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Report to Congress
on Stockpile Reliability, Weapon
Remanufacture, and
the Role of Nuclear Testing

Abstract

This report has been prepared in response to a request from Congressmen L. Aspin,
N. D. Dicks, D. B. Fascell, E. J. Markey, and J. M. Spratt, and Senator E. M. Kennedy, to
Dr. Roger Batzel, the Director of the Lawrence Livermore National Laboratory (LLNL).
Dr. Batzel was asked to make Dr. Ray Kidder available to study two issues: (1) “whether
past warhead reliability problems demonstrate that nuclear explosive testing is needed to
identify or to correct stockpile reliability,” or (2) “whether a program of stockpile inspec-
tion, nonnuclear testing, and remanufacture would be sufficient to deal with stockpile
reliability problems.” In his response, Dr. Batzel indicated that Dr. Kidder would be avail-
able to perform the requested study, and that materials would be made available to him
for his review. Dr. Batzel also indicated that Dr. George Miller, Associate Director for
Defense Systems at LLNL, would prepare a separate report analyzing the issues. This
report presents the findings of Dr. Miller and his coauthors.

Chapter 1 examines the reasons for nuclear testing. Although the thrust of the re-
quest from Congressman Aspin et al., has to do with the need for nuclear testing as it
relates to stockpile reliability and remanufacture, there are other very important reasons
for nuclear testing. Since there has been increasing interest in the U.S. Congress for more
restrictive nuclear test limits, we have addressed the overall need for nuclear testing and
the potential impact of further nuclear test limitations.

Chapter 1 also summarizes the major conclusions of a recent study conducted by the
Scientific and Academic Advisory Committee (SAAC) for the President of the University
of California; the SAAC report is entitled, “Nuclear Weapon Tests: The Role of the
University of California-Department of Energy Laboratories.” The SAAC spent many
days at LLNL and LANL in direct discussions with numerous experienced weapon de-
sign personnel. They received classified briefings and read classified material on the
subjects of weapon reliability, the role of nuclear testing, and the measures the Labora-
tories have been taking to prepare for further nuclear test limitations. There was much
interchange and discussion on these topics. The depth of the SAAC study far exceeds
that of any other independent review of these topics.

Chapter 2 presents a brief history of stockpile problems that involved post-deploy-
ment nuclear testing for their resolution. Chapter 3 addresses the problems involved in
remanufacturing nuclear weapons, and Chapter 4 discusses measures that should be
taken to prepare for possible future restrictive test limits.



Executive Summary

This report was prepared in response to a re-
quest from Congressmen L. Aspin, N.D. Dicks,
D. B. Fascell, E.]. Markey, and ]J. M. Spratt, and
Senator E. M. Kennedy (see Appendices A and B).
We address their questions of “whether past war-
head reliability problems demonstrate that
nuclear explosive testing is needed to identify or
to correct stockpile reliability, or alternatively,
whether a program of stockpile inspection, non-
nuclear testing, and remanufacture would be suf-
ficient to deal with stockpile reliability problems.”

The answer to the first question is “yes.” Past
experience indicates that nuclear testing is neces-
sary to identify and correct problems in the stock-
pile. Although we have learned from each case,
some problems have been very recent. Therefore,
we believe that for the foreseeable future, contin-
ued nuclear testing will be necessary to maintain
stockpile reliability.

The answer to the second question is a quali-
fied “yes” over the short term and a definite “no”
over the longer term. Over the short term, experi-
enced scientists and engineers would probably be
able to deal with stockpile reliability concerns
about as well as they do now; we currently have a
high level of confidence in the stockpile, but some
problems do arise. The “short term” is the time it
takes for the scientific judgment and expert ca-
pabilities of weapon scientists and engineers to at-
rophy in the absence of nuclear test experience.
This time may be as short as three to five years, as
we found during the Nuclear Test Moratorium of
1958-1961 (Reference 1). Measures taken to pre-
pare for further test restrictions can slow the ero-
sion of capability but they cannot stop it.

Before one can assess whether further nuclear
test limitations are advisable, the technical and
national security issues involved must be thor-
oughly addressed. Only then can the risks and
benefits of additional nuclear testing constraints
be evaluated. In this report, we present our views
on the technical issues, supported by historical
and technical facts, many of which are presented
for the first time in an unclassified publication.

Nuclear Testing in the Context of
U.S. Policy

The debate about nuclear testing has focused
mostly on the issue of stockpile reliability. The
discussion should, in fact, be much broader and
examine the role of nuclear testing in the context
of the U.S. policy of deterrence. Current U.S. strat-

egy is to deter nuclear and conventional war by
maintaining a credible and effective retaliatory ca-
pability that can respond in a limited and propor-
tional way to an act of aggression. Deterrence thus
is a dynamic condition and, as such, must be
responsive to military and technological
developments.

Nuclear testing supports deterrence in four
important ways. First, nuclear tests are required to
maintain the proper functioning of the stockpile.
Second, nuclear tests are needed to modernize the
existing stockpile for enhanced safety, security,
and effectiveness. The advance of Soviet technol-
ogies, most of which are nonnuclear, requires the
modernization of U.S. weapon systems to ensure
their survivability. Examples of such moderniza-
tion needs are the mobile small ICBM (SICBM),
the longer range TridentII submarine-launched
ballistic missile, and the fast, low-flying B-1B
bomber; nuclear testing is needed to verify the
warheads for these systems. Third, nuclear tests
are required to measure the effects of a nuclear
weapon environment on U.S. weapon systems
and on critical command, control, and communi-
cations systems. Finally, nuclear tests make it pos-
sible to identify future weapon concepts for U.S.
decision-makers and to stay abreast of potential
Soviet nuclear weapon developments, thus avoid-
ing technological surprise. While these reasons for
testing are all vitally important, in this report we
focus on the issues related to stockpile reliability.

The Need for Nuclear Testing to
Resolve Stockpile Problems

The reliability of U.S. nuclear weapons is cur-
rently very high because we have been able to
sustain a balanced program of weapons physics
tests, stockpile confidence tests, and production
verification tests. At issue are the conditions for
maintaining high confidence in this reliability. Ex-
perience has shown that testing is essential. One-
third of all the weapon designs placed in the U.S.
stockpile since 1958 have required and received
post-deployment nuclear tests to resolve prob-
lems. In three-quarters of these cases, the prob-
lems were identified as a result of nuclear testing,.
The important point here is that in each case, the
weapon was thought to be reliable and ade-
quately tested when it entered the stockpile. Prob-
lems resulted from aging, from concerns about
safety, from environmental effects, or from a later



realization that our understanding of the weap-
on’s physical behavior was incomplete.

Let us emphasize that although a number of
weapons in the stockpile have required nuclear
tests to evaluate or correct problems, most of the
problems encountered with the stockpile have
been fixed without nuclear tests to certify the
changes. This has been possible only because the
designers and engineers involved could make in-
formed judgments about the problem—judgments
that drew on years of experience in actual nuclear
testing. Nuclear testing, thus, has a vital role in
assuring confidence in all U.S. nuclear weapons.

Some have claimed that many of the stock-
pile problems were the result of deploying weap-
ons that were not “thoroughly tested.” There is no
such thing as a “thoroughly tested” weapon. Bud-
getary limitations make it impossible to test
nuclear weapon designs under all possible condi-
tions (e.g., delivery environments, defensive
threat levels, target requirements, storage histor-
ies, safety and security requirements). When a
weapon is developed, we test it as thoroughly as
we judge to be appropriate to define the bound-
aries of reliable operation. We conservatively bal-
ance factors affecting reliability against those af-
fecting cost. However, not all of the important
factors may be known or assessable ahead of
time. We test to the level of performance required
to meet the military characteristics (MCs) speci-
fied by the Department of Defense (DOD).

The military characteristics are prepared by
the DOD to specify the requirements for each
nuclear warhead. These requirements include, in
order of priority, nuclear safety, size and weight,
plutonium dispersal safety, operational reliability,
yield, conservative use of nuclear materials, and
operational simplicity. In the event that compli-
ance with the MCs leads to a design conflict, pri-
orities are to be observed in the order listed, with
tradeoffs that allow high-priority MCs to be met
while minimizing the degradation of the compet-
ing, lower-priority MCs. In 1982, the DOD estab-
lished an unprioritized MC for stockpile endur-
ance and replicability; these are stated to be
desirable goals to be achieved to the extent possi-
ble while meeting the other MCs.

Claims have been made that the success with
which we predict the yield of new nuclear devices
in their first nuclear tests indicates the reliability
and surety of weapon performance. It would,
however, be misleading to judge stockpile reli-
ability on this basis. Our success with first-time
predictions is indeed high. There are reasons for
this. First, the designers making the predictions

either have extensive test experience themselves
or their work is reviewed by senior designers with
extensive experience. Second, most new designs
are based on fairly conservative, previously estab-
lished technology. For the first test of a variation
of this technology, our designers build safe mar-
gins into the design. It is later, when the designers
begin to optimize a device for its intended
weapon application, to study it at environmental
extremes, or to incorporate structural, safety, or
security features, that margins are reduced and
performance sometimes falls short of prediction.

Weapon Remanufacture and the Need
for Nuclear Testing

The difficulties involved in “replica” remanu-
facture have been faced by all major U.S.
industries—aerospace, automobile, chemical and
materials, and engineering, as well as nuclear
weapon design and fabrication. Experience with
attempts at remanufacturing in all these industries
can be summarized in three important
conclusions.

