23
Background on Volcanism .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 23
Controversies  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 24
Factors Leading Toward Successful Resolution .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 26
Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 27
Postscript on Seismic Hazard  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 27
Recommendations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 28

Chapter 4 – Panel Activities, Conclusions, and Recommendations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 29
Geoengineering  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 29

The DOE’s Evolving Waste Isolation Strategy  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 30
Underground Excavation and Testing  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 31
The Thermal Test Area  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 32
The DOE’s New Program Approach to Managing the Thermal Loading of a Repository  .  .  .  .  .  .  .  .  . 33
Management Concerns  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 35
Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 36
Recommendations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 36

Tectonic Features and Processes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 37
Volcanism  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 37
Faulting and Earthquakes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 37
Recommendations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 39

Hydrogeology and Geochemistry  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 39
Radionuclide Transport .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 39
Ground-Water Travel Time  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 42
Pneumatic Pathways  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 45
Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 47
Recommendations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 47

The Engineered Barrier System  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 48
Waste Package Design  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 48
EBS Design Outside the Waste Package  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 50
Performance Assessment and Corrosion Research  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 50
Defense Wastes  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 51
Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 55
Recommendations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 55

Risk and Performance Analysis  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 55
Background  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 56
Technical Insights and Comments .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 56
Making Good Use of Performance Assessment  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 59
A Consistent Message about the Yucca Mountain Site from Current and Past Performance Assessments 60
Performance Assessment and a Waste Isolation Strategy for Yucca Mountain  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 60
Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 61
Recommendations .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 62

Chapter 5 – Observations from the Board’s Trip to Japan  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 63
Differences and Similarities  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 63

Saturated Versus Unsaturated Zone  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 63
Assessment of Volcanic, Seismic Hazards  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 64
Engineered Barrier System Approach .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 64
Hydrology and Geochemistry  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 65

NWTRB - Eleventh Report

viii



A Generic Approach to Performance Assessment Has Been Established  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 66
Natural Analogues  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 66

Overall Approach to Nuclear Waste Management  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 67
Long-Term Commitment to Reprocessing Spent Nuclear Fuel and Building Energy Independence  .  .  . 67
No Disposal Agency, No Potential Sites, and No Regulations  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 68
R&D Work Versus the Eventual Characterization, Siting, and Construction of a Repository  .  .  .  .  .  .  . 69
Provisions For Long-Term Interim Storage  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 69
Public Information and Outreach  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 70
International Outreach .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 70

Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 70
Recommendation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 71

Appendix A Nuclear Waste Technical Review Board Members

Appendix B Panel Organization

Appendix C Meeting List for 1994–1995

Appendix D List of Presenters

Appendix E NWTRB Statements Before Congress

Appendix F List of Questions to the OCRWM about Scenario A; OCRWM Responses

Appendix G Board Letter to the OCRWM and Comments About Exploration and Testing
for Site-Suitability Determination

Appendix H Department of Energy Responses to the Recommendations in the Board’s Reports

Appendix I Japan — An Overview of the Waste Management System

Appendix J Reports by the Nuclear Waste Technical Review Board

References

Glossary

List of Text Boxes

Gaining an Understanding of the Yucca Mountain Site  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 7
Avoiding Entrenched Warfare  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 17
Lessons Learned  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 21

Table of Contents

ix



Executive Summary

In this 11th report, the Nuclear Waste Technical Review Board (Board)
summarizes for the Congress and the Secretary of Energy the major
findings, conclusions, and recommendations that have resulted from
Board activities during 1994. The Board believes that the information
contained in this report, will be useful to policy makers and Department
of Energy (DOE) managers and staff as they consider during the coming
months the status and future of the civilian radioactive waste manage-
ment program.

In 1994, the Board and its panels sponsored 11 meetings. In addition to
these formal Board and panel meetings, members and staff interacted on
numerous occasions with a variety of groups and organizations involved
or interested in high-level radioactive waste management issues, includ-
ing the U.S. Congress; federal, state, and local governmental organiza-
tions; Native Americans; grassroots citizen groups; and environmental
organizations. Finally, during the past year, various Board members and
staff attended a seminar in Sweden and met with experts in the spent fuel
and radioactive waste management programs in Finland and Japan. As a
result of its efforts during 1994, the Board would like to report the follow-
ing.

The DOE Has Adopted a New Program Approach

The DOE’s Office of Civilian Radioactive Waste Management (OCRWM)
first broached the concept of a new program approach in early 1994. Since
then, the Board has heard a number of presentations on the new approach;
on May 17, 1994, the Board submitted detailed questions to the OCRWM
about the evolving program; and in December 1994, the DOE released its
Civilian Radioactive Waste Management Program Plan, which documents

...the new DOE approach
incorporates both opportu-
nities and risks...

The Nuclear Waste Technical
Review Board
1994 Findings and Recommendations
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many of the OCRWM’s decisions during the past year, especially those
associated with adoption of the revised program approach. The Board’s
initial impression of the new approach is that it offers the DOE a number
of opportunities. The DOE’s program approach represents an earnest
attempt to refocus DOE resources on the activities required for determin-
ing site suitability, and it offers a chance to show program progress.

The Board sees improvement under the new approach in several program
areas. The DOE is beginning to achieve better integration of science and
engineering with the design and development of the underground ex-
ploratory facility. Underground excavation and testing at the site has
finally begun, and information from these activities will be critical during
site-suitability evaluation. Under the new approach, additional program-
matic emphasis is being placed on engineered barriers, extended retriev-
ability, and postemplacement monitoring. Finally, the DOE has
recognized that its schedule is very optimistic and will have to be adjusted
if more time is required to accomplish the technical evaluation of the site
or to complete data gathering and analysis.

In addition to opportunities, however, the new approach has some risks.
For example, presently at issue is whether sufficient time remains under
the current timetable to assemble the required data and perform the
appropriate analyses. The determination of site suitability, now scheduled
by the OCRWM for 1998, is the first major milestone in repository devel-
opment under the new approach. Once the DOE declares the Yucca Moun-
tain site suitable and the Secretary recommends the site to the President
for repository development, the DOE’s efforts to successfully demonstrate
that it can construct a safe radioactive waste repository become critical. If
the DOE cannot present its case clearly and convincingly to the NRC
during the licensing process, the program may be faced with costly and
time-consuming delays. The Board believes that to be able to make a
defensible decision about the site’s suitability, the DOE will have to com-
plete a minimal number of basic activities; those activities were outlined
in the Board’s December 6, 1994, letter to the director of the OCRWM.

Evaluating Site Suitability Requires Some Basics

In its December 6 letter, the Board expressed its views on the basic tasks
needed to gain a sufficient understanding of the site and the planned
repository. Several important points from the letter follow.

• The DOE should continue to develop a waste isolation strategy to
provide an improved technical basis for deciding which site-charac-
terization tests will be completed, deferred, or deleted.

• A clearer definition of “technical” site suitability is needed now to
establish a sound basis for future program efforts.

At issue is whether suffi-
cient time remains under
the current timetable to as-
semble the required data
and perform the appropri-
ate analyses...

The DOE should continue
to develop a waste isolation
strategy...
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• Perhaps the single most important goal in characterizing the site is
predicting (or placing bounds on) the amount and significance of water
that could reach the repository, corrode waste packages, and transport
radionuclides to the environment.

• Substantially more underground excavation will be needed for a tech-
nical site-suitability decision than currently is planned.

• The effects of waste heat on repository performance must be under-
stood well enough to permit confident predictions of (or bounds on)
repository performance for alternative thermal loadings.

• A few alternatives for the thermal loading of a Yucca Mountain reposi-
tory should be carried forward until a better technical basis has been
developed for choosing a preferred loading.

The Board remains concerned that program decisions are being driven by
overriding worries about meeting the 1998 (site-suitability determination)
and 2001 (license application) dates. The existing schedule already may
not allow sufficient time to complete the necessary site exploration (e.g.,
tunnel across the block and explore known and possibly unknown faults
at the repository level). Responding to overly demanding schedules in-
creases the risk of programmatic problems arising due to insufficient
planning.

The schedule raises other concerns as well. For example, some important
long-term, and perhaps more expensive, activities (e.g., initiation of in-
situ thermal testing and excavation in the Calico Hills formation below
the repository) may be delayed or replaced by other less important
shorter-duration activities. And, without sufficient data, the DOE will be
forced to rely heavily on expert judgment and bounding assumptions.
The NRC has yet to formalize how it will assess the use of expert judg-
ment and bounding assumptions in commenting on a DOE recommenda-
tion or evaluating the application for construction authorization.

At present, the technical bases for some activities being undertaken by the
OCRWM remain unclear; their supporting roles in evaluating site suit-
ability and licensing have not yet been clearly explained. The Board
encourages the DOE to continue to develop its emerging waste isolation
strategy. Once that strategy has been articulated, it should help identify
and quantify the roles of the repository features and barriers that will
provide waste isolation; it would justify the data needs, schedules, and
funding required to support the technical activities. The waste isolation
strategy should be based on the defense-in-depth philosophy that has
long been a fundamental aspect of repository planning.

Finally, continuing management problems appear to be impeding effec-
tive prioritization of activities and generally may be slowing progress of
the excavation of the underground exploratory facility. The Board remains
convinced that establishing a geoengineering board, as recommended in

Without sufficient data, the
DOE will be forced to rely
heavily on expert judgment
and bounding assump-
tions...
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the October 1993 Board report on the exploratory studies facility, would
greatly help the integration of the scientific and engineering assessment
with the underground exploratory facility and thereby aid program pro-
gress. Geoengineering boards are common in large underground con-
struction projects, such as subway systems and hydroelectric facilities.
Unlike the NWTRB, which has a breadth of expertise and a different
mission and reporting mandate, a geoengineering board would be able to
focus on the exploration and testing program under way at Yucca Moun-
tain. It could meet regularly with Yucca Mountain project management,
staff, and contractors to review detailed decisions early on — when they are
first being considered. In addition, a geoengineering board would provide
the program with technical and scientific continuity.

An Understanding Must Be Gained of the Thermal Effects of a
Repository

As part of its new program approach, the DOE has concluded that the best
possibility for a successful license application includes a baseline thermal
management strategy with a “low” thermal load. The DOE’s program
approach to thermal management currently is built around three major
elements: (1) Flexible designs will be developed for the repository and the
waste package. (2) A site-suitability determination, a site recommenda-
tion, and a license application to construct will be made in 1998, 2000, and
2001, respectively, assuming that the repository will be operated at a
“low” thermal loading. (3) Long-term testing will be carried out to sup-
port a possible 2008 application to obtain an operational license to accom-
modate a higher thermal loading.

Since, a clear definition of “low” thermal loading has not yet been articu-
lated, the strategy is preliminary in concept. Its choice as the program
approach to thermal management seems to rest mostly on the belief that,
because it might be easier to provide bounding and confirmatory analysis
for the strategy, the likelihood of achieving regulatory compliance with
this strategy is higher than with other strategies. Until fall 1994, the DOE
had limited its evaluation of thermal management options to two, both of
which involved thermal loadings at much higher temperatures (waste
package temperatures well above boiling for a period of anywhere from
300 to thousands of years). The Board believes that, at this time, insuffi-
cient data and analyses are available to make a scientifically and techni-
cally based choice of a strategy for the thermal loading of a repository.

More important, however, the DOE should clarify its definition of “low”
thermal-loading, and the strategy’s implications for the rest of the waste
management system (e.g., repository design, waste package design, in-
terim storage needs, etc.) must be evaluated. It is unclear, for example,
what the actual areal power density would be under this strategy, how
large the repository block would have to be, or how long the fuel would
have to be aged before emplacement in a repository. It must be noted that
the lower the thermal loading, the more ageing of spent fuel will be

At this time, insufficient
data and analyses are avail-
able to make a scientifically
and technically based [ther-
mal loading] choice

A geoengineering board...
could meet regularly with
Yucca Mountain project
management...to review de-
tailed decisions...when they
are first being considered...
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needed, or the larger the repository will have to be, or both. The DOE
needs to define what data and analyses will be needed to support this
concept and how the data will be obtained. Finally, for the program
approach to be credible, the DOE must clearly define actions that will be
taken if a case cannot be made for an amendment to the license prior to
2008 that would allow the repository to operate at a higher thermal
loading.

The DOE Should Learn From Others and Avoid Common Pitfalls

The DOE is attempting to refocus and show progress in its civilian high-
level radioactive waste management program. As the Board states
throughout this report, the new approach provides both opportunities
and risks. One real opportunity identified by the Board during the past
year is the chance to make good use of the lessons learned by others
during site assessments for critical facilities.

During the Board’s evaluation of the DOE’s program, it became increas-
ingly evident that some commonalities exist during the site assessment
process for critical facilities. As a result, the Board decided to learn more
about past experiences in site assessment and licensing of critical or
highly controversial facilities. At its April 1994 meeting, the Board re-
viewed the successes and failures of various attempts to site and license
critical facilities. Individuals with a wide range of experience in site
assessment presented their views on this important issue; experience
involved low-level, transuranic, and high-level radioactive waste reposi-
tories, hazardous waste facilities, nuclear power plants, dams, and other
large engineering projects here and abroad. The Board believes that un-
derstanding what went wrong or right in other site assessment cases
could provide helpful insights that are directly applicable to the Yucca
Mountain project. Lessons learned during the site assessment of other
critical facilities that could benefit the DOE are listed briefly below and
discussed in detail in Chapter 2.

Site Assessment — It Requires a Strategy

Based on the experience of others, site assessment is a lot more than a
collection of data-gathering studies, tests, and analyses; it requires an
iterative process that continually looks at the relationships among data-
gathering, modeling, and performance assessment. Separating these ele-
ments into sequential rather than parallel efforts increases the possibility of
unfocused and costly efforts that also can lead to serious problems at
hearings. At Yucca Mountain, assessment efforts have often been sequen-
tial rather than parallel.

Understanding what went
wrong or right in other site
assessment(s)...could pro-
vide helpful insights...di-
rectly applicable to the
Yucca Mountain project...
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Determining Site Suitability and Applying for a License Also
Require Strategies

Determining site suitability and applying for a license require more than
presenting the results of individual scientific and technical studies and
analyses; to succeed, the effort requires a strategy. The lesson for Yucca
Mountain is that the DOE needs to emphasize the development of a waste
isolation strategy that provides a ready and comprehensible explanation
of how the proposed repository will protect the public and the environ-
ment from the release of harmful radionuclides.

Uncertainties are Unavoidable

Scientific and technical uncertainties are unavoidable in site assessment
and the design of critical facilities. The inability to address these uncer-
tainties adequately has been a prime component in the failure to site
critical facilities. It is important that the DOE engage the NRC early to get
a sense of what the NRC considers to be resolution of an issue for licensing
a high-level radioactive waste repository.

Expect Surprises

Surprises exist in any site investigation, particularly those that include
underground investigations. Confidence about site and repository issues
often seems highest at the beginning of detailed investigations. This is a
particularly critical issue with respect to Yucca Mountain because the
present schedule assumes that no major surprises will occur. Any long-
term strategy and schedule should take the likelihood of their occurrence
into account.

Technical and Institutional Overconfidence Does Not Pay

Experience shows that technical and institutional overconfidence — which
can lead to arrogance — does not pay; it can result in programmatic and
physical failure. It is too early to tell what will happen at Yucca Mountain.
A sense of early overconfidence, however, may have already contributed
to the DOE’s long track record of failing to meet overly optimistic sched-
ules, lack of contingency planning, and unfulfilled promises.

Independent Technical Review is Important

Independent technical review adds both quality and credibility. Although
the Yucca Mountain project certainly has many outside oversight and
review groups, its managers have seemed reluctant to use outside input
during the decision-making process. An example of this is the rejection of the
Board’s suggestion (first made in October 1993) to set up a geoengineering
board to provide ongoing detailed advice to managers and staff at the
Yucca Mountain site.

Confidence about site and
repository issues often seems
highest at the beginning of
detailed investigations...

Independent technical re-
view adds both quality and
credibility...
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Quality Assurance Counts

Quality assurance is serious business, and this is one area where the DOE
appears already to have learned a valuable lesson. During the past several
years, the DOE has succeeded in making its quality assurance process
more logical and tolerable. However, problems in quality assurance re-
lated to the design of the exploratory studies facility indicate that continu-
ing diligence is essential.

Regulations Must Be Clear

Although views differ as to the need for specificity, regulations must be
clear; clarity is essential for both applicant and regulator. In the case of
Yucca Mountain, this issue is in a state of flux because of the review
process initiated by the 1992 Energy Policy Act. As of this writing, no one
really knows what the National Academy of Sciences will conclude nor
how the EPA and the NRC will react to the NAS recommendations. Clarity
and consistency are desired goals for any set of criteria.

Political and Institutional Issues Count, Too

Whether scientists and engineers like it or not, political and institutional
considerations are important in waste disposal as well as in many other
critical technical issues. Institutional and political considerations have
played, and will continue to play, a role at Yucca Mountain. The lesson is
that no one should expect site characterization to demonstrate that this
site necessarily is the “best” technical choice for the location of a high-
level waste repository. Efforts should, instead, concentrate on whether the
choice is an acceptable one. As has been pointed out by others, no site will
prove perfect.

Process Counts

An NRC attorney underscored one central issue at licensing hearings: the
credibility of the written and oral evidence presented. The demeanor of
the witness (or how the evidence is presented) affects the witness’s credi-
bility. Thus far, the DOE generally has been successful in court on proce-
dural issues relating to Yucca Mountain. However, it has not yet been
involved in a licensing hearing on technical issues. The format for a
licensing hearing has its own special requirements. The DOE will have to
prepare itself for the demanding combination of law and science required
by this process.

Public Involvement — It’s Necessary

Public involvement is another process-oriented issue. There is general
agreement that public involvement is necessary. In the case of Yucca
Mountain, the Board has stressed the need for more meaningful public

Whether scientists and engi-
neers like it or not, political
and institutional considera-
tions are important in waste
disposal...
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involvement before making major decisions. The DOE has held several
stakeholder meetings and has proposed involving the public in the site-
suitability determination process. If implemented, that proposal would
represent progress in this area.

Ultimately, the Board believes that much can be learned from past experi-
ence siting critical and other highly controversial facilities that is applica-
ble to the Yucca Mountain program. The DOE must look more carefully
than it has to date at these experiences and incorporate what has been
learned into its strategy and planning. The Board hopes the OCRWM can
benefit from the experiences of others and avoid some of their pitfalls
while assessing the Yucca Mountain site.

Volcanism — A Difficult Issue Is Moving Toward Resolution

For the second year in a row, the Board has addressed the resolution of
difficult technical issues associated with siting a high-level waste reposi-
tory at the proposed Yucca Mountain site. This time it involves the impact
of volcanism on the proposed repository at Yucca Mountain. The Board
found that real progress is being made toward its resolution and has
identified those elements in the DOE’s volcanism program that are facili-
tating this progress. The DOE should capitalize on that progress; it should
proceed with the elicitation of outside expertise and maintain momentum
in bringing this issue to resolution. (See Chapter 3.)

Panel Input and Recommendations

As a result of Board and panel activities during this reporting period, the
Board makes the following technical recommendations. The Board be-
lieves that these recommendations will assist the DOE in achieving its
goal of successfully designing and implementing a program to manage
the disposal of the nation’s civilian spent nuclear fuel and defense high-
level waste. (See Chapter 4.)

Structural Geology and Geoengineering

1. The DOE must articulate a clear waste isolation strategy that provides
an understandable technical rationale for prioritizing the studies to be
completed under the new program approach.

2. The Board recommends that the DOE carry out the minimum suite of
underground exploration and associated testing outlined in its December
6, 1994, letter prior to the site-suitability decision to ensure that no major
surprises will be encountered during the completion of the deferred
program.

The DOE should capitalize
on that progress [in resolving
volcanism-related issues at
Yucca Mountain]...and
maintain momentum in
bringing this issue to reso-
lution...
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3. The DOE should develop a more efficient approach to managing the
design and construction of the underground exploratory facility; this
approach should include the creation of a geoengineering board of expert
consultants and greater accountability and incentives for cost-effective
and timely performance of the contractors. (This was recommended by
the Board in 1993.)

4. The DOE should clarify the “low” thermal management strategy and
its relation to the overall waste isolation strategy for the repository. Data
needed to support this concept should be defined and the means of
obtaining the data determined. For the program approach to be credible,
the DOE also must clearly define actions that will be taken if a case cannot
be made for a high thermal loading during a license amendment prior to
2008.

5. Until contravening evidence becomes available, the DOE should con-
tinue to assume that the Ghost Dance fault is “active” and capable of fault
displacement within the repository block.

6. The DOE should reevaluate its approach to seismic hazard estimation
and place more emphasis on probabilistic hazard estimates and the in-
sights they can provide to guiding the field investigations and resolution
of important questions.

Hydrogeology and Geochemistry

1. The DOE working group on ground-water travel time should attempt
to establish as early as possible the conceptual model of the unsaturated
zone hydrology that it will use in the computation, so that the specific data
requirements can be met at the earliest possible moment. In particular, the
effort in isotopic data collection and analysis for ground-water age dating
should be accelerated and expanded to increase the spatial resolution.

2. Because of the importance of the data that will be gained during
underground excavation and because of the significant costs that would
be incurred by further delays in construction, the Board recommends that
construction of the exploratory facility not be delayed.

The Engineered Barrier System

1. In performing its focused development of a ”mined geologic disposal
system,” the DOE must ensure that all assumptions about the repository
system are clearly articulated, necessary, achievable, and consistent with
current regulations.

2. To support waste package performance predictions, the DOE must
develop a formal long-term corrosion research program plan and must
support the program at an appropriate and consistent level. Failure to do
so risks delaying the repository opening.

Executive Summary

xix



3. The Board believes that the DOE should address the issue of general
repository requirements for both civilian and defense spent fuel; specific
repository requirements applicable to DOE-owned spent fuel should be
developed.

4. The Board recommends that the DOE immediately initiate studies to
determine what waste forms for Hanford’s encapsulated strontium and
cesium salts will be acceptable for repository disposal.

5. The Board recommends that DOE’s performance assessments address
glass waste forms and other defense waste forms at a sufficient level of
detail to assist the Office of Environmental Management as it makes
decisions about waste forms and waste packages. The Board also recom-
mends that the DOE not delay the completion of its revised total system
life cycle cost estimate.

Risk and Performance Analysis

1. The DOE needs to articulate a clear and coherent waste isolation
strategy that takes into account the salient characteristics of the Yucca
Mountain site, the ability and desirability of engineered barriers to en-
hance waste isolation, and postulated changes in the basic standard and
regulations that will be used to assess the performance of the proposed
repository.

2. In light of the successful completion of the 1993 round of total system
performance assessments (TSPA), the Board encourages the DOE to con-
tinue its program of iterative performance assessment.

3. The DOE needs to make a management and organizational commit-
ment to develop more systematic and effective ways of using total system
performance assessment to guide site characterization and to set priorities
at Yucca Mountain. The Board suggests that the DOE learn from the
manner in which performance assessment was and is being used for the
WIPP in New Mexico.

NWTRB - Eleventh Report
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Introduction

In the United States today, civilian nuclear power
facilities produce approximately 19 percent of the
nation’s electric power. One by-product of nuclear
energy production, radioactive spent nuclear fuel, is
accumulating at the nation’s nuclear power plants.
Because of its radioactivity, spent fuel will require
isolation from the public and the accessible environ-
ment for thousands of years.

In 1982, Congress assigned the U.S. Department of
Energy (DOE) the responsibility of designing and
implementing a system to manage the disposal of
this spent fuel; also included for disposal is the coun-
try’s high-level radioactive waste from defense-re-
lated activities. Current plans call for the
construction of a deep, geologic repository that
would isolate the waste for at least 10,000 years.
However, creating a system to manage the disposal
of spent fuel and high-level radioactive waste in-
volves more than constructing an underground re-
pository. It involves designing, developing, and
implementing a complex system to package, collect,
store (for either short or long periods of time), trans-
port, and, finally, dispose of the radioactive waste
from public utilities and defense facilities located
across the country. All of the components of the sys-
tem must work together safely and efficiently. One

major challenge involves demonstrating to the satis-
faction of the regulators and the scientific and lay
communities that workers in the system — and the
public at large — can be protected and that the
highly radioactive material will remain safely iso-
lated for the long periods of time that regulating
agencies require.

In 1987, Congress chose a site at Yucca Mountain,
Nevada, to be evaluated for its suitability as a possi-
ble location for a permanent repository. In that same
legislation Congress created the Nuclear Waste Tech-
nical Review Board as an independent establishment
within the executive branch. Congress charged the
Board with evaluating the scientific and technical
aspects of the DOE’s program; the Board submits its
findings, conclusions, and recommendations to Con-
gress and the Secretary of Energy. The DOE responds
to the Board’s recommendations and judgments in
writing, and these responses are published in a sub-
sequent Board report without Board comment. The
Board’s first report was released in March 1990. This
is the 11th report in the series. All Board reports are
available from the Superintendent of Documents,
U.S. Government Printing Office, Washington, D.C.
20402 or from the Board’s Arlington, Virginia, offices.
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Chapter 1

Background

The Nuclear Waste Technical Review Board (Board)
addresses issues and makes recommendations in
this report that have evolved as a result of activities
undertaken by Board members primarily between
January 1, 1994, and December 31, 1994. In those
cases where issues are discussed that were ad-
dressed during Board meetings in 1993 or 1995, this
is clearly indicated.

Chapter 1 summarizes the Board’s activities and re-
views several areas that are not discussed in other
chapters; for example, Board interactions with the
Congress related to the Department of Energy’s
(DOE) program, meetings with other organizations
involved or interested in radioactive waste manage-
ment issues, and the Board’s interactions with ex-
perts from programs in other countries. Chapter 2 is
devoted to the Board’s meeting in April 1994, at
which presenters described their experience during
site assessment for other critical facilities; some site-
assessment efforts succeeded and some failed. The
Board was able to identify commonalities among the
assessment processes for siting those facilities, and
some have direct applicability to the Yucca Moun-
tain site-characterization program. Chapter 3, fol-
lowing a thread established in the previous, tenth
report (NWTRB 1994b), looks at another “difficult
issue”: volcanism. Chapter 4 contains reports from
Board panels that have held meetings this reporting
period, and chapter 5 presents relevant information
gained during a visit to Japan in May 1994.

Summary of Board Activities this
Reporting Period

From January 1, 1994, through December 31, 1994,
the Board and its panels sponsored 11 meetings. A
chronological list of the Board’s activities (beginning
January 1994 and including those scheduled for the
future) can be found in Appendix C. A list of the
people who participated in Board- and panel-spon-
sored meetings has been included in Appendix D. In
addition to these meetings, the Board met with ex-
perts in the spent fuel and radioactive waste man-
agement programs in Japan. Specific insights from
recent Board meetings and from the Japanese pro-
gram are discussed in Chapter 5. Background mate-
rial on the Japanese program has been included in
Appendix I.

Various Board members and staff also attended a
seminar in Sweden on environmental impact assess-
ment. The seminar reviewed the process for partici-
pating in decision making with a special reference to
the siting of a Swedish repository for spent nuclear
fuel sponsored by the Swedish National Council for
Nuclear Waste (KASAM). The Board co-sponsored a
workshop on the engineered barrier system held in
Kyoto, Japan, with the Swedish Nuclear Inspec-
torate (SKI), and KASAM. Finally, during the past
year Board members and staff have met with repre-
sentatives of various organizations here and abroad
involved or interested in high-level radioactive
waste management issues, including grassroots citi-
zen groups, environmental groups, and Native
American groups.
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Board Interactions with Congress

On March 14, 1994, Board Chairman John Cantlon,
and then member Dr. D. Warner North,1 testified
before the House Subcommittee on Energy and
Water Development, Committee on Appropriations.
Dr. Cantlon’s statement presented the Board’s fiscal
year 1995 budget request and outlined concerns
about the program. Dr. Daniel Dreyfus, director of
the Department of Energy’s Office of Civilian Radio-
active Waste Management (OCRWM), and Nuclear
Waste Negotiator Richard Stallings also testified at
the subcommittee hearing.

On August 3, 1994, Dr. Cantlon testified before the
House Subcommittee on Energy and Power, Com-
mittee on Energy and Commerce. Board member Dr.
Donald Langmuir also appeared on behalf of the
Board to respond to questions from subcommittee
members. The hearing was initiated by then chair-
man of the subcommittee, Representative Philip
Sharp, to address concerns about the DOE’s civilian
high-level waste management program. The full text
of the Board’s testimony on these two occasions and
the Board’s answers to written questions received
from the Congress after the March 14 testimony are
included in Appendix E.

In addition to the Board’s regular activities and its
presentations before Congress, the Board was asked
to make presentations to the Nuclear Regulatory
Commission (NRC), the National Association of
Regulatory Utility Commissioners (NARUC), and
the Nevada Commission on Nuclear Projects. Of the
two NRC presentations, one covered the Board’s
overall views on the DOE’s civilian radioactive
waste management program; the other concerned
the Board’s reactions to the DOE’s proposed pro-
gram approach. Presentations before NARUC and
the Commission on Nuclear Projects outlined the

Board’s views on the DOE’s new proposed program
approach and its perspectives on the DOE’s new
management reorganization.

