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EXECUTIVE SUMMARY

This report is a review and update of the 2002 National Research Council report,
Technical Issues Related to the Comprehensive Nuclear Test Ban Treaty (CTBT) (hereafter the
2002 Report). The committee was asked to assess:

e plans to maintain the safety and reliability of the U.S. nuclear stockpile without nuclear-
explosion testing;

o the U.S. capability to detect, locate, and identify nuclear explosions;

e commitments necessary to sustain the stockpile and the U.S. and international
monitoring systems; and

e potential technical advances countries could achieve through evasive testing and
unconstrained testing.

Provided that sufficient resources and a national commitment to stockpile stewardship
are in place, the committee judges that the United States has the technical capabilities to
maintain a safe, secure, and reliable stockpile of nuclear weapons into the foreseeable future
without nuclear-explosion testing. The Administration, in concert with Congress, should
formulate and implement a comprehensive plan that provides a clear vision and strategy for
maintaining the nation’s nuclear deterrence capabilities and competencies, as recommended in
the 2010 Nuclear Posture Review and related studies. Sustaining these technical capabilities
will require action by the National Nuclear Security Administration (NNSA), with the support of
others, on at least the following elements:

e a strong scientific and engineering base maintained through a continuing dynamic of
experiments linked with analysis;

a vigorous surveillance program;

adequate ratio of performance margins to uncertainties;

modernized production facilities; and

a competent and capable workforce with a broad base of nuclear security expertise.

The United States has technical capabilities to monitor nuclear explosions in four
environments—underground, underwater, in the atmosphere and in space. Technical
capabilities have improved significantly in the past decade, although some operational
capabilities are at risk. Seismology, the most effective approach for monitoring underground
nuclear-explosion testing (the environment in which all known nuclear-explosion tests have
been conducted since 1980), now provides much more sensitive detection, identification, and
location of explosions. Most of the seismic stations of the International Monitoring System (IMS)
under the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) are operating now,
and the 90 percent confidence levels for IMS seismic detection are well below 1 kiloton (kt)
worldwide for fully coupled explosions. With the inclusion of regional monitoring and improved
understanding of backgrounds, an evasive tester in Asia, Europe, North Africa, or North
America would need to restrict device yield to levels below 1 kt (even if the explosion were fully
decoupled) to ensure no more than a 10 percent probability of detection by the IMS.

The United States’ global monitoring capabilities, or national technical means (NTM),
provide monitoring capability that is superior to that of the IMS and can focus on monitoring
countries of concern to the United States. However, the IMS provides valuable data to the
United States, both as an augmentation to the U.S. NTM and as a common baseline for
international assessment and discussion of potential violations when the United States does not
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wish to share NTM data. Thus, the United States should support both the completion of the IMS
and its operations, training and maintenance, whether or not the Comprehensive Nuclear Test
Ban Treaty (CTBT) enters into force.

Constraints placed on nuclear-explosion testing by the monitoring capabilities of the
IMS, and the better capabilities of the U.S. NTM, will reduce the likelihood of successful
clandestine nuclear-explosion testing, and inhibit the development of new types of strategic
nuclear weapons. The development of weapons with lower capabilities, such as those that
might pose a local or regional threat, or that might be used in local battlefield scenarios, is
possible with or without the CTBT for countries of different levels of nuclear sophistication.
However, such developments would not require the United States to return to testing in order to
respond because it already has—or could produce—weapons of equal or greater capability
based on its own nuclear-explosion test history. Thus, while such threats are of great concern,
the United States would be able to respond to them as effectively whether or not the CTBT were
in force.

A technical need for a return to nuclear-explosion testing would be most plausible if the
United States were to determine that adversarial nuclear activities required the development of
weapon types not previously tested. In such a situation, the United States could invoke the
supreme national interest clause and withdraw from the CTBT.

As long as the United States sustains its technical competency, and actively engages its
nuclear scientists and other expert analysts in monitoring, assessing, and projecting possible
adversarial activities, it will retain effective protection against technical surprises. This
conclusion holds whether or not the United States accepts the formal constraints of the CTBT.
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PREFACE

The Office of the Vice President and the White House Office of Science and Technology
Policy requested this study, which was carried out under contracts with the Department of State
and Department of Energy, with additional support from the Carnegie Corporation of New York
and the National Academy of Sciences. The committee formed by the National Research
Council (NRC) to carry out the study has conducted a review and assessment of changes in
technical issues that have occurred since the NRC’s previous report on this topic, Technical
Issues Related to the Comprehensive Nuclear Test Ban Treaty (NRC, 2002). In particular the
committee was asked to address the following:

1) The risks in ensuring, over the longer term, a safe and reliable nuclear weapons
stockpile absent underground nuclear-explosion testing, particularly including the
experience of the U.S. stockpile stewardship program. (See Chapter 1)

2) The status of nuclear-explosion detection, taking into account the operating experience
of the international monitoring system and improvements in U.S. national technical
means in the last decade. (See Chapter 2)

3) The commitments required to sustain the U.S. stockpile and effective nuclear explosion
monitoring. (See Chapter 3)

4) The potential technical advances to nuclear-weapon capabilities that might be gained by
other countries from testing that might escape detection compared with those advances
available with a return to full-yield testing in a non-test-ban environment.