First, exact replication, especially of older sys-
tems, is impossible. Material batches are never the
same; some materials become unavailable; equiv-
alent materials are never exactly equivalent; “im-
proved” parts often have new failure modes; dif-
ferent people (not those who did the initial work)
are involved in the remanufacturing; vendors go
out of business or stop producing some products;
new health and safety regulations prohibit the use
of certain materials or processes.

Second, documentation has never been suffi-
ciently exact to ensure replication. A perfect speci-
fication has never yet been written. We have
never known enough about every detail to specify
everything that may be important. Individuals in
the production plants learn to bridge the gaps in
the specifications and to make things work. Even
the most complete specifications must leave some
things to the individual’s common knowledge; it
would be an infinite task to attempt to specify all
products, processes, and everything involved in
their manufacture and use. Experts believe that it
would be extremely difficult to improve docu-
mentation enough to ensure replication by inex-
perienced personnel.

Third, testing is the most important step in
product certification; it provides the data for valid
certification. A nuclear test provides our only data
on the performance of the whole nuclear warhead
package. Tests, even with the limitations of small



numbers and possibly equivocal interpretation,
are the final arbiters of the tradeoffs and judg-
ments that have been made. They force people to
ask the right questions.

Today, design physicists and engineers with
extensive nuclear test experience at the relevant
yield levels could undertake a weapon remanu-
facture with confidence that the weapon would
perform about as well as the original version.
However, even such a group has had difficulty
predicting the behavior of some weapons recently
manufactured for the stockpile—in particular the
W68 Poseidon warhead and the W84 warhead for
the ground-launched cruise missile. (The W68 was
a remanufactured weapon.) In both cases, mea-
sured yields fell short of the predictions made by
test-experienced weapon designers on the basis of
production specifications. Even in retrospect and
taking into account the minor changes known to
exist between the development and stockpile
hardware, we have not yet been able to explain
the causes of these yield degradations. The
nuclear tests uncovered gaps in our knowledge
and revealed that important and as-yet-unidenti-
fied production details should have been
specified.

The W68 and W84 are relatively recent weap-
ons. The documentation and specifications for
older weapon systems are less complete. Al-
though documentation has improved since the
MC for replicability was established in 1982, our
experience with the W68 and W84 demonstrates
that the specifications are still insufficiently com-
plete to prevent subtle but apparently significant
variations from taking place. Improved documen-
tation will be helpful in remanufacturing the
newer weapon systems. However, confidence in
their performance would be lacking if they are
placed in the stockpile without relevant nuclear
testing and without certification by test-
experienced physicists and engineers.

It is important to emphasize that in the man-
ufacture of nuclear weapons, we are dealing with
practical problems. Idealized proposals about
what we should be able to do, without a proper
experience base, are prescriptions for failure.

The Importance of Scientific Judgment
and Continuity of Experience

Nuclear weapons are extremely complicated,
and they operate at conditions that are virtually
unique—at material velocities of millions of miles
per hour, under temperatures and pressures that

are hotter and denser than the center of the sun,
in time scales as short as a few billionths of a
second. Because of the complexity of nuclear
weapons and the limited rate at which they are
tested, nuclear weapon design is largely an em-
pirical science. Thus assessments of weapon
performance—whether for stockpile inspection,
new design, or remanufacture—depend primarily
on scientific judgment.

It takes years for designers to gain the experi-
ence on which they base their scientific judgment.
This judgment must be continually cultivated by
the application of theory and experiment to device
design and refined with data from nuclear tests.
We strive to maintain a continuous line of experi-
enced designers, as senior designers pass on their
knowledge to younger designers. This continuity
of experience is of paramount importance.

We expect, in the event of very restrictive test
limits, that in only a few years we would start to
lose the test-experienced people. After a while,
the people whose judgment has been honed by
the realities of nuclear testing would no longer be
available—they would have retired or moved on
to other fields. We would then be faced with the
prospect of asking scientists without nuclear test-
ing experience to make judgments about the inev-
itable changes that will occur in remanufactured
or stockpile weapons. This is a script for failure. If
today, test-experienced personnel have difficulty
explaining unexpected behaviors in the nuclear
weapons they themselves have designed, how in
the future will personnel without test experience
be able to establish confidence in weapons de-
signed by people long since gone?

Preparing for Further Nuclear Test
Limitations

We are continually studying ways to prepare
for further nuclear test limitations so that we can
maximize our ability to meet our responsibilities
for ensuring the reliability and effectiveness of
U.S. nuclear weapons. A number of measures
could help alleviate the impact of additional test
limitations, if they are vigorously pursued before
such restrictions are imposed. However, it is im-
portant to emphasize that, irrespective of any
amount of preparation, further test restrictions
will adversely affect confidence in the U.S.
nuclear weapon stockpile. In addition, there is no
way to ensure that the effect will be symmetric
between the U.S. and the Soviet Union. The risk
of such a loss in confidence needs to be carefully




weighed against the potential political gains of
new testing limitations.

Nuclear tests have played a necessary role in
helping us meet our responsibilities to ensure the
reliability and effectiveness of the stockpile. The
need for increased nuclear testing to prepare for
new test limits was most recently recognized in
1980 as part of the Augmented Test Program
(ATP), planned at the request of the Office of Sci-
ence and Technology Policy and in response to a
memorandum from the National Security Coun-
cil. The underlying purpose of the ATP was to
prepare for a Comprehensive Test Ban (CTB) by
placing “early emphasis on those areas of science
and technology that contribute most to reliability
and confidence of the stockpile.”

President Carter approved the ATP in princi-
ple, but he did not submit it to Congress for ex-
plicit approval and funding. Although in the years
since then, there has been some additional fund-
ing for nuclear testing, most of this increased
funding at LLNL has been earmarked for nuclear-
driven directed-energy programs for the Strategic
Defense Initiative (SDI); we cannot simulta-
neously sustain high levels of research on both
SDI and weapon physics with the current level of
funding. We believe that it would be advisable to
consider the equivalent of an ATP at this time. If
such a test program is to be successful and avoid
the fate of the 1980 ATP, it requires Congressional
endorsement, and sustained support will be
imperative.

Measures to prepare for more restrictive lim-
its and to help mitigate the problems caused by
more restrictive limits include nuclear tests to pro-
vide assurance about the reliability of the current
stockpile, verify the production of new weapons,
and improve our understanding of weapon phys-
ics. Expanded nonnuclear experimental facilities,
such as expanded hydrodynamic capabilities and
a High-Gain Test Facility for fusion research, and
advanced computing and numerical modeling ca-
pabilities would provide valuable supplements to
nuclear test data. Also helpful would be programs
to investigate means of certifying nuclear compo-
nents at reduced yields as well as nonnuclear
projects that use some of the same skills as the
current nuclear weapon programs. In addition,
nuclear weapons might be designed to reduce the
likelihood of material degradation with age or to
permit modification with less uncertainty about
their resulting performance. We are pursuing all
of these measures to the extent that funding and
the DOD’s military characteristics allow.

With the optimized stockpile that we pres-
ently possess, nuclear testing has played a key
role in maintaining confidence in reliability. It
should be mentioned here that with direction,
support, and a sustained testing and production
program, the stockpile could be reconfigured to be
less reliant on (but not totally free from) nuclear
testing to maintain reliability. Such an effort
would deal only with the testing issues associated
with reliability and would not address issues of
future modernization. Such a decision would have
a significant impact on the cost and capability
of the weapon delivery systems since the
reconfigured stockpile would generally consist of
larger, heavier nuclear systems.

Let us emphasize, however, that in preparing
for future, more restrictive test limits, these mea-
sures have only limited value. Nonnuclear and
low-yield nuclear experiments can maintain some
weapon skills but they cannot be used to solve
weapon problems. Computer calculations have
yet to (and may never) reach the stage where they
can replace nuclear tests. These measures provide
little guarantee that we will be able to fix future
stockpile problems or address new military require-
ments. They can help slow the erosion of scientific
expertise and judgment. They cannot stop it.

SAAC Review of Nuclear Weapon
Testing

The Scientific and Academic Advisory Com-
mittee (SAAC) advises the President and the Re-
gents of the University of California on matters
concerning the Livermore and Los Alamos Na-
tional Laboratories. Earlier this year, the SAAC
was asked to conduct a study on nuclear weapon
tests and the role of the University of California-
DOE laboratories (Reference 2). The committee
spent many days at both laboratories and met
with experienced weapon designers, physicists,
and engineers. The SAAC came to a number of
major conclusions that independently support the
technical points we have made above. In particu-
lar, they confirmed the historical need for nuclear
testing to maintain confidence in the reliability of
the stockpile. They noted the continued occur-
rence of problems requiring nuclear tests to re-
solve, and they acknowledged the impossibility of
“thoroughly testing” nuclear weapons under cur-
rent test limits and funding levels. They recog-
nized that the laboratories could develop more ro-
bust warheads if the military characteristic for



warhead endurance were given a specific high
priority. The SAAC acknowledged that the lab-
oratories have been making concerted efforts to
prepare for a CTB. They highlighted the serious
need to maintain qualified personnel with scien-
tific expertise during a CTB.

Conclusion

We believe that if further nuclear test limits
are determined to be desirable, then a detailed
study of the feasibility and impact of reducing
our reliance on underground nuclear testing is
needed. Such a study should be done in the con-
text of the overall arms control environment. The

study would investigate the changes in nuclear
design that might have to be made and the mili-
tary capabilities that might have to be relin-
quished in order to develop more robust
warheads. These issues must be addressed to de-
termine what could or could not be accomplished
under more restrictive test limits.