Board Views on the DOE’s New
Program Approach

Chapter 2 of the Board’s last report (NWTRB 1994b)
stated that, because the DOE’s civilian spent fuel
program was in flux, no attempt would be made to
assess the potential effects of the proposed program
modifications. Since that time, the Board has heard a
number of presentations and asked questions about
the evolving program (e.g., see Appendix F for ques-
tions submitted to the DOE on May 17, 1994, about
the OCRWM’s “Scenario A” and DOE responses to
those questions). The following paragraphs present
the Board’s general assessment of the potential im-
plications for the technical and scientific program of
the new program approach.

In general, the Board is encouraged by several as-
pects of the OCRWM’s new program approach be-
cause the approach represents an attempt to focus
limited resources on what the OCRWM perceives to
be those activities required for determining site suit-
ability, for recommending the site to the President,
and for applying for a license to begin constructing a
repository. The program has adopted a phased proc-
ess to assess the site and develop the repository de-
sign to create its disposal system: (1) In 1998 a
decision will be made by the OCRWM about the
suitability of the site from a technical and scientific
perspective; this is being called “technical” site suit-
ability.2 (2) If the site is found suitable, in 2000 after
evaluating environmental, transportation, and so-
cioeconomic issues through the development of an
environmental impact statement (EIS) for the pro-
posed repository, the Secretary of Energy will recom-
mend the site to the President for development as a
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repository. (3) If approved, the DOE would then sub-
mit in 2001 an application to the NRC for a license to
begin repository construction.

During the past year, the Board has seen an improve-
ment in the OCRWM’s integration of science and
engineering into the design and development of the
underground exploratory facility. Underground ex-
cavation and exploration and testing at the site are
just beginning, and the information to be gained
from these efforts is required for a site-suitability
evaluation. Additional programmatic emphasis is
being placed on engineered barriers, extended re-
trievability, and postemplacement monitoring. The
OCRWM understands that it is essential to contract
for credible expert judgment and outside peer re-
view of the analysis and synthesis of program data.
Finally, the OCRWM recognizes that its schedule is
very optimistic and may have to be adjusted if it is
determined that more time will be required to ac-
complish the technical evaluation of the site or com-
plete data gathering and analysis.

Currently, debate about the program approach cen-
ters primarily on whether the scope of data and
analysis that must be assembled to make a site-suit-
ability decision, recommend the site, and apply for a
license to construct a geologic repository can be suc-
cessfully accomplished given expected program
funding and the current schedules. The determina-
tion of site suitability, now scheduled by the
OCRWM for 1998, is the first major milestone in
repository development under the new approach.
Once the DOE declares the Yucca Mountain site suit-
able and recommends the site to the President for
repository development, its efforts to successfully
demonstrate that it can site and construct a safe radio-
active waste repository are critical. If it does not
present its case clearly and convincingly to the Nu-
clear Regulatory Commission during the licensing
process, the DOE may be faced with costly and time-
consuming delays.

On October 12, 1994, as part of its efforts to follow
the development of the new program approach, the
Board held a meeting in Las Vegas devoted to site
suitability and the roles of engineered and natural
barriers. The meeting was divided into three parts.
The first part concentrated on the process by which
the OCRWM hopes to assess the suitability of the

Yucca Mountain site. Following a DOE presentation,
the Board heard comments on the site-suitability
process from the NRC, the state of Nevada, and the
Nuclear Energy Institute. The second part of the
meeting was devoted to a discussion of the status of
the OCRWM’s waste isolation strategy and scientific
priorities during the next few years. The third part of
the meeting consisted of a round-table discussion
devoted to the importance and roles of engineered
and natural barriers in site suitability and repository
safety. The round-table discussion was preceded by
presentations on approaches to waste isolation and
the roles of natural and engineered barriers in the
Belgian high-level waste program and in those coun-
tries, most notably Sweden, planning to locate high-
level waste repositories in a saturated environment
in crystalline rock.

The meeting engendered a good deal of interest and
discussion. As a result of the information learned at
it and from other exchanges on the proposed pro-
gram approach, the Board decided its best contribu-
tion to the program would be encouraging the
OCRWM to focus on clarifying the waste isolation
strategy (or disposal concept), on site suitability, and
on those tests and studies the Board deems neces-
sary for the OCRWM’s determination of site suitabil-
ity at Yucca Mountain.

The Evolving Waste Isolation
Strategy

DOE presentations at the Board’s October 1994 and
January 1995 meetings indicated that a good start
has been made toward developing a waste isolation
strategy. Once formulated, the strategy should iden-
tify and quantify the roles of the repository features
and barriers that will provide waste isolation; it
should be based on the defense-in-depth philosophy
that has long been a fundamental aspect of reposi-
tory planning. The strategy should provide one of
the major bases for planning and prioritizing tests.
However, currently, additional information is
needed, for example, a decision on the extent to
which engineered barrier system features outside
the waste packages will be used and a definition and
quantification of the features and functions of the
geosphere that can serve as essential natural barriers
to the release of waste to the accessible environment.
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Additional discussion of the need for a clear coher-
ent waste isolation strategy can be found in Chapters
2, 4, and 5.

Other Developments

In December, two months into the fiscal year, the
Board received draft “Technical Implementation
Plans” (TIPs) (DOE 1994a) for most of the activities
that the Las Vegas-based Yucca Mountain Site Char-
acterization Office will carry out during fiscal year
1995 directly in support of its site-suitability decision
scheduled for 1998. The draft TIPs contain detailed
budget and milestone information for many activi-
ties, particularly site-investigation activities. The
level of description for other activities, notably con-
struction of the North Ramp, is much lower.

In general, the draft TIPs do not show the rationale
for undertaking each activity at its particular fund-
ing level and milestone schedule. This diminishes
their value in assisting the Board to reach a full
understanding of what the site-suitability decision
is. In many cases, however, particularly for site-
investigation activities, the draft TIPs do show the
linkage between individual activities and the site-
suitability decision. The draft TIPs help the Board
understand current activities at Yucca Mountain, but
their usefulness is less than complete because they
do not address approximately one-third of the cur-
rent Yucca Mountain work and because they are still
in draft form. The Board is looking forward to receiv-
ing the full set of final TIPs as they become available.

Also in December, the Board received the OCRWM’s
Civilian Radioactive Waste Management Program Plan
(DOE 1994b). The Program Plan documents many of
the decisions made during the past year, especially
those associated with adoption of the revised pro-
gram approach for managing the DOE’s high-level
waste program. The Program Plan specifies the pri-
mary objectives and major milestones to be pursued
by the program through the year 2000, provides
strategies for achieving those primary objectives,
and lays out the specific activities planned as part of
each strategy. The Program Plan is intended to be a
“living document” that the OCRWM will update
periodically.

The Program Plan is a commendable step toward a
more rational and comprehensive planning process
for managing the DOE’s high-level waste program.
Perhaps the most evident shortfall is the plan’s lack
of a waste isolation strategy to serve as the founda-
tion for the planning effort. The document does in-
clude an “isolation demonstration strategy,” which
contains some elements of the DOE’s emerging
waste isolation strategy, but there is no apparent
linkage of the strategy with the rest of the document.
The Board looks forward to future iterations of the
Program Plan in which the linkage between the dif-
ferent levels of planning can be improved and made
more evident.

Board Views on Minimal
Exploratory Requirements

On December 6, 1994, a Board letter to the director of
the OCRWM explained the Board’s views of what
will be necessary to gain a sufficient understanding
of the site and the planned repository to be able to
make a defensible decision about the site’s suitabil-
ity. Major points from the letter are summarized in
the box on the next page. The letter can be found in
its entirety in Appendix G.

The Board remains concerned that program deci-
sions are being driven by overriding worries about
meeting the 1998 and 2001 schedule dates. The exist-
ing schedule may not allow sufficient time to com-
plete the necessary site exploration (e.g., tunnel
across the block and explore known and possibly
unknown faults at the repository level). Responding
to overly demanding schedules increases the risk of
programmatic problems arising due to insufficient
planning. The Board also is concerned that impor-
tant long-term, and perhaps more expensive, activi-
ties (e.g., excavation across the block at the
repository level, initiation of in-situ thermal testing,
and excavation below the repository in the Calico
Hills) may be delayed or replaced by other less im-
portant activities. Without sufficient data, the DOE
will be forced to rely heavily on expert judgment and
bounding assumptions.

The full technical bases for many activities being
undertaken by the OCRWM remain unclear to the
Board; their supporting roles in evaluating site suit-
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ability and licensing have not been articulated
clearly. An explicit waste isolation strategy that justi-
fies data needs, schedules, and the funding required
for technical activities has not been articulated
clearly. Furthermore, the OCRWM has not linked a
waste isolation strategy to the many components in
the TIP.

Finally, continuing management and coordination
problems are slowing program progress. For exam-
ple, until very recently several key management po-

sitions were filled by “acting” managers; how re-
sponsibilities are divided remains unclear to the
Board; and incentives for efficient performance and
procurement are remain lacking. Current manage-
ment problems appear to be impeding effective pri-
oritization of activities and may be generally
slowing progress at the site. The Board believes that
establishing a geoengineering board, as recom-
mended in the Board’s October 1993 report on the
exploratory studies facility (NWTRB 1993b), could

Gaining an Understanding of
the Yucca Mountain Site

The following is excerpted from the Board’s letter on December 6, 1994, to the OCRWM director. The full text of the
letter and its enclosed Board comments are included in their entirety in Appendix G.

Ideally, one should be able to discern in the pro-
gram a direct linkage among a waste isolation strat-
egy, key decisions, technical activities, budgets, and
schedules. Although the program has not yet
reached this level of integration, the Board is en-
couraged that the program seems to be moving in
this direction.

The Board understands that many details of the
program approach have yet to be worked out; how-
ever, we have some concerns that we believe
should be brought to your immediate attention.

• A clearer definition of “technical” site suitability
is needed now to establish a sound basis for
future program efforts.

• The DOE should continue to develop a waste
isolation strategy to provide an improved tech-
nical basis for deciding which site-charac-
terization tests will be completed, deferred, or
deleted.

• Perhaps the single most important goal in char-
acterizing the site is predicting (or placing
bounds on) the amount and significance of water

that could reach the repository, corrode waste
packages, and transport radionuclides to the en-
vironment.

• The effects of waste heat on repository perform-
ance must be understood well enough to permit
confident predictions of (or bounds on) reposi-
tory performance for alternative thermal load-
ings.

• A few alternatives for the thermal loading of a
Yucca Mountain repository should be carried
forward until a better technical basis has been
developed for choosing a preferred loading.

• The Board believes that substantially more un-
derground excavation than currently is planned
will be needed for a “technical” site-suitability
decision.

The Board views the new program approach as an
excellent opportunity to streamline the scope of
site-characterization activities and to improve the
technical bases for program decisions. However,
completing the necessary site studies and reposi-
tory design efforts within the current schedule will
be a significant technical and managerial challenge.
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help to better integrate the scientific and engineering
assessment with the underground exploratory facil-
ity and thereby help program progress.

The Program Approach and Thermal
Management Strategies

On November 17-18, 1994, two of the Board’s panels
held a joint meeting in Washington, D.C., on thermal
management for a mined geologic repository for
high-level waste. This meeting resulted from efforts
by the management and operating (M&O) contrac-
tor begun in May 1994 to develop a better under-
standing of a “low” thermal management strategy
that could be used for the high-level waste pro-
gram.3 Up to this time the DOE had limited its evalu-
ation of thermal management options to two: (1) that
presented in the 1988 Site Characterization Plan,
which considered thermal loadings that in theory
would keep waste package temperatures well above
boiling for 300 to 1,000 years; and (2) a very high
thermal-loading concept that would keep waste
package temperatures well above boiling for many
thousands of years.4

The DOE team working on thermal issues has since
concluded that, because of the uncertainties about
how the rock will respond to high temperatures, the
best possibility for a successful license application
lies presently with what the DOE is calling a “low”
thermal-loading strategy. This strategy assumes that
the areal power density for the repository (the heat
that will be released in a repository), which as yet is
undefined, would be sufficiently small to have a
minimal and predictable disturbance on the rock
and the movement of water in the mountain.

The DOE’s program approach to thermal manage-
ment currently is built around three major elements:
(1) flexible designs will be developed for the reposi-
tory and the waste package; (2) a site-suitability de-
termination, a site recommendation, and a license
application to construct will be made in 1998, 2000,

and 2001, respectively, assuming that the repository
will be operated at a “low” thermal loading; and (3)
long-term testing will be carried out to support a
possible 2008 application for an operational license
that would accommodate a higher thermal loading.
The “flexible” design for the repository would allow
a range of areal power densities and a range of re-
pository sizes.

This strategy is preliminary in concept, and its
choice as the program approach to thermal manage-
ment seems to rest mostly on the belief that, because
it might be easier to provide bounding and confir-
matory analysis for the strategy, the likelihood of
achieving regulatory compliance with this strategy
is higher than with the other strategies. The Board
believes that any choice of thermal loading at this
time would not be based on scientific or technical
analyses that show that one given thermal load is
better or has inherent advantages over any other.
Most important, however, the “low” thermal-load-
ing strategy lacks a clear definition. It remains un-
clear, for example, what the actual areal power
density would be under this strategy, or how large
the repository block would have to be.5

At the November 1994 meeting, thermal manage-
ment-related issues were examined from an overall
system perspective, considering waste selection at
the utilities, ageing, and emplacement and preclo-
sure operations at a repository. Several important
issues were identified about which very little knowl-
edge currently exists: (1) Would the large waste
packages currently undergoing design be compat-
ible with the “low” thermal management strategy?
(2) What ventilation concepts might be useful for
removing heat from the repository? (3) What ther-
mal testing would be needed to gain a sound under-
standing of the “low” temperature thermal
management strategy? The Board believes that the
DOE should articulate clearly the “low” thermal
management strategy with its implications for the
overall waste isolation strategy for the repository.
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The data that would be needed to support this con-
cept should be defined, and the means of obtaining
the data determined. For example, dependence on
geologic barriers, such as the Calico Hills formation,
may well be crucial in evaluating the viability of the
“low” thermal-loading option. Currently, a decision
about exploring the Calico Hills formation has not
been made, and given the schedule and present op-
erating practices, exploration most likely would not
be completed prior to the 1998 date for determining
the suitability of the site, perhaps not before the 2000
site recommendation or the 2001 license application
dates. A critical issue is what thermal test data will
be required to support the license application. At
present, no information exists on what data are
needed, how they will be used, how they will be
obtained by 2001, and how minimal and predictable
disturbance will be defined and technically demon-
strated. Finally, for the program approach to be cred-
ible, the DOE must clearly define actions that will be
taken if a case cannot be made for a high-temperature
repository license amendment prior to 2008.

The DOE’s Transportation Program

At its July 1994 meeting in Denver, the Board was
briefed on various aspects of the DOE’s transporta-
tion program. The briefings included an update on
the current status of implementing a human factors
capability within the transportation program. Since
its inception, the Board has urged the DOE to incor-
porate the principles of human factors and system
safety engineering into its program. The DOE has
been receptive to the recommendations, but has been
slow implementing them. Nonetheless, progress is
being made, and some of this was described at the
July meeting. Requirements for incorporating hu-
man factors and system safety principles have been
built into the request for proposals for the multipur-
pose canister procurement. The Board is encouraged
by these developments and looks forward to future
progress.

Board Publications

The Board issued two reports during 1994. The Letter
Report to Congress and the Secretary of Energy (NWTRB
1994a) was released in February 1994; Report to The
U.S. Congress and The Secretary of Energy - January to
December 1993 (NWTRB 1994b) was published in
May 1994. The Letter Report restated a recommenda-
tion made in the Board’s March 1993 Special Report
(NWTRB 1993a) that an independent review of the
OCRWM’s management and organizational struc-
ture be initiated as soon as possible. Two recommen-
dations were added: (1) ensure sufficient and reliable
funding for site characterization and performance
assessment, whether the overall program budget re-
mains level or is increased and (2) build on the Sec-
retary of Energy’s new public involvement initiative
by expanding current efforts to integrate the views
of the various stakeholders during the decision-mak-
ing process — not afterward.

The 1993 summary report reviewed Board activities
during 1993, including visits to and presentations on
the nuclear waste disposal programs of Belgium,
France, and the United Kingdom; the Board’s under-
standing of the radiation protection standards being
reviewed by the National Academy of Sciences; and,
using “future climates” as an example, the
OCRWM’s approach to “resolving difficult issues.”
Recommendations centered on the use of a systems
approach in all of OCRWM’s programs, prioritiza-
tion of site-suitability activities, appropriate use of
total system performance assessment and expert
judgment, and the dynamics of the Yucca Mountain
ecosystem. The DOE’s responses to these reports
have been included in Appendix H of this report.
The Board’s reports are available from the U.S. Gov-
ernment Printing Office or the Board’s Arlington,
Virginia, office. (See Appendix J for a brief summary
of available Board reports.)
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Chapter 2

Lessons Learned in Site Assessment

The DOE’s Office of Civilian Radioactive Waste Man-
agement (OCRWM) is undertaking a site-assessment
program to determine if Yucca Mountain, Nevada, is
a suitable location for constructing and operating an
underground repository for the permanent disposal
of civilian spent nuclear fuel and high-level waste
from defense-related reprocessing. If the site is
found to be suitable and approved by the President,
the DOE will submit an application to the NRC to
receive a license to begin construction of the reposi-
tory. Although the proposed high-level waste reposi-
tory at Yucca Mountain is in many ways a
first-of-a-kind project, it is certainly not the first criti-
cal or highly controversial facility ever proposed.

During the course of the Board’s evaluation of the
DOE’s civilian radioactive waste management pro-
gram, it has become increasingly evident that some
commonalities exist during the assessment process
for siting critical facilities. As a result, the Nuclear
Waste Technical Review Board decided to learn more
about past experiences in site assessment and licens-
ing of critical or highly controversial facilities. In
April 1994, the Board held a meeting in Reno, Ne-
vada, to review the successes and failures of various
attempts to site and license critical facilities. The
Board invited individuals with a wide range of expe-
rience in site assessment to present their views on
this important issue.

Presentations were made based on site-assessment
activities involving low-level, transuranic, and high-

level radioactive waste repositories, hazardous
waste facilities, nuclear power plants, dams, and
other large engineering projects here and abroad.
Several commonalities emerged, with applicability
to the Yucca Mountain project: (1) the importance of
having clear strategies for site assessment, site-suit-
ability determinations, and licensing; (2) the signifi-
cance of uncertainty; (3) the inevitable occurrence of
surprises as site investigations proceed; (4) problems
caused by technical and institutional overconfi-
dence; and (5) the importance of independent techni-
cal review, quality control, and clear regulations.
Political and process-oriented issues also were
found to be critical — often overriding technical
concerns.

The Board believes that understanding what went
wrong or right in these cases could provide helpful
insights to those wishing to characterize a site and, if
the site is found suitable, license a high-level radio-
active waste repository at Yucca Mountain.

The following discussion presents the lessons to be
learned from the experiences of others in their at-
tempts — successes and failures — to assess and
license various sites for the construction of critical
facilities. Part 1 provides relevant background mate-
rial on some individual case histories. Part 2 contains
a discussion of common themes among the individ-
ual case histories and their particular relevance to
the Yucca Mountain program.
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Part 1: Site Assessment — Successes and Failures

During the Board’s April meeting, individuals de-
scribed their extensive experience in assessing
and/or licensing sites for critical or highly contro-
versial facilities. Some of the cases described were
siting failures, others were successes; it is important
to note that a “failure” does not necessarily imply
that the correct answer might not have been reached
from a public policy point of view. Not every side of
every issue was presented; the Board’s purpose was
not to reassess the particular cases involved, but
rather to gain insights into the issues that arose, how
they were or were not resolved, and their applicabil-
ity — general or specific — to Yucca Mountain. The
following provides background information on the
cases as well as what the Board understood to be the
views of the individual presenters.

The Martinsville Alternative Site

An example discussed in detail at the meeting was
the rejection, after a lengthy (72-day) hearing by the
Illinois Low-Level Radioactive Waste Disposal Sit-
ing Commission, of the Martinsville Alternative Site
as a location for a low-level waste disposal site. Is-
sues relevant to the commission’s rejection of the site
included the quality of scientific work performed,
the level of proof required, and the criteria used.
William Hall, one of three commission members
who rejected the Martinsville Alternative Site as a
disposal location, presented his views of the hearing
and site-assessment process. He described the back-
ground of the project and the basic logic of the com-
mission’s decision. He presented the following
major points.

• Politics played an excessive role in selecting the
site. He mentioned last-minute maneuvering to
get the site under the approving jurisdiction of the
city of Martinsville and away from the more dis-
approving jurisdiction of the county.

• The site was generally inappropriate in that it was
upstream from Martinsville in an area of frequent
surface ponding, surrounded closely by a river on
one side, a stream on the other side, a major road

cutting through the site, and the interstate high-
way, slightly farther away on another side.

• The site is underlain by a glacial till with sand beds
that could connect to form an aquifer and which
currently feed Martinsville water wells.

• The waste package was based on an assumed, but
undemonstrated, lifetime of 500 years.

• There was insufficient knowledge of the source
term (i.e., a quantitative description of the
amounts of different radionuclides present in the
waste).

• There were serious problems with respect to qual-
ity assurance of the data and procedures.

• There was little or no independent review of the
technical information presented.

• In general, the project was plagued with an unac-
ceptable level of technical uncertainty.

• Public trust, as well as public health and safety,
need to be addressed in siting and operating a
facility, like the one proposed at Martinsville.

Fred Snider, a subcontractor to a DOE-funded effort
supporting the siting of commercial low-level radio-
active waste repositories, presented the results of a
“lessons learned” and somewhat negative review of
the commission hearings. His major points follow.

• The Siting Commission did not appear to accept
as adequate existing NRC dose standards, but
adopted essentially a zero release criterion.

• The commission felt that uncertainty in the source
term robbed the analysis of credibility. Better data
and a probabilistic approach would have been
helpful.

• Failures in quality assurance procedures were dis-
covered in the geochemistry program. This turned
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out to be an Achilles’ heel, undermining the credi-
bility of the entire technical process.

• No one could “prove” that the concrete containers
would be leak tight for 500 years, although the
proponents never claimed this degree of imper-
meability. The commission did not have clear
standards. These need to be established before
hearings take place.

• Uncertainties in the ground-water flow models
were believed to be a major flaw. The commission
equated uncertainties with errors. This issue again
indicated that standards and criteria need to be
established before assessments take place.

• There was a lack of overall strategy and interdis-
ciplinary coordination in the $60-million site-char-
acterization program. Modeling and performance
assessment were carried out independently of
field data collection. There should have been itera-
tive feedback to guide the investigations and re-
duce uncertainties.

• The commission often discounted the credibility
of technical witnesses based on their demeanor.

The Waste Isolation Pilot Plant

The federal government plans to dispose of defense
transuranic waste in a large mined facility in deep
salt beds near Carlsbad, New Mexico. This site, the
Waste Isolation Pilot Plant (WIPP), was chosen in
1975 as a successor to a project abandoned at Lyons,
Kansas. Since the WIPP is only for transuranic de-
fense waste, the facility is not subject to licensing by
the NRC, but is subject to the National Environ-
mental Policy Act, Resource Conservation and Re-
covery Act of 1976, and the Environmental
Protection Agency’s high-level and transuranic
waste standards. The DOE issued an environmental
impact statement for the WIPP in October 1980 and
a supplemental statement on the testing phase in
January 1990. Although the site has been partially
excavated and is ready to begin operations, the dem-
onstration of regulatory compliance is in a prelimi-
nary stage. As a result, a decision about whether or
not to begin operation is not expected before the year
2000.

Wendell Weart, chief scientist for the Sandia Na-
tional Laboratories at the WIPP, summarized the les-
sons that have been learned during the past 20 years
of site characterization. His major points are listed
below.

• When the site was selected, a lot of attention was
paid to avoiding previously drilled boreholes, be-
cause a major problem at the unsuccessful Lyons,
Kansas, salt site was undiscovered boreholes. The
big issues at the WIPP turned out, instead, to be
future human intrusion and the presence of brine
and salt dissolution features.

• Performance assessment was a powerful tool in
helping evaluate and prioritize the research pro-
gram. Some processes that were not envisioned
originally were included later.

• During court battles, the WIPP never lost on tech-
nical challenges; it almost always lost on proce-
dural challenges.

• Technical surprises included: the presence of clay
seams (undetected in drill cores), which were im-
portant in selecting the facility horizon; the exist-
ence of brine reservoirs beneath the repository
layer; a much faster creep rate in salt than lab tests
had forecast; brine seepage in underground exca-
vations in the absence of any thermal gradient; and
a much more complex hydrology of the overlying
aquifer than originally anticipated. Many of the
surprises were only found after going under-
ground, and some led to design changes in the
proposed repository.

• Surprises during site characterization will always
be used by critics to pursue their case.

• Typically one is most confident of site and reposi-
tory issues before beginning detailed investigation.

• Both the site and the design must be “robust”
enough to compensate for uncertainties and natu-
ral variations discovered during characterization.

• Site attributes should not be oversold or over sim-
plified until they are confirmed. At the WIPP,
overemphasis on the advantages of salt as a dry
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environment resulted in some loss of confidence
when brine was discovered underground.

• Stakeholders must be involved early and mean-
ingfully in issue resolution. The WIPP has gener-
ally had a positive experience with the
Environmental Evaluation Group, a New Mexico
review group.

• Technical and programmatic continuity are im-
portant for projects that take a long time to com-
plete.

• Although scientists, regulators, and managers
view phased demonstration of compliance posi-
tively as “getting on with the job,” many in the
public view it as another effort to open the facility
earlier.

Gorleben, Lower Saxony, Federal
Republic of Germany

In 1977, the state of Lower Saxony designated the
Gorleben salt dome as the candidate site for the Ger-
man high-level waste repository. The disposal con-
cept involves waste emplacement in a salt dome at a
depth of about 800 meters. Detailed below-ground
exploration was begun in 1986 with the sinking of
shaft No. 1; for a variety of reasons, however, delays
at the Gorleben site have continued.

Klaus Kühn, director of the institute conducting re-
search for Gorleben, described insights developed
during characterization of that site. He gave a short
description of the German nuclear program and a
history of work done at Gorleben. His major points
are listed below.

• The Lower Saxony state government rejected a
proposed reprocessing plant at Gorleben because,
although it “can be realized from a safety point of
view, [it] cannot be carried through politically.”

• Detailed site exploration at Gorleben will be car-
ried out using two deep shafts. Brine was not
expected to be a problem.

• Unexpected technical and nontechnical problems
have been encountered during shaft sinking.

These include one bad weld in a supporting steel
ring, the detection of some brine in adjacent drill
holes, and the accidental death of a miner. At the
time of the meeting (April 1994), shaft sinking had
stopped because there was no license for continu-
ation.

• An unexpected tongue of loose sediments was
discovered, which lessens the ability of the over-
burden to act as a natural barrier. Critics claim that
the site should be abandoned, but studies indicate
that the safety goal (maximum dose to an individ-
ual of less than 0.3 milli-Sieverts per year for 10,000
years) can be met.

• Aside from an individual dose limit safety goal,
the German criteria are not very specific and allow
for margins of discretion when applied to a spe-
cific site. In Germany, it is not necessary to find the
best site for a repository, only one that will meet
the safety goal and is within the margins of discre-
tion.

• A consensus on nuclear energy is desirable. The
understanding that a repository is needed must be
established in spite of not-in-my-backyard atti-
tudes.

• Licensing and other legal requirements should be
clear.

• Licensing criteria should be flexible and not too
specific, allowing for the use of a systems ap-
proach.

• Unexpected geologic results and technical prob-
lems will occur.

• Knowledge of the proposed radioactive inventory
in a repository is important for planning. For those
countries with changing conditions, estimates of
this inventory should be kept current.

• Cost should not be neglected.

• Positive interaction with the public is important
but public hearings and discussions seemed to be
more driven by fighting “a religious or ideological
war against nuclear power” than by solving the
problem of siting and constructing a repository.
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• An international commission of nuclear waste dis-
posal should be established. Discussion of interna-
tional repositories should no longer be taboo.

Swan Hills Hazardous Waste
Treatment Facility

Professor Walter Harris, a chemistry professor from
the University of Alberta, described the successful
siting and construction of a hazardous waste treat-
ment facility in the province of Alberta, Canada.
According to Professor Harris, much of the success
was due to the involvement of the public at the local
level. His major points follow.

• It would have been a blunder to target the site
prematurely. Information was provided and it
was then left to the community to invite further
discussions and investigations.

• Another site (Ryley) was interested in hosting the
waste treatment facility. Although Ryley had cer-
tain advantages because of its proximity to the
waste producers, the provincial government even-
tually chose Swan Hills. The committee on which
Professor Harris served was told (by the govern-
ment) that the choice of Swan Hills was political
and should not be questioned.

• The suggestion by one committee that the facility
be sited at the center of a nine-square-mile block
was intended to make the facility appear safe. The
suggestion achieved the opposite result in that the
need for such a large land area implied an extreme
danger.1

• It was necessary for all, including the public, to
realize that zero release is not a realistic goal.

• The town of Swan Hills received no prior financial
inducement, nor does it benefit from direct taxes
from the waste facility.

• It is a mistake to pass regulations before the means
exist to carry them out. A government only loses

credibility when, for example, it prohibits illegal
dumping but cannot enforce the ban because no
facility exists to legally accept waste.