(See Chapter 4)

In addition, some further emphasis on certain issues was provided to the committee at
its first meeting by Under Secretary of State for Arms Control and International Security, Ellen
Tauscher, and Under Secretary of Energy for Nuclear Security and National Nuclear Security
Administration Administrator, Thomas D’Agostino. They requested that the committee include its
views in the study on (1) research that could improve or address shortfalls in monitoring
capabilities, (2) the 2008 Comprehensive Nuclear-Test-Ban-Treaty Organization (CTBTO)
Integrated Field Exercise and the utility of on-site inspections as a verification tool, (3) lessons
learned from the 2006 and 2009 DPRK nuclear explosions, and (4) the possible effects of
undetectable cheating. Items 1-3 are discussed in Chapter 2, and item 4 is discussed in Chapter
4.

In the course of this study, the committee has benefited from the invaluable assistance
of many dedicated experts in different aspects of these issues, including representatives of U.S.
government agencies and the Preparatory Commission of the CTBTO. Those who spoke to the
committee at its meetings are listed in Appendix B. The committee was also granted access to
the 2010 CTBT National Intelligence Estimate (NIE) and other intelligence reports relevant to
the issues it was asked to address.

The Subcommittee on Seismology (see the biographies of members in Appendix A) was
separately constituted for the purpose of providing input to the parent committee. At the
direction of the committee, the subcommittee produced written input on seismology issues
identified by the committee and interacted with the committee as needed. The subcommittee
also raised issues to the committee that in its view had a material bearing on the committee’s
work. In cooperation with subcommittee members, the committee integrated the subcommittee’s
material into the committee’s report and worked with the subcommittee to produce technical
appendices to further explain certain issues related to the report. We would especially like to
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thank subcommittee member William Walter of Lawrence Livermore National Laboratory for his
extraordinary work to see the study to completion.

This report has been reviewed in draft form by individuals chosen for their diverse
perspectives and technical expertise, in accordance with procedures approved by the National
Academies’ Report Review Committee. The purpose of this independent review is to provide
candid and critical comments that will assist the institution in making its published report as
sound as possible and to ensure that the report meets institutional standards for objectivity,
evidence, and responsiveness to the study charge. The review comments and draft manuscript
remain confidential to protect the integrity of the process.

We wish to thank the following individuals for their review of this report: John Ahearne,
Sigma Xi, The Scientific Research Society; Mona Dreicer, Lawrence Livermore National
Laboratory; John Foster, Northrop Grumman Aerospace Systems; Ward Hawkins, Los Alamos
National Laboratory; Stephen LaMont, Los Alamos National Laboratory; Cherry Murray, Harvard
University; C. Paul Robinson, Sandia National Laboratories; Lawrence Welch, Institute for
Defense Analyses; and Jay Zucca, Lawrence Livermore National Laboratory.

Although the reviewers listed above have provided many constructive comments and
suggestions, they were not asked to endorse the conclusions or recommendations, nor did they
see the final draft of the report before its release. The review of this report was overseen by
Richard Meserve and Russell Hemley, both from the Carnegie Institution for Science. Appointed
by the National Academies, they were responsible for making certain that an independent
examination of this report was carried out in accordance with institutional procedures and that
all review comments were carefully considered. Responsibility for the final content of this report
rests entirely with the authoring committee and the Academy.

In the following chapters, we review the technical changes related to the U.S. nuclear
stockpile and to nuclear-explosion test monitoring that have occurred in the past ten years and
place these in the context of their significance for national security. The discussion covers
maintaining a safe, secure, and reliable nuclear stockpile; maintaining and expanding the ability
to place clandestine testers at risk of detection via an effective monitoring capability; sustaining
the U.S. human and physical infrastructure of these capabilities; and assessing the risks of
undetected clandestine testing in contrast to the risks of full-yield nuclear-explosion testing
unhindered by international agreements. To the extent that weapons laboratory management
and contracting issues impinge on the quality of the nuclear weapons workforce and the
sustainability of critical technical capabilities, the committee has commented on these issues.

The committee prepared both a classified and an unclassified version of this report. The
National Research Council completed its peer review of the reports in March 2011 and then
turned over the reports to the sponsoring agencies for security review. The committee updated
data in the reports during the security review, but some text and figures reflect the March 2011
date the reports were sent to the agencies. The findings and recommendations are identical in
the two versions, except for a few cases in which classified passages are paraphrased in the
unclassified report.

For the benefit of the reader, a glossary of specialized terms from the 2010 CTBT NIE is
provided as Appendix K.

Ellen D. Williams
Chair
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