We are not ready today for significantly re-
duced nuclear test limits. Until we can find ways
to meet our responsibilities for ensuring the reli-
ability and effectiveness of U.S. nuclear weapons
and ways to prevent the erosion of nuclear
weapon expertise and judgment under restrictive
nuclear test limits, it would be imprudent to com-
mit this country to a regime of further nuclear test
limitations.



Chapter 1.

For such an important issue as nuclear test-
ing, it is necessary to understand clearly the tech-
nical issues so that an appropriate evaluation of
the risks and benefits of additional nuclear testing
constraints can be evaluated. This report demon-
strates, through multiple examples, that to guar-
antee excellence in our nuclear stockpile, we must
maintain an expert group of test-experienced sci-
entists and engineers, well-versed in the practical
details of nuclear weapon development and
testing,

The issues surrounding further restrictions on
nuclear testing must be examined in the context of
overall U.S. policy. The present U.S. nuclear pol-
icy is fundamentally one of deterrence. There is a
lack of consensus as to the nature of deterrence;
the spectrum of thought ranges from that of
“minimum” deterrence, which proposes that de-
terrence is maintained by a few survivable nuclear
weapons which threaten the opponents’ popula-
tion and industrial centers (Reference 3), to calcu-
lated deterrence, which deters limited and full-
scale attacks by threatening counters at the
appropriate level to acts of aggression (Refer-
ence 4). The strategy to implement the latter con-
cept of deterrence is called “Countervailing Strat-
egy,” which was stated clearly by Secretary of
Defense Harold Brown under President Carter
(Reference 5) and later adopted by President Rea-
gan. Deterrence is a very dynamic condition and
must be flexible and responsive to nuclear and
nonnuclear military and technological develop-
ments. Such developments include increased lev-
els of air defenses and antisubmarine warfare,
changing target characteristics (like hardening),
and threats (like missile accuracy) to the sur-
vivability of U.S. forces.

Nuclear weapon testing supports deterrence
in four basic ways. First, testing is done to main-
tain the proper functioning of the current stock-
pile of weapons. Second, testing is done to mod-
ernize the existing stockpile for enhanced safety,
security, or effectiveness or in response to the
changing Soviet threat. Third, testing is done to
measure the effects of nuclear weapons and en-
sure the survivability of our weapon systems and
critical command, control, and communications
which might be attacked by adversarial nuclear
weapons. Finally, testing is done to avoid techno-
logical surprise by analyzing the feasibility of fu-
ture options to the national decision-makers and
to keep abreast of potential nuclear weapon
developments of our adversaries.

The Need for Nuclear Testing

Modern U.S. nuclear weapons are complex
technological objects that have been optimized
and tightly integrated into an overall weapon sys-
tem. Nuclear weapons operate at conditions
which are virtually unique: material speeds are
millions of miles per hour, the temperatures and
pressures are higher than at the center of the sun,
and the time scales are billionths of a second.
These conditions cannot be generated in the
laboratory.

Nuclear warheads are designed to be endur-
ing and robust; however, there is no such thing as
a “thoroughly tested”” nuclear weapon. Unlike the
sampling program that tests thousands of transis-
tors or the continuous exercise of aircraft, a
nuclear weapon is usually nuclear tested fewer
than ten times during its 20-year lifetime and
hopefully is never “operated.” The life history of
any other piece of military hardware is filled with
continual testing followed by small changes to
correct deficiencies or to extend its applicability to
new systems. Nuclear weapons involve technol-
ogies that are very different in character from
most modern technology, and the resources have
not existed to test them in all of the stressing
environments to which they might have to be
subjected.

Stockpile Reliability

The reliability of U.S. nuclear weapons is
high compared to most high-technology systems.
The issue here is “What are the necessary condi-
tions for maintaining high confidence and
reliability?”

Nuclear weapons are fabricated from chemi-
cally and radiologically active materials. Much as
a piece of plastic becomes brittle when it is left in
the sunlight, nuclear weapons age and their
characteristics change in subtle, often unpredict-
able, ways. Testing is sometimes required to find
problems and to assess the adequacy of the fixes
that are implemented. Experience has shown that
testing is essential. One-third of all the weapon
designs introduced into the stockpile since 1958
have required and received post-deployment
nuclear tests to resolve problems related to deteri-
oration or aging or to correct a design that is
found not to work properly under various condi-
tions (see Chapter 2). In three-fourths of these
cases, the problems were discovered only because



of the ongoing nuclear testing. Because we fre-
quently have difficulty understanding fully the ef-
fects of changes, particularly seemingly small
changes, on the nuclear performance, nuclear test-
ing has been required to maintain the proper
functioning of our nation’s deterrent. All systems
that have been introduced into the stockpile have
required experienced people to assess known or
suspected problems.

A fundamental issue is the quality of our sci-
entific judgment. Since nuclear weapon design is
still largely an empirical science, a designer’s com-
petence is based on years of nuclear test experi-
ence in all categories—advanced development,
weapon physics and stockpile confidence tests.
Without this relevant nuclear test experience,
nuclear weapon scientists will lack the necessary
information to resolve many kinds of problems
that might occur.

There is growing pressure in the Department
of Defense (DOD) and the Congress for greater
reliability testing of systems such as radar, air-
planes, and rockets. At the same time, there have
been proposals for much lower nuclear test yield
thresholds. Such proposals are somewhat like a
limit on solid rocket boosters allowing partial tests
of first stages, but only one second stage test per
year, and no tests of all three stages. Such a
program—whether rockets or warheads—would
eventually result in a loss of reliability as well as
an exodus of experienced people. Even now, with
our limited nuclear test schedule and natural turn-
over in staff, we suffer from a lack of experienced
personnel.

The Need to Meet the Military
Characteristics

Within the constraints of the military require-
ments, the weapons in the stockpile and currently
under development have been conservatively de-
signed to avoid, as best as possible, the adverse
effects of aging. Correcting a problem in the
stockpile is extremely expensive and time-
consuming. Scientists and engineers strive to
make their designs durable and robust against
foreseeable conditions encountered in the course
of a weapon’s lifetime. However, tradeoffs must
be made to meet the military requirements.

It has been argued that nuclear weapons
could be designed to be more robust than they are
now to the effects of aging. We have begun a pro-
gram to study what more could be done. This is
difficult since future problems are unknown. In

specifying the requirements for new nuclear war-
heads, the DOD prepares a set of military charac-
teristics (MCs) that define the requirements. These
requirements include, first and foremost, nuclear
safety, and then, in order of priority, size and
weight, plutonium dispersal safety, operational
reliability, yield, conservative use of nuclear ma-
terials, and operational simplicity. A separate,
unprioritized MC for stockpile endurance and
replicability was established in 1982. In the event
that compliance with the MCs leads to a design
conflict, the DOD requires that priorities be ob-
served in the order listed, with considerations
given to tradeoffs that allow high-priority MCs to
be met while minimizing the degradation of the
competing, lower-priority MCs. We have done the
best job we can today to meet the MC for stock-
pile endurance and replicability. We go to great
lengths to maximize weapon durability by means
of material compatibility studies, accelerated ag-
ing tests, and conservative engineering practices.
In fact, when asked, we have successfully ex-
tended the lifetimes of a number of nuclear
weapon systems.

If stockpile endurance had been the highest
priority or the only priority, it is likely that the
designs would have been different. Changes in
priorities could have led to different military sys-
tems—missiles or other platforms with different
throw-weights, ranges, accuracies, and opera-
tional flexibility. The economic impact of these
changes would have been substantial. However,
different, more conservative designs would fail to
provide absolute assurance of avoiding further
nuclear testing. On the other hand, they would
probably reduce the need for testing or extend the
time over which our designers and political lead-
ers retained confidence.

Modernization

The direction and emphasis of the U.S. mod-
ernization program have often been poorly under-
stood. The primary focus of U.S. modernization is
on the enhanced safety, security and survivability
of our nuclear deterrent forces. Contrary to popu-
lar belief, modernization of the U.S. nuclear stock-
pile has led to a reduction in the numbers of
nuclear weapons by nearly 25% and in the total
destructive yield by 75% while simultaneously
maintaining adequate security for the country.
This reduction in numbers and yield, together
with enchancements in safety and security, would
not have been possible without nuclear testing.



It is obvious that as long as we have nuclear
weapons, they must be safe and secure. Yet re-
strictive nuclear test limitations could preclude
needed changes to the stockpile in these impor-
tant areas. Although there have been no nuclear
accidents involving the U.S. stockpile, there have
been accidents which involved the detonation of
high explosive and dispersal of radioactive pluto-
nium. We have now developed a new high explo-
sive, called insensitive high explosive (IHE), that
would not have detonated in these accidents. The
U.S. has begun to deploy IHE in stockpiled weap-
ons, but IHE has been incorporated in only one-
third of our nuclear systems. Because IHE per-
forms much differently from past explosives,
weapons being retrofitted with IHE must be com-
pletely redesigned and tested.