• Siting waste facilities is mainly a social-psycho-
logical-political problem and cannot be solved by
primarily technical means. A skilled sociologist
was very helpful in achieving success in this case.

• It is very important to set up a base of accurately
informed and committed local leadership. In this
case, a two-day seminar with local representatives
from throughout Alberta was particularly effec-
tive. 

• Respect for the public, honesty, and openness are
required. We have a problem to solve jointly is the
approach that needs to be developed among all
involved.

Four Critical Facilities in California

Lloyd Cluff, geosciences manager at Pacific Gas and
Electric Company, described his experience with
several critical facilities in California; his focus cen-
tered on managing critical safety projects. The pro-
jects he described included: (1) the proposed, but
never built, Auburn Dam; (2) the successfully con-
structed New Melones Dam; (3) the proposed, but
never built, Point Conception Liquid Natural Gas
(LNG) facility; and (4) the highly controversial, yet
operating, Diablo Canyon Nuclear Power Plant. He
concentrated on issues related to earthquake safety.
His main points are presented below.

• The failure to build the Auburn Dam is largely due
to the builder (the Bureau of Reclamation) design-
ing a doubly-curved, thin-arch dam that probably
could not have accommodated two or more inches
of earthquake fault displacement at a site where
such displacements were viewed as possible, al-
beit of very low probability. This resulted in a
sustained conflict with state authorities. Even a
number of the bureau’s own consultants viewed
possible fault displacement through the dam’s
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foundation as credible. The Bureau of Reclamation
was so entrenched in its decision to build a thin
arch dam that it brought in bulldozers to excavate
and find evidence that the faults were not active.
In doing so, it destroyed other useful evidence that
could have been used in the evaluation. In any
case, the key evidence on fault displacement haz-
ard was obtained from regional, rather than local,
site geologic studies.

• The New Melones Dam is located near the same
fault zone that crosses the proposed Auburn Dam
site. In this case, the use of an earth and rock fill
dam design, which can accommodate some fault
movement, and agreement with the state authori-
ties allowed the U.S. Army Corps of Engineers to
construct the dam.

• The Point Conception LNG facility, which was never
built for economic reasons, used a novel approach
to resolve long-simmering, highly controversial
technical problems regarding seismic safety. The
California Public Utilities Commission convened
a panel of impartial technical experts that evalu-
ated the seismic safety of the proposed facility. In
contrast to legal hearings, lawyers were assigned
a secondary role, and the California Public Utili-
ties Commission and the Federal Energy Regula-
tory Commission approved the panel’s work,
acknowledging that an efficient legal precedent
had been set that provided a high level of confi-
dence on a technically difficult issue.

• In 1984 after a long history of controversy, the
Diablo Canyon Nuclear Power Plant received its op-
erating license from the NRC. To confirm earth-
quake safety in light of new (and some old)
concerns, a multimillion-dollar, long-term seismic
safety program was undertaken. New manage-
ment in the seismic area, technical workshops, and
independent studies by the NRC all were instru-
mental in the successful completion of this pro-
gram. The initial wish list of studies planned for
this seismic program was trimmed down through
a logic tree-based probabilistic scoping study2 that

assessed the relative importance of the individual
studies to the overall program.

According to Cluff, ineptness on the part of the ap-
plicants, the regulators, and their consultants
plagued all the above projects at one time or another.
This led to billions of dollars being spent on “en-
trenched warfare” that only benefitted a few and
may have had little or no impact on the technical
solution. Although those concerned with siting, de-
signing, and constructing critical facilities should
plan to address a number of issues, entrenched war-
fare can be avoided (see box next page).

The U.S. Geological Survey —
Experiences in Site Evaluation

James Devine, then assistant director for engineering
geology at the U.S. Geological Survey (USGS), de-
scribed some of his and the USGS’s experience in site
evaluation for large engineering projects such as the
TransAlaskan Pipeline System, the Teton Dam in
Idaho, the proposed Skagit Nuclear Power Plant in
Washington, and the Cape Thompson burial site (a
legacy of the proposal to construct a harbor in Alaska
using nuclear detonations). His main points follow.

• Conflicting concerns about the effects of melting
permafrost and caribou migration resulted in
much of the TransAlaskan Pipeline System being
elevated along its 800-mile length. Although the
solution substantially increased the cost and wor-
ried environmentalists, it has proven to be a good
one during the 20 years of pipeline operations.
Difficult and costly decisions can pay off in the
long run.

• USGS scientists raised concerns about the integrity
of the Teton Dam’s right abutment during earth-
quakes prior to the catastrophic failure of the dam
at that location during its first filling in 1976. Al-
though the failure was not due to an earthquake,
there is some suspicion that sufficient attention to
the scientists’ concerns would have uncovered the
design flaws that contributed to the failure. The
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report of these concerns was not acted upon be-
cause the USGS did not attach a sufficient sense of
urgency to the report, as it was viewed only as a
reconnaissance study, and the dam builder (the
Bureau of Reclamation) was viewed as having an
excellent record with respect to dams.

• The proposed Skagit Nuclear Power Plant was
plagued by earthquake concerns. Issues were
never resolved, and scientists became polarized
into two camps over geologic issues. The science
was viewed to be inadequately known for the
purpose of siting a nuclear facility. As a result, the
plant was never built, and the two camps re-
mained bitterly split for years.

• Twenty-six millicuries of radioactive tracers were
used to test a site for the proposed (and sub-
sequently abandoned) plan to construct a harbor
in Alaska using nuclear explosives. Thirty years
after the nuclear material was buried in perma-
frost, some 20 miles from the nearest village, con-
cerns were raised about the remaining two
millicuries. In spite of the fact that there was no
threat to humans or animals, the Department of
Energy decided to remove all material that could

have come in contact with the radioactive tracers.
As a result, excessive attention was paid to some-
thing that was not a real risk; this encouraged the
local population to assume that their health prob-
lems were caused by exposure to radioactivity and
not other factors.

Licensing Hearings

Because licensing hearings can become a pivotal
point in the site-assessment process’s success or fail-
ure, the Board invited legal counsel from the NRC to
provide whatever insight he might have that would
help shed light on the licensing process. Lawrence
Chandler, the NRC’s assistant general counsel for
hearings and enforcement, described his experience
in nuclear power plant licensing hearings and pre-
sented a lawyer’s perspective on scientific evidence.
He made the following points.

• Although the licensing process may be long and
costly, it works, and it has a demonstrated history
of effectively resolving conflicts.

Avoiding Entrenched Warfare
Plan For

• Out of control egos

• Vested interests and hidden agendas

• Jealous competition

• Arrogance and stonewalling

• Scientific and technical surprises

• Failure to consider social impacts of technical
issues 

• Adding extra conservatism at every step

• Ignoring facts and focusing on the desired
outcome

• A provincial attitude that does not allow for
independent review and oversight.

Strive For

• Open seeking of facts

• Mutual respect and trust, based on compe-
tence and integrity

• A multidisciplinary team

• Identification of issues that really make a
difference

• Teamwork based on objectivity, anticipation
of regulatory changes, flexibility, technical
workshops, meetings, and publications to
keep all interested parties informed

• An independent panel of experts to assist in
decision making.

Source: Lloyd Cluff
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• The central issue is the credibility of the written
and oral evidence presented. A witness’s de-
meanor is part of this and has to be taken into
account.

• Reasonable, not absolute, assurance is required.
The standard of proof to demonstrate compliance

with the regulations is “a preponderance of evi-
dence.”

• Quality assurance (in both a narrow and general
sense) and its demonstration are important in de-
termining whether evidence could be accepted.

Part 2: Common Issues in Site Assessment and
Their Applicability to Yucca Mountain

The presentations and round-table discussion dur-
ing the April meeting on site assessment of critical
facilities identified 11 issues that appear to be di-
rectly relevant to the Yucca Mountain program; they
are discussed below. The first two deal with strategic
considerations in the technical arena, issues three
through eight address some individual cross-cutting
technical issues, and issues nine through eleven are
of a nontechnical nature.

The DOE, in its effort to refocus and show progress
in its civilian high-level radioactive waste manage-
ment program, has developed a new program ap-
proach. As the Board has stated elsewhere, this new
approach provides both opportunities and risks.
One important opportunity recognized by the Board
is the chance to make good use of the lessons learned
by others during site assessment. The Board hopes
that the DOE can benefit from the experiences of
others and avoid some of their pitfalls while assess-
ing the Yucca Mountain site.

Issue 1: Site Assessment — It
Requires a Strategy

Based on the experience of others, site assessment is
a lot more than a collection of data-gathering studies,
tests, and analyses. Site assessment requires an itera-
tive process that continually looks at the relation-
ships among data-gathering, modeling, and
performance assessment. Separating these elements
into sequential rather than parallel efforts increases the
possibility of unfocused and costly efforts that also
can lead to serious problems at hearings.

With respect to Yucca Mountain, the 1988 Site Char-
acterization Plan was more like a large menu of pos-

sible studies than a realizable, conceptually based,
coherent strategy. The Board urged the OCRWM to
embark on a strategy of priority setting through it-
erative performance assessment and also to encour-
age functional contact among data gatherers and
modelers. In these areas the OCRWM has improved
during the past few years, but it still has a way to go.
In developing its new program approach, the
OCRWM appears to have developed a strategy that
includes prioritizing its activities with an eye toward
the achievement of interim goals.

This new approach provides an important opportu-
nity to streamline the scope and sequencing of site-
characterization activities and to improve the
technical rationale for deciding which studies shall
be completed and which can be refined, abbreviated,
or deleted. The Board applauds these aspects of the
new approach. The Board does have some concerns,
however, that excessive emphasis on completing
schedules, such as reaching a site-suitability decision
in 1998, could encourage decision making without
an adequate and integrated database.

Issue 2: Determining Site
Suitability and License Application
— They also Require Strategies

Determining site suitability and applying for a li-
cense require more than presenting the results of
individual scientific and technical studies and analy-
ses; to succeed, the effort also requires a strategy.
Although it was argued by some that the failure of
the Martinsville site may have been due to the Illi-
nois Siting Commission requiring zero release, the
proponents of Martinsville may have failed the
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“standard” of demonstrating reasonable assurance
through the presentation of a preponderance of evi-
dence by highly credible witnesses. It was pointed
out in the round-table discussion, following the
presentations, that there did not appear to be an
overall safety case (waste isolation strategy), merely
a set of studies and analyses. The siting commission
was largely left to fend for itself in determining how
safe the disposal site would be.

With respect to Yucca Mountain, the lesson here is
twofold. First, the DOE needs to develop a waste
isolation strategy that provides a ready and compre-
hensible explanation of how the proposed reposi-
tory will protect the public and the environment
from the release of harmful radionuclides. Such a
strategy has been developed and put to good use in
Sweden. Second, the DOE must strive to present
multiple lines of evidence that demonstrate reason-
able assurance of a safe facility. Recently, for exam-
ple, the DOE made its first attempt at resolving an
issue (extreme erosion). The DOE submitted its re-
port to the NRC, which after 15 months, rejected the
report citing insufficient information. In the Board’s
view, this attempt was largely unsuccessful because
there was too much emphasis on a controversial
dating technique and not enough emphasis on other
available evidence.

Issue 3: Uncertainties are
Unavoidable

Scientific and technical uncertainties are unavoid-
able in site assessment and the design of critical
facilities. The inability to address these uncertainties
adequately was clearly a prime component in the
rejection of the Martinsville site and the eventual
abandonment of the Skagit Nuclear Power Plant site.
At Martinsville, it was apparent that there were ma-
jor differences of opinion between the applicant (Illi-
nois Division of Nuclear Safety) and the Siting
Commission as to what was an acceptable level of
uncertainty.

The Yucca Mountain project seems to be aware of
uncertainties, and the regulations are very explicit in
not demanding absolute proof. The question re-
mains, however, whether the DOE and the NRC
agree sufficiently on what constitutes an acceptable

level of uncertainty. If not clarified, significant prob-
lems, such as those in the Martinsville hearing, could
surface during the licensing of Yucca Mountain,
should it ever reach that stage. It is important that
the DOE engage the NRC early to get a sense of what
the NRC considers to be resolution of an issue. A
good example of the potential to learn was the set of
interactions between the NRC and the DOE on ex-
treme erosion mentioned in Issue 2. The DOE would
be well advised to evaluate what went wrong and
apply any lessons learned to future attempts at issue
resolution. (Also see discussion in Chapter 3 on re-
solving difficult issues.)

Issue 4: Expect Surprises

Surprises exist in any site investigation, particularly
those that include underground investigations. As
was pointed out, confidence about site and reposi-
tory issues is highest at the beginning of detailed
investigations.

This is a particularly critical issue with respect to
Yucca Mountain. Although one cannot anticipate
what specific surprises there may be, they will occur,
and any long-term strategy and schedule should
take the likelihood of their occurrence into account.
The OCRWM’s present schedule assumes that no
major surprises will occur. Although underground
exploration has begun, surface-based studies have
already yielded the unanticipated. These include the
unexpected width of the Ghost Dance fault zone, the
discovery of the proposed Sundance fault, perched
and other water in a number of drill holes, and evi-
dence for a wetter pluvial climate in the past than
originally had been suggested.

Issue 5: Technical and Institutional
Overconfidence Does Not Pay

It became evident during the course of the presenta-
tions that technical and institutional overconfidence
— which can lead to arrogance — does not pay; it
can result in programmatic and physical failure as
evidenced by the builder’s refusal to back off from
the initial design of the Auburn Dam in spite of the
concern for faulting and the apparent lack of atten-
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tion to details that eventually led to the failure of the
Teton Dam.

It is too early to tell whether programmatic failure is
around the corner at Yucca Mountain. A sense of
overconfidence, however, may have already contrib-
uted to the DOE’s long track record of failing to meet
overly optimistic schedules, lack of contingency
planning, and unfulfilled promises.

Issue 6: Independent Technical
Review is Important

Independent technical review adds both quality and
credibility. The lack of an independent technical re-
view was an identified weakness in the Martinsville
site assessment. Outside review made important
contributions to the WIPP, the Auburn Dam, the
New Melones Dam, and the Diablo Canyon Nuclear
Power Plant in regard to both technical content and
program credibility.

Although the Yucca Mountain project certainly has
many outside oversight and review groups, its man-
agers seem reluctant to use outside input in the deci-
sion-making process. An example of this is the
rejection of the Board’s suggestion to set up a geoen-
gineering board to provide ongoing advice to man-
agers and staff at the project level. This reluctance is
not uniform throughout the whole program. Those
involved in the volcanism effort, for example, ap-
pear very eager to solicit external expert judgment to
help choose between competing hypotheses, and
this is producing a payoff. (See discussion of how the
DOE has handled the issue of volcanism in the fol-
lowing chapter.) Finally, the DOE is initiating a proc-
ess by which panels associated with the National
Academy of Sciences will review technical reports
associated with the determination of site suitability.

Issue 7: Quality Assurance Counts

Quality assurance is serious business. Martinsville
provides an example of how a breakdown of quality
assurance in one area placed doubts on the whole
program and was an important contributor to the
Illinois Siting Commission’s rejection of the site.

Quality assurance is one area where the DOE ap-
pears to have learned a valuable lesson. Progress,
however, is not easy. In its review of the 1988 Site
Characterization Plan, the NRC raised serious con-
cerns about the DOE’s quality assurance program.
The DOE’s initial response was to install a program
that was so overbearing that scientists rebelled. New
efforts by the DOE have made the process more
logical and tolerable. However, problems in quality
assurance related to the design of the exploratory
studies facility indicate that continuing diligence is
essential.

Issue 8: Regulations Must Be Clear

Although views differ as to the need for specificity,
regulations must be clear. Those individuals at the
meeting who commented on regulations agreed that
clarity was essential for both applicant and regula-
tor. Some felt that many of the problems at Martins-
ville could have been avoided had there been
specific criteria to address issues such as uncertainty
in ground-water models and the life of the waste
container; those working on Gorleben are satisfied
with the German approach of a simple systems
standard (such as dose) and the inherent flexibility to
make tradeoffs. There may not be a happy medium;
different countries have different philosophies with
respect to specificity of regulations.

In the case of Yucca Mountain, this issue is in a state
of flux because of the review process initiated by the
1992 Energy Act. As of this writing, no one really
knows what the National Academy of Sciences will
conclude nor how the EPA and the NRC will react to
the NAS recommendations. Clarity is of course a
desired goal for any set of criteria. In its First Report
(NWTRB 1990a), the Board pointed out confusion
over the 300–1,000-year requirement of “substan-
tially complete containment” in the NRC regula-
tions. This was clarified by the NRC. A similar
example of the need for further clarification is asso-
ciated with the regulatory concept of “ground-water
travel time.” This is addressed in Chapter 4.
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Issue 9: Political and Institutional
Issues Count, Too

Whether scientists and engineers like it or not, politi-
cal and institutional considerations are important.
Political considerations are an integral part of waste
disposal and many other critical technical issues.
One of the participants went so far as to say that
scientists and engineers should realize that siting
waste facilities is not primarily technical and cannot
be solved by primarily technical means. It is impor-
tant to understand the role these different considera-
tions play. Clearly, it is not “wrong” for the governor
of Lower Saxony to reject a reprocessing plant for
political reasons while recognizing that it can be
operated safely, or for the government of Alberta to
make the choice of Swan Hills over Ryley a political
decision. It was wrong, however, according to the
Illinois Siting Commission, to pick Martinsville as a
low-level waste site for political reasons and pay
insufficient attention to important safety issues.

With respect to Yucca Mountain, the lesson is that no
one should expect any choice to necessarily be the
“best” technical choice for the location of a high-
level waste repository. Efforts should, instead, con-
centrate on whether the choice is an acceptable one.

As the representative from the German nuclear
waste program pointed out, all sites have flaws.

Issue 10: Process Counts

The NRC attorney underscored the central issue at a
licensing hearing: the credibility of the written and
oral evidence presented. As revealed in the Martins-
ville case, the demeanor of the witness (or how the
evidence is presented) affects the witness’s credibil-
ity and has to be taken into account. Although the
substitution of technically, rather than legally, based
review panels, such as for the Point Conception LNG
site, may lead to greater emphasis on the purely
technical content, it is not apparent that this ap-
proach will be applied elsewhere. Finally, the Board
was informed that the success of the WIPP on tech-
nical issues in court battles was matched by a corre-
sponding lack of success on procedural issues.

Thus far, the DOE generally has been successful in
court on procedural issues relating to Yucca Moun-
tain. However, it has not yet been involved in a
licensing hearing on technical issues. The format for
a licensing hearing has its own special requirements.
The DOE will have to prepare itself for the demand-

Lessons Learned
1. Site assessment is a lot more than a collection of
data-gathering studies, tests, and analyses; it
needs a strategy.

2. Site suitability and licensing require more than
presenting the results of individual studies and
analyses; they, too, require a strategy.

3. Scientific and technical uncertainties are
unavoidable and have to be accounted for.

4. Expect surprises.

5. Technical and institutional overconfidence
does not pay.

6. Independent technical review adds both
quality and credibility.

7. Quality assurance counts.

8. Regulations have to be clear.

9. Political and institutional considerations are
important.

10. Process counts.

11. Public involvement is necessary.
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ing combination of law and science required by this
process.

Issue 11: Public Involvement — It’s
Necessary

Public involvement is another of those process-
oriented issues discussed by several speakers at the
meeting. Although there was general agreement that
public involvement is necessary, there was some di-
vergence of views with respect to the extent and
timing of this involvement and its desirability. Some
participants placed great emphasis on this aspect;
the discussion of the waste treatment facility in Al-
berta was largely devoted to the importance of
meaningful and carefully planned public involve-
ment. The perspective from the German participant,
on the other hand, was more skeptical. This differ-
ence in views may be due to the individuals in-

volved, specific experiences at respective sites, and
cultural and philosophical differences.

In the case of Yucca Mountain, the Board has stressed
the need for more meaningful public involvement
before making major decisions. The DOE has held
several stakeholder meetings and has proposed in-
volving the public in the site-suitability determina-
tion process. If implemented, that proposal would
represent progress in this area.

Recommendation

Much can be learned from past experience siting
critical and other highly controversial facilities that
is applicable to the Yucca Mountain program. The
DOE must look more carefully than it has to date at
these experiences and incorporate what has been
learned into its strategy and planning.
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Chapter 3

Resolving Difficult Issues — Volcanism

Introduction

In its tenth report (NWTRB 1994b), the Board ad-
dressed the resolution of difficult technical issues
associated with siting a high-level waste repository
at the proposed Yucca Mountain site. The Report
concentrated on the problem of determining future
climate and its impact on the isolation of high-level
waste. In it, the Board recommended that a resolu-
tion strategy be formulated based on several compo-
nents. These include: an understanding of how
climate (or any other process or phenomenon under
consideration) could cause the proposed repository
to fail; an emphasis (in the case of future climate
issues) on data over modeling; and the incorporation
of outside expertise. It is also important that limita-
tions on future scientific investigations (When is
enough, enough?) be based primarily on the impact
these investigations would have on assessing and
demonstrating repository safety.

In this report, the Board addresses another such dif-
ficult issue, the impact of volcanism on the proposed
repository at Yucca Mountain, the real progress be-
ing made toward its resolution, and those elements
in the DOE’s volcanism program that are facilitating
this progress. Finally, a comparison is drawn with
the DOE’s seismic hazard program, which is pro-
ceeding at a slower pace and which could draw
useful lessons from the approach taken in address-
ing volcanism.

Background on Volcanism

Yucca Mountain lies within a region that has experi-
enced volcanism from the Miocene epoch to possibly
as recently as the Holocene epoch (the past 10,000
years). During the mid-to-late Miocene epoch (ap-
proximately 16 million to 6 million years ago) major
volcanic caldera-forming1 eruptions and eruptions
of ash flows occurred in the Yucca Mountain region;
the proposed repository would be placed in these
ash flows (tuffs). Major volcanic eruptions have not
occurred in southern Nevada for more than 6 million
years, and an eruption of this type is not regarded as
a significant hazard to the repository. The focus of
concern over volcanism is the potential for renewed
volcanic eruptions or intrusions of a lesser magni-
tude in the immediate area of Yucca Mountain. Dur-
ing the last several million years, volcanic activity
(small cinder cones, lava flows, and dikes) has been
concentrated mostly in and around Crater Flat, an
intermountain basin immediately west of Yucca
Mountain. The most recent activity took place at the
Lathrop Wells Volcanic Center (a single young cone),
some 15 kilometers south-southwest from the pro-
posed repository site.

The most consequential impact of volcanism would
be the disruption of the repository by the formation
of a new volcanic center directly under or immedi-
ately adjacent to the repository itself. Such an intru-
sion could result in the transport of harmful
radionuclides directly to the land surface. Other
more indirect concerns address the mechanical, ther-
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mal, and chemical effects of volcanic activity on the
hydrologic regime, ground water being the primary
path of concern by which radionuclides might reach
the accessible environment.

The DOE’s strategy has been to focus its initial stud-
ies on the assumed highly consequential direct dis-
ruption of the repository. The approach has been to
use probabilistic methods to estimate the likelihood
of such an occurrence and determine whether the
probabilities are low enough that little additional
effort on direct disruption is warranted. This topic
would then be addressed in a topical report,2 which
would be submitted to the NRC. As this probabilistic
effort reached its conclusion, increased attention
would be paid to assessing the more indirect effects
of volcanism.

Controversies

The Board, at meetings of its Panel on Structural
Geology & Geoengineering, has observed several,
often highly contentious, controversies that have
arisen with respect to volcanism and the proposed
repository. Most of these involve disputes between
scientists associated with the primary DOE contrac-
tor on volcanism, Los Alamos National Laboratory
(LANL), and individual scientists at the USGS, the
NRC, the NRC-funded Center for Nuclear Waste
Regulatory Analysis (CNWRA), the University of
Nevada at Las Vegas (UNLV), and the state of Ne-
vada. Controversies center around the following five
issues.

1. The age of most recent volcanism at Lathrop Wells.
This controversy revolves around the appropriate-
ness and limitations of the different age-dating tech-
niques used in geologic investigations. Some
scientists at the USGS, relying on radiometric potas-
sium-argon and argon-argon dating, have argued
that the most recent volcanic activity near Yucca
Mountain occurred about 140,000 years ago at the
Lathrop Wells Volcanic Center. LANL scientists

questioned the ability of the techniques to resolve
dates during the last 100,000 years, citing scatter in
the calculated age dates caused by so little radio-
genic argon (needed to date the rocks) being pro-
duced by radioactive decay during that time period.
Using several other techniques, including the extent
of landform erosion, LANL scientists concluded that
the most recent volcanic activity at Lathrop Wells
could have been less than 20,000 years ago.

2. The mode of volcanic activity. This controversy is
related to the age-dating controversy. Individual sci-
entists at the USGS have argued that, based on pa-
leomagnetic data and potassium-argon and
argon-argon dating, the volcanic activity at Lathrop
Wells has been monogenetic, that is, a single episode
of eruptions from the same source closely spaced in
time. LANL scientists, on the other hand, have main-
tained that there is strong evidence from their dates
and geochemistry that some of the activity, particu-
larly that at Lathrop Wells is polycyclic, that is, it
consists of multiple eruptions over tens of thousands
of years at the same location but from different
magma sources.

3. Structural control of past and future volcanic activity.
LANL scientists have argued that because volcanic
activity has occurred primarily west of the reposi-
tory in the Crater Flat Volcanic Zone, there is an
extremely high likelihood that, if there were any
volcanic activity in the Yucca Mountain region in the
next 10,000 years, it would occur there again, par-
ticularly at Lathrop Wells. UNLV scientists maintain
that, although most of the activity during the past 4
million years has occurred in the Crater Flat area,
there also was some activity less than 3 million years
ago at Buckboard Mesa, approximately 30 kilome-
ters north of the proposed repository site. This, and
the orientation of some faults in Crater Flat, suggests
to the UNLV scientists that Yucca Mountain itself
should be included in the zone of future volcanic
activity.
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4. Probabilistic models of volcanic activity. LANL sci-
entists have proposed that the most appropriate ap-
proach to modeling future volcanic activity is to
assume that this activity will occur randomly (i.e.
unpredictably) in space and time within a given
zone. Scientists at the UNLV and at the CNWRA
have argued that complete unpredictability is not
warranted, and temporal and spatial trends within
zones must be examined to take into account sys-
tematic effects that might exist. The possibility
should be reflected that volcanic activity waxes and
wanes over time and that there is some spacial clus-
tering.

5. Sufficiency of data for reliable probabilistic estimates
of volcanic hazard. Some scientists associated with the
state of Nevada and the NRC have questioned the
reliability of probabilistic estimates of volcanic haz-
ard based on existing data. LANL scientists, on the
other hand, maintain that these estimates of hazard
have not changed much in recent years and that
there is little likelihood they will change as addi-
tional data are collected.

The Board’s position on these controversies has been
that they be viewed with respect to their potential
effects on siting and building a safe repository. In the
Fourth Report (NWTRB 1991b), the Board stated that a
“structured probabilistic approach can not only serve
to make useful estimates of volcanic hazard at Yucca
Mountain, but also can help discriminate between
those [controversies] that have a significant impact on
volcanic hazard and those that do not.” (p. 17)

At its most recent meeting on volcanism in March
1994, the Board was pleased to note that progress has
been made on many of the above issues. LANL has
conducted much additional work, particularly at the
Lathrop Wells Volcanic Center. LANL scientists now
point to four episodes of volcanic activity coming
from a minimum of six to eight geochemically dis-
tinct magma batches. The most recent activity, re-
stricted to minor ash deposits may have occurred as
recently as 9,000 to 4,000 years ago. In the Board’s

view, the case for volcanism (polycyclic or not) ex-
tending into the Holocene epoch has been strength-
ened. It also appears that, based on the evaluation of
volcanic ash found in some faults, there may be a
link between volcanic activity and faulting in and
around Crater Flat.

Disputes on the structural control of volcanism and
differences in probabilistic models remain open, but
revised calculations of the probability of direct intru-
sion into the repository are providing a good deal of
insight on the effects of the different assumptions on
these calculations. Although there is no mutually
agreed upon single estimate, the range of the prob-
abilistic estimates is on the order of one chance in
1,000 to one chance in 100,000 of a direct disruption
of the repository in the next 10,000 years. Most of the
estimates center about the one chance in 10,000
range, while structural and probabilistic models pro-
posed by UNLV scientists yield higher probabilities.
LANL scientists had suggested originally that they
would recommend ceasing further studies on direct
disruption if the probabilities could be shown to be
less than one in 10,000.3 They now believe that their
range of estimates straddle this criterion and further
studies are needed.

LANL scientists believe that the range of prob-
abilistic estimates will not change in the future and
have suggested initiation of a formally elicited ex-
pert judgment study to evaluate the different input
assumptions and their effects on calculations. The
Board strongly endorses this proposal, noting the
importance of the direct inclusion of experts from
outside of the DOE in conducting the study and
providing the expertise. The identification of uncer-
tainties, if any, that have a significant effect on the
calculated probabilities of disruption of the reposi-
tory, would provide a strong focus for future investi-
gations.

NRC scientists at the Board’s meeting supported the
idea that the range of probabilistic estimates prob-
ably will not change very much; they endorsed the
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idea of the expert judgment study; and they ex-
pressed the view that the NRC and the DOE were not
as far apart as originally thought and, while not at
closure, are moving toward consensus. Issues re-
main,4 but in the Board’s view progress has, indeed,
been made.

Factors Leading Toward Successful
Resolution

The Board believes it is important to point out those
elements in the study of volcanism that appear to be
accelerating progress toward successful resolution
of the problem. Once identified, these elements,
along with the insights developed as a result of the
Board’s analysis of the future climate issue in the
tenth report (NWTRB 1994b), could be applied to
many of the issues facing those charged with ad-
dressing whether a safe repository can be sited at
Yucca Mountain. Elements in the study of volcanism
that may be accelerating the problem-resolution
process are discussed briefly below.

1. Develop solid science. No difficult scientific issue
can be resolved without developing a solid scientific
basis for addressing important questions. An im-
pressive amount of high-quality research into vol-
canic issues has been carried out. Particular
emphasis should be given to LANL’s detailed map-
ping and trenching, its use of multiple techniques in
age dating, and the incorporation of geochemical
models to decipher the origin of particular volcanic
sequences. Much of the work has been concentrated
on the Lathrop Wells Volcanic Center. The UNLV
also has made important contributions to our under-
standing, particularly at Black Cone and Red Cone in
Crater Flat. The next big scientific push will be in
geophysics, to confirm the limits of assumed vol-
canic activity. The DOE is evaluating that geophysi-
cal techniques can be the most useful.

2. Make early and continuing efforts to define the impor-
tant scientific questions. Difficult issues can pose a
bewildering array of questions that could be an-
swered. Devoting too much time to unimportant
questions and not enough time to important ques-
tions is an ever-present problem faced in large en-
deavors. In the case of direct volcanic disruption of
the repository, the tool for separating the important
from the less important has been the use of prob-
abilistic estimates of direct repository disruption.
For example, it appears that questions related to the
age of most recent volcanic activity and monogenetic
versus polycyclic volcanism are less important than
questions related to structural control of future vol-
canic activity. It was recognized early on that data
gathering and probabilistic calculations were not se-
quential operations but should be conducted in par-
allel to provide feedback. The early use of
probabilistic calculations in an area where there has
been relatively little previous experience has also
widened the methodological foundation of these cal-
culations and increased the confidence in their re-
sults.

3. Engage critics, get feedback, and modify the approach.
There is always something to be learned from vigor-
ous and meaningful exchanges between scientists
with different perspectives on controversial issues.
This has been most evident in the probabilistic stud-
ies of direct disruption of the repository. Scientists
from LANL have been publishing the results of their
calculations for more than 10 years. They have re-
ceived much feedback, and their work has been af-
fected by this feedback. For example, in March 1993
LANL circulated a preliminary draft version of the
milestone report entitled Status of Volcanic Hazard
Studies for the Yucca Mountain Site Characterization
Project (LANL 1993). It received many critical com-
ments and, as evidenced by the presentation at the
Board’s March 1994 meeting, many of those com-
ments have been taken into account. Different con-
ceptual models, based on real concerns, have been
proposed by scientists from both the CNWRA and
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the UNLV. Although sometimes appearing overly
defensive, the LANL scientists have acknowledged
the validity of these concerns.

4. Recognize the need for the systematic inclusion of
outside expert judgment. The Board consistently has
emphasized the need for the DOE to seek external
expertise outside of its own contractors. Although
the LANL scientists have recognized that there are
different views with respect to how one calculates
probabilities and what parameters one uses in these
calculations, they have, until now, attempted to use
their own analysts to capture these views. Whereas
this may be acceptable in certain situations, on
highly controversial issues and where standardized
calculations are not the norm, better ways may exist.
It is preferable to involve the outside parties directly
along with knowledgeable independent scientists
and, if possible, use independent analysts to inte-
grate the views and perform the calculations. This
technique has been used successfully in estimating
earthquake hazard at nuclear power plants in the
eastern United States, a subject of great controversy
among seismologists. It also has been applied suc-
cessfully to Yucca Mountain in a demonstration pro-
ject by the Electric Power Research Institute (EPRI)
that assessed fault-displacement hazard at the pro-
posed repository (EPRI 1993). The DOE has recog-
nized the need to use this type of study to help
resolve volcanic issues at Yucca Mountain. Aside
from increasing the quality of any calculations and
conclusions, such a study can do a great deal to
increase their credibility among skeptical scientists,
regulators, and the public.

Conclusions

Although some questions remain and additional
work on volcanism needs to be done, particularly in
the assessment of the effects of volcanism on the
hydrologic regime, progress has been made toward
resolution of this difficult issue. Some individual
technical topics are close to technical resolution and
the range of probabilistic estimates of direct disrup-
tion are not expected to change much in the future.

Much of the progress that has been achieved has
resulted from an aggressive approach by the DOE
and its contractor LANL. They have built a founda-
tion of solid scientific work; they have made early
and continuing efforts to define important issues
through the use of probability; they have engaged
their critics, received feedback, and modified their
assessments; and they have recognized the impor-
tance of outside experts in assessing and confirming
their probabilistic calculations and conclusions.

There has been some indication that the DOE may
defer resolution of volcanism-related issues at the
Yucca Mountain project. The Board believes, how-
ever, that the DOE would be well advised to main-
tain the momentum that has developed and has been
recognized by outside bodies, including this Board.

This is not to say that there will be no surprises.
Indeed, the previously mentioned revision of the
EPA standard could affect the conclusions of the
probabilistic study. A decision to increase the period
of performance from the previously assumed 10,000
years would undoubtedly increase the risk. The
DOE should conduct sensitivity studies (as it has in
other fields) to start assessing the effects of this and
other possible changes.

Postscript on Seismic Hazard

The rate of progress in seismic hazard estimation is
not as encouraging as it has been with respect to
volcanism. Although the DOE’s contractors (mainly
the USGS) have been conducting high-quality field
investigations and are reaching important conclu-
sions, the deferral of most hazard calculations has
delayed progress. The approach here has been more
sequential than parallel. Many of the insights to be
gained from detailed probabilistic hazard estimates
are not available.5 Instead of doing the actual calcu-
lations, the DOE has chosen to submit a topical re-
port on seismic hazard methodology. In contrast to
volcanism, there is a wealth of experience in prob-
abilistic seismic hazard estimation. The critical issue
with respect to probabilistic seismic hazard estima-
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tion is not so much methodology, but rather how it is
used.

The Board believes that those responsible for seismic
hazard evaluation for the Yucca Mountain project
could learn much from the approach taken by their
project colleagues responsible for volcanic hazard
estimation.

Recommendations

1. The DOE should capitalize on the progress dem-
onstrated in resolving volcanism-related issues at
Yucca Mountain. It should proceed with the elicita-
tion of outside expertise and maintain momentum in
resolving this issue.

2. The DOE should reevaluate its approach to seis-
mic hazard estimation and place more emphasis on
probabilistic hazard estimates and the insights they
can provide to guiding the field investigations and
resolution of important questions.
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Chapter 4

Panel Activities, Conclusions,
and Recommendations

Geoengineering

Since the publication of the Board’s tenth report
(NWTRB 1994b), the OCRWM’s program has contin-
ued to evolve. On October 1, 1994, program manage-
ment announced the formal adoption of the
proposed program approach. As a result of this pro-
gram restructuring, some site-characterization ac-
tivities have been deferred, abbreviated, or deleted.
Current emphasis in the program is focused on ac-
tivities to support what the DOE is calling a “techni-
cal” site-suitability determination by 1998. The
OCRWM is looking at site suitability as a three-step
process: (1) In 1998 a decision will be made about the
suitability of the site from a technical and scientific
perspective; this is being called “technical” site suit-
ability.1 (2) If the site is found suitable, in 2000 after
evaluating environmental, transportation, and so-
cioeconomic issues through the development of an
environmental impact statement (EIS) for the pro-
posed repository, the Secretary of Energy would rec-
ommend the site to the President for development as
a repository. (3) If approved, the DOE would then
submit in 2001 an application to the Nuclear Regula-
tory Commission for a license to begin repository
construction.

The Board has heard a number of presentations on
the new program approach, and, although many

details remain unclear, the Board sent a letter to the
OCRWM director on December 6, 1994, outlining the
Board’s views on the scope of exploration and test-
ing activities it considers necessary to support a
technically defensible evaluation of site suitability.
(See Appendix G.)

In the Board’s view, under ideal circumstances suffi-
cient time may be available to complete all the exca-
vation activities identified in the letter before the
1998 decision. However, given existing management
issues within the OCRWM program (turnover at the
management level, large numbers of geographically
dispersed employees and subcontractors, high over-
head, contract and procurement practices), the
Board underscored in its letter its concern that com-
pleting all the activities within the next four years,
even with the planned increases in the OCRWM’s
operating budget after fiscal year 1995, could pose a
significant challenge to management. Even if all of
the data could be collected, data must be assembled
and interpreted over longer time periods. In its letter,
the Board emphasized the need for careful planning
and efficient use of resources.

As a result of Board and panel activities,2 this section
of the report: (1) addresses what the Board believes
to be the important elements of the DOE’s evolving
waste isolation strategy, (2) explains some aspects of
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what the Board outlined in its December letter to be
the minimum suite of exploration and testing activi-
ties (and their rationales) required to determine site
suitability, (3) proposes ways to perform the defined
exploration and associated testing efficiently,3 and
(4) addresses the DOE’s current approach to thermal
management of spent nuclear fuel in the repository
program.

The DOE’s Evolving Waste Isolation Strategy

The Board has long advocated that the DOE reevalu-
ate its exploration and testing program to focus the
program on those tests and studies that will provide
data essential to assessing site suitability (NWTRB
1990b p.16.). Although a key element in the new
program approach is to set priorities, further pro-
gress is needed in developing and describing a co-
herent waste isolation strategy. This strategy would
provide a basis for prioritizing surface-based and
subsurface exploration and testing activities; it also
would establish a plan for exploration and testing as
well as for repository design and development that
the technical and lay communities can understand.
Since the Board’s first meeting with the DOE in 1989,
elements of a waste isolation strategy have been
evolving, some of which the Board strongly sup-
ports. With the restructuring brought about by the
new program approach, it is critical that this process
continue and that the DOE articulate what the waste
isolation strategy entails and what major changes to
this strategy will be made.

The DOE appears to be moving toward more reli-
ance on both natural and engineered barriers, which
together will limit the movement of radionuclides
from the repository to the accessible environment.
Use of both kinds of barriers gives the repository
system a degree of redundancy because different
barriers are not likely to respond in the same way to
processes and events. It is important to note, how-
ever, that engineered and natural barriers are not
completely independent; engineered barriers reside
within an environment formed by the natural barri-

ers. Therefore, to be able to predict the performance
of the engineered barriers, one must understand the
potential behavior of the natural barriers under the
changing conditions that will be created by emplac-
ing heat-generating spent nuclear fuel in a reposi-
tory.

To gain an understanding of the Yucca Mountain
geology, the DOE planned a balanced program of
surface-based testing and underground exploration
and testing. Surface-based testing has been under
way at the site for the last several years. Surface
mapping and surface-based drilling are important,
but the recently initiated underground tunneling
will provide access to structures to enable program
personnel to locate, observe, and test known and
previously unknown features such as joints, faults,
and bedding over significant distances. It is particu-
larly important to use horizontal exploration to lo-
cate and then test the hydrologic and geochemical
characteristics in and adjacent to faults and joints.
Because most of these features are predominantly
near vertical, north-south trending, it is very difficult, if
not impossible, to characterize them using surface-
based drilling alone.

The DOE designed its exploration and testing plan
based on major studies conducted in 1991 (SNL 1991,
DOE 1991). It concluded at that time that the site
requires significant exploration and testing above, at,
and below the proposed repository level. As a result,
the DOE adopted the multilevel exploratory facility
configuration. Enhancements to this configuration
resulted in the exploratory facility that was current
prior to the changes initiated by the new program
approach.

Under the DOE’s new program approach, the explo-
ration and testing program emphasizes those inves-
tigations and engineering activities the DOE believes
are necessary and sufficient to support the 1998 site-
suitability determination; these activities will be em-
phasized during fiscal years 1995 through 1997.
Other exploration and associated testing will be de-
ferred; ultimately, some may be eliminated.
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As the program approach evolved during the sum-
mer of 1994, the amount of exploration and testing to
be deferred increased appreciably, apparently not to
meet the needs of an articulated waste isolation
strategy, but as a result of budget and schedule limi-
tations. The Board believes that a minimum suite of
underground exploration and associated testing is
required before making a defensive site-suitability
determination, to provide a sound technical basis for
the decision, and to ensure that no major surprises
will be encountered later when the deferred explora-
tion and testing are completed. The activities recom-
mended by the Board (see following discussion on
exploration and testing) differ somewhat (especially
in timing) from some of the DOE’s recently proposed
plans; they are consistent with the need to execute
the exploration and associated testing in a cost-effec-
tive and timely manner.

Underground Excavation and Testing

The Board believes that substantially more under-
ground excavation will be needed than the DOE
currently plans before the 1998 date for the site-
suitability decision. Sufficient underground explora-
tion is needed to (1) confirm at repository depth the
continuity and orientation of structures already
identified by surface investigations, (2) to identify
structures not evident at the surface, and (3) to per-
mit testing of structures and formations to deter-
mine their significance for long-term waste isolation.
The influence of geologic structures and formations
on the hydrologic properties of the repository block
is the primary issue of concern. To the extent that
faults serve as potentially fast flow paths or may be
capable of large displacement following waste em-
placement, determination of an appropriate offset
distance for waste emplacement may be necessary.

Specifically, the Board believes that the following
excavation is needed for a “technical” site-suitability
determination.

• As now planned, excavate the North Ramp to the
repository level and excavate a “main drift”
through the center of the repository block in an
approximately north-south direction parallel to
and just west of the Ghost Dance fault zone.4

North Ramp excavation will allow conditions to be
observed in stratigraphic units above the repository
level. Once the 25-ft-diameter tunnel boring ma-
chine has traversed through the central portion of
the repository, a decision can be made to either stop
the tunnel boring machine or continue to drive it out
the South Ramp. The decision should be based on
the progress and efficiency that is being achieved
with the large machine and the ability to complete
high priority tests and side drifts off the main tunnel
while the large machine continues its drive.

Information important for site suitability that should
be gathered during this first traverse includes: (1)
data from examination, mapping, and testing in the
Topopah Spring welded tuff, the formation in which
the repository is to be sited; (2) data from the excava-
tion and testing of rock samples and possibly free
water obtained along the traverse; and (3) isotopic
testing for the presence of chlorine-36, tritium, or
carbon-14 to help identify the presence of fast-flow
paths through the formation.

• Explore faults and structures in the central portion
of the repository block east of the main drift.

The planned intersection of the Ghost Dance fault at
two locations with small-diameter drifts is appropri-
ate. An eastern extension of one of these drifts is
needed to fully cross the Ghost Dance fault zone.
Further extension of the drift into the Imbricate fault
as far as the eastern boundary of the block may be
needed unless adequate information about the Im-
bricate fault can be obtained from the North Ramp.

• Explore faults and structures in the repository
block to the west of the main drift, particularly in
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the area of fracturing and suspected faulting iden-
tified by Scott and Bonk (Scott et al. 1984).

Most of the proposed repository area is located to the
west of the main drift, and at least one tunnel is
needed in the area of suspected faulting extending
west to the Solitario Canyon fault to evaluate the
suitability of that portion of the repository horizon.

• Excavate into the Calico Hills formation from a
portal separate from the existing North Portal.

This excavation should cross the Ghost Dance fault
zone at least once at a location immediately below
one of the crossings at the Topopah Spring formation
level.

Exploration of the Calico Hills formation is a high-
priority activity. Under the new program approach,
the DOE plans to wait until the Ghost Dance fault
has been explored before making a decision on the
need to explore the Calico Hills formation. The DOE
apparently has decided that data on the Calico Hills
formation geologic features are not needed to sup-
port a site-suitability determination or even a site
recommendation. The planned decision about exca-
vating the Calico Hills is based on planning and
equipment acquisition lead times rather than on the
need for important data. In the Board’s view, the
Calico Hills formation is a major feature at the site;
its characteristics must be known if site suitability is
to be determined. It may prove especially critical if
the DOE continues with its current plans to use a
“low” thermal management strategy. (See discussion
below on thermal loading of a repository.)

During the June 13-14, 1994, panel meeting, the mer-
its of de-coupling the access to the Calico Hills for-
mation from the main level of the exploratory facility
were discussed (the Board had suggested this option
on several occasions). This could be accomplished by
excavating into the Calico Hills formation from a
new portal located south of the geologic block. Using
this approach would (1) eliminate the need to inter-

face with activities in the main tunnel at the reposi-
tory depth, (2) avoid, potentially, some of the quality
assurance and other constraints necessary when ex-
cavating in the repository operational area, (3) re-
duce the estimated cost of construction by
approximately $100 million,5 and (4) perhaps most
important, permit the consideration of a competi-
tive, fixed-price contract for construction of this ex-
ploratory tunnel. The winning construction
contractor could provide all construction equip-
ment, including a tunnel boring machine.

The Thermal Test Area

Thermal testing should be initiated as soon as possi-
ble, consistent with the excavation schedule and
other exploration priorities. The tests should empha-
size evaluation of thermal-hydrologic behavior over
the range of thermal loadings that are being consid-
ered. The Board considers appropriate DOE’s plan to
eliminate the complex of intersecting drifts known
as the core test area and to conduct tests at specific
areas where data need to be obtained in the under-
ground exploratory facility.

Recently, the DOE has considered placing the ther-
mal tests off the North Ramp above the repository
level, in a stratigraphic unit different from the one in
which the repository would be located. However, the
Board considers that the most appropriate location
for thermal test drifts would be at the repository
level, in the rock type in which repository emplace-
ment drifts would be excavated. To permit an early
start of thermal tests at the repository level, it is
suggested that efforts be made to speed excavation
of the North Ramp, procure tunneling equipment
required for the thermal test area, and continue to
coordinate testing and construction efforts to mini-
mize interference and take advantage of the im-
provements that can be made in the excavation
schedule.
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It would be desirable to use a small-diameter tunnel
boring machine to excavate thermal test drifts at
repository level (rather than drill-and-blast technol-
ogy) to most closely simulate the rock wall condi-
tions influencing stress and fracture conditions that
would exist in the repository emplacement drifts.
Consideration should be given to combining the de-
velopment of the test drift with the westward exten-
sion of a drift across the repository block. The two
might be accomplished with a single setup of a tun-
nel boring machine off the bottom of the North
Ramp.

Procurement procedures, such as leasing or use of
contractor-supplied equipment, should be consid-
ered. Such a machine could be rapidly set up for use
in driving these and other drifts, such as east-west
extensions that cross the Ghost Dance and other
faults in the central part of the repository block.

The DOE’s New Program Approach to Managing
the Thermal Loading of a Repository

The DOE’s program approach to thermal manage-
ment is built around the following three elements:
(1) the development of flexible designs for the re-
pository and waste package; (2) a technical site-suit-
ability determination, site recommendation to the
President, and, if approved, a license application to
construct assuming that the repository will be oper-
ated at a “low” thermal loading; and (3) long-term
testing to support a possible license update in 2008
to a high thermal-loading strategy.

The “flexible” design for the repository would ac-
commodate a range of areal mass loadings that are
being considered; the thermal characteristics of the
waste could be adjusted by waste acceptance and
storage (i.e., ageing) options. A repository design for
the primary area at a “low” thermal strategy is to be
used for a license application to construct.6 A license
application update would be submitted to the NRC
by 2008 either to maintain the “low” thermal man-
agement strategy and greatly expand the repository

area (to be able to accommodate the entire 70,000
metric tons of spent fuel and high-level waste) or to
convert to a high thermal management strategy that
would allow all of the waste to be placed in the
primary area of the Yucca Mountain geologic block.
The DOE plans to evaluate waste acceptance and
storage options as well as what thermal testing will
be needed for the “low” thermal-loading scenario
prior to making a site-suitability determination. If
the application later is to be converted to a higher
strategy, then specific thermal test data to support
the revised application would be required. It is ex-
pected that long-term testing would be an integral
part of the program for either option.

The Board has often raised questions about the ther-
mal testing requirements for both site suitability and
license application and whether these requirements
can be achieved in view of the tight schedule. At the
Board’s November meeting on thermal manage-
ment, the DOE presented a description of the pro-
posed high thermal tests and an anticipated
schedule. If the schedule is maintained, only data
from the large block test will be available before 1998
and a two-year accelerated in-situ test prior to site
recommendation and the construction license appli-
cation. Long-term heater tests will be continued be-
tween the license application and the possible
license update in 2008. A primary focus of these early
tests is the thermo-mechanical response and other
thermal properties of the tuff. Because this testing
will not be performed at drift or mountain scale, it is
doubtful that these early experiments will answer
the important questions raised about the thermo-
hydrological response of the mountain.

The DOE currently believes that the best possibility
for a successful license application may lie with a
“low” thermal-loading strategy. This belief rests on
the belief that it will be easier to provide bounding
and confirmatory analyses on the response of the
geologic system to very “low” thermal loads, which
are closer to ambient conditions at the site. The strat-
egy can be formally stated that the areal power den-
sity for the repository will be less than some value X
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(kW/acre), where X is yet unknown but will be suf-
ficiently small such that it can be argued with rea-
sonable assurance to have a minimal and predictable
disturbance on mountain scale processes.

The predictability of this strategy is very important.
First it implies that the thermo-hydrological effects
can be predicted or bounded for a “low” thermal-
loading scenario (this is essential for defining the
disturbed zone and computing travel times and for
total performance assessment). This belief is based in
part on the fact that the amount, flux, and refluxing
of mobilized liquid and vapor water increases as the
thermal load increases.

It should be emphasized that the DOE’s strategy is
not based on any belief that, given the current state
of knowledge, the “low” thermal load is better or has
inherent long-term waste isolation advantages over
say, an extended-dry thermal strategy, but that there
is a higher probability of achieving regulatory com-
pliance with this strategy by 2001 than with any
other strategy.

The Topopah Spring formation in which the reposi-
tory is to be located is an unsaturated welded tuff
with a porosity of approximately 15 percent. About
two-thirds of the rock-pore volume contains water.
There is a general consensus that over most of the
repository block the rock matrix is in approximate
hydrologic equilibrium, with a downward water
flux in the range of 0.01 to 0.1 mm per year balanced
by an upward water vapor flux driven by the natural
geothermal gradient. Surface water infiltration does
not appear significant, except for episodic infiltra-
tion that may occur along faults or other major frac-
tures.

Three distinct repository thermal management
strategies have emerged as viable alternatives: the
“low” option, sometimes referred to as the minimum
disturbance option, and two “high” options, the SCP
revised concept (large in-drift waste packages) and a
high concept tailored to keep repository tempera-
tures above boiling for as long as possible, referred
to as the extended-dry concept.

The “Low” thermal management option

In theory, the “low” thermal management concept
would allow as little heat into the repository host
rock as is reasonably achievable given the require-
ment to dispose of heat-producing waste. The heat
would be minimized by selectively ageing the fuel
prior to emplacement and by a low areal density of
the waste packages. The DOE has not yet developed
a comprehensive concept, or rationale, for this con-
cept of what would constitute a reasonably achiev-
able, minimum thermal loading (kW/acre).
Concepts have been discussed that attempt to limit
rock temperatures to about 60°C (25° above ambi-
ent), in a non-backfilled drift. However, selective
waste package ageing would be required, and a re-
pository area of the order of 3,000 acres — about
twice the size of the current repository block —
would be needed.

It has been postulated that ventilation concepts that
continuously remove warm moist air from the re-
pository over the entire preclosure period (i.e., now
100 years) could appreciably reduce the required
area. This concept has not yet been evaluated by the
DOE, and at this point is speculative because it has
not been established that sufficient water can be mo-
bilized from the rock to provide the required latent
heat transfer. Testing is needed to validate this con-
cept.

The “low” strategy has a number of perceived bene-
fits: (1) Only ambient and some near-ambient test
data may be needed for analysis, potentially making
it a fast concept to implement, since high-tempera-
ture testing would not be required. (2) The ambient
hydrology would be disturbed only minimally, and
less rock matrix water would be mobilized than for
other concepts. (3) “Low” temperatures could be
more compatible with the use of backfill, allowing it
to be considered for hydraulic isolation, geochemical
buffering, or sorption. (4) Near-ambient conditions
should minimize geochemical changes in the host
rock, possibly allowing a large amount of thermody-
namic data collected at ambient temperatures to be
used. (5) Minimizing rock temperatures would lead
to greater long-term tunnel stability. In addition, if
the waste packages are self-shielding, the “low”
thermal concept might allow unprotected human
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access for observation, monitoring, and maintenance
prior to repository closure.

The strategy also has a number of perceived and real
disadvantages: (1) Significantly more acreage would
be required if the anticipated 70,000 metric tons of
spent fuel and high-level waste is to be placed in the
repository. The additional area would have to have a
high probability of being found acceptable before
choosing the strategy and be characterized prior to
expanding the repository area, leading to greater
cost and time to implement this concept. (2) To de-
velop adequate confidence in the “low” thermal
strategy, the DOE must first provide evidence that
ambient conditions are adequate for long-term
waste isolation, then determine how temperatures
tens of degrees greater than ambient could affect the
waste isolation capacity of a repository. It has been
postulated that a few tens of degrees greater than
ambient may have profound effects on water move-
ment and distribution below, at, and above the re-
pository horizon, including possible seepage into
the repository. (3) Metal corrosion is increasingly
aggressive at greater than about 60°C and 70 percent
relative humidity — conditions that may be difficult
to avoid with the “low” concept. This means that
under the “low” concept greater emphasis would
have to be placed on geologic barriers, particularly
the Calico Hills formation below the repository hori-
zon. (4) Ageing and fuel receipt management may
not be sufficient to offset the effects of using large
waste packages (i.e., multipurpose canisters contain-
ing 21 assemblies from pressurized water reactors)
without the packages creating pockets with tem-
peratures above boiling, which could allow water to
migrate toward the cooler waste packages.

Despite programmatic emphasis on the “low” ther-
mal management strategy, all of the thermal tests
described at the November meeting focused on
high-temperature thermal/mechanical/hydrologi-
cal interactions. No consideration has been given to
what data are needed, or the tests necessary to obtain
the data, for the “low” scenario. All DOE efforts to
date have concentrated on high-temperature scenar-
ios. Data requirements for license application to con-
struct a repository with a “low” thermal loading
have been neglected so far.

There are as yet a number of details that must be
addressed before this strategy, and underlying as-
sumptions, can be evaluated adequately. There must
be a nexus between the waste isolation strategy and
the thermal management strategy. The dependence
on geologic barriers, such as the Calico Hills forma-
tion, may well be a dominant factor in evaluating the
DOE’s “low” thermal-loading option. Thermal test-
ing and modeling efforts need to be planned to pro-
vide technical bases for the developing strategies.

It has not yet been determined what data are needed,
how they will be used, how they will be obtained by
2001, and how minimal and predictable disturbance
will be defined and demonstrated.

Finally, alternatives need to be provided for imple-
menting the program approach should it prove im-
possible to make a case to amend the license for a
high thermal loading by 2008. It is the Board’s un-
derstanding that the DOE is in the process develop-
ing a strategy for characterizing the expansion areas
that would be required to accommodate the 70,000
metric tons of spent fuel and high-level waste should
the “low” thermal-loading strategy become the pre-
ferred strategy.

Management Concerns

For the project to move efficiently toward an early
site-suitability determination and successful license
application, traditional DOE management practices
may not be sufficient. Aggressive management will
be required to reduce high program costs and slow
rates of progress, for example, by avoiding lengthy
equipment acquisitions and employing contractual
practices that encourage contractor incentives and
accountability. Far better integration and communi-
cation among personnel in management, engineer-
ing, construction, quality assurance, and science will
be required.

Finally, as is common on such first-of-a-kind, large
underground construction projects, the OCRWM
should establish a geoengineering board of expert
consultants with experience in the engineering, con-
struction, and management of large underground
projects.7 This board would work with the technical
and management staff and report to Yucca Mountain

Chapter 4 - Panel Activities, Conclusions, and Recommendations

35



project management; the experts could meet regu-
larly with Yucca Mountain project management,
staff, and contractors to review detailed issues early
on — when they are first being considered. A standing
geoengineering board also would give the DOE
quick access, when necessary, to expert consultants
who are familiar with the technology and the project.
Potential members should be nationally recognized
and selected based on experience serving on similar
boards for projects of commensurate complexity.

Conclusions

1. Exploration and testing priorities for determin-
ing site suitability have not been established. Articu-
lating a waste isolation strategy will help the DOE
identify these priorities.

2. The DOE’s current schedule and budget have
resulted in a reduction of underground exploration
and testing. The Board believes a minimal suite of
underground exploration and testing will be re-
quired prior to determining site suitability in 1998 to
ensure that no surprises are encountered later dur-
ing further exploration and, if the site is found suit-
able, during repository construction.

3. The program approach to thermal management
is preliminary and has not been developed suffi-
ciently to allow its evaluation. The strategy assumes
that the areal power density for the repository, as yet
undefined, will be sufficiently small such that it can
be argued to have a minimal and predictable distur-
bance on the mountain. The strategy is not based on
any belief that a “low” thermal load is better than
other strategies or has inherent advantages for waste
isolation over another strategy. It is based on the
present belief that there is a higher probability of
achieving regulatory compliance with this strategy
given the current state of knowledge of site proc-
esses and the potential response of those processes to
increased temperatures.