Modernization has also been required to de-
velop weapon systems to counter new technologi-
cal developments, mainly nonnuclear, by our ad-
versaries. For example, Soviet advances in air
defense prompted the development of the B-1B
bomber, the air-launched cruise missile (ALCM),
and a new version of the short-range attack mis-
sile (SRAM-II). A new laydown bomb was needed
for the B-1B to enable it to drop its payload at low
altitudes and high speeds and escape the resulting
explosion; the B83 bomb was developed with
nuclear testing to satisfy this need. The ALCM
was developed to allow U.S. bombers to launch
their retaliatory strike outside the perimeter of So-
viet air defenses; the ALCM needed a new war-
head and this required nuclear testing. The
SRAM-II is needed to allow our bombers to more
effectively penetrate the Soviet air defenses; its
warhead is currently under development and fur-
ther nuclear testing will be needed.

Soviet advances in antisubmarine warfare
prompted the development of the Trident subma-
rine, which is capable of operating in a much
larger ocean area than its predecessor, the Posei-
don submarine. The Trident needed a new mis-
sile, the TridentIl, with a longer range com-
mensurate with the submarine’s increased
operating area. In order to optimize the system,
the TridentIlI missile needed a new warhead
which was developed with nuclear testing.

Increased accuracies of Soviet ICBMs have
placed our land-based missiles at risk to a Soviet
first strike. This has prompted the development of
the small ICBM (SICBM), which provides in-
creased survivability through mobility. The cur-
rent version of the SICBM calls for the missile to
carry a single warhead, perhaps a variant of the
W87 MX warhead. However, nuclear testing will

be needed to certify the variations and the new
production lot of the W87. If future versions of the
SICBM carry more than one warhead, a new war-
head will probably have to be developed to opti-
mize the system and maximize the ground mobil-
ity of the missile. The new warhead would also
have to meet the mission requirements of the new
missile system, and this will require further
nuclear testing.

To avoid being caught by technological sur-
prise, we must retain the capability to develop
new systems in response to new developments by
our adversaries. The new systems will often re-
quire nuclear testing. Even if an existing warhead
is used in a new system, a nuclear test within cur-
rent yield limits is extremely important, both to
ensure that revised packaging or environmental
conditions do not affect warhead function and to
verify the adequacy of the new production lot. Re-
strictive test limitations would limit the evolution
of nuclear weapons, including improvements in
safety, security, and survivability. We believe that
weapon modernization can be stabilizing globally
and can be synergistic with major arms reduction
agreements.

Weapons Effects Testing

A critical part of our nuclear test program is
testing the effects of nuclear weapons on a vast
array of military equipment. Of particular impor-
tance are the nonnuclear components of our stra-
tegic weapon systems, warning sensors, and com-
munications equipment that might have to work
in a nuclear environment. If deterrence is to work,
our forces must not present a vulnerable target to
the Soviets and perhaps encourage them to take
advantage of our vulnerability in a crisis. As in the
testing of nuclear weapons themselves, we are
frequently surprised by the results of nuclear ef-
fects testing on nonnuclear equipment that has
previously been exposed to nonnuclear simula-
tions of nuclear effects. Changes and subsequent
nuclear testing are often required to certify that
these important elements of our deterrent system
will indeed be able to function properly. Above-
ground nonnuclear simulators attempt to replicate
discrete nuclear effects, they cannot replicate the
nuclear environment itself. The intensities, spec-
trum, and the synergistic effects of the various
kinds of nuclear and electromagnetic radiation
(e.g., EMP) can only be produced by a nuclear
explosion.



Nuclear Testing and SDI

If our deterrent strategy is to provide stability
between the U.S. and the Soviet Union, we must
avoid technological surprise with respect to the
threat we are facing. Nuclear-driven directed-
energy weapon (NDEW) research, as part of the
Strategic Defense Initiative (SDI), provides insight
into this issue.

An NDEW attempts to use a nuclear bomb as
a power source to drive a directed-energy device,
such as a laser or a particle beam. The primary
focus of our current research is to determine the
viability of such NDEW concepts in the hands of
the Soviets to defeat or significantly alter a U.S.
nonnuclear strategic defense system or to attack
our strategic retaliatory forces as part of a Soviet
first strike. Said another way, the research is di-
rected toward threat definition and avoidance of
technological surprise. We do not know how far
the Soviet NDEW research has progressed; we
need to know what is possible and how to defend
against it.

The restrictive test limits that have been pro-
posed would virtually halt progress on investigat-
ing the weapon feasibility of the most promising
NDEW concepts. Some limited basic physics re-
search would be permitted but not at the level
required to evaluate a weapon.

Another important question is whether non-
nuclear strategic defense systems are survivable
against nuclear attack. As with nuclear effects
testing, strategic defense assets will have to be
tested in an actual nuclear environment. Nuclear
effects testing of SDI-type components at current
yield levels will be required until we develop the
capabilities to perform the necessary tests at lower
yields.

The Value of Nonnuclear and Very-
Low-Yield Testing and Computer
Simulation

It has frequently been stated that nonnuclear
and very-low-yield (<1-kt) testing and computer
simulation would be adequate for maintaining a
viable nuclear deterrent. A recent variant of this
argument asserts that while such testing and com-
puter simulation may be insufficient for the devel-
opment of new warheads, they would be ade-
quate for indefinite maintenance of a stockpile of
existing weapons. We believe that neither of these
assertions can be substantiated.

10

A computer simulation of a nuclear explosion
attempts to provide a detailed physics model for
all of the tightly coupled processes that must oc-
cur for proper functioning of the device. There are
three fundamental issues with computer simula-
tions: (1) the physics is approximated to a varying
degree of accuracy by numerical algorithms,
(2) not all of the physical processes can be in-
cluded in fine detail, and (3) experimental data
that confirm the appropriateness of the physics
are rarely available. Since many of the phenom-
ena are tightly coupled, errors from the simulation
of early processes propagate, making subsequent
steps progressively more inaccurate. Because most
of the physics processes are nonlinear, predictions
of full-yield behavior that are based on very-
low-yield testing are highly uncertain if not
impossible.

The major problem is that a nuclear explosive
includes such a wide range of processes and scales
that it is impossible to include all the relevant
physics and engineering in sufficient detail to pro-
vide an accurate representation of the real world.
A nuclear explosive contains most of the compli-
cated physics of a supernova explosion—a com-
putational problem whose solution so far has
eluded the academic community. It also includes
the microscopic detail of engineering and materi-
als—assembly gaps and grain structure. Modern
computational facilities cannot provide for this
level of simulation. Usually, although not always,
the general trends are correctly predicted; some-
times, correct detail and performance can elude us
completely.

We attempt to normalize our calculations to
experiments to minimize potential errors. In the
harsh environment of a nuclear explosion, experi-
ments are very difficult. Much of the information
from older experiments, for example, is crude in-
tegral data and is of limited use to us now. We
simply cannot get the detailed information to tell
what is really going on and to identify what might
be wrong with our simulations. The conditions
that occur in a nuclear explosive are so unique
that no experimental facility other than a nuclear
explosion can give us data about what actually
happens in a nuclear explosion.

We do extensive nonnuclear tests on those
parts of the system that are amenable to such
tests. The information available from nonnuclear
testing, coupled with our most sophisticated
calculational procedures, cannot always be ex-
trapolated to predict accurately the behavior of a
nuclear device. Our history abounds with such ex-
amples, some of them described in this report.



The same is true for modern rockets: small-scale
tests and computer simulations do not accurately
predict the detailed behavior of solid rocket pro-
pellent; full-scale tests and actual rocket launches
are necessary to provide assurance of proper
function.

Of particular concern is the boosting process
in primaries and the fact that this process is not
fully understood. For boosting, we incorporate
some thermonuclear fuel in the primary. When
the fissile material in the primary goes critical, it
rapidly heats the thermonuclear fuel, which then
burns and emits copious quantities of neutrons.
These neutrons, in turn, greatly increase the fis-
sion rate, thereby “boosting” the primary yield. If
the boosting is less than expected, then the proper
ignition and yield of the secondary is in doubt.
The achievement of boosting and ignition of the
thermonuclear device is all-important in certifying
the proper functioning of a strategic primary and
secondary. We cannot reliably extrapolate the re-
sults of a sub-kiloton test to the full performance
of a primary.

A recent example illustrates these points. A
final proof test at the specified low-temperature
extreme of the W80 (ALCM) was done as the
weapon was ready for deployment. The test re-
sults were a complete surprise. The primary gave
only a small fraction of its expected yield, insuffi-
cient to ignite the secondary. The primary had
been tested extensively in nonnuclear hydrody-
namic tests, including at the low-temperature ex-
treme, with no indication of trouble to the design-
ers. Thus, on the basis of the nonnuclear testing,
previous successful nuclear tests, and extensive
computer modeling, the weapon designers had
every reason to believe that the low-temperature
proof test would produce the predicted yield. Af-
ter extensive post-test analysis, the W80 design
was modified and another low-temperature
nuclear test was performed; this test was success-
ful, and confidence was established that the war-
head would operate properly over its entire tem-
perature range. The production specifications
were changed, and the approved warhead entered
the stockpile. However, even today we cannot
simulate the failure of the first low-temperature
test from first principles.

Our experience with the W80 illustrates the
inadequacy of nonnuclear and low-yield testing
and the need for full-scale nuclear tests to judge
the effects of small changes. Even though it has
been argued that such a “thorough” test should
have occurred earlier, the critical point is that
computer simulation, nonnuclear testing, and
less-than-full-scale nuclear testing are not always
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sufficient to assess the effects of deterioration,
changes in packaging, or environmental condi-
tions on weapon performance.