4. A number of details still must be addressed be-
fore this strategy, and its underlying assumptions,

can be evaluated adequately. There must be a nexus
between the waste isolation and the thermal man-
agement strategies. The dependence on geologic
barriers, such as the Calico Hills formation, may well
be a dominant factor in evaluating the DOE’s “low”
thermal-loading option, given the corrosion envi-
ronment created by lower temperatures and the con-
sequent need to rely more on the natural barrier.

5. A most important issue is the need to identify the
thermal test data that will be used to support the
license application. At present, no information exists
on what data are needed, how they will be used, how
they will be obtained by 2001, and how minimal and
predictable disturbance will be defined and demon-
strated.

6. Common to all thermal management options is
the need to understand the efficiencies that could
result from continuing to ventilate the repository
after emplacement and prior to closure. It has been
postulated that the removal of moist air from the
repository could be very beneficial to the “low” op-
tions and possibly for operational considerations.

Recommendations

1. The DOE must articulate a clear waste isolation
strategy that provides an understandable technical
rationale for prioritizing the studies to be completed
under the new program approach.

2. The Board recommends that the DOE carry out
the minimum suite of underground exploration and
associated testing outlined in its December 6, 1994,
letter prior to the site-suitability decision to ensure
that no major surprises will be encountered during
the completion of the deferred program.

3. The DOE should develop a more efficient ap-
proach to managing the design and construction of
the underground exploratory facility; this approach
should include the creation of a geoengineering
board of expert consultants and greater account-
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ability and incentives for cost-effective and timely
performance of the contractors.8

4. The DOE should clarify the “low” thermal man-
agement strategy and its relation to the overall waste
isolation strategy for the repository. Data needed to
support this concept should be defined and the
means of obtaining the data determined. For the
program approach to be credible, the DOE also must
clearly define actions that will be taken if a case
cannot be made for a high thermal loading during a
license amendment prior to 2008.

Tectonic Features and Processes

Volcanism

Volcanism and the related volcanic hazard have been
associated with highly controversial issues at Yucca
Mountain. In the past year, there has been evidence
that meaningful progress is being made toward their
resolution. This is the subject of a special chapter in
this report entitled “Resolving Difficult Issues—Vol-
canism” (see Chapter 3).

Faulting and Earthquakes

For many years, the Ghost Dance fault has been
known to extend directly through the projected re-
pository block, with total cumulative displacements
of up to several tens of meters. Much concern has
been expressed regarding the possibility of the fault
being an avenue for fast ground-water transport.
From the point of view of faulting and earthquakes,
however, the concern with the Ghost Dance fault has
been not so much with the possibility of its produc-
ing earthquakes and the associated ground shaking,
but instead with the fault displacements that might
disrupt the integrity of canisters buried within the
repository. Thus the degree of activity of the Ghost
Dance fault, as well as its precise location and degree
of branching, have long been a subject of concern
and study. If the fault were found to be “inactive”
(i.e., not having broken in many thousands of years),

then it might be possible to dismiss it and its
branches as sources of possible offsets within the
repository. The presence of active faults, however,
could limit the amount of repository area available
for disposal.

With the encouragement of the Board, a recent inten-
sive field study of the Ghost Dance fault was carried
out by a team of geologists led by the USGS mapping
the zone with great precision at the very detailed
scale of 1:240. One important discovery was that the
fault was not a single break, but instead consisted of
a number of individual breaks distributed over a
zone about 200 meters wide at the land surface. Al-
though the presence of branch fractures had been
identified in earlier studies, the total width of the
zone came as somewhat of a surprise. The largest
displacement was clearly on the main trace near the
center of the zone, and the branches were charac-
terized by relatively small displacements and were
not necessarily continuous. If the fault and its vari-
ous branches eventually should be deemed active,
then the presence of faults scattered throughout the
wide zone — if also present at repository depth —
would create a more serious problem to canister
integrity, and possibly to the total usable repository
volume, than had previously been anticipated.

In this light, members of the Board urged the USGS
to make an even greater effort to find convincing
evidence of Ghost Dance fault zone activity or non-
activity. It was recommended that localities where
young datable alluvium might be present be
searched carefully to determine if their displacement
or nondisplacement could be used to demonstrate
the degree of fault activity, that is, whether or not
displacements had taken place on it within relatively
recent geologic time. Most of the identified fault
trace lies on Yucca Mountain so that alluvial cover is
not as abundant as on faults bordering the mountain
block. Some of these bordering faults have been
shown to have recent displacements, while such dis-
placements can be precluded on others. This neotec-
tonic work is still under way.
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In the meantime, continuing detailed, systematic,
geologic mapping of the Ghost Dance fault by the
USGS-led team revealed another potentially signifi-
cant surprise: It appeared to the team that the north-
trending Ghost Dance fault may be dextrally offset
some 60 meters by a northwest-trending fault,
termed the Sundance fault. If this were to be true, it
would have potentially important implications; the
proposed Sundance fault would then clearly be the
younger of the two faults, and the Ghost Dance fault
and its branches could possibly be considered inac-
tive. This would be because 60 meters of cumulative
displacement would have to represent many re-
peated earthquakes over a long period of time, and
if the Ghost Dance fault itself had not broken during
this same period, a relatively permanent change in
the faulting pattern must have taken place sub-
sequent to the time of the last displacement on the
Ghost Dance fault. Furthermore, there was a sugges-
tion that the proposed Sundance fault and other
northwest-trending faults parallel to it were trun-
cated by the active north-trending faults bordering
Yucca Mountain on both the west and east. Thus,
convincing geologic evidence possibly might be
found that could dismiss both the Ghost Dance and
the proposed Sundance faults, as well as their
branches, as sources of potential fault displacement
during the repository’s projected life, and therefore
eliminate at least one important repository design
issue.

The geologic evidence for the offset of the Ghost
Dance fault by the proposed Sundance fault was
admittedly, somewhat interpretive because (1) it was
based on the apparent offset of volcanic units with
very subtle stratigraphic markers, (2) it required as-
yet-undemonstrated continuity of the Ghost Dance
branches and their relative positions, and (3) because
much of the critical outcrop area is overlain by large
patches of colluvium and talus. One USGS geologist
who was not involved earlier in this particular map-
ping program reviewed the field evidence inde-
pendently and concluded that the evidence for offset
was unconvincing. The possible offset of the Ghost
Dance fault by the proposed Sundance fault was
considered by the USGS to be such a critical issue,
however, that the USGS then called in as consultants
seven geologists, none of whom had been involved
in this particular mapping effort and two of whom
are exterior to the USGS. They spent 2-1/2 days in

the field and several additional days reviewing the
maps and associated documents, as well as prepar-
ing individual letter reports.

The resulting consultants’ independent reports did
not conclusively support one side or the other on the
issue of whether the proposed Sundance fault offsets
the Ghost Dance fault. None of the consultants
doubted the existence of the Ghost Dance fault, but
many doubts remained about the nature of the pro-
posed Sundance fault and even its existence as a
throughgoing fault of significant displacement. In
the intersection area between the two faults — in
Split Wash north of Antler Ridge — so much talus
and colluvial cover are present that none of the con-
sultants felt that the suggested offset could be dem-
onstrated with real confidence, at least not at this
time. The offset represented a reasonable interpreta-
tion to some.

The Board believes that the suggested offset of the
Ghost Dance fault by the proposed Sundance fault is
not sufficiently well demonstrated at the present
time to declare the Ghost Dance fault effectively in-
active. To what extent further field work, such as
excavating a “pavement” of full exposure in the in-
tersection area, is justified now to clarify the relation-
ship depends, at least in part, on how critical the
issue of fault offset is to demonstrating site suitabil-
ity, in keeping with DOE’s new program approach.
Much depends, not least in part, on how the waste
packages are to be placed in the repository. Displace-
ment on the main trace Ghost Dance fault probably
can be readily accommodated simply by applying a
reasonable setback of waste packages from the fault.
But the many branch faults within a wide zone, if
also present at depth, may pose a more difficult
problem in that markedly less area may be available
for disposal. If, as is presently planned, the waste
packages will be drift-emplaced, then sufficient free-
board (waste-package/drift wall spacing) probably
can be established to accommodate minor fault off-
set (e.g., 10 cm) without compromising waste pack-
age integrity, although this may depend on the
nature of the backfill, if any. However, waste pack-
ages must also be emplaced with sufficiently rigid
supports so that they will not “roll around” during
the shaking of the earthquakes that undoubtedly
will occur at the repository during its projected life
of at least 10,000 years. Accommodating possible
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fault offset at the same time as guaranteeing stability
during earthquake shaking represents an interesting
engineering challenge. In the Board’s opinion, these
issues must be faced in determining the degree of
priority to be placed on further studies of the Ghost
Dance-Sundance fault intersection. In the meantime,
it is possible (and hopeful) that neotectonic studies
of one or both faults may resolve the issue of degree
of activity independently, thus making the intersec-
tion problem effectively irrelevant.

It is important to recognize that, although some of
the geometric relations between the Ghost Dance
fault and the proposed Sundance fault eventually
may be exposed underground, if the tunnel should
intersect the two faults at precisely the right location,
the problem is essentially one of viewing the faults
in plan view, because of the proposed strike-slip
displacement. It is likely that surface-based studies
will be much more revealing in this regard than the
necessarily limited underground exposures.

Based on currently completed detailed geologic
mapping, it is unclear what the geometric relation-
ship is between the Ghost Dance fault and the pro-
posed Sundance fault (i.e., which is the younger).
The Ghost Dance fault, however, still appears to be
the more continuous and significant fault. The Board
recommends that, for issues such as repository de-
sign, the DOE continue to consider the Ghost Dance
fault “active” and capable of fault displacements
within the repository block (as is demonstrably true
of some nearby parallel faults outside of the block),
at least until such time as contravening evidence
becomes available.

On the broader subject of repository seismic hazard
assessment, Chapter 3 points out that progress in
this area has not been as encouraging as has been
that in volcanic hazard assessment. A principal rea-
son, in the Board’s opinion, is that most seismic
hazard calculations have been delayed until comple-
tion of the field work, whereas the volcanic hazard
analyses have been carried out in tandem with the
field research, so that there has been constant itera-
tion and constant reevaluation of research priorities.
For a more extensive discussion, the reader is re-
ferred to Chapter 3. Recommendation 2, below, is
repeated from that Section.

Recommendations

1. Until contravening evidence becomes available,
the DOE should continue to assume that the Ghost
Dance fault is “active” and capable of fault displace-
ment within the repository block.

2. The DOE should reevaluate its approach to seis-
mic hazard estimation and place more emphasis on
probabilistic hazard estimates and the insights they
can provide to guiding the field investigations and
resolution of important questions.

Hydrogeology and Geochemistry

Hydrogeology and geochemistry are central to any
determination of site suitability and prediction of
repository performance. The amount and geochem-
istry of the water that might reach the proposed
repository to corrode waste containers and transport
radionuclides to the accessible environment are is-
sues critical to radioactive waste isolation. The Board
continues to believe that characterization of Yucca
Mountain hydrology and geochemistry is funda-
mental to site-suitability determination. Key areas of
research reviewed at Board meetings during 1994
include: (1) the hydrology of the unsaturated and
saturated zones on April 11-12 in Reno, Nevada; and
(2) radionuclide transport on July 12-13 in Denver,
Colorado. In addition, the Board’s Panel on Hydro-
geology & Geochemistry reviewed the ground-
water travel time issue on September 12-13, in Las
Vegas, Nevada, and jointly sponsored a meeting
with the Panel on Structural Geology & Geoengi-
neering on thermal management strategies on No-
vember 17-18 in Washington, D.C. The following are
the main conclusions from those meetings.

Radionuclide Transport

On July 12, 1994, in Denver, Colorado, the Board
convened a meeting on radionuclide transport at
Yucca Mountain. Presentations were given by repre-
sentatives of the OCRWM, the national laboratories,
and management and operations (M&O) consult-
ants. Presentations were also given by a repre-
sentative of the NRC and an independent group
working on innovative engineered barriers.
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The organization of the technical presentations was
loosely based on a “top-down” approach, well
suited for the information-gathering purpose of the
meeting. This approach uses the results of total sys-
tem performance assessments (TSPA) to judge the
relative importance of processes and helps to focus
discussion on outstanding issues to be debated and
resolved. If systematically applied, a “top-down”
TSPA approach guides and limits data collection and
identifies and prioritizes processes and parameters
with the greatest impact on repository safety.

Suggestions and recommendations stemming from
the meeting are organized in the following narrative
under the headings (1) TSPA models, (2) sorption, (3)
colloids, (4) engineered barrier system performance,
and (5) unsaturated zone flow and transport.

TSPA models

The role of expert judgment in TSPA models needs to
be recognized and examined as it critically affects
determining site suitability in 1998. The Board is
interested in how the DOE proposes to quantify ex-
pert judgments and other subjective information
within TSPAs. This topic was discussed in some de-
tail in the Board’s tenth report (NWTRB 1994b).

The strategy of applying TSPA to guide and con-
strain data collection was cited at the meeting, but no
clear examples of its use by the OCRWM were pro-
vided. For instance, the Board wanted to know how
the DOE is using the results of TSPA to drive data
collection and to converge on establishing site suit-
ability in 1998. (See the discussion on the use of TSPA
in the section on risk and performance analysis in
this chapter.)

The M&O made presentations on those factors that
are most important for repository safety as a func-
tion of time (10,000, 100,000, and 1,000,000 years).

Although insightful, it remains unclear to the Board,
however, how these results are being used to influ-
ence decisions on safety compliance and design is-
sues.

Sorption

The minimum Kd strategy9 based on bounding
analysis to identify a limited number of radionu-
clides for further study is a rational and cost-effec-
tive approach. The general principles of this
approach should be applied to guide and constrain
other areas of data collection and model develop-
ment related to radionuclide migration, notably col-
loid studies and flow and transport models for the
near and far field.

If a peak-dose standard for safety is adopted, long-
lived nonsolubility-limited and weakly adsorbed
nuclides (e.g., selenium, technetium, iodine) are con-
sequential. These nuclides may be importantly re-
tarded by diffusion from fractures into the tuff
matrix. The role of such matrix diffusion to slow and
dampen nuclide releases needs to be evaluated.

The in-growth of daughter radionuclides during far-
field migration of parent nuclides (e.g., uranium-
235) was shown in a recent TSPA (SNL 1994) to affect
radionuclide releases to the accessible environment.
It was not evident that such results were being used
to identify the need for sorption studies of poten-
tially important daughter elements.

The program at Yucca Mountain has begun using an
ultracentrifuge apparatus to generate sorption data
on tuffs under controlled, partially saturated condi-
tions. The intent is to requalify previous batch sorp-
tion measurements made under saturated
conditions for use in future TSPAs. Assuming favor-
able technical and cost considerations, the Board en-
dorses the use of the ultracentrifuge technique for
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9 Kd is a measure of the capacity of a radionuclide in solution to adsorb on a solid surface: Kd = (amount adsorbed per weight of
sorbent)/(amount in solution). Kd is also related to the degree to which this element will be retarded with respect to the advecting fluid:
Kd=0 implies no adsorption and thus no retardation (i.e., the radionuclide moves with the average velocity of the fluid). A “minimum
Kd strategy” is an approach to establishing research priorities for sorption studies. In brief, radionuclides that display values of Kd
larger than 100 ml/g are ignored from further study (Meijer 1992). With a Kd value of 100 ml/g a radionuclide moves only 0.1 to 0.25
percent as fast as the ground water (Freeze et al., 1979). More mobile (less adsorbed) radionuclides (e.g., uranium, neptunium,
selenium, technetium, iodine, and carbon) have lower Kd values and are retained for further study in TSPA.



the limited set of future sorption measurements that
are found necessary.

Colloids

A negative finding about the potential formation,
stability, or transport of colloids in any region of the
repository may be sufficient reason for dismissing
their possible importance for the transport of ra-
dionuclides. The current strategy is to define and
examine questions in series regarding the formation,
stability, and transport of colloids. Instead, questions
should be framed for examination in parallel, such
that the answer to a single question may eliminate
colloids as a concern. Two such parallel questions
that could be considered are: (a) Are colloids unable
to migrate across the different unsaturated-zone
backfills in proposed EBS designs and (b) are ra-
dionuclides reversibly adsorbed to colloids? If spe-
cific nuclides are reversibly adsorbed by colloids,
they will tend to desorb from colloidal surfaces onto
much more abundant adjacent rock surfaces in
transport and so be retarded, dispersed and diluted.
“Yes” answers to either or both of these questions
thus would eliminate colloidal transport as a waste
isolation issue.

It seems unlikely that significant colloidal transport
of radionuclides could occur except of those that are
irreversibly adsorbed on colloids if the colloids can
escape the engineered barrier system and are trans-
ported to the water table by episodic fracture flow.
This possibility would need to be evaluated only if
answers to both previous questions were found to be
“no”.

Engineered barrier system performance

Presentations and discussion at the July Board meet-
ing showed that radionuclide-transport models in
the most recently published TSPAs sponsored by the
DOE (SNL 1994 and Intera 1994) are still rudimen-
tary and lack detail. This is not consistent with the
level of detail of modeling radionuclide transport in
the engineered barrier system in the programs of
most other countries with nuclear waste disposal
programs nor with the increased emphasis on the
engineered barrier system in this country under the
new program approach. Improvement in TSPA mod-
els for radionuclide transport, sorption, and solubil-

ity is needed. The Board understands (and agrees
with the decision) that the DOE has decided to give
greater attention to these areas.

The timing and concentration of releases of radionu-
clides from the engineered barrier system to the
natural barriers of a repository depend strongly on
the distribution of waste-package failures as a func-
tion of time. The estimation in the most recent TSPAs
of waste-package failure distributions using rudi-
mentary corrosion models was a significant im-
provement over that used in prior total system
performance assessments. However, much improve-
ment in the waste-package failure distribution mod-
els is still needed. Since the waste package is an
engineered, rather than a natural, system, it will
have a finite useful lifetime for retarding and con-
taining radionuclides. If the period of regulatory
concern extends significantly beyond this lifetime,
the importance of the contribution of the waste pack-
age to long-term repository performance will lessen.

Knowledge of radionuclide solubilities is necessary
to model their transport, and the DOE is carrying out
radionuclide-solubility research to extend the cur-
rent state of such knowledge. Unfortunately, this
research is not linked as closely as it should be to
other DOE-sponsored research on the dissolution
rate of radioactive waste forms. Such linkage (e.g.,
by comparing solubility limits from the solubility
research with solution concentrations from the
waste-form dissolution-rate research) could help
bracket the range of concentrations for radioele-
ments. It could also assist in identifying dissolution
kinetics or alteration-product metastability issues
that typify low-temperature (<100°C) reactions in
nature.

In general, diffusive transport is orders of magni-
tude slower than advective transport and therefore
contributes more to repository performance. Which
transport mechanism, diffusive or advective, domi-
nates for transport of radionuclides in the engi-
neered barrier system is a very complex issue.
Among other things, it depends on the design of the
engineered barrier system. For example, if filler
within the waste package and backfill outside the
waste package are not used — seemingly the DOE’s
preferred engineered barrier system design at the
moment — then advective transport may dominate.
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Fillers and backfill may cause diffusive transport to
dominate, and, therefore, the Board urges the DOE
to study their use.

Unsaturated zone flow and transport

The perched water in zones beneath the proposed
repository horizon represents a weighted mixture of
historic recharge that has moved through Yucca
Mountain matrix and via episodic fracture flow.
Chemical and isotopic analyses of such perched wa-
ters should receive high priority with the goal of
estimating/bounding the ages and proportions of
the perched water that have derived from matrix
and fractures. These analyses might provide some
indication of the relative importance of these flow
mechanisms to waste isolation and ground-water
travel time. Of particular interest would be informa-
tion that clarifies whether the pathway for the
perched water passes through the repository hori-
zon or comes laterally below it.

Current and planned flow and transport models for
Yucca Mountain are acknowledged to be quite com-
plex, with the possibility that model predictions will
always differ significantly from field observations.
The Board recommends that a bounding analysis
approach for modeling flow and transport in the far
field also be considered. In this approach, the dem-
onstration of compliance with safety criteria should
be emphasized, rather than a complete under-
standing of complex fluid flow and transport
throughout Yucca Mountain which can, in all reality,
never be demonstrated.

Matrix diffusion was shown in the one recent TSPA
(Intera 1994) to be a potentially important process
affecting radionuclide migration in the far field. In
particular, matrix diffusion would act to reduce the
peak dose rates of long-lived, nonsolubility-limited,
weakly adsorbed radionuclides such as selenium-79,
technetium-99, iodine-129. The DOE needs to better
quantify the role of matrix diffusion in limiting the
release of these radionuclides to the accessible envi-
ronment.

Ground-Water Travel Time

On September 12-13, 1994, the Board’s Panel on Hy-
drogeology & Geochemistry met in Las Vegas, Ne-
vada, to hear about the DOE’s proposed approach to
the ground-water travel time10 (GWTT) regulations.
In addition, the Board hoped to review the historical
background of related regulations, hear about the
details of the DOE’s proposed approach, and receive
comments from the NRC and affected government
units on their views of the regulations and the DOE’s
approach. Following are several insights and per-
spectives gained during this meeting.

The ability of the natural system to isolate waste,
independent of any engineered barriers, is an impor-
tant element in a safety argument and is vital for
public acceptance. There is also general agreement
about the intimate relationship between the hydro-
geology of a site and the site’s ability to isolate waste.
For these reasons, the NRC established regulations
on ground-water travel time to provide a “simple”
way to evaluate the performance of the natural sys-
tem. This performance measure (originally formu-
lated to choose among prospective sites) addresses
the site’s hydrogeology and is in addition to the total
system performance requirements.

The framework for making a technical assessment of
the suitability of Yucca Mountain to serve as the
location of a high-level radioactive waste repository
is contained in 10 CFR 960, the DOE’s General
Guidelines for the Recommendation of Sites for Nu-
clear Waste Repositories. The key disqualifying con-
dition in the guidelines with respect to the site’s
hydrogeology is 10 CFR 960.4-2-1:

A site shall be disqualified if the pre-waste-em-
placement ground-water travel time from the dis-
turbed zone to the accessible environment is
expected to be less than 1,000 years along any
pathway of likely and significant radionuclide
travel.
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NRC regulation 10 CFR 60.113(a)(2) is expressed in
the following performance objective for the site’s
hydrogeology:

The geologic repository shall be located so that
pre-waste-emplacement ground-water travel
time along the fastest path of likely radionuclide
travel from the disturbed zone to the accessible
environment shall be at least 1,000 years or such
other travel time as may be approved or specified
by the Commission.

For various reasons, the regulations have not
achieved their intended objectives, that is, of being a
simple(r) measure of the site’s ability to isolate
waste. The primary problem is that the ambiguities
in the current criteria have led to widely varying
interpretations. Several ambiguities are particularly
important to note because, based on the current lan-
guage in DOE’s guidelines, they constitute opportu-
nities for disqualifying or qualifying the site merely
through their interpretation.

Computation and interpretation of ground-water travel
time

Ground-water travel time is a key regulatory con-
cept. Yet from a physical viewpoint it is a poorly
defined concept, making its measurement and com-
putation non-unique and subject to multiple inter-
pretations. There is some disagreement on which
transport processes (advection, velocity dispersion,
molecular diffusion, etc.) should be included in the
computation. Also, the computation is quite sensi-
tive to the conceptual model that is adopted for the
unsaturated zone hydrogeology. Ground-water
travel times computed via different conceptual mod-
els can be significantly different.

In addition, a consensus about the interpretation,
and thus the size, of the “disturbed” zone has been
lacking. Certain interpretations assume that the
“disturbed” zone includes the whole rock volume
that is affected by repository heat. In this case if the
thermal load is very large, the disturbed zone poten-

tially can extend into the water table, eliminating the
long travel times expected through the unsaturated
zone and making the 1,000-year standard of 10 CFR 60
or 10 CFR 960 difficult to satisfy. Such an interpreta-
tion would also imply that a thermal management
strategy would have to be specified before a dis-
turbed zone could be defined. The NRC provided
the following interpretation of the “disturbed zone”
during the recent NRC/DOE technical exchange on
ground-water travel time held in Denver, Colorado,
on Nov. 29-Dec. 1, 1994:

The purpose of evaluating ground-water travel
time from the “disturbed zone” to the accessible
environment, rather than from the location of the
underground facility to the accessible environ-
ment, was to preclude the NRC from making a
compliance decision based on pre-existing GWTT
that could be significantly decreased as a result of
repository construction and the effects of
emplaced waste. In other words if the pre-
emplacement GWTTs are faster than the post-
emplacement travel times (both computed from
the repository or some boundary external to the
repository), then the disturbed zone is essentially
the repository itself or that external boundary.11

Thus the “disturbed zone” is not simply the volume
of rock that is heated, but the volume of rock that
experiences adverse effects on the travel times due to
the repository heat. This interpretation clearly em-
phasizes that a sound analysis and prediction of
thermal-hydrological effects on ground-water travel
time will be necessary in the DOE’s license applica-
tion.

Because the Yucca Mountain site is quite heterogene-
ous and the potential repository of finite extent, a
distribution of travel times and not a single value
will be calculated. The key issue then becomes how
should computed travel times less than 1,000 years
be interpreted. At one extreme, the state of Nevada
argues that any evidence of any pathway with a
travel time less than 1,000 years (independent of the
magnitude of radionuclides transported by the path)
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constitutes a disqualifying condition. The NRC has
proposed12 taking the fastest travel time from each
of the computed travel time distributions (a distribu-
tion is computed for each of the assumed geologic
realizations/assumptions of the hydrological pa-
rameters) and comparing this set of fastest times to
the 1,000-year standard. If the mean of the set of
fastest travel times is greater than 1,000 years, then
the qualifying condition is satisfied.

It is important to note that the fastest computed
travel times are least constrained by data, have the
greatest percentage of uncertainty, and are most
model dependent. This is especially true for a highly
heterogeneous medium such as the Yucca Mountain
site where the anticipated travel time distribution
could be very broad. The Board notes that the inter-
pretations suggested by the state of Nevada and the
NRC do not acknowledge the key issue, which is the
travel time of significant concentrations of radionu-
clides, which could be considerably longer than the
fastest path of ground-water flow. In contrast, the
DOE’s proposed approach discussed below will
weight the travel times of various paths based on
their ability to transport radionuclides.

The Board has other concerns with the notion that
only the fastest computed travel time of each distri-
bution would be used in comparisons to the 1,000-
year standard. The fastest time(s) are least bound by
data, very model dependent, and thus easily chal-
lenged as to their realism. In addition, the 1,000-year
standard itself is somewhat arbitrary and without a
sound technical basis. In the Board’s view, a regula-
tory decision as important as site qualification/dis-
qualification should be based on assumptions that
are strongly supported by site-specific data and rea-
sonable model computations/interpretations relevant
to radionuclide transport that can be understood
without undue difficulty by interested groups.

The DOE working group on ground-water travel
time has provided a detailed outline of its proposed

computational approach to addressing the regula-
tions. Its schedule anticipates reaching a high-level
finding on this issue in time for a DOE technical
site-suitability determination in 1998. However, the
highly technical nature of the computations and the
compact schedule for carrying out the preliminary
computations, then acquiring the relevant data and
going through several iterations and reviews, sug-
gests that completion of this work by the end of 1997
is somewhat optimistic.

Measurement of ground-water travel time

Because of the strong focus on the computation of
ground-water travel time, there is a critical need for
measurements that indicate the rate of deep water
infiltration at Yucca Mountain. As part of the site-
characterization effort, ground-water travel time is
determined indirectly. In practice, the technique
used is to analyze the composition of a sample of
ground water for its chemical and isotopic constitu-
ents and then use a model to compute how long it
took this water to arrive at its present composition
since entering the subsurface.

When infiltrating the ground, surface waters contain
an initial concentration of atmospheric radionu-
clides, which could be of cosmogenic origin or due to
nuclear testing in the early 1950s. An ideal applica-
tion of this technique occurs when a radioisotope of
known concentration enters the subsurface in solu-
tion. If there are no other sources or sinks of this
isotope in the subsurface, then knowledge of the
half-life13 and concentrations of this isotope (and/or
daughter products14) allows an accurate computa-
tion of the subsurface “residence time.” The most
commonly used isotopes for the purposes of “dat-
ing” ground water at Yucca Mountain are tritium
(3H, half-life = 12.3 years), carbon-14 (14C, half-life =
5,730 years), and chlorine-36 (36Cl, half-life = 301,000
years). The interpretation of the “residence times”
can be greatly obscured by numerous subsurface
sources and sinks (e.g., through rock-water interac-
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1994.

13 “Half-life” is the time it takes for a given amount of radioactive isotope to decay to half of its original amount.
14 Isotopes that result from radioactive decay are called “daughter products.”



tions) of the various isotopes, the mixing of waters of
different residence times, and the fact that carbon-14
can move as gaseous carbon dioxide as well as in
dissolved carbonate species.

Present radioisotope data clearly indicate a hetero-
geneous flow system in the unsaturated zone at the
Yucca Mountain site with some potentially very
“fast paths” that allow the rapid infiltration of water
to significant depths, in the process bypassing wa-
ters with much longer subsurface residence times.15

These data also indicate that fracture flow and lateral
flows in the Calico Hills and other bedded units
might strongly influence or even dominate the hydro-
logic system at Yucca Mountain. Present data only
indicate that some water flows very rapidly through
the mountain, probably during extreme climatic
events. Some of this flow could take place laterally
within formations from their outcrops in Solitario
Canyon. Researchers are not yet capable of resolving
the amounts, frequency, and sources of such re-
charge. A more comprehensive set (spatially) of iso-
topically determined dates may help to answer such
questions and decide on the significance of these fast
pathways to radionuclide transport from a potential
repository.

Pneumatic Pathways

The state of Nevada and the other affected units of
local government believe that predisturbance pneu-
matic (gas) pathways are a significant site-charac-
terization issue. In addition, they believe that there is
a conflict between the surface-based testing program
and the scheduled excavation of the underground
exploratory facility. These concerns were summa-
rized and discussed at a scientific workshop held
January 26 and 27, 1994, in Las Vegas, Nevada.

The Paintbrush nonwelded tuff unit (PTn) is signifi-
cantly less permeable than the overlying Tiva Can-
yon unit and the underlying highly fractured
Topopah Spring unit. Some feel that tunneling
through the Ptn during the construction of the un-
derground exploratory facility would short-circuit
the PTn, dramatically perturbing the gas flow
through the mountain. The projected start-up of the
tunnel boring machine at the time of the workshop
was fall 1994. Key concerns with this potential al-
teration of the pneumatic pathways articulated by
the state of Nevada and the affected units of local
government are bulleted and discussed below.

• Those concerned believe that the continuity of the
pneumatic pathways would be changed irre-
versibly by the excavation of the exploratory stud-
ies facility, and the opportunity to fully
characterize the unperturbed pneumatic pathways
would be irretrievably lost.

Data collected prior to and after excavation would
allow the changes in pneumatic continuity of the
PTn formation to be delineated. There have been
some measurements of the vertical permeability of
the PTn formation to air by monitoring the pressure
response at depth in stemmed or packed-off inter-
vals in open boreholes as barometric pressure
changes at land surface. Pressure responses have
been analyzed for two sites to infer the vertical per-
meability of the PTn unit to air.16 These measure-
ments support the assumption that under natural
conditions, the lower welded unit (the Topopah
Spring member) is isolated to a fair degree, from the
overlying Tiva Canyon member by the PTn.

The DOE has implemented an accelerated surface-
based testing plan.17 The intent of the accelerated
program is to collect pneumatic data continuously
during and after the exploratory studies facility con-

Chapter 4 - Panel Activities, Conclusions, and Recommendations

45

15 Al Yang (USGS) has reported measurements of bomb-pulse tritium in the Calico Hills formation with an estimated “residence time” of
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1994.

16 This work was described by Ed Weeks of the USGS at the Scientific Round-Table on Yucca Mountain Pneumatic Continuity workshop
in Las Vegas held January 26-27, 1994.

17 The DOE presented an Accelerated Surface Based Testing Plan on three occasions: at an NRC/DOE Technical Exchange held October
4-5, 1993; at a NWTRB meeting held October 19-20, 1993; and at the Scientific Round-Table on Yucca Mountain Pneumatic
Continuity held January 26-27, 1994.



struction. These data are to provide complementary
information on postdisturbance pneumatic continu-
ity.18

Although the accelerated testing plan is progressing,
it appears that the details of the plan had not been
articulated clearly to the various parties.19 During
the Board’s panel meeting on ground-water travel
time, the DOE stated that this program is in progress
and that the instrumentation in boreholes NRG-6
and NRG-7a will have been completed prior to the
winter season, when the main barometric variations
take place.20 In view of the fact that the start of the
TBM has been delayed from the projected date, the
DOE accelerated program will benefit from the addi-
tional time for data collection.

• Those concerned believe that alteration of the pref-
erential gas pathways due to excavation would
interfere with some geochemical data interpreta-
tion.

Gas chemistry measurements can provide useful in-
formation for site characterization. Interpretation of
gas chemistry data is based on the hypothesis that
water samples collected from just below the water
table that show chemical signatures in agreement
with the adjacent gas chemistry imply slow diffuse
recharge of waters. On the other hand, waters that
showed significantly different chemical signatures
compared to the adjacent gas chemistry would im-

ply that the waters were derived from rapid-focused
recharge.21 The assertion is that short-circuiting the
PTn potentially could allow rapid gas flow through
the mountain, changing the in-situ gas chemistry
and making this type of interpretation impossible.
Some suggest that the mountain already has been
perturbed by the surface drilling program and sev-
eral of the open wells (UZ6) which penetrate the
PTn.

• Those concerned wonder if it will be possible to
select an optimal thermal load without undis-
turbed pneumatic continuity data.

Higher thermal-loading scenarios are expected to
generate considerable vapor transport through large
volumes of the mountain. This particular concern
raises the question whether it will be possible to
model the thermal response at Yucca Mountain with-
out adequate information about the pneumatic con-
tinuity of the PTn unit.22 Current performance
assessment calculations cannot resolve differences
between the performance of different thermal-load-
ing strategies and do not indicate that a thermal
management strategy will depend critically on any
assumptions concerning pneumatic continuity of the
PTn unit.23 It should be noted that these computa-
tions are preliminary, depend strongly on the corro-
sion models being used, and do not take into
complete account the effects of thermo-hydrology.
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18 It should be noted that the pneumatic pathways through the mountain would be significantly altered after the ESF and proposed
repository are excavated.

19 Letter dated July 12, 1994, to Dr. Daniel Dreyfus from Les Bradshaw (Nye County, Nevada) requesting a written description of the
YMSCO’s accelerated surface-based testing program, which incorporates information concerning specific items raised in the letter.

20 The pneumatic data collection began in these two wells during November 1994. Initial results were presented at the NRC/DOE
technical exchange at Denver, Colorado, on November 29-December 1, 1994.

21 Among the isotopes, carbon-14 moves as dissolved carbonate species in the ground water and also as gaseous carbon dioxide. Thus,
relatively young carbon-14 ages at depth can help identify pneumatic pathways and suggest their importance. Such information should
continue to be available from the carbon-14 dating of ground-water samples collected carefully from the ESF. Both gaseous carbon
dioxide and dissolved carbonate species have been dated at Yucca Mountain using carbon-14. Because carbon dioxide gas moves faster
than infiltrating ground water, the gas is younger based on carbon-14 analysis. However, exchange with older ground water dilutes
the carbon-14 in carbon dioxide gas so that ages of gases determined by carbon-14 dating are older than their true ages. In other words,
gaseous carbon dioxide in Yucca Mountain is younger than its age as established by carbon-14 age dating. Thus, gas ages determined
by carbon-14 dating indicate maximum travel times of gases via unknown pathways to their sample locations at depth.

22 It is expected that vapor flow including released gaseous carbon-14, would be preferentially transported through these pathways to the
external environment. For a discussion of the origin of carbon-14, see NWTRB 10th report (NWTRB 1994b): Radionuclide releases
from spent fuel, p. 36. For a discussion of carbon-14 and its effect on performance, see section on risk and performance analysis in this
chapter.

23 See section on risk and performance analysis in this chapter.



In addition to the mountainwide pneumatic path-
ways, knowledge of the hydraulic properties at all
length scales, from core-scale permeabilities to
mountainwide flow pathways, is an important ele-
ment of site characterization. A program for deter-
mining in-situ air permeability data (effective
sample measurement scales in the range of 10 me-
ters) was carried out by the USGS in 1994 to comple-
ment core measurements. These data show
surprisingly small variations in the measured air
permeability throughout the Topopah Spring, im-
plying a fairly good fracture connectivity through
this unit.

The Board agrees that the DOE’s accelerated pro-
gram to achieve adequate pneumatic pathways
characterization should be articulated clearly and
the required work completed within the projected
time table. Specific details as to the number of wells,
their location, instrumentation, and testing plans
should be provided.

Surface-based dry drilling and testing and explora-
tion and testing in the underground exploratory facil-
ity are the two major components of the DOE’s
site-characterization project at Yucca Mountain. It is
apparent that some of the pneumatic pathways char-
acterization (pre-ESF) conflicts with proposed un-
derground activities. But the primary issue is to
what degree, or for how long, should the undis-
turbed pneumatic pathways be characterized at the
expense of the construction and exploration of the
underground exploratory facility.

Conclusions

1. The Board believes that an early resolution by the
NRC and DOE of the key ambiguities of the regula-
tions governing ground-water travel time is essen-
tial before significant time and effort has been
expended on ground-water travel time computa-
tions. A primary concern to the Board is that the DOE
may allocate considerable resources to an elaborate,
technically complex computation based on insuffi-

cient data concerning water movement. Because of
the technical nature of the calculations and inherent
uncertainties in computational models and interpre-
tations, there is a very high probability that the travel
time issue will not be resolved decisively to the sat-
isfaction of the various stakeholders through this
effort.

Although far from perfect, the isotopic data provide
primary evidence of ground-water “residence
times” at Yucca Mountain and the existence of fast
paths for water flow. It is imperative that the DOE
acquire a spatially more comprehensive data set of
ground-water “residence times” in support of a con-
ceptual flow model for Yucca Mountain. The pre-
sent, limited data set has been obtained by analysis
of a fraction of the samples previously collected from
available wells. Most of the yet-to-be analyzed sam-
ples have been in storage for more than a year. There
is an urgent need for isotopic analyses of the remain-
ing stored samples. It is also important that the DOE
continue the related effort of correcting and improv-
ing the accuracy of ground-water age-dates. Radioi-
sotopic analysis of ground waters encountered in the
exploratory studies facility in coming years should
further improve the DOE’s understanding of
ground-water flow paths at Yucca Mountain.

2. The Board has recognized and stated in its pre-
vious reports24 that there is considerable knowledge
to be gained through underground exploration; the
Board has encouraged the DOE to proceed expedi-
tiously with the construction of the exploratory facil-
ity.25 The accelerated plans for pneumatic testing
scheduled through this winter season will provide
sufficient data that will be useful in setting some
baseline for pneumatic continuity.

Recommendations

1. The DOE working group on ground-water travel
time should attempt to establish as early as possible
the conceptual model of the unsaturated zone hy-
drology that it will use in the computation, so that
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the specific data requirements can be met at the ear-
liest possible moment. In particular, the effort in iso-
topic data collection and analysis for ground-water
age dating should be accelerated and expanded to
increase the spatial resolution.

2. Because of the importance of the data that will be
gained during underground excavation and because
of the significant costs that would be incurred by
further delays in construction, the Board recom-
mends that construction of the exploratory facility
not be delayed any further.

The Engineered Barrier System

The discussion in this section addresses four aspects
of a repository engineered barrier system (EBS): (1)
design of the waste package, (2) design of EBS com-
ponents outside the waste package, (3) performance
assessment and corrosion research, and (4) the de-
fense wastes that eventually will be disposed of in a
repository. After a brief review of the background,
each of the four topics will be discussed in detail.

Waste Package Design

The DOE is moving ahead rapidly to implement its
“focused MGDS development” approach.26 DOE
personnel discussed this approach briefly in presen-
tations during the January and April 1994 full Board
meetings and during a meeting of the Board’s Panel
on the Engineered Barrier System in March 1994.
“Focused MGDS development” implies, first, setting
now, by assumption if necessary, all requirements
and technical parameters necessary to perform re-
pository and waste package design, and second,
moving forward with a single design for the reposi-
tory and a single design for the waste package, car-
rying along with those designs only a limited
number of repository/waste package subsystem al-
ternatives important to waste isolation. According to
the plan, the designs and their underlying parame-
ters and assumptions will be validated using design
analysis and evaluation, tradeoff studies, and/or
laboratory work. If necessary, the designs will be

modified. The potential advantage of this new ap-
proach is that it could result in completed repository
and waste package designs in less time and with the
expenditures of fewer resources than the previous
approach.

Although not at all unusual during the preliminary
design of a major project in the process industry, this
approach departs considerably from the DOE’s ear-
lier planned approach. Previously, the DOE had
planned to develop — at least for the waste package
— several (six or seven) designs, then gradually re-
duce the number to one or two “winners” using a
systematic analysis process.

Two big risks in this new approach are (1) that it may
result in less than optimal designs, and, (2) if the
assumptions now being made turn out to be wrong,
a great deal of time and money will have been wasted.

A vital part of the “focused MGDS development”
approach is the new “Controlled Design Assump-
tion” (CDA) Document issued in late June 1994
(DOE 1994c). It is a precursor of a document that
eventually will contain hundreds of the design pa-
rameters and assumptions necessary to proceed
with the design of the waste package. Examples of a
few of the many key assumptions in the CDA docu-
ment include the following:

1. Waste packages shall be placed horizontally in
drifts.

2. Rail shall be used for all underground transport
of waste packages.

3. The NRC will grant burnup credit for criticality
control for disposal.

4. The period of concern for criticality control shall
be 10,000 years.

5. Waste packages shall not be shielded to nearby
personnel limits but shall be shielded suffi-
ciently to avoid radiation-enhanced corrosion.
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6. The repository shall be designed for up to 100-
year retrievability following emplacement in-
itiation.

7. The fraction of waste packages breached at 1,000
years after closure shall be less than 1 percent,
and the mean waste package lifetime shall be
well in excess of 1,000 years.

8. The repository configuration shall be able to ac-
commodate both a “high” thermal load (91-
114kW/acre) and a “low” thermal load
(28-40kW/acre). Waste package designs shall ac-
commodate both thermal loads.

9. Performance confirmation areas shall be de-
signed for both “high” and “low” thermal loads.

10. Human entry into emplacement drifts shall be
prohibited when waste packages are present.

11. Waste package materials for “high” thermal
loading are (inner barrier) alloy 825 and (outer
barrier) A516 carbon steel. Waste package mate-
rials for “low” thermal loading are (inner bar-
rier) alloy 825, (middle barrier) A516 carbon
steel, and (outer barrier) Monel 400.

12. No backfill (packing material) will be used in the
emplacement drifts.

The Board understands that implementation of the
“focused MGDS development” approach requires
that assumptions be made. However, the assump-
tions should be consistent with current regula-
tions,27 necessary, and achievable. It is not
immediately apparent that all of the above assump-
tions meet these tests. For example, the 4th key as-
sumption above (criticality control for 10,000 years)
seems inconsistent with current regulations, which
do not appear to have a time limit for criticality
control. The 5th assumption (waste package shield-
ing) seems unnecessary; shielding thicknesses
should be established based on straight-forward en-

gineering tradeoff studies, not by assumption. Also,
the 10th assumption (prohibiting human entry into
emplacement drifts that contain waste packages) is
an easy concept to imagine, but could be very diffi-
cult to accomplish where reliable and practical op-
erations are required. The repository operations
need to be worked out carefully to ensure that not
only emplacement, but also long-term retrieval and
monitoring can be successfully performed in the
hostile underground repository area that must be
served. The 10th assumption needs to be supported
more thoroughly by operational analyses and the
development of basic design concepts before it can
be relied on given today’s state of the art in robotics,
remote handling, and remote sensing.

Because important implied assumptions could have
major impacts on the design, the Board is concerned
about them as well. For example, the 9th assumption
above could be taken to imply that performance
confirmation monitoring may not be performed out-
side of special performance confirmation areas.
Also, the different waste package material combina-
tions (see the 11th assumption) imply that another
assumption is being made about the periods of time
during which liquid water could be in contact with
waste packages for different thermal-loading strate-
gies. Specifically, an implied assumption is being
made that the “low” thermal-loading strategy will
result in a longer period of contact between the
waste packages and liquid water, and therefore that
the waste packages will require an additional outer
barrier (i.e., Monel 400, a nickel-copper alloy known
to perform well in aggressive aqueous environ-
ments) to attain acceptable performance. This im-
plied assumption depends on yet other assumptions
about how the repository is designed and operated,
such as the order in which spent fuel is received for
emplacement at the repository, the amount of ageing
of spent fuel that will take place before emplace-
ment, and the extent and duration of repository ven-
tilation. Implied assumptions should be identified
and articulated, so that they may be evaluated and
questioned.
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The DOE is forging ahead rapidly in its implementa-
tion of the “focused MGDS development” approach.
In taking this approach, the DOE must be very care-
ful that all assumptions have been critically exam-
ined, are necessary, and are achievable. All
assumptions must be clearly articulated and consis-
tent with current regulations.

EBS Design Outside the Waste Package

The waste package is a very important component of
the engineered barrier system. Any other engineered
items in the repository outside the waste package
that act to prevent, retard, or disperse the release of
radionuclides to the accessible environment or that
assist the waste package to perform its functions are
important components of the engineered barrier sys-
tem. Many ideas for EBS components outside the
waste package have surfaced over the years. Exam-
ples include erecting metal or ceramic shields over
the package to deflect any water seeping from drift
roofs, bolting extra metallic mesh to drift walls to
assist in dissipating waste package heat more uni-
formly, or placing quantities of various materials,
such as iron or zeolites, that could alter or maintain
the chemical and physical environment beneficially
by reducing waste package corrosion rates, by re-
ducing the solubility of radionuclides, or by sorbing
radionuclides. Yet another example is the use of cap-
illary barriers to prevent water from contacting the
waste package. Capillary barriers were discussed
during the Board’s July 1994 meeting.

Although the Board is aware that the DOE intends to
carry out a very limited study of “backfill” as part of
performance assessment activities scheduled for this
fiscal year, it sees no indications that the DOE’s “fo-
cused MGDS approach” includes serious considera-
tion of other ideas for EBS components outside the
waste package. At first glance, many such ideas
seem to be simple, inexpensive, passive, and robust
and to offer the promise of improved repository per-
formance. The Board believes it is worth investing
some effort in identifying and evaluating potentially
useful ideas now.

Performance Assessment and Corrosion Research

As will be discussed in the next section (risk and
performance analysis), the DOE sponsored two com-
plete total system performance assessments during
1993. (For convenience, these performance assess-
ments will be referred to as TSPA-1993s.) The two
TSPA-1993s were especially noteworthy in that they
included, essentially for the first time in DOE-sponsored
TSPA efforts for Yucca Mountain, rudimentary mecha-
nistic models for the corrosion of the waste package
container.

The TSPA-1993s illustrated the very important role
that the waste package can play in repository safety
over thousands of years or more. For example, in
some TSPA-1993 simulations, assumptions were
made that resulted in waste packages remaining dry
and not failing for more than a million years. Under
other assumptions, however, waste packages failed
in less than 10,000 years. In these cases, carbon-14
was the single largest radionuclide released during
the first 10,000 years and under certain circum-
stances exceeded the 1985 EPA standard of accept-
ability (as contained in 40 CFR 191, which currently
is being reassessed). This relatively large release
comes about, in part, because it is assumed, among
other things, that once the waste packages have
failed, carbon-14 (released when water reaches the
cladding or as the spent fuel matrix dissolves) imme-
diately transforms from solid to gaseous form (e.g.,
14CO2) and leaves the waste package.

These assumptions are felt to be overly conservative
because they do not take into account the length of
time required for oxygen to react with carbon-14 and
the surface area of spent fuel matrix exposed to oxy-
gen, the role that cladding could play as a barrier, or
the possibility of adsorption of carbon-14 in gaseous
form onto waste-package corrosion products. Fur-
thermore, any failure of a robust waste package in
less than 10,000 years most likely would be due to
aqueous corrosion — which implies the presence of
liquid water because aqueous corrosion to the point
of failure requires prolonged contact between the
packages and liquid water. Any liquid water present
would be likely to absorb carbon-14 in gaseous form,
thus preventing or retarding its journey to the acces-
sible environment. (Carbon-14 could also be re-
tarded in the far field by exchange with stable carbon
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isotopes in carbonates or tuff.) These and other as-
sumptions will have to be reevaluated and, if neces-
sary, replaced in future TSPAs by models that are not
overly conservative and which, when integrated to-
gether, do not give such overly conservative and
unrealistic results.

Although the use of rudimentary mechanistic corro-
sion models in the TSPA-1993s was a welcome step
in the right direction, such models clearly must be
refined, extended, and confirmed to become accept-
able bases for predicting repository performance. An
extensive suite of data to confirm modeling must be
drawn from the literature and gathered from a well-
planned experimental program. Such a program could
require as much as a decade to complete and should
be a prelude to an even longer-term repository per-
formance confirmation program. An experimental
program is already partially under way (at
Lawrence Livermore National Laboratory, LLNL);
however, these efforts are not yet underpinned by a
formal long-range plan and do not appear to have
the DOE’s consistent support. Simply stated, failure
to properly support such a program now will delay
the entire repository program later because the long-
term data needed to confirm performance models
will not exist.

In March 1994, the EBS panel held a public meeting
near LLNL to discuss current and planned research
in the materials area. One of the speakers discussed
at length the potential for microbially influenced
corrosion at a repository in the Yucca Mountain un-
saturated zone. Despite the fact that the stratum that
would house the repository is unsaturated (i.e., the
rock pores are partially, rather than completely, filled
with water) and oxidizing (which implies that a very
low level, if any, of organic nutrients is contained in
the little water contained in the pores), ample evi-
dence already indicates that small populations of
microbes exist at the repository level. Subgroups of
these microbes could flourish and multiply if nutri-
ents are introduced to the repository — an almost
inevitable consequence of exploring, constructing,
and operating the repository. Any sound materials
research program must address the question of mi-

crobially influenced corrosion at a repository at
Yucca Mountain.

The TSPA-1993s also showed that waste package
materials performance depends substantially on
when the environment changes from dry to wet. It is
necessary to be able to predict if and when liquid
water (including high-humidity conditions) will be
present at the repository level. Such predictions re-
quire exceptionally complex two-phase (liquid and
gaseous) flow models as well as a great deal of con-
firmatory hydrologic data from the repository level.
These data and the two-phase models will be needed
to confirm the basis for the waste package design.

Defense Wastes

National policy calls for defense wastes (defense-re-
lated spent nuclear fuel and high-level wastes) and
civilian waste (civilian spent fuel and high-level
wastes) to be disposed of together in one or more
deep geologic repositories. Should Yucca Mountain
be found suitable and licensed, the DOE currently
plans to dispose of the equivalent of approximately
7,000 metric tons of defense wastes there, along with
63,000 metric tons of predominately civilian spent
fuel.28

Since defense wastes will account for only a small
portion of the waste going to the proposed reposi-
tory at Yucca Mountain and because defense wastes
have a smaller amount of long-lived radionuclides
than civilian spent fuel — per metric ton — the
Board has devoted less attention to issues related to
high-level defense wastes. The last time the EBS
panel discussed defense wastes in writing was in the
Board’s Sixth Report, issued in December 1992, which
followed its May 1992 public meeting in Richland,
Washington, and a visit to the Hanford site. In June
1994, the EBS panel held a public meeting at Rich-
land regarding repository-related defense waste is-
sues at the DOE’s Hanford Site; after the meeting,
Board members and staff toured the site. The pri-
mary purpose of the meeting and tour was to learn
of changes to the DOE’s plans for dealing with Han-
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ford’s high-level defense wastes since the panel’s last
visit. The Board also was interested in hearing about
the process the DOE is using to develop plans for the
disposal of Hanford spent fuel.

In terms of radioactivity, the high-level defense
wastes at Hanford consist mostly of “tank waste”
(high-level liquids and sludges from plutonium pro-
duction stored in 177 large tanks) and strontium and
cesium capsules (strontium-90 and cesium-137 re-
covered years ago from tank waste and sealed in
small metallic capsules as fluoride and chloride
salts, respectively). The spent fuel at Hanford is
chiefly fuel that was irradiated in Hanford’s pluto-
nium production N-reactor but from which the plu-
tonium was never separated. Board observations
that resulted from the panel’s visit are discussed
below.

Hanford wastes

1. The planning basis for Hanford’s high-level waste has
changed significantly for the better since the last EBS
panel visit. Since 1989, the DOE’s plans and actions at
Hanford have been performed under the Tri-Party
Agreement, a written agreement among the DOE,
the United States Environmental Protection Agency,
and the Washington State Department of Ecology
that governs the proper handling of mixed radioac-
tive and hazardous wastes. The agreement was last
amended in January 1994. Among the many changes
in that 1994 amendment was the elimination of plans
to mix low-level waste with cement and sand and
dispose of the resulting grout on site in vaults; an-
other change was a 10-year delay in constructing a
plant to vitrify high-level tank wastes. The decision
to delay plant construction has given Hanford some
very important breathing room during which it can
consider how to improve the waste form of the high-
level waste that ultimately will go to a repository, as
well as the process for making the waste form.

Hanford’s current strategy is to retrieve waste from
the tanks, primarily by sluicing, and use pretreat-
ment processes (yet to be developed) to separate the
retrieved waste into two waste streams: a liquid
stream and a slurry stream. After additional treat-
ment to make it a low-level waste, the liquid stream
would be vitrified into glass logs for retrievable dis-
posal on site at Hanford. The slurry stream would be

vitrified into glass logs for disposal in a geologic
repository. The January 1994 amendment to the Tri-
Party Agreement allows Hanford time to investigate
many pretreatment and vitrification variations of its
current strategy.

A number of technologies will have to be developed,
adapted, or perfected as part of the current strategy.
For example, existing methods for retrieving tank
wastes by sluicing may prove unsatisfactory for the
tanks that are leaking; new retrieval technologies
would have to be developed. In addition, the DOE
may decide it is worthwhile to reduce the volume of
high-level waste glass to lower disposal costs. If it
does, new volume-reduction technologies will have
to be developed. Finally, the capacity required of a
high-level waste melter currently is beyond the state
of the art; this means there is a need for an innovative
program to increase the capacity of melters.

At the technical level, personnel at Hanford realize
that the OCRWM has changed the repository base-
line to include a large, drift-emplaced waste package
for spent fuel (which could be a multipurpose canis-
ter). This change and the 10-year reprieve on vitrifi-
cation plant construction will allow Hanford the
time and option to investigate waste packages larger
than the “standard” 2ft-diameter x 12ft-long waste
package that the DOE’s Savannah River facility will
use.

Other potential changes being investigated at Han-
ford include making glass in a granular form, such as
glass cullet or “marbles,” rather than using a mono-
lithic glass log; using nonborosilicate glasses, for ex-
ample, aluminosilicate glasses; and developing glass
melters that would operate at higher temperatures
than borosilicate glass melters.

2. Hanford’s strontium and cesium capsules raise inter-
esting disposal questions. In the early 1970s, a cam-
paign was launched to remove the bulk of the
strontium-90 and cesium-137, which generate high
amounts of heat, from waste tanks to avoid “hot-
spots” in the tanks. The strontium-90 and cesium-
137 removed from the tanks were converted to
strontium fluoride and cesium chloride and encap-
sulated into nearly 2,000 double-walled metal cap-
sules 6.6cm in diameter x 52.1cm long. The strontium
and cesium capsules are high-level radioactive
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waste and require disposal in a repository. They are
an important waste because their total radioactivity
and heat generation rate almost equal the total radio-
activity and heat generation rate of the tank wastes.

Hanford wants to resolve the issue of whether the
repository will be able to accommodate the stron-
tium fluoride and cesium chloride capsules in some
sort of overpack arrangement and, if so, to deter-
mine what sort of arrangements for disposal would
be acceptable. If overpacking is not acceptable,
would blending the strontium fluoride and/or ce-
sium chloride into selected tank waste streams for
vitrification be acceptable? Hanford needs an an-
swer relatively soon regarding whether the stron-
tium fluoride and/or cesium chloride encapsulated
waste will require vitrification because of the very
long lead time required to design and build facilities
to remove the waste from the capsules, perhaps
chemically convert it, and then blend it into a vitrifi-
cation stream. The Board believes that the DOE
should initiate studies immediately to determine
what forms would be acceptable for repository dis-
posal for encapsulated strontium and cesium.29

3. A large amount of spent fuel is stored at Hanford that
will require disposal in a repository. A significant
amount of the spent fuel produced at Hanford was
never reprocessed. Almost all of it currently is stored
under water in the K-East and K-West basins, located
in the northern part of the Hanford site. There are
2,100 metric tons of spent fuel in the two basins;
essentially all from the N-reactor. The K-East basin is
heavily contaminated with corrosion-product
sludges, while the K-West basin, which contains ap-
proximately the same amount of spent fuel, is com-
paratively clean. Because the K-basins are within 200
meters of the Columbia River and particularly be-
cause the K-East basin has leaked and is likely to leak
again, very high priority is being placed on remov-
ing the spent fuel and sludges as soon as possible,
putting them in a safe form somewhere on site but
away from the river, and draining and cleaning the
basins. Personnel at Hanford are developing plans
for putting K-basin spent fuel into a safe storage

status. Unfortunately, however, it does not appear
that planners are considering the fact that the spent
fuel ultimately will be disposed of in a deep geologic
repository.

The Board believes that the DOE should ensure that
its Office of Environmental Management is aware of
general repository requirements for spent fuel. The
Board also believes that the DOE should develop
specific repository requirements applicable to DOE-
owned spent fuel. More generally, the Board believes
that, whenever possible, the DOE must develop in-
ternal coordination to ensure that repository require-
ments are considered when planning any major
action involving DOE-owned spent fuel.

4. Interactions between the Office of Environmental
Management (EM) and the OCRWM have improved but
important gaps remain. Two years ago, communica-
tion between the EM and the OCRWM regarding
Hanford wastes that would be disposed of in a re-
pository was minimal. However, formal and infor-
mal interactions between them regarding Hanford
wastes have increased significantly since then.