Testing of newly produced stockpiled sys-
tems has shown a continuing need for nuclear
tests. Even an “identical” rebuild should be
checked in a nuclear test if we are to have confi-
dence that all the inevitable, small and subtle dif-
ferences from one production run to the other
have not affected the nuclear performance. (See
Chapter 3 for a detailed discussion of the issue of
weapon remanufacturing.) The current stockpile is
extremely reliable, but only because continued
nuclear testing at adequate yields has enabled us
to properly assess and correct problems as they
occur.

The Impact of Restrictive Test Limits
on the Soviets

We do not know how further test limits may
affect the Soviet Union. Since 1963, when both
the Soviet Union and the United States were re-
stricted to underground testing, we have gained
little insight into the Soviet nuclear weapon pro-
gram. What little we do know shows the Soviets
to have an aggressive, well-funded program with
impressive technical achievements. We know
from their unclassified literature that they under-
stand the physics of many advanced concepts. We
know that nuclear weapon technology is not
monolithic; thus the Soviet designs could be very
different than ours. On the basis of the Chernobyl
experience, we can speculate that the Soviets have
a very different attitude toward the enhanced
safety and security devices that contribute to the
complexity of U.S. warheads. The Soviets could
use the large throw weight of their missiles to ac-
commodate less technologically sophisticated
(and therefore larger) warheads. The technologi-
cally sophisticated approach that the U.S. has
taken in virtually all of its military equipment has
important benefits but it also has attendant costs,
among them a greater reliance on testing to en-
sure proper functioning.

The impact of restrictive test limits could be
less on the Soviets than on the U.S. More impor-
tant, retention of their scientific base could be as-
sured by restrictive state policies while U.S. ex-
perts would leave for other fields of endeavor.
The difference in the durability of U.S. and Soviet
weapons is too often oversimplified. Any differ-
ences are probably only a matter of degree. De-
terioration of Soviet systems could possibly be
less if they indeed do use larger, less sophisticated



weapons. Their closed society could allow them to
exploit shortcomings in verification and might
permit them to secretly prepare for a treaty
breakout.

We experienced the serious consequences of
secret Soviet preparations during the Nuclear Test
Moratorium of 1958-1961. After only three years
of the Moratorium, we began to experience a sig-
nificant loss of skilled personnel. The Soviets, on
the other hand, had been preparing for the most
complex series of nuclear tests ever conducted by
either country. Under the very restrictive test limi-
tations proposed today, we could again expect to
see an exodus of skilled U.S. personnel, who
would leave the weapon programs for various
reasons including inadequate opportunities to ver-
ify theory against experiment. The consequences
of a Soviet breakout from any restrictive treaty
could also be compounded by asymmetries in the
two countries’ abilities to retain skilled
manpower.

Nuclear Testing and Scientific
Judgment

Ultimately, the viability of the U.S. nuclear
deterrent rests on the judgments of our nuclear
scientists. Weapon scientists cannot adequately
address the impact of new technologies, verify
that a problem has been properly fixed, or certify
that a new weapon design will meet its military
requirements on the basis of nonnuclear experi-
ments alone. Neither can they model with com-
puters all the complex physical processes and en-
gineering detail necessary to predict warhead
performance with confidence.

Assessments of weapon performance rest on
scientific judgment that is based largely on
nuclear test experience. This judgment takes con-
siderable time to develop, is cultivated by the
application of theory and experiment to device
design, and is continually refined with data from
nuclear tests. Removing the confirmation and sci-
entific training provided by nuclear tests would
result in the overextension of judgment and in the
reduced certainty of this nation’s deterrent. Such
was indeed the case with the 1958-1961 Morato-
rium (see Chapter 2 for further examples).

Most problems encountered with the stock-
pile have not required nuclear tests to certify the
fixes that were made. In those cases, the fixes
were made by competent scientists and engineers
who were able to make informed judgments
about the problem, judgments based on years of
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experience in actual nuclear testing. One such
problem involved the corrosive oxidation of inter-
nal weapon parts in the W58 warhead for the Po-
laris A3 missile. There was concern that the corro-
sion would reduce the yield of the device. On the
basis of computer calculations and nuclear test
experience with a similar situation in another
weapon, the designers were able to correct the
problem without an additional nuclear test.

Nuclear warheads cannot be “thoroughly”
tested; the resources simply are not available. As a
result, the functional capabilities of nuclear explo-
sive cannot be fully established without a strong
dependence on the scientific judgment of the
weapon scientists. It is not feasible to conduct the
large number of nuclear tests required to obtain
statistically significant data on a given nuclear
system. Thus, the variability of a system’s nuclear
performance with changes in production
tolerances, environmental conditions (e.g., tem-
perature extremes), hostile environments (as are
encountered in antiballistic missile engagements),
and aging effects must be simulated with analyti-
cal, computational, and phenomenological mod-
els. The relevance and completeness of such mod-
els are only as good as the professional judgment
of scientific personnel who are involved in the ac-
tual physics, design, and analysis of nuclear war-
heads and who must rely on a relatively small
number of tests to explore the margins of weapon
operations. Our scientific judgment is broader
than just the experience of each individual
weapon scientist; the collective judgment of the
entire weapon research infrastructure works syn-
ergistically to solve the problems we encounter.

Our judgment is aided and constrained by ex-
perimental data from testing actual nuclear de-
vices and by data from physics experiments at
NTS in the relevant temperature and density re-
gimes. Significant amounts of physics data are
currently derived from actual nuclear tests. Our
weapon development and physics research tests
constantly show us that the more we learn about
the weapon physics, the more we must recognize
how limited our basic understanding really is. Sci-
entific judgment is needed to bridge the gaps in
that understanding. Critical to that scientific judg-
ment is a cadre of experienced people. With our
limited test schedule, we already suffer from a
lack of experienced designers, and we are most
concerned that we might face a permanent loss of
capability. Staff maintenance during a Compre-
hensive Test Ban (CTB) was one of the most im-
portant issues addressed by the SAAC report (de-
scribed below).




SAAC Review of Nuclear Weapon
Testing

The Scientific and Academic Advisory Com-
mittee (SAAC) is a standing committee appointed
by the President of the University of California
(UC) to advise him and the University Regents on
matters concerning the Livermore and Los
Alamos National Laboratories, which are man-
aged by the University. The members of SAAC
who conducted the study are well known in their
fields; they have expertise in the sciences, math-
ematics, engineering, and technical management
and are familiar with the nuclear weapon aspects
of U.S. forces.

Earlier this year, the SAAC was asked by the
President to conduct a study entitled, “Nuclear
Weapon Tests: The Role of the University of Cali-
fornia-Department of Energy Laboratories” (Ref-
erence 2). The study was a response to a number
of letters to the UC President from professors ex-
pressing concern about the Laboratories’ role in
nuclear testing. The SAAC spent many days at
LLNL and LANL in direct discussions with nu-
merous experienced weapon design personnel.
They received classified briefings and read classi-
fied material on the subjects of weapon reliability,
the role of nuclear testing, and the measures the
Laboratories have been taking to prepare for fur-
ther nuclear test limitations. There was much in-
terchange and discussion on these topics, and the
depth of the SAAC study far exceeds that of any
other independent review.

The SAAC came to a number of major con-
clusions that support the technical points we have
made above. Some of their conclusions are sum-
marized below:

1. The SAAC reviewed “in some detail” the
stockpile problems that involved post-deploy-
ment nuclear testing for their resolution. The
SAAC concurred that “confidence in reliability
could not have been maintained undiminished
without nuclear testing” (page 13, last paragraph).

2. The SAAC concluded that the Laboratories
have improved their understanding of materials
aging and degradation to greatly reduce further
occurrences of such problems. “Nevertheless, in
recent years sporadic problems of a more subtle
nature have arisen, e.g., performance at low tem-
peratures.” The SAAC pointed out that sometimes
these were recognized based on insights from
other nuclear tests, including the Laboratories’
weapon physics tests (page 15, last paragraph, and
page 16, first paragraph).
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3. The SAAC addressed the issue of whether
weapons can be “thoroughly tested.” The SAAC
agreed that limitations on numbers and types of
nuclear tests preclude testing of stockpile weap-
ons over the full range of operational parameters.
The SAAC stated, “new insight, developed by
means of nuclear or laboratory tests, or by calcula-
tions, has occasionally raised retrospective ques-
tions concerning the ability of the stockpiled
weapon to perform” (page 9, paragraph 4).

4. The SAAC agreed that if the military
characteristic for warhead endurance were given a
specific high priority, the Laboratories could de-
velop more robust designs. This would have at-
tendant penalties in weight, size, and yield, which
would appear in increased costs (i.e., special
nuclear material) in the warheads and delivery
systems (page 14, paragraph 2, and page 16,
paragraph 3).

5. The SAAC concluded that the Laboratories
have been acting under a plan that emphasizes
the necessity to be prepared for a CTB. In re-
sponding to an assertion that weapons in stock-
pile were deliberately designed to require contin-
ued nuclear testing to ensure their reliability, the
SAAC report stated: “The SAAC concluded that
this is not true” (page 2, issue2, and page 16,
issue 3).

6. The SAAC concluded that the Laboratories
have designed weapons that are remarkably reli-
able and long-lived. The Laboratories have al-
ways given great attention to stockpile endurance
(page 1, issue 1, and page 14, paragraph 2).

7. The SAAC concluded that Laboratory
weapon physics programs have resulted in
progress toward more enduring designs to pre-
pare for a CTB. The SAAC encourages continua-
tion of these programs (pages 1, 2, issue 1).