Yet two serious gaps remain: (1) To be able to deter-
mine the optimal ranges of waste package size, glass
form and composition, degree of treatment of tank
waste before vitrification, and other parameters, EM
must have a reasonable idea of how varying these
parameters could affect repository performance. Un-
fortunately, the OCRWM’s total system performance
assessment calculations to date, although including
glass waste forms to a limited extent, have not been
sufficiently detailed to provide useful guidance to
EM; (2) At EM’s request, the OCRWM performed
estimates of how disposal of different numbers of
canisters of vitrified waste would affect total dis-
posal costs. These estimates were based on a 1990
version of total system life cycle cost estimates,
which are now badly out-of-date because of changes
by the OCRWM in the waste management system
baseline. A new total system life cycle cost estimate
has been promised for the end of fiscal year 1995;
should be very useful as EM makes decisions about
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high-level waste processing and packaging. Al-
though the Board commends the OCRWM and EM
for their improved interactions, it believes that the
OCRWM’s performance assessments should ad-
dress glass waste forms and other defense waste
forms at a sufficient level of detail to be useful to EM
in discriminating among various waste forms and
waste package sizes. Because a new total system life
cycle cost estimate is needed not only for guidance
for EM but also for the civilian spent fuel disposal
program, the Board urges the OCRWM to complete
the revised total system life cycle cost estimates
without delay.

5. Comparing the amounts of commercial spent fuel and
defense wastes presents an “apples and oranges” di-
lemma. Since 1944, Hanford has produced more than
100,000 metric tons of spent fuel from its production
reactors. This is considerably more than the entire
current U.S. civilian reactor population will produce
under many plausible scenarios. However, primar-
ily because of the very low burnup of defense spent
fuel, Hanford personnel claim that the tank waste
(derived from reprocessing spent fuel) is equivalent
to only about 2,600 metric tons of commercial spent
fuel. The Nuclear Waste Policy Act currently re-
quires the NRC to “prohibit the emplacement in the
first repository of a quantity of spent fuel containing
in excess of 70,000 metric tons of heavy metal or a
quantity of solidified high-level radioactive waste
resulting from the reprocessing of such a quantity of
spent fuel until such time as a second repository is in
operation....”(NWPA 1982, Sec. 114); the act does not
speak to adjustments for burnup. In other words, at
least for the purposes of this clause, the Nuclear
Waste Policy Act seems to imply that the amount of
high-level tank waste at Hanford would be consid-
ered equal to 100,000 metric tons of heavy metal and
not the 2,600 metric tons (adjusted for burnup) as
claimed by Hanford personnel. This is an important
technicality that, if confirmed, may be remedied eas-
ily in legislation.

Surplus weapons fissile materials

The DOE is developing plans for disposition of sur-
plus weapons fissile materials. “Weapons fissile ma-
terials” include weapons-grade plutonium
(plutonium containing approximately 90% pluto-
nium-239), highly enriched uranium (uranium con-
taining more than 20% uranium-235), and
comparatively minor amounts of other fissile mate-
rials, such as uranium-233, neptunium-237, and am-
ericium-241. The defense fissile material with the
greatest potential implications for geologic reposito-
ries is the weapons-grade plutonium. Approxi-
mately 50 metric tons of U.S. weapons plutonium are
likely to become surplus to the nation’s needs due to
the changing international situation. The Secretary
of Energy created a project to plan for the control,
storage, and disposition of surplus nuclear materi-
als; the Under Secretary of Energy has the oversight
of this project. The project has initiated a program-
matic environmental impact statement (PEIS) to
evaluate various options for the long-term storage of
all weapons-usable fissile materials and disposition
of weapons-usable fissile materials declared surplus
to national defense needs by the President.30 The
draft and final PEISs are to be issued in the summer
of 1995 and the spring of 1996, respectively. Near-
term disposition alternatives for surplus plutonium
to be considered in the PEIS include the mixed-oxide
fuel alternative (essentially substituting plutonium-
239 for uranium-235 in existing, modified, or new
light water reactors), the vitrification alternative (es-
sentially vitrifying weapons plutonium with high-
level waste at Savannah River or Hanford), and the
deep borehole alternative (disposing the weapons
plutonium, with or without chemical modifications,
in very deep holes). Longer term dispositions to be
examined in the PEIS include the accelerator-based
conversion alternative (destruction of plutonium by
fission in a subcritical reactor by neutrons produced
by an accelerator) and the “deep-burn” reactor alter-
native (reactors in which plutonium could be fis-
sioned virtually to extinction).

It is recognized that many of the above alternatives
could affect at least part of the material coming to
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repositories. Studies are already under way in the
OCRWM to determine if these effects could be sig-
nificant.

Conclusions

1. The DOE is forging ahead rapidly in its imple-
mentation of the “focused MGDS development” ap-
proach.

2. Mechanistic corrosion models were used for the
first time in TSPA-1993s, which confirmed the very
important safety role that the waste package can
play over thousands of years or more.

3. Planning for Hanford’s high-level waste has
changed significantly for the better since the last
visit by the Board’s panel.

4. Large amounts of DOE-owned spent fuel now
being stored at Hanford will require disposal in a
repository.

5. Interactions between DOE’s Office of Environ-
mental Management and the OCRWM have im-
proved, but important gaps remain.

6. It is becoming increasingly clear that comparing
the amounts of civilian spent fuel and defense
wastes is an “apples and oranges” dilemma.

7. The DOE is developing plans for disposition of
surplus weapons fissile materials; these materials
could have implications for a repository.

Recommendations

1. In performing its “focused MGDS development”
approach, the DOE must ensure that all assumptions
about the repository system are clearly articulated,
necessary, achievable, and consistent with current
regulations.

2. To support waste package performance predic-
tions, the DOE must develop a formal long-term
corrosion research program plan and must support
the program at an appropriate and consistent level.

Failure to do so risks delaying the repository open-
ing.

3. The Board believes that the DOE should address
the issue of general repository requirements for both
civilian and defense spent fuel; specific repository
requirements applicable to DOE-owned spent fuel
should be developed.

4. The Board recommends that the DOE immedi-
ately initiate studies to determine what waste forms
for Hanford’s encapsulated strontium and cesium
salts will be acceptable for repository disposal.

5. The Board recommends that DOE’s performance
assessments address glass waste forms and other
defense waste forms at a sufficient level of detail to
assist the Office of Environmental Management as it
makes decisions about waste forms and waste pack-
ages. The Board also recommends that the DOE not
delay the completion of its revised total system life
cycle cost estimate.

Risk and Performance Analysis

Total system performance assessment (TSPA) is the
principal method for evaluating the ability of the
proposed repository system (both engineered and
natural components) to contain and isolate radioac-
tive waste safely. It serves several functions. It will
play an important part in the DOE’s assessment of
the suitability of Yucca Mountain to serve as the site
of a high-level waste repository and, eventually, if
the site is found suitable, it will be the primary meas-
ure by which the NRC will judge whether the pro-
posed repository can be built and operated safely. At
this stage, however, where site suitability and regu-
latory compliance are not yet being evaluated, TSPA
can, and should, play a significant role in guiding
site-characterization activities, assessing priorities,
evaluating different engineering designs, and esti-
mating the effects of contemplated changes in stand-
ards and regulations.

In this report, the Board describes the DOE’s recent
TSPA efforts. Some interesting technical insights are
discussed that could provide useful guidance to the
repository program. The DOE is both praised and
criticized in the way it is making use of performance
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assessment. Several consistent messages about the
Yucca Mountain site that are developing from past
and present performance assessments are high-
lighted, and the need for the DOE to articulate a clear
and coherent waste isolation strategy with respect to
the disposal of high-level radioactive waste at Yucca
Mountain is stressed.

Background

In 1994, several TSPAs evaluating the proposed re-
pository at Yucca Mountain were published. These
include two major DOE-sponsored studies, one by
Sandia National Laboratories (SNL 1994) and one by
Intera Corporation (Intera 1994). The SNL study is
the second iteration of a 1991 TSPA that, along with
a 1991 Pacific Northwest Laboratory TSPA, were dis-
cussed in the Board’s Sixth Report. DOE also spon-
sored a TSPA-based set of calculations (Duguid et al.
1994) submitted to a special committee established
by the National Academy of Sciences, whose pur-
pose is to evaluate the technical basis for changes in
the EPA standard for the proposed Yucca Mountain
repository. The Electric Power Research Institute
also submitted a set of TSPA calculations to the NAS
committee for the same purpose. Finally, the NRC
published a full-scale TSPA (NRC 1994) in the latter
part of the year.

On January 12, 1994, the Board met in Arlington,
Virginia, to hear presentations on draft versions of
the three DOE-sponsored studies and the EPRI
study; the NRC was not then in a position to discuss
its results. Following are some technical insights de-
veloped at the meeting and in the subsequent read-
ing of additional material that the Board believes
need to be discussed. Included are some Board com-
ments on the importance of these insights and on the
need for further substantiation.

Technical Insights and Comments

1. TSPA has made important steps forward since the last
iteration in 1991. In comparison to previous studies,
the SNL and Intera TSPAs have increased the hydro-
logical, geochemical, and geologic database on
which the analyses are founded; they have expanded
models for waste-package corrosion and perform-
ance;31 they have incorporated near-field thermo-
hydrologic behavior into the analyses; and they have
expanded the treatment of external factors such as
climate change, volcanism, and human intrusion.
The two main studies (SNL 1994 and Intera 1994)
approached the calculations somewhat differently.
SNL relied more on direct model calculations and
data analysis, allowing for the incorporation of
many important details. The Intera study was more
abstracted, that is, removed from direct calculations
of the processes, relying more on functional relation-
ships determined by outside modeling studies, but
with an enhanced capacity to represent input pa-
rameters, and their correlations, statistically.

Repository thermal loading, and the mode of radio-
active waste emplacement were addressed specifi-
cally to determine the effect of different repository
design assumptions on performance. As an adjunct
to these calculations, the sensitivity of the results to
thicknesses of waste containers was also addressed.
The SNL and Intera studies looked at the manner in
which different assumptions affected the different
performance measures, that is: the complementary
cumulative distribution function, which displays the
probability of exceeding different levels of radionu-
clide releases to the accessible environment;32 and
individual dose, the dose of harmful radiation re-
ceived by maximally exposed individuals due to the
presence of a repository. They also examined
changes in performance over periods ranging from
10,000 years (found in 40 CFR 191) to 100,000 and
one million years. The Duguid et al. (1994) and EPRI
(1994) studies concentrated on the sensitivity of the
calculated results to different performance measures
and periods of performance. As indicated above,
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these studies were conducted in support of the NAS
committee which was charged with examining the
technical bases of a Yucca Mountain standard.

2. Gaseous carbon 14 is calculated as being the single
largest radionuclide release for at least 10,000 years. The
Board’s Sixth Report (NWTRB 1992b) noted that
TSPA in 1991 showed gaseous carbon-14 to be the
single largest radionuclide release from the reposi-
tory during the first 10,000 years. Indeed, under cer-
tain assumptions, this release exceeds the 1985 EPA
standard of acceptability. This is still true in the latest
round of TSPA calculations. The relatively large re-
lease comes about because once the waste container
corrodes, it is assumed that the gas will rise quickly
to the surface through interconnecting fractures.33

This phenomenon is limited to repositories in the
unsaturated zone. Below the water table carbon-14
dissolves in ground water and travels much more
slowly along with other radionuclides. Gaseous re-
leases could be contained by very robust (and, per-
haps, very expensive) waste containers. The
dilemma facing those constructing a repository is
that as large as these releases may seem, they only
constitute a very small percentage of carbon-14 al-
ready present in the atmosphere due to natural and
industrial releases. The NAS committee on the tech-
nical basis for the Yucca Mountain standard is ad-
dressing the significance of gaseous releases from a
proposed repository.

3. Percolation flux and conceptual models of flow and
transport in the unsaturated zone are the most important
scientific issues affecting performance. The amount of
liquid water that is assumed to reach the proposed
repository, corrode waste containers and (in the case
of aqueous releases) entrain harmful radionuclides
and the ability and speed by which ground water
can transport these radionuclides are the key scien-
tific issues affecting the ability of the natural and
engineered barriers to contain and isolate radioac-
tive waste. Factors that can affect flow and transport
include: future climate, particularly the magnitude
and timing of precipitation and attendant eva-

potranspiration; the presence of fractures that can
act as fast paths for ground-water flow; and the ex-
tent to which the volcanic tuff underlying the reposi-
tory horizon can slow the movement of
radionuclides within the ground water by sorption.

Although data have been collected since 1991, only
the additional information available from under-
ground exploration and testing and drilling will al-
low progress in reducing the uncertainties
associated with flow in the unsaturated zone. It
should be noted (and this will be pointed out later)
that, in the present arid climate and barring the exist-
ence of numerous, as of yet undiscovered, fast paths,
aqueous releases are calculated to be very small and
well below the release limits for 10,000 years speci-
fied in the 1985 EPA standard.

4. Current TSPA calculations show different thermal-
loading strategies having relatively little effect on per-
formance. Of particular interest were the sensitivity
tests conducted with respect to assumptions regard-
ing thermal loading of the repository. Three thermal-
loading strategies were evaluated in the current
round of TSPAs: the 57kW/acre strategy, outlined in
the 1988 Site Characterization Plan, which predicts
that a large portion of the rock in the immediate
vicinity of the repository will remain above the boil-
ing temperature of water for approximately 300 to
1,000 years; 114kW/acre, which results in above-
boiling temperatures being maintained in the nearby
rock for up to 5,000 to 10,000 years; and 28.5kW/
acre, at which the nearby rock average temperature
is presumed to remain below boiling. According to
the current TSPA calculations, there is only a slight
advantage in the lower (28.5kW/acre) and higher
(114kW/acre) thermal-loading strategies over the
SCP strategy. Differences that do exist primarily de-
pend on the assumed time the surface of the waste
container is in the temperature range of aggressive
corrosion (temperatures above 60°C and relative hu-
midity above approximately 70%).

The Board would like to emphasize that it is too
early to draw firm conclusions from these model
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results, given the assumptions used in the TSPA
models. Much is not known about the long-term
thermo-hydrological behavior of the rock-water sys-
tem in the unsaturated zone, and relatively little
work has been done on simulating the “low” ther-
mal-loading scenarios, and those that result in
above-boiling temperatures for periods in excess of
10,000 years. The DOE needs to address these issues.
If, indeed, further tests and analyses support the
present calculations, repository performance cannot
serve as a useful discriminator in selecting the ap-
propriate thermal-loading strategy.

5. Current TSPA calculations show mode of emplace-
ment having little effect on repository performance. Both
the emplacement of the waste containers in small-
diameter vertical boreholes and the direct horizontal
emplacement of containers in larger diameter drifts
were examined. The only differences were noted
when human intrusion (through vertical drilling
from the surface) or throughgoing vertical fractures
were assumed to exist. In those cases, horizontal
emplacement of the containers in drifts yielded
larger cross sections affording a better target for ver-
tically directed flow or disruptions. Even in these
cases the differences were small.

It should be noted that the disruptive effects of earth-
quakes were not assessed in the SNL and Intera
TSPAs. As indicated in the Fifth Report (NWTRB
1992a), the larger freeboard (distance between the
waste package and the surrounding rock) in hori-
zontal drift emplacement would greatly reduce the
impact of direct faulting on the integrity of waste
packages. The primary advantage of horizontal em-
placement is the greater ease with which large, ro-
bust waste packages or multipurpose canisters can
be handled underground.

6. Current TSPA calculations show that thick waste
packages can reduce releases for 100,000 years. Three

thicknesses of steel for the outer waste container
were assumed, 10, 20, and 45 cm. Although 10- and
20-cm thick packages showed little relative differ-
ence in the calculated 10,000 and 100,000 year cumu-
lative releases,34 the assumption of a very thick,
45-cm outer package yielded virtually no releases in
the first 10,000 years, and substantially less release
than the other waste package configuration during
100,000 years. At 1,000,000 years there was no differ-
ence in performance from the different thicknesses
of waste packages.35 These calculations indicate that
increasing the thickness of the steel waste container
has little effect on performance until substantially
thick steel is used. At extremely long periods
(1,000,000 years), the packages have been compro-
mised by corrosion regardless of their thickness.

Even if substantiated, these calculations would not
automatically suggest that the waste be disposed of
in very thick outer containers. The DOE would have
to examine the tradeoffs between increased contain-
ment of the waste, the reduced significance of uncer-
tainties in the natural barriers (such as retardation),
ease of handling, public perceptions, and overall
program costs. Increasing protection of the public
and the environment is of course paramount, but
other considerations have to be taken into account.

7. Flow and transport in the saturated zone become par-
ticularly important in calculating individual dose. When
calculating the amount of radionuclides released
from the proposed Yucca Mountain repository that
reach the accessible environment, little credit is usu-
ally given to the saturated zone acting as a barrier to
the transport of harmful radionuclides. Typically, the
time required for these radionuclides to move in the
saturated zone is short compared to that in the un-
saturated zone between the repository and the water
table. When calculating individual dose, however,
another factor becomes critical, that is, how concen-
trated the release is at a particular time and place.36
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measuring performance by cumulative releases over 10,000 years. This was one of the more interesting results of the Calico Hills Risk
Benefit Analysis (DOE 1991) carried out by DOE contractors in 1989-1990 and discussed in the Third Report (NWTRB 1991a).



Calculated individual doses can be quite large, par-
ticularly at periods much longer than 10,000 years,
when more radionuclides are assumed to reach the
saturated zone.

At arid sites, such as Yucca Mountain, little water is
available to dilute the radionuclides that eventually
do get released. Dilution by large amounts of water
in the saturated zone could minimize radionuclide
concentration and, therefore, the dose. It is no sur-
prise that if it is assumed that there is mixing of
ground water to great depths in the saturated zone,
the dilution will be greater and the dose smaller. All
the current TSPA calculations support the case that if
individual dose becomes an important performance
measure (under consideration by the NAS commit-
tee on the EPA standard), an increased knowledge of
the saturated zone will be required. Additional fac-
tors that become important include the solubility of
neptunium-237 (the dominant contributor to indi-
vidual dose at very long periods) and modeling the
biosphere, which is not needed when calculating
releases.

Making Good Use of Performance Assessment

The DOE appears to be making effective use of sim-
ple performance assessments (not full-blown TSPAs,
sometimes merely back-of-the-envelope calcula-
tions) to evaluate the impact of different site-charac-
terization and construction activities on waste
isolation.37 Examples of such activities include: the
use of a diesel underground transportation system;
hydrocarbon spill remediation in drill holes; and the
use of tracers, fluids, and other materials in tests. The
Board is pleased that performance assessment, albeit
relatively simple, is meeting some of the program’s
practical needs.

However, the DOE has not demonstrated systematic
and effective use of total system performance assess-
ment. At this stage, TSPA should be used in provid-
ing programmatic guidance to site characterization,
particularly in defining critical assumptions and set-
ting scientific priorities. Typically, TSPAs in 1991 and

1993 have summarized their conclusions with gener-
alized discussions of the important lessons learned
and their significance to activities such as site char-
acterization and design. The Board has not yet seen
evidence that these conclusions are presented sys-
tematically or have had a strong effect on the pro-
gram.

A useful example of the systematic presentation and
use of performance assessment can be found in stud-
ies conducted for the WIPP. After completion of a
performance assessment for the WIPP, the various
input parameters are listed and ranked according to
their importance and assessments are made as to the
value of gaining additional information on different
elements of the engineered and natural system and
of increasing the level of understanding of the differ-
ent conceptual models. The adequacy of the com-
puter codes also is evaluated. Finally, completeness
with respect to eventual demonstration of compli-
ance is assessed. Those people responsible for test-
ing use this information to set priorities. At different
times in the past, performance assessment has led to
emphasis on studying the inflow of brine (the WIPP
is in an underground salt formation), engineering
alternatives, and gas generation. Performance as-
sessment helped point out the significance of human
intrusion at the WIPP site.

The Yucca Mountain program could learn from, and
even improve upon, the use of performance assess-
ment at the WIPP. Systematic evaluation and rank-
ing of scientific testing and engineering alternatives,
identification of what new information is important
and what is not important, would, if used, not only
help focus attention and resources on activities that
really count, but it would also help the DOE demon-
strate progress. Management and organizational
commitments are needed here.
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A Consistent Message about the Yucca Mountain
Site from Current and Past Performance
Assessments

An intriguing summary of current and past per-
formance assessments was presented at the Board’s
January 1994 meeting.38 The presenter pointed out
that these assessments, conducted since 1982, consis-
tently backed the following three conclusions: (1) A
Yucca Mountain repository, under nominal (that is,
normal and likely future) conditions, will release
small amounts of harmful radionuclides into the
ground-water system for an assumed performance
period of 10,000 years. These releases are well below
existing criteria. (2) A Yucca Mountain repository
will release greater amounts of gaseous radionu-
clides (carbon-14) into the atmosphere under nomi-
nal conditions and greater amounts of harmful
radionuclides into the ground water under unlikely
conditions (such as very high percolation flux and
low retardation). These releases could exceed some
existing criteria. (3) A Yucca Mountain repository,
under nominal conditions, will result in large indi-
vidual doses at periods longer than 100,000 years.
These doses could be well above existing criteria.

The Board believes it is important to note that many
of the calculations underlying these assessments are
based on simplified models and inadequate knowl-
edge, not reflecting, for example, the complexities
and details of unsaturated flow at Yucca Mountain,
the amount and rate of carbon-14 actually released
from a waste package, or the extent to which ground
water near a repository would be used for drinking.
Undoubtedly, the results of performance assessment
will change as greater model complexity is achieved
and more information is gathered. However, as dis-
cussed in the Board’s analysis of the latest round of
performance assessments, the general thrust of the
three conclusions cited above stems from the very
nature of Yucca Mountain’s location in an arid region
underlain by a very deep water table. Future per-
formance assessments probably will still show that
Yucca Mountain site is a “good” site with respect to
likely aqueous releases over the next 10,000 years,

that it may be a “problematic” site with respect to
likely gaseous releases and unlikely aqueous re-
leases, and that it may “not be a particularly good”
site if individual doses over periods longer than
100,000 years are emphasized.

An NAS committee is assessing the technical basis
for, and eventually the EPA will be revising, the basic
standard for determining the acceptability of the
Yucca Mountain site. The revised standard and the
NRC regulations that are derived from it, will have
to address the significance of gaseous and aqueous
releases, individual dose, and period of performance
to public health and the environment.

For its part, the DOE will have to weigh how the
Yucca Mountain site, whose salient characteristics
are not likely to change, will fare against the new
standard and regulations. If the new criteria are po-
tentially in conflict with the site’s characteristics (for
example, if gaseous release during the first 10,000
years or individual dose over hundreds of thou-
sands of years are considered most significant), it
may be possible to use engineering to mitigate some
adverse effects. If this is not possible or if deemed
inappropriate, the DOE may have to determine
whether further expenditures on the Yucca Moun-
tain, or any other similar unsaturated zone site are
worthwhile.

Whether a viable synthesis of the natural and engi-
neered aspects of a proposed repository can be made
depends on the DOE’s success in articulating a clear
and coherent waste isolation strategy, as described
below.

Performance Assessment and a Waste Isolation
Strategy for Yucca Mountain

At its January 1994 meeting, the Board heard several
presentations that emphasized the importance of de-
fining a safety concept, or waste isolation strategy, in siting
and designing a high-level radioactive waste repository.39

A waste isolation strategy has been used successfully
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by other countries (most notably, Sweden) to articu-
late clearly and concisely how a proposed repository
will safely contain and isolate harmful radionuclides
from the public and environment under a range of
future conditions. An essential part of such a strat-
egy is the assigned roles the different natural and
engineered barriers play in waste isolation and their
relative importance. Such a strategy can serve as a
focused basis for planning and setting priorities in
site characterization and designing the repository.

The DOE attempted to outline elements of a waste
isolation strategy for Yucca Mountain under the sub-
ject of top-level strategy in the introduction to Chap-
ter 8 of the 1988 Site Characterization Plan (DOE 1988).
Performance goals for the individual barriers and
site investigation priorities were then defined fol-
lowing a very complex process of issue resolution and
performance allocation. The waste isolation strategy
for Yucca Mountain needs to reflect new informa-
tion, and most important, needs to be presented in a
manner that is both understandable and useful to
those working on, or interested in, Yucca Moun-
tain.40

Performance assessment is an analytical method by
which the strategy can be refined and tested with
respect to its success in isolating waste. Performance
assessment, however, is no substitute for a waste
isolation strategy. As in other projects, risk analysis
(of which performance assessment is a subset) can
not take the place of design. The Board believes that
the articulation of a clear and coherent waste isola-
tion strategy for the proposed Yucca Mountain re-
pository would serve a very useful purpose and
urges the DOE to develop one.

Conclusions

The DOE is making progress in many aspects of its
performance assessment program for Yucca Moun-
tain. It has successfully completed its second itera-

tion of TSPA and is preparing for the next iteration,
tentatively planned for 1995. Although simplified
performance assessments have been used success-
fully in assessing the impact of site-characterization
and construction activities, the DOE has yet to dem-
onstrate that it is making systematic and effective
use of TSPA in guiding site characterization and set-
ting priorities.

Current calculations (which need to be substanti-
ated) show little effect on performance by assuming
different thermal loadings or modes of waste em-
placement and some effect by assuming different
thicknesses of waste containers. Gaseous carbon-14
appears to be the largest radionuclide that would be
released over the first 10,000 years or more, while the
conceptual models of flow of water and transport of
radionuclides in the unsaturated zone are the most
important scientific issues affecting performance.
When considering individual dose, particularly at
long periods, saturated zone flow and radionuclide
transport, in particular dilution, become very impor-
tant.

Performance assessment over the years has given
generally consistent results that reflect both the ad-
vantages and disadvantages of siting a repository in
an arid area underlain by a deep water table. The
DOE needs to take such characteristics into account
along with postulated changes in the EPA standard
and the NRC regulations and articulate a clear, co-
herent, and detailed waste isolation strategy. Such a
strategy defines the roles of natural and engineered
barriers in protecting the public and the environ-
ment from the long-term presence of a high-level
radioactive waste repository. If there is a fundamen-
tal conflict between the basic characteristics of the
Yucca Mountain site and the new standard and regu-
lations such that a clear and coherent waste isolation
strategy is not feasible, the DOE will need to reassess
whether further expenditures on the Yucca Moun-
tain, or any other unsaturated zone, site are worth-
while.
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Recommendations

1. The DOE needs to articulate a clear and coherent
waste isolation strategy that takes into account the
salient characteristics of the Yucca Mountain site, the
ability and desirability of engineered barriers to en-
hance waste isolation, and postulated changes in the
basic standard and regulations that will be used to
assess the performance of the proposed repository.

2. In light of the successful completion of the 1993
round of TSPAs, the Board encourages the DOE to

continue its program of iterative performance as-
sessment.

3. The DOE needs to make a management and or-
ganizational commitment to develop more system-
atic and effective ways of using total system
performance assessment to guide site charac-
terization and to set priorities at Yucca Mountain.
The Board suggests that the DOE learn from the
manner in which performance assessment was and
is being used for the WIPP in New Mexico.
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Chapter 5

Observations from the Board’s Trip to Japan

In May 1994, the Nuclear Waste Technical Review
Board continued its interest in the nuclear waste
disposal programs of other countries by sending a
small delegation to visit Japan to be briefed on that
country’s program for managing spent fuel and dis-
posing of high-level radioactive waste. The week-
long, intensive schedule included meetings with
representatives of the Atomic Energy Commission,
Japan Nuclear Fuel Limited (JNFL), the Power Reac-
tor and Nuclear Fuel Development Corporation
(PNC), the Science and Technology Agency, and the
Steering Committee on High-Level Radioactive
Waste Project. In addition to meeting with headquar-
ters personnel from some of these organizations, the
Board delegation also had the opportunity to tour
the facilities under construction at JNFL’s Rokkasho-
mura site and to visit the PNC’s research and devel-
opment facilities at the Tokai Works, Chubu Works
(now called the Tono Geoscience Center), and
Kamaishi.

The members of the delegation were very apprecia-
tive of all of the experts who took time to meet with
them. Board members would especially like to thank
all of those involved from PNC who coordinated
and arranged the myriad of transportation, meeting,
and administrative details that made this visit possi-
ble.

Differences and Similarities

The various countries’ programs visited by the
Board to date have differed in a number of important
ways from the U.S. nuclear waste disposal program,

and Japan’s program is certainly no exception. De-
spite the differences, however, the Board believes
that both the U.S. and Japanese programs may bene-
fit from continuing exchanges on certain aspects of
their respective approaches. This report briefly de-
scribes the scientific and technical differences and
discusses some of the underlying bases for these
differences as reflected in the overall approach each
country has taken toward meeting the challenge of
its nuclear waste disposal.1

Saturated Versus Unsaturated Zone

As with other countries working on nuclear waste
disposal, both the United States and Japan have con-
cluded that deep underground geologic disposal is
the best option. In Japan, any deep geologic reposi-
tory would be located in the saturated zone in crys-
talline or sedimentary rock. Therefore, a potential
repository must be designed in such a way as to
withstand substantial water infiltration. Most of the
generic research on repository development world-
wide has been performed above or below ground in
the saturated zone. As a result, these countries have
the advantage of being able to learn from each other
before selecting a site for a permanent repository.