8. The SAAC regards as the most serious is-
sue discussed with the Laboratories that of re-
cruitment and staff maintenance during a CTB.
The SAAC agrees that this would require “ex-
traordinary” efforts. “The Committee applauds
the current efforts of the Laboratories in these di-
rections, and urges increased emphasis in the fu-
ture” (page 2, issue 3, and page 16, paragraph 7).

Conclusion

Nuclear weapon research and development,
supported by nuclear testing, is essential to main-
tain the credibility of the U.S. nuclear deterrent.
Because the global strategic balance is constantly



changing, new weapon systems must be devel-
oped to ensure the safety, security, survivability,
and military effectiveness of our nuclear
deterrent.

The DOE weapon design laboratories have
the responsibility of ensuring that the weapons
currently in the stockpile are safe and reliable, of
developing warheads for new systems as they are
needed, and of exploring what is possible in order
to avoid technological surprise.

Nuclear testing is essential if the Laboratories
are to meet these responsibilities successfully.
Nonnuclear tests and computer simulations are
very valuable tools but there is no substitute for
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the experimental data from nuclear tests. In many
instances, weapon scientists must rely on tech-
nical judgment to make decisions regarding prob-
lems that arise in the stockpile, in recommending
changes in weapon systems, and in developing
new warheads—judgment that can only derive
from and be refined with actual data from nuclear
tests.

Without nuclear testing, deterrence would
still be based on nuclear weapons. However the
costs would likely be higher, the uncertainties
would be greater, and our options for maintaining
stability would be limited.



Chapter 2. History of Stockpile Problems and
Post-Deployment Nuclear Testing

In the 26 years since testing resumed after
the 1958-1961 Nuclear Test Moratorium, post-
deployment nuclear testing of U.S. nuclear
weapon designs has been required to assure con-
tinued confidence in the performance of the
nuclear weapon stockpile. Major weapon systems
{e.g., Polaris and Poseidon) have been involved in
these tests. A majority of the problems would not
have been discovered if the nuclear test program
had been discontinued. Specifically, if the stock-
pile had been frozen by a test ban treaty early in
this period, many of the weapon designs could
have been found to be seriously deficient, had
their use become necessary. Some of the problems
were the consequences of the Moratorium, which
was in effect a de facto Comprehensive Test Ban
(CTB). Early problems have long since been re-
solved and we have learned from these experi-
ences, but others have arisen, some very recently.
One-third of all modern nuclear weapon designs
in the U.S. stockpile have received post-deploy-
ment nuclear tests to resolve serious problems; in
three-fourths of these cases, the problems were
identified only because of the on-going nuclear
testing. Many thousands of deployed weapons
have been affected.

While only one-third of the deployed designs
required testing to discover, evaluate, or fix prob-
lems, nuclear testing has been required to retain
confidence for all U.S. systems. All systems have
experienced some problems, and the assessment
of these problems was made by people experi-
enced in nuclear design and testing.

The U.S. weapon stockpile is highly reliable
today. However, weapon certification by the
weapon design laboratories has never been un-
conditional. Some conditions placed on certifica-
tion are explicit: for example, limited lifetime com-
ponent exchanges must be as specified, and
exposures to defensive threats or adverse environ-
ments during the stockpile-to-target sequence
(STS) must lie within limits specified in the mili-
tary characteristics (MCs) for each weapon. Gen-
erally, these conditions are clearly stated. How-
ever, certain other conditions are less obvious,
seldom clearly articulated, and equally vital; for
example, there must be adequate programs for the
identification, assessment, and resolution of stock-
pile problems. What is adequate, in turn, can only
be determined by those few experts who are di-
rectly responsible for weapon certification. Experi-
ence has demonstrated that the above conditions
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cannot be met indefinitely without nuclear test-
ing. Experience has also shown that while testing
has been permitted, U.S. nuclear weapons have
been dependable for long periods with high
confidence.

Historical Background

Few problems arose in the U.S. weapon
stockpile before the 1958-1961 Nuclear Test Mor-
atorium. There were several reasons for this. First,
by 1958, 11 weapon designs had been retired at an
average age of less than 4.5 years; little time had
passed for problems to develop or be recognized.
There were 14 designs remaining that would at-
tain slightly more than twice that average age be-
fore they, too, would be retired. The life of four
weapons, in which the designs were not very
complex, was to be much longer. The U.S. had a
rapidly developing technology, a need to respond
to a constantly changing threat from the Soviet
Union, and in particular, relative simplicity in its
early nuclear weapon designs. There was a rapid
turnover in weapon systems. These factors, com-
bined with less stringent safety and security re-
quirements (by today’s standards) made the
development of stockpile problems very unlikely.

The first modern weapon design appeared
with the first thermonuclear weapon, the Mk 14,
deployed and quickly retired in 1954. More sig-
nificant was the development, starting in 1955, of
small and efficient “boosted” fission devices for
use as single-stage weapons or as primaries (fis-
sion triggers) for thermonuclear weapons. During
the late 1950s, the size of future U.S. strategic de-
livery systems began to be determined by attain-
able yield-to-weight ratios, and high ratios de-
pended on the new boosting and thermonuclear
technologies. At the same time, concerns in-
creased regarding safety and security, and these
concerns placed increasing constraints on the
weapon designs.

When the United States entered the Morato-
rium in 1958, the first thermonuclear weapons
based on the new boosted primary technology
(the Mk 27 warhead for the Regulus missile and
the B28 bomb) were ready to begin deployment,
as a result of tests completed in 1956. In 1958,
there were no recognized problems with weapons
in stockpile. Concerns soon developed, however,



regarding the safety of one of the new thermonu-
clear weapons, the B28. Although more than one-
third of the tests of boosted primaries done to that
date had been tests of one-point safety, it was dis-
covered through analysis of the latest data that
these had not been worst-case tests and that a sig-
nificant safety problem might still remain. (In a
one-point-safe design, the accidental detonation
of the high explosive at a single point does not
result in any significant nuclear yield.) Production
and delivery of the B28 were slowed drastically.
Strategic Air Command (SAC) missions in Europe
were put on hold at a time of high international
tension; in effect, the B28 was grounded. On the
basis of data from an earlier test, weapon scien-
tists were able to shift B28 production to a differ-
ent, safer design. Without this retrofit, which
would not have been possible without data from
the earlier nuclear test, the deployed weapon
would have had to remain subjected to onerous
operational restrictions.

When the U.S. resumed testing in 1961, the
situation was changing rapidly, although the im-
plications of the changes were not yet fully recog-
nized. Of the 18 weapon designs that had consti-
tuted the 1958 stockpile, only one had been
retired. Seven new designs had entered the stock-
pile during the Moratorium. As a result of the
stockpile surveillance program, and particularly as
a result of the resumption of nuclear tests in late
1961, it was realized that four of the 24 weapon
designs in the 1961 stockpile had problems that
could be resolved only by additional nuclear tests.

The number of new designs in stockpile grew
rapidly after 1961. Of 10 new designs deployed by
1964, half developed problems (discussed later in
this chapter) that would be resolvable only by fur-
ther testing. Some weapons required redesign
whereas others only required assessment, through
additional testing, and appropriate stockpile
management.

By 1970, 10 of the 27 designs then composing
the stockpile (23 from the 1964 stockpile, and four
newer designs) were weapons whose continued
availability had depended, or would soon depend,
on post-deployment testing. By now, many earlier
problems had been corrected. However, one of
the two newest designs in the 1970 stockpile re-
quired further testing, as would one of the older
designs. At the same time, it began to be clear that
stockpile lifetimes were lengthening.

There now are 28 designs in the U.S. arsenal,
17 from the 1970 stockpile and 11 new designs. Of
the 11 new designs, three (W79, W80, W84) have
required additional nuclear testing, and a fourth
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(B61), whose reliability has not been in question,
has required substantial redesign and moderniza-
tion to meet current safety, security, and economy
requirements.

The history presented here demonstrates the
essential role of nuclear testing in preserving con-
fidence in the reliability of U.S. deployed nuclear
weapons. At no time has it been possible to dis-
pense with the knowledge and judgment, based
on current test experience, of the weapon
scientists.

To understand the path that has been fol-
lowed, it is useful to recall the commitments made
to the nation in 1963 by President John F. Ken-
nedy, presented as safeguards for the treaty limit-
ing the U.S. to underground testing. The most
important of these safeguards were (A) the main-
tenance of modern nuclear laboratory facilities
and programs in theoretical and exploratory
nuclear technology, to ensure continued progress
in that technology, and (B) the conduct of compre-
hensive, aggressive, and continuing underground
nuclear test programs to add to our knowledge
and to improve our weapons in all areas of our
military posture for the future. President Kennedy
also declared (Reference 6) that “While we must
all hope that at some future time a more compre-
hensive treaty may become possible by changes
in the policies of other nations, until that time our
underground testing program will continue.”

Stockpile Reliability

The maintenance of confidence in the reli-
ability of our weapon stockpile depends on the
continuing stockpile surveillance program, the
quality assurance and reliability testing of nonnu-
clear components, and the nuclear testing of war-
head components and similar nuclear devices in
the on-going nuclear weapon development pro-
gram. The continuing nuclear test program serves
to confirm, and occasionally to call into question,
the design choices made in the stockpiled weap-
ons. It trains and provides experience to new de-
signers who will eventually be called upon to
evaluate stockpile reliability problems. Identified
stockpile problems have sometimes required
nuclear tests to guarantee acceptable weapon per-
formance. Had nuclear tests not been available,
the stockpile problems would have forced unac-
ceptable reductions in yield and/or reliability, un-
acceptable operational limitations, or replacement
with a design with much greater uncertainty in
performance.



Nuclear tests can be necessary to confirm the
proper resolution of a stockpile problem or to de-
termine whether the problem will adversely affect
the performance of the weapon. Such tests are
needed because some of the physical phenomena
occurring in weapons are so complicated that it is
impossible to model them completely or to evalu-
ate them adequately with only calculations and
nonnuclear tests. Nuclear tests are also necessary
to verify the judgment of the weapon designer
and the “realism” of models and calculations.

Our design calculations are the result of
many assumptions about how materials behave at
the extreme conditions of a nuclear explosion.
These assumptions often are based on limited ex-
perimental data and on theoretical predictions
that are difficult if not impossible to verify in suf-
ficient detail. As a result, design calculations must
be compared with actual test results; like many
assumptions made in other extremely complex
technologies, they sometimes are found to be in-
correct, incomplete, or inadequate.

The phrase “thoroughly tested” has recently
received considerable attention. It has been
claimed that a large fraction of stockpile problems
were the result of deploying weapons which were
not “thoroughly tested.” It has also been assumed
by some that our new weapons are “thoroughly
tested.” This phrase is misleading. It is impossible,
in a real world with budgetary limitations, to test
nuclear weapon designs under all foreseeable STS
conditions, including exposure to adverse storage
or delivery environments, expected defensive
threat levels, and changing target requirements. It
is impossible to do a statistically meaningful num-
ber of tests. It also is impossible to know or fore-
see all future safety and security requirements at
the time weapons enter the stockpile. Safety crite-
ria (e.g., criteria on one-point safety, safety against
accidental plutonium dispersal by high-explosive
detonation, and safe levels of intrinsic radiation)
and security requirements can and do change. Ex-
pected threat levels or other STS parameters
change as the Soviets acquire new capabilities.
The acceptability or availability of certain materi-
als originally used in weapon fabrication may
change as a result of factors entirely beyond the
control of the weapon scientists. Finally, it may be
discovered, sometimes in the course of subse-
quent testing of similar designs, that design errors
were made, that basic physical data are in error, or
that understanding of the physics itself has
changed. The term “thoroughly tested” implies a
comprehensiveness that is impossible in practice.
Designer judgment, validated by ongoing testing,
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is vital both in determining what tests are most
essential at the time of certification and in eval-
uating problems or changing requirements that
arise later.

The bottom line is that there is no such thing
as a “thoroughly tested” weapon. In developing a
weapon, we test it as thoroughly as we can under
a variety of conditions. In the development pro-
cess, we attempt to define the boundaries of reli-
able operation, and we back away from these
boundaries in a way that conservatively balances
factors affecting reliability and factors affecting
cost.

It has been noted recently that weapon de-
signers have been quite successful in first-time
predictions of the yields of new devices in nuclear
tests. Claims have been made that this high rate
of successful prediction is an indicator of reliabil-
ity and of surety of performance if remanufacture
is necessary. Evaluating stockpile reliability on the
basis of such statistics is extremely misleading.

Our success rate of first-time yield predictions
is high for good reasons. First, the designers mak-
ing the predictions have extensive test experience
themselves or their work is reviewed by senior
designers who have such experience. Second,
most of the designs are based on fairly conserva-
tive, well-established technology. The first time a
variant of this technology is tested, our designers
use their knowledge to build safe margins into the
designs. Essentially, they put “fat” into the sys-
tem. It is when the designers begin to fine-tune a
device to optimize it for its intended weapon
application, to study the device at environmental
extremes, or to incorporate engineering details
like structural, safety, and security features that
performance margins are reduced and uncertain-
ties creep into their predictive capabilities.

There is an important common message in
the stockpile difficulties described below: the
weapon was thought by the experts to be ade-
quately tested and reliable at the time when it en-
tered the stockpile. However, problems occurred
as a result of materials aging, changes in safety
concerns, environmental effects, or a later realiza-
tion that our understanding of the physical perfor-
mance was incomplete. Nuclear testing was done
to properly identify the effects of these problems
on weapon performance or to evaluate the valid-
ity of solutions to problems. It should be noted
that even if an identical rebuild is chosen as the
solution to a problem, a nuclear test should be
done to ensure the adequacy of the production
process. (See Chapter 3 for a detailed discussion
of weapon remanufacturing.)



Because of budgetary and manpower con-
straints, a weapon in the stockpile is usually
nuclear-tested fewer than ten times during its
development and subsequent lifetime. Obviously,
it is impossible to test every conceivable condition
and eventuality. The stockpile is reliable because
we test for the worst conditions that we expect,
and we can fix problems if they occur or if we
discover later that our expectations were wrong.
In this regard, nuclear weapons are like most
other modern, high-technology systems (e.g.,
rockets, airplanes, computers). The effects of time,
environment, and chemical degradation often re-
quire testing to identify and fix sometimes subtle
design and materials problems.

While not all solutions to stockpile problems
require certification by full-scale nuclear tests, all
rely on data obtained in nuclear tests and, most
critically, on the judgment and insight that the sci-
entists and engineers acquire on the basis of such
data. If we stopped nuclear testing, such experi-
mental data would no longer be obtained, and the
pool of specialists whose judgment was validated
by nuclear test experience would decline and, fi-
nally, no longer exist.

Stockpile Problems Involving Post-
Deployment Nuclear Testing

In the remainder of this chapter, we give a
brief unclassified description of stockpile prob-
lems that involved post-deployment nuclear test-
ing for their identification or resolution. We ad-
dress those designs developed both by LLNL and
by LANL (see Table 1).

LLNL Designs

Of the 16 LLNL-developed warhead designs
that entered the stockpile after 1958, several were
subsequently found to have problems. For six of
these (WXX, W84, W79, W68, W47, and W45), the
resolution of the problems involved nuclear test-
ing. In three of the weapons (W84, W47, W45),
some problems were discovered by nuclear test-
ing and further nuclear tests were necessary to re-
solve the problems. All of these problems have
been corrected.

All of the designs placed in the stockpile were
extensively tested beforehand. More than one-
third of the weapon designs that LLNL has placed
in the stockpile have experienced problems that
involved nuclear testing. Some of the systems had
multiple problems.
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WXX. A problem recently occurred with an
LLNL weapon which cannot be identified or dis-
cussed in detail on an unclassified basis. The
problem involved a new concern about one-point
safety of the device under certain conditions. A
nuclear test was necessary to eliminate the
concern,

W84. The W84 is the warhead for the ground-
launched cruise missile (GLCM) and is tailored to
applications in the European theater. Accordingly,
it was developed to a set of stringent requirements
emphasizing safety, security, and flexibility. A
number of seemingly minor changes were made
in the stockpile hardware as compared with the
hardware used in the development tests, as is usu-
ally done for complex systems. When a stockpile
confidence test was conducted on a unit that had
been deployed for a year (and modified slightly to
simulate certain aged conditions), a lower-than-
expected yield was obtained. There was concern
that the low yield was indicative of possible mar-
ginal operation of the device. Another nuclear test
was necessary to evaluate the source of the yield
degradation, to certify a fix to the problem, and to
determine that there were indeed no problems
with marginality. This stockpile confidence test is
typical of the tests we now do to certify the pro-
duction versions of all systems that enter the
stockpile. They are dual-purpose tests in that they
verify that the production process has not intro-
duced unacceptable systematic perturbations into
the weapons and they serve to determine the ef-
fects of some stockpile exposure and handling on
the weapons.

W79. The W79 is the warhead for the 8-inch
artillery shell. A problem was encountered in
manufacturing a component needed to meet the
weapon’s operational requirements. The compo-
nent involved a complex design, and a satisfactory
design could not be achieved within the specified
development time scale. Hence, the W79 was de-
ployed with a simpler design that allowed the
weapon to meet a modified operational capability.
Ultimately, after the weapon was deployed, a dif-
ferent approach was devised to satisfy the opera-
tional requirements. This different approach re-
quired a design change that meant that the
physics behavior of the device had to be altered,
and a nuclear test was required to certify the de-
sign change. The W79 problem differs from the
other problems described in this report in the
sense that the W79 was knowingly placed in the
stockpile with a different capability than origi-
nally required. We were unable to develop an en-
gineering solution to solve the problem, and an



Table 1.

Fifteen U.S. nuclear weapon systems have required post-deployment nuclear testing to

identify or resolve problems. All the listed problems have been resolved.

Identified or Resolved
Responsible evaluated by by nuclear
Warhead Problem laboratory nuclear testing testing
WXX One-point-safety concerns LLNL X
W84 Concern about marginal behavior LLNL X X
at aged conditions
W79 No practical manufacture of a LLNL X
complex part; different approach
required altering the physics behavior
W80 Failure at low temperature LANL X X
Bel Replacement of HE with IHE for safety LANL X
Concern about low-temperature X
performance
wes Degradation of HE LLNL X
W47 Corroding fissile material LLNL X
Vulnerability in simulated ABM X X
environment
Improvement of one-point safety X
W45 Mechanical change of HE LLNL X
Performance under aged conditions X X
W52 Replacement of HE because original LANL X X
wasn’t safe enough for handling
B43 Improvement of one-point safety LANL X
Performance under aged conditions X X
B28/W49 Performance under aged conditions LANL X X
W44 Improvement of one-point saftey LANL X
Performance under aged conditions X X
W50 Improvement of one-point safety LANL X
Performance under aged conditions X X
B57 Performance under aged conditions LANL X X
Improvement of one-point safety X
W59 Improvement of one-point safety LANL X
Performance under aged conditions X X

alternate physics solution was used to allow the
W79 to meet its full requirements. Continued
nuclear testing was necessary to certify the
solution.