In contrast, the potential site of the U.S. repository is
located at Yucca Mountain, Nevada, in tuffaceous
rock (tuff) in an unsaturated zone that is more than
500 meters thick. The proposed repository would be
approximately 300 meters below the surface but 200
to 300 meters above the water table. Consequently,
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although the U.S. program is studying potentially
very favorable geologic and hydrologic conditions at
Yucca Mountain, less is known about the unsatu-
rated zone relative to the body of research world-
wide on the saturated zone.

In addition, the emphasis in the past in the U.S.
program has been to place primary reliance on the
natural barriers for isolation of radionuclides. Thus,
more emphasis has been placed on characterizing
the geology than on research in the area of engi-
neered barriers. Because less is known about the
unsaturated zone, and little, if any, research has been
performed that could help in choosing compatible
engineered barriers, the U.S. strategy may be more
difficult to evaluate from a scientific and technical
perspective.

Assessment of Volcanic, Seismic Hazards

One of the major reasons the Board took the trip to
Japan was to learn more about the work there in the
area of volcanic and seismic hazards and to see if that
work could benefit the site-characterization efforts at
Yucca Mountain. Major volcanic eruptions have not
occurred in southern Nevada for more than 6 million
years. One focus of concern is the potential for re-
newed volcanic eruptions or intrusions of a lesser
magnitude in the immediate area of Yucca Moun-
tain.2

Japan sits on the western edge of the Pacific Ocean’s
so-called “Ring of Fire,” a region that is among the
most tectonically active in the world. Japan has ap-
proximately 200 active volcanoes, yet less than 1
percent of the earth’s surface; three of the earth’s
shifting tectonic plates intersect there. As a result,
work aimed at studying the potential effects of earth-
quakes and volcanoes on the geology and hydrology
is important. PNC is conducting a series of experi-
ments at its Kamaishi facility (an abandoned iron
mine) to verify the previously observed reductions

(in this case by 50%) in earthquake ground motion at
depth compared to the surface. Another experiment
there has measured changes in the ground-water
hydrology and geochemistry immediately after an
earthquake. The purpose of this work is to study the
long-term physio-chemical stability of the geologic
environment. It would be useful for the U.S. pro-
gram to keep abreast of this work, to determine if it
provides any insights into possible earthquake-in-
duced changes in the hydrologic regime of the pro-
posed Yucca Mountain site.

Engineered Barrier System Approach

In Japan, the current approach is to rely on the engi-
neered barrier system to isolate the waste and build
confidence in the reliability and safety of a reposi-
tory for high-level waste.3 This approach is neces-
sary in part because the “characterization of a
geologic setting may be difficult due to geologic het-
erogeneities. The variability of natural conditions
causes large uncertainties in the predicted perform-
ance of natural barriers (Yamato et al., 1992).” The
engineered barrier relies on three main defenses: (1)
a vitrified waste form, which is virtually insoluble;
(2) a thick steel overpack, which provides both
physical isolation of the glass and chemical buffering
of the pore water in the backfill; and (3) a massive
bentonite backfill, which controls both flux and
chemistry of the ground water reaching the over-
pack and the vitrified waste form. (Yamato et al.,
1992).

Although decades away from designating a specific
disposal site, PNC is in the process of conducting
full-scale experiments to test the performance of po-
tential waste containers. In addition to studying
ground-water flow and geochemistry (see below),
PNC is studying the adequacy and performance of
potential engineered barrier materials. The corpora-
tion also is experimenting to determine the total per-
formance of the multibarrier system. For example, at
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the Big Ben facility at Tokai Works, PNC is conduct-
ing a full-scale simulation of coupled thermal-hydro-
logical-mechanical (THM) processes surrounding an
emplaced container. Tests to study the lifetime and
integrity of engineered barriers, the mechanical be-
havior of buffer material, and the coupled thermo-
hydro-mechanical processes in the near field also are
underway at the Geologic Isolation Basic Research
Facility at Tokai Works.

In the U.S. program, the engineered barrier system’s
nature and role in isolating the radionuclides are still
evolving. For many years, the baseline U.S. engi-
neered barrier system was the one described in the
1988 Site Characterization Plan. It consisted of a low-
capacity, thin-walled, steel waste package that
would be emplaced in vertical boreholes excavated
in the floor of emplacement drifts. The drifts would
remain open to allow easy retrievability for a per-
formance confirmation period on the order of 50
years, at the end of which time the drifts would be
backfilled with mined-out material and perma-
nently closed and sealed. Since the thin-walled,
waste package was expected to provide containment
for only 300 to 1,000 years, primary reliance was to
be placed on the natural geology to isolate the ra-
dionuclides over the long term.

During the last few years, however, the DOE has
been considering larger, thicker walled waste pack-
ages4 and reexamining the universal cask concept.
The Board has recommended the universal cask be-
cause of its potential for standardization and im-
proved safety and because it facilitates a
coordinated, total systems approach to the storage,
transportation, and disposal of spent fuel.

Finally in 1994, the DOE adopted a new baseline,
which consists of a much larger and thicker waste
package.5 The waste package would be emplaced
horizontally in a drift (rather than vertically in a drift
floor borehole). The repository would be designed to

remain open (to allow easy retrievability) for a pe-
riod of up to 100 years, after which backfill may or
may not be used. A precise rationale for or explana-
tion of the degree of reliance that would be placed on
this engineered barrier system relative to the natural
barrier is under study. There has been little experien-
tial research to date on the waste-package materials
and no full- or partial-scale testing of any potential
components of an engineered barrier system.

Although the differences in geologic and hydrologi-
cal conditions are great between any potential Japa-
nese site and the Yucca Mountain site (and the level
of vigor of the engineered barrier research is less in
the U.S.), there may be some benefit to the U.S. pro-
gram in looking at the process and rationale used in
Japan to clarify the role that the various barriers will
assume in isolating the waste. This could take place
as part of the emerging waste isolation strategy in
the U.S. program, which should explain in a compre-
hensible way what roles different barriers are ex-
pected to play in isolating radionuclides.

Hydrology and Geochemistry

In Japan, current thinking is that the following con-
ditions favor containment and longevity of the engi-
neered barrier system: (1) low ground-water flux, (2)
reducing anaerobic ground-water conditions, and
(3) neutral to moderately basic ground-water acidity.
Postclosure performance of the engineered barrier
system depends on two major aspects of the natural
system — the flux of ground water available to the
backfill and the chemistry of that water. (Yamato et
al., 1992) A generic approach to performance assess-
ment is being used, in which modeling is carried out,
taking into consideration the range of geochemical
conditions expected in the ground water.6 Large-
scale, lab-based tests are underway at the Geological
Isolation Basic Research Facility at Tokai Works as
part of the ENTRY project to ascertain ground-water
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4 In previous reports, the Board made repeated recommendations that the DOE look at a more robust waste package.
5 It would contain 21 intact assemblies from pressurized water reactors versus 3 intact assemblies from pressurized water reactors in the

former baseline and would be double-walled (about 1 cm of Alloy 825 surrounded by 10 cm of steel) versus the single wall of about 1
cm of 304L stainless steel, 316L stainless steel, or Alloy 825 in the former baseline.

6 The range includes: fresh-reducing, low pH; fresh-reducing, high pH; saline-reducing, low pH; and saline-reducing, high pH.



flow and mass transport in engineered barriers and
the surrounding rock and the geochemistry of the
ground water.

In addition, in-situ studies have been conducted at
the Tono and Kamaishi mines, which among other
things, measure stable isotopes to investigate origin,
movement, and “residence time” of the ground
water; collect water samples from boreholes to ex-
amine the chemical properties of ground water; and
establish a hydrological monitoring system in a shaft
blasted at Tono mine in the sedimentary rock.7

In the U.S. program, hydrological and geochemical
research also is under way. Work is focused on char-
acterizing one specific site, which was selected for a
number of reasons, including potentially beneficial
geologic, hydrologic and geochemical properties.
The advantage is that, under these conditions, a
smaller set of conditions need to be evaluated. Be-
cause less is known about the unsaturated zone,
however, more extensive site-characterization work
may have to be performed. For example, important
research is under way at the site to examine percola-
tion movement of water in the unsaturated zone,
including the amount of water percolating and the
pathways by which it percolates. Computer models
also are being developed to predict the hydrologic
and geochemical response of the mountain.

A Generic Approach to Performance Assessment
Has Been Established

The PNC assessment has taken a generic, as opposed
to a site-specific, approach. This approach is made
possible by assigning a major role to the engineered
barrier system and by defining a small number of
critical natural characteristics for a candidate site —
conditions that can be met in a variety of geologic
settings. Consequently, in PNC’s performance as-
sessment work, no particular rock has been selected
for the demonstration of technical feasibility of high-

level waste disposal. Instead, direct account is taken
of a variety of geologic, hydrological, and hydrogeo-
chemical conditions in different types of geologic
situations. Several reasons may underlie PNC’s use
of the generic approach, including the absence of a
specific site to characterize, the emphasis on engi-
neered barriers as a primary barrier, and a desire for
a well-documented scientific approach prior to un-
dertaking site selection.

In contrast, the U.S. program’s performance assess-
ment work is very different. In the United States, one
site (Yucca Mountain, Nevada) is being charac-
terized for repository development. As a result, per-
formance assessment is focused on the viability of a
potential repository at that site. Furthermore, the
DOE is evaluating site suitability according to guide-
lines (10 CFR 960) that set forth specific conditions to
qualify or disqualify the site.

Natural Analogues

Some interesting and potentially useful examples of
natural analogues are being studied as part of Ja-
pan’s efforts to assess the long-term durability of
engineered barrier materials. Perhaps the most inter-
esting examples of natural analogues are 1-million-
year-old volcanic glass nodules surrounded by
mudstone. The volcanic glass is said to be analogous
to glass used in the vitrification of high-level waste,
and the mudstone has many similarities to the ben-
tonite surrounding the waste package. The unaltered
nature of the volcanic glass argues for the long-term
stability of vitrified waste under repository condi-
tions. At the Tono mine, other natural analogue stud-
ies indicate that some radionuclides (uranium and
thorium) have migrated very little in the past million
years. Radium has probably migrated the farthest,
that is, at least several meters in the past 10,000 years.
Natural analogues also are being used to show dif-
ferences in the long-term mineralogical stability of
bentonite under different temperature conditions.
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7 The purpose of this latter study has been to develop methods and instrumentation for hydrogeologic investigation, to develop a numeric
model for evaluating ground-water flow, and to collect data for validation in ground-water flow models (Yusa et al., 1992). At
Kamaishi, data have been collected to study the chemical properties, origin, and age of the ground water, and ground-water flow
experiments were performed to predict the spatial extent and dimension of water-bearing zones by means of radar tomography (PNC
1993).



In the past (e.g., NWTRB 1990b and NWTRB 1991b),
the Board has supported the potential use of natural
analogue studies to increase the current under-
standing of processes for the transport and alteration
of materials over long time periods. At that time, the
DOE had a number of analogue-related studies
either under way or planned; the DOE also has sup-
ported international analogue studies in the past.
However, recently, as a result of budget and time
constraints, analogue studies are not being pursued
as they were in the past.

The Japanese program may offer some important
insights on the value of studying indigenous natural
analogues, both in terms of building scientific evi-
dence and in explaining important concepts to the
public. When using natural analogues, problems
may exist concerning the extent to which the ana-
logue is really analogous to the conditions with
which one is concerned. If such concerns can be
addressed, however, these analogues can provide
very powerful and confirming evidence to the public
and to the scientific community as to the accuracy of
long-term scientific projections.

Overall Approach to Nuclear Waste
Management

Underlying the differences in the scientific and tech-
nical approaches taken in the programs of the
United States and Japan is a fundamentally different
approach to the management of their respective nu-
clear waste programs. This is a result of different
historical, political, cultural, and institutional factors
— a few of which are highlighted in the following
section.

Long-Term Commitment to Reprocessing Spent
Nuclear Fuel and Building Energy Independence

The Atomic Energy Commission (JAEC) of Japan
recently reaffirmed in its 1994 report (JAEC 1994)
Japan’s long-term commitment to reprocessing
spent nuclear fuel in its efforts to maintain and build
the country’s energy independence.8 The JAEC indi-
cated that the Rokkasho-mura reprocessing plant,
which will have an annual reprocessing capacity of
800 metric tons, is under construction and will be
commissioned shortly after the year 2000. Also indi-
cated was that a decision on the capacity and tech-
nology of a second reprocessing plant will be needed
in around 2010 to ensure handling of all of the spent
fuel that eventually will be generated by Japan’s re-
actors (currently 46 reactors at 7 sites with the potential
for 7 new sites in the foreseeable future).9

Members of the JAEC state their belief that uranium
resources will become much more valuable by the
middle of the next century. They believe nuclear
energy, combined with conservation and develop-
ment of alternative energy sources, will be required
in the energy mix. The JAEC also states that the
world’s increasing demand for energy (90% of which
comes from fossil fuels) will exhaust supplies if the
demand continues to grow at its current rate. The
JAEC calls for nuclear fuel recycling to increase the
effective use of uranium resources. The JAEC makes
a case for energy independence, the use of nuclear
energy for only peaceful purposes, and the promo-
tion of nuclear power combined with other energy
sources worldwide.

In contrast, the prospects for reprocessing civilian
spent nuclear fuel in the United States were effec-
tively dead by the early 1980s. Some of the reasons
for the development of U.S. policy in this direction
are outlined in the Board’s 1993 summary report
(NWTRB 1994b).
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8 This commitment was also noted by the Board in its visit to the integrated fuel cycle center at the Rokkasho-mura site, where a
full-scale commercial reprocessing facility is being built, and in its tour of a demonstration reprocessing plant at Tokai Works.

9 The Japanese have designed a unitized approach to building a reprocessing plant; it permits expansion through the addition of units as
needed.



No Disposal Agency, No Potential Sites, and No
Regulations

In Japan, no implementing waste disposal agency or
potential sites for a permanent repository currently
exist, and there appears to be no rush to establish
either. Safety regulations address radiation stand-
ards for people, but none exist specific to disposal.
The Japanese approach, which is quite the opposite
of that emerging in the United States, is to defer all
decisions about siting until such time as the follow-
ing are completed: extensive generic nuclear waste
R&D, site-specific research in two underground re-
search laboratories, technically sound disposal of low-
level waste, operating reprocessing facilities, and
long-term storage for high-level reprocessing waste.
In its most recent report, the JAEC states it this way:

The most important remaining task for the sake of
ensuring a consistent system of nuclear power
generation is the establishment of ways of appro-
priately accomplishing treatment and disposal of
radioactive waste and decommissioning. The ten-
tative target for the disposal site is the 2030’s or
by around 2045 at the latest, but the actual deci-
sion on construction and commissioning will be
made on the basis of comprehensive judgment
that takes into account the time needed before
construction of the disposal facility, the rate of
progress in the reprocessing program, and other
future circumstances in Japan’s development and
utilization of nuclear energy (JAEC 1994).

Based on the many ongoing developments in Japan’s
nuclear program, it is clear that a strong emphasis
remains on pursuing a full-scale expanded nuclear
power program, while the decision has been made to
move very deliberately and without regard to time
schedules toward safely disposing of high-level
waste. This more deliberate pace may reflect both the
existence of adequate interim storage capability for
high-level waste and a slowdown of the program
following the protests that took place in the late
1980s against efforts to site nuclear facilities. In Ao-
mori prefecture, for example, more than 10,000 peo-

ple demonstrated in 1989 against the establishment
of an integrated fuel cycle center at the Rokkasho-
mura site.10

A step-wise approach to developing a permanent
high-level waste repository has evolved, as reflected
in changes in national law and organizational re-
sponsibilities. The emphasis is now placed on devel-
oping and testing a waste management system
concept in ways that are understandable and ex-
plainable to the public, combined with extensive in-
situ work that will help explain the performance of
several geologies under the volcanic, seismic, and
ground-water conditions common to Japan.

In the United States the situation is different. In 1982
a federal statute (the Nuclear Waste Policy Act) re-
quired the DOE to enter into contracts with the utili-
ties to dispose of civilian spent nuclear fuel.
According to some nuclear utilities and state com-
missions that regulate consumer rates, the DOE is
contractually obligated to take title to the spent fuel
for disposal no later than January 31, 1998. Although
the Nuclear Waste Policy Act holds the DOE respon-
sible for disposal, the act holds the utilities responsi-
ble for storing the fuel on an interim basis. In the
Nuclear Waste Policy Amendments Act of 1987, the
U.S. Congress narrowed potential repository sites
from three to one; a site at Yucca Mountain, Nevada,
was identified as the single site for characterization.
Current U.S. policy directs the DOE to characterize
the site. If it is determined suitable by the DOE, then
the Secretary will recommend the site to the U.S.
President, who, in turn, would make a recommenda-
tion for development to the U.S. Congress. The po-
tential host state, Nevada, can veto the President’s
designation, but the final decision rests with Con-
gress. If Congress approves the site, an application
for a license to construct a repository will be submit-
ted to the NRC.

Consequently, in the United States, under ongoing
pressure from the utilities — which want timely
waste removal from their premises — the DOE11 is
attempting to characterize the Yucca Mountain site
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10 Despite the public protests of 1989, all the facilities — a low-level waste disposal site, reprocessing plant, spent fuel storage pool, and
high-level vitrified waste storage facility — were either in operation or under construction during the Board’s visit.



with all due speed. This process has been subject to
revised schedules as deadlines have been missed.
The DOE’s current goal, should the Yucca Mountain
site be found suitable as a potential repository, is to
submit a license to the NRC by 2001 and to begin
emplacing the spent fuel by 2010.

R&D Work Versus the Eventual Characterization,
Siting, and Construction of a Repository

In Japan, the policies that have been enacted over the
past few years are centered on a desire to separate
completely the generic research R&D work leading
up to the siting of a potential repository and the
process of selecting and characterizing a potential
site and building a repository. The effort to separate
the two officially began in 1992 in a report issued by
the JAEC’s Advisory Committee on Radioactive
Waste. This report established a new “vision” to help
implement Japan’s high-level radioactive waste dis-
posal program. The JAEC reiterated this policy in its
1994 policy report.

As the policy has evolved, the national government
assumed responsibility for ensuring final disposal.
Then, in 1993, the Steering Committee on High-
Level Radioactive Waste Project was created to help
facilitate smooth implementation of the high-level
waste disposal program. PNC has been given re-
sponsibility for building a comprehensive and easily
understood generic disposal research and develop-
ment program, followed by the siting of more than
one underground research laboratory to study the
characteristics of Japanese geology and other condi-
tions.12 During the Board’s visit, the Japanese
stressed that their R&D work was generic in nature
and not related to siting a repository. In the case of
R&D work at the Kamaishi mine, the PNC has even
agreed to cease all in-situ work in 1998 to assure the
surrounding localities that the mine will not be de-
veloped into a permanent repository.

In contrast, the U.S. program has evolved into one
where both generic, above- and below-ground re-
search, and, repository-specific research are being
focused at the same location — Yucca Mountain,
Nevada. The DOE has the task of performing generic
and site-specific research, determining site suitabil-
ity, and if suitable, submitting various license appli-
cations for an operating repository in approximately
15 years.

Provisions For Long-Term Interim Storage

Japan’s basic policy calls for reprocessing spent fuel,
and conditioning and stabilizing the high-level ra-
dioactive waste in solid form in stainless steel canis-
ters, followed by storage for 30-50 years. The
purpose of long-term interim storage is to cool the
waste to well below boiling prior to disposal. The
utilities in Japan have been given and have accepted
responsibility for the long-term interim storage of all
their wastes as well as the disposal of low-level
waste. Japan Nuclear Fuel Limited, in addition to
constructing a shallow land burial facility for the
disposal of low-level waste and a full-scale spent
fuel reprocessing facility, is building a facility for the
long-term storage of high-level reprocessed waste to
be returned from overseas, and a storage pool for
spent fuel at the Rokkasho-mura site. These facili-
ties, combined with at-reactor pool storage, will pro-
vide sufficient interim storage for high-level waste
and disposal capacity for low-level waste for the
foreseeable future.

As already mentioned, in the United States the utili-
ties are responsible for spent fuel storage until accep-
tance for disposal by the DOE. As a result, the United
States does not have a specific plan for long-term
interim storage for its civilian spent nuclear fuel;
where needed, interim storage will be taking place at
reactor sites until the DOE begins receipt of the spent
fuel. Because repository operations — originally
planned for 1998 — have been delayed,13 questions
about long-term storage have arisen, particularly
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11 The U.S. Congress has designated the DOE the implementing agency for managing civilian spent fuel disposal.
12 The nuclear utilities were assigned the role of paying for disposal and playing a role even in the research and development stage.
13 Current DOE projections put the date for repository operations to begin in 2010.



among utilities who are running out of pool storage
space. The DOE sees a partial solution to the interim
storage question in the creation, licensing, and de-
ployment of multipurpose canisters. If the DOE can
design these canisters and have them licensed by
1997, then the DOE believes it would be able to begin
delivering the canisters to the utilities in 1998. These
canisters would be filled with spent fuel, sealed, and
dry-stored at reactor sites until a site for a centralized
interim storage facility is found or the repository
begins operations.14

Public Information and Outreach

Despite many differences, both the Japanese and the
U.S. nuclear waste programs must gain broad public
understanding and acceptance of the risks involved
before any spent nuclear fuel or high-level waste will
be disposed of.15 Different approaches aimed at
gaining public understanding are emerging. These
range from the U.S. challenge of increasing public
understanding of risks involved in spent fuel dis-
posal early in the process, even as the site-charac-
terization work is going on, to the Japanese
approach,16 which appears to be to increase public
understanding of the generic issues involved while
delaying the decision to select a site. Instead, the
government of Japan has indicated it will revisit
efforts to site a repository in the distant future. For
the time being, the Japanese are developing a strong
generic R&D program aimed at building a solid pro-
fessional consensus and informing the public on the
scientific and technical dimensions of the risks in-
volved in disposing waste over a long period of
time.17

International Outreach

Those involved in the scientific and technical work
in Japan’s nuclear waste program have extensive

and continued contact with their counterparts in
many countries. Young scientists from PNC are sent
abroad for extensive periods of time to work on
specific experiments, pick up emerging research
tools and techniques, and become more involved
with the international technical community. This
seems to be done in a fairly systematic fashion so
that the knowledge these individuals have gained
can be put to long-term use when they return to
Japan. This approach seems to contribute to Japan’s
ability to adapt the best approaches, thoughts, and
work from other countries’ programs in developing
its own. Perhaps this approach and the ensuing
benefits are possible in Japan because employees
tend to spend their careers in the same field with the
same organization or company. It may be worth ex-
ploring to see if some variation on the Japanese ap-
proach could be initiated in the United States —
perhaps a variation more conducive to the nature,
style, and organization of the U.S. program.

Conclusions

The U.S. program for nuclear waste management
and disposal differs from its Japanese counterpart. In
Japan, spent fuel is reprocessed domestically and
abroad. A strong national policy exists to expand
nuclear production and to improve Japan’s capabil-
ity to do so. Long-term interim storage is an integral
part of the program and is generally accepted. No
organization will be assigned responsibility for high-
level waste disposal until after the year 2000, and
there are no regulations explicitly governing the dis-
posal of high-level waste. There will be no efforts to
designate a specific repository site for many years to
come, and every effort has been made to separate
current generic R&D work from an eventual deci-
sion to select a site.

The Japanese have adopted a cautious, step-wise
approach to developing a permanent repository pro-
gram. This approach reflects a concerted effort to
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14 The DOE also had been supporting the work of the U.S. Nuclear Waste Negotiator to secure a volunteer host for such an interim
storage facility, but a volunteer site was not designated, and the negotiator’s office has recently been closed.

15 In fact, all of the programs in the countries visited by the Board to date share this challenge.
16 Also the Canadian approach, and to some extent, the approaches being used in France and Sweden.
17 Canada has also taken this approach.



distinguish between nuclear waste R&D work and
eventual site-selection and characterization work.
So, although facing the prospect of siting, designing,
and constructing a repository in difficult geologic
and hydrologic conditions, those involved in Japan
will have the benefit of decades of R&D work world-
wide in the geology eventually selected. A fairly
detailed approach has been articulated. This in-
cludes the use of multiple, engineered barriers to
contain the waste and to build reliability and safety
into the system. The approach will be tested through
extensive generic, laboratory-based, and under-
ground research well before a permanent site is se-
lected or disposal safety standards are promulgated.
The tentative target date is to commission a reposi-
tory in the 2030s or by approximately 2045 at the
latest.

In contrast, the United States has chosen to dispose
of its spent fuel directly and as soon as possible. In
response to public and political outcry in the 1980s
over efforts to select two sites nationwide, the U.S.
Congress chose to react in a very different manner
from the Japanese, who slowed down their program
in the face of similar public outcry. Instead of aban-
doning the site-selection process, the Congress se-
lected Yucca Mountain as the sole site to be
characterized. The Congress assigned the DOE the
responsibility of performing generic and site-spe-
cific research, determining site suitability, and sub-
mitting a license for a repository in approximately 15
years time. The DOE’s original plan had been to rely
heavily on the natural geology to isolate the ra-
dionuclides, using a thin-walled waste package em-
placed in vertical boreholes located in drifts well
above the water table. This approach is changing,
however, and a precise rationale for or explanation
of a strategy for relying on specific engineered and
natural barriers for performance is just emerging.

In addition, while the DOE is continuing work to
satisfy the present safety standards and regulations
set forth by the EPA and the NRC, these regulations
are subject to change pending the outcome of a con-
gressionally mandated review being conducted by

the National Academy of Sciences. In the meantime,
spent fuel remains stored at nuclear reactor sites.

Recommendation

After a review of the radioactive waste management pro-
gram in Japan, the Board recommends that the U.S. pro-
gram examine and keep abreast of activities under way in
the Japanese program in the six specific areas listed below.

Whether Japan or the United States will be able to
site and build a repository that the public deems safe
remains to be seen. Each country has taken a very
different approach to implementing its respective
disposal program for high-level waste and spent nu-
clear fuel. In making its trip to Japan, the Board
asked itself if, “given these differences, are there any
insights to be gained from the Japanese program that
are of potential benefit to the U.S. program?”18 The
Board identified six areas.

Seismic and volcanic hazard assessment. Because
Japan is prone to active faulting, earthquakes, and
volcanism, PNC is conducting extensive research
into the potential effects of earthquakes and volca-
noes on the geology and hydrology. It might be help-
ful for the U.S. program to keep abreast of this work,
to determine if it provides any insights into whether
earthquake-induced changes in the hydrologic re-
gime of the potential site at Yucca Mountain, Ne-
vada, are a significant concern.

Engineered barriers. Because the nature of geologic
conditions in Japan prevents an exclusive reliance on
the natural barriers for repository performance, em-
phasis has been placed on designing a multi-barrier
approach that includes a very robust EBS. There may
be some benefit in looking at the rationale and ap-
proach the Japanese have developed as the U.S. pro-
gram works to define more precisely potential EBS
and the natural barrier roles in containing and isolat-
ing waste in the unsaturated and saturated zones, as
at the potential repository site at Yucca Mountain,
Nevada.
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but that was not the focus of the Board’s trip.



Natural analogues. In Japan, analogue studies are be-
ing conducted to assess the long-term durability of
potential materials that could be used in an engi-
neered barrier system and in the mobility of natural
radionuclides. There may be some important in-
sights in this work for the U.S. program, both in
terms of building scientific evidence on the very
long-term geologic processes and in explaining im-
portant and difficult-to-understand concepts to the
public.

Accepted long-term plans for interim storage. The Japa-
nese have developed long-term interim storage for
high-level waste that seems acceptable to the gov-
ernment, utilities, and general public. In contrast, the
DOE has been seeking for years a solution to long-
term interim storage of spent nuclear fuel that is
acceptable to the industry and general public. Some
U.S. nuclear utilities do not want to store their spent
fuel at their reactor sites, and the vast majority of the
public does not want spent fuel stored near them,
especially if that fuel is from other states. The U.S.
program might gain some insights by looking at
how Japan assigns responsibility for interim storage
of spent fuel and high-level waste, as well as the
political and institutional developments that re-
sulted in the creation of the Rokkasho-mura inte-
grated fuel cycle center, where spent fuel and
high-level waste storage facilities currently are un-
der construction.

The importance of generic R&D work versus site selection
and characterization work. The Japanese policies en-

acted over the past few years have centered on com-
pletely separating the generic research and develop-
ment work leading up to the siting of a repository
from the process of selecting and characterizing a
potential site. Although there may be disadvantages
to this approach from a scientific and technical per-
spective, one advantage may be that the overall
high-level waste disposal program will be imple-
mented more gradually and smoothly and better
understood. As a consequence, the approach may be
more acceptable to the general public. Although
Congress requires the U.S. program at present to
conduct site-specific research and development,
there may be some benefit in looking at the effects in
the Japanese program of separating generic R&D
from site-selection activities. This review could be
done with an eye toward building a comprehensive
and sound scientific and technical program.

International outreach. Those involved in the scientific
and technical work in Japan’s nuclear waste pro-
gram have extensive and continued contact with
their counterparts in many other countries. This is
done in a systematic manner, which includes send-
ing young scientists abroad for a number of years to
conduct research and learn from the programs of
other countries. Although the U.S. program has sent
many scientists overseas in collaborative projects, it
seems to have been organized very differently. There
is not the same continuity in employment within
U.S. organizations, and it may be worth exploring to
see if some variation of Japan’s approach could be
initiated in the United States.
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