W68. The W68 is the warhead for the Posei-
don submarine-launched ballistic missile (SLBM).
In routine stockpile surveillance, the high explo-
sive (HE) in the W68 was found to be decompos-
ing and the decomposition products were causing
deterioration of the detonators. We judged that it
was only a matter of time before the W68 weap-
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ons in stockpile would be inoperable. We could
have repeatedly rebuilt the W68 warheads using
the same type of HE that was decomposing, at
tremendous expense and with large operational
impact on the U.S. Navy. Instead, we chose a
more cost-effective and technically sensible ap-
proach and rebuilt each warhead with a more
chemically stable HE.

Even though a version of the W68 with the
more stable HE had been tested in initial develop-
ment, we judged that a nuclear test was necessary



to certify the design. The production verification
test was done at certain simulated extreme condi-
tions of the STS. We were surprised when the re-
sulting yield was degraded beyond what we ex-
pected based on the earlier test with the new HE.
Besides changing the HE, there had been a num-
ber of other changes in warhead parts. For exam-
ple, certain warhead materials had to be changed
because the vendors of the original materials had
gone out of business.

We have not yet been able to explain the
cause of the observed yield degradation. Although
the new HE was supposed to be the same as that
tested earlier, there may have been subtle changes
in its formulation. We do not know whether the
degradation was caused by the new HE, the other
changes, or some combination. We might even
have experienced yield degradation had we re-
built the warhead with a fresh batch of the same
chemically unstable HE.

Although the yield of the W68 was consid-
ered to be acceptable, it has been necessary to em-
phasize certain maintenance procedures to allow
the warhead to meet its intended function at cer-
tain STS extreme operational conditions. When
the Navy asked if the time for doing these mainte-
nance procedures could be relaxed because of the
large impact on their operational work load and
associated costs, we emphasized the importance
of doing the procedures in a timely manner. Our
advice to the Navy was significantly influenced
by the unexpected result in the production veri-
fication test.

While some have stated that a production
verification test of the rebuilt W68 was not neces-
sary, the above results showed that the test was
needed both to certify the adequacy of the pro-
duction rebuild and to allow us to provide accu-
rate advice to the Navy on required maintenance
and operational restrictions. It is clear that the re-
built version of the W68 is different in substantive
ways from the original.

It is important to recogrize that the HE de-
composition and its effects on the detonator
caused considerable concern. A test of the re-
manufactured warhead was necessary to restore
our confidence and that of our leadership. The Po-
seidon warhead was too important to our national
security to leave our leaders in a position of
doubt.

W47. The W47 was the warhead for the Po-
laris SLBM. Several problems were encountered
with the W47 that required post-deployment
nuclear testing for their resolution. One of these
problems was discovered in a nuclear test.
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First, corrosion of the fissile material was ob-
served during stockpile maintenance. A test of a
unit simulating the problem defined the accept-
able corrosion limits, and those weapons that ex-
ceeded these limits were removed from the
stockpile.

A nuclear effects test showed that material in
the W47 primary was vulnerable to effects en-
countered in a potential antiballistic missile envi-
ronment. The design was modified to cure this de-
ficiency, and a nuclear test was needed to insure
that the modified design performed adequately.

Another problem with a safety device re-
quired the development and testing of a new pri-
mary. Before the Moratorium, we were unable to
make the W47 inherently one-point safe (i.e., in-
capable of producing any nuclear yield in the
event of accidental detonation at a single point of
its HE). The Moratorium prevented us from per-
forming the necessary tests to develop an inher-
ently one-point safe design. Instead we incorpo-
rated a mechanical safing device in the W47 to
provide the necessary one-point safety. Use of
such a device was not a novel idea at the time and
such devices had been successfully used in other
systems and are still used in some. The designers
of the W47 had every confidence that the weapon
would meet its intended mission. However, chem-
ical corrosion in the W47 eventually caused a seri-
ous reliability problem in the safing mechanism
that did not lend itself to a viable engineering so-
lution. The mechanism would not fully complete
its arming operation in a large number of the sam-
pled warheads, indicating that a large fraction of
the W47 warheads would be duds and that the
number of dud warheads was increasing with age.
This problem was solved by replacing the primary
with one known to be one-point safe, and a
nuclear test was required to certify the new
design.

W45. The W45 is the warhead for the Navy’s
Terrier missile, the now-retired medium atomic
demolition munition, and the Army’s now-retired
Little John missile. The W45 was developed in
part during the 1958-1961 Moratorium and en-
tered the stockpile in 1962. There were two W45
reliability problems that required post-deploy-
ment nuclear testing.

One involved unexpected effects of radioac-
tive aging of a warhead component. When the
W45 entered the stockpile, our weapon scientists
had no reason to believe its operability would be
unacceptably affected under aged conditions.
They believed the weapon had been well tested
before entering the stockpile. When the weapon



was tested under aged conditions, after the Mora-
torium, it gave only half its expected yield. To re-
spond to this unexpected result, it was necessary
to conduct a number of nuclear tests to certify all
versions of the W45 in the stockpile. Five tests
were required establish yield values and changes
in the maintenance procedure for the weapon.
The issue here is that although it was relatively
simple to calculate or measure radioactive decay
rates, it was much more difficult to estimate the
effects of radioactive decay on the complex opera-
tion of this sensitive weapon.

The second problem, a permanent deforma-
tion of the explosive after aging, also required a
nuclear test to certify a new design with a modi-
fied chemical explosive.

LANL Designs

Of 25 Los Alamos weapon designs that have
been deployed since 1958, one-third have re-
quired post-deployment nuclear testing. The W80
warhead was ready for deployment when a prob-
able flaw in the primary design was discovered. A
new modification of the B61 was in production,
but not yet deployed, when new nuclear safety
requirements caused production to be terminated
pending development, through additional tests, of
an alternative safer primary design. Seven other
designs (B28/W49, B43, W44, W50, W52, and W59)
developed one or more problems whose recogni-
tion and resolution required further nuclear tests.

W80. The W80 is the warhead for the air-
launched cruise missile (ALCM). A test at the low-
temperature extreme of the temperature range of
the W80's STS was done just as the weapon was
ready for deployment. The test results were a
complete surprise. The primary gave only a small
fraction of its expected yield, insufficient to drive
the secondary. The weapon had been tested ex-
tensively in nonnuclear hydrodynamic tests, even
at the low-temperature extreme with no indica-
tion of trouble. Thus, on the basis of nonnuclear
testing and previous successful nuclear tests, the
weapon designers had every reason to believe
that the low-temperature proof test would pro-
duce the predicted yield. After extensive post-test
analysis, the design was modified and another
low-temperature nuclear test was performed. The
test of the modified design was successful, and
confidence was established that the warhead
would operate properly over its entire tempera-
ture range. The production specifications were
changed accordingly, and the approved warhead
entered the stockpile. Because of concerns about
performance at extreme temperatures raised by
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the low-temperature test, a nuclear test at the
high-temperature extreme was performed later.

This example illustrates again the inadequacy
of nonnuclear testing and the need for nuclear
tests. Without the disastrous result of the low-
temperature nuclear test, the weapon designers
would have judged, on the basis of the nonnu-
clear tests, that the system would perform prop-
erly. As a result of the experience with the W80,
similar low-temperature nuclear tests have been
done for several other weapon systems, including
the B61.

B61. The B61 is a strategic bomb that entered
the stockpile in 1968. By 1971, a modification to
the design was required, and, more important, the
safety and security features of the older design did
not meet current standards. A new series of B61
designs was produced with various modifications
containing improved safety and security features
and, in one, insensitive high explosive (IHE). In-
corporation of all modern technology except the
IHE was accomplished without nuclear testing;
nuclear testing was required to make the change
to IHE. In the early 1980s, a nuclear test revealed
that the B61 had a cold-temperature sensitivity
similar to though less severe than that exhibited
by the WB80. Because of this, a further design
change had to be implemented.

In reviewing the history of the B61, it is im-
portant to note that the original design was never
judged to be unreliable; it did not meet modern
performance criteria. Modern versions of the B61
incorporate IHE, permissive action links (PALs),
command disablement, and other use-control
features.

W52, The W52 was the nuclear warhead for the
Army’s now-retired Sergeant surface-to-surface
missile. In 1959, the warhead was nearly ready for
production when two explosive accidents oc-
curred at Los Alamos, killing six people. The ex-
plosions were due to the unexpected susceptibility
to accidental detonation of the type of high explo-
sive used in the W52 fission trigger. Los Alamos
had to change the explosive used in the W52 to a
safer, less sensitive, and somewhat less energetic
explosive. This decision was made during the
Moratorium when the new design could not be
verified in a nuclear test. The redesign was based
on nonnuclear hydrodynamic tests and on com-
puter design calculations. Because of the high con-
fidence the Los Alamos scientists had in their re-
design, they did not immediately test the W52
when the Moratorium ended in 1961. The W52
entered the stockpile in April 1962. When Los
Alamos finally tested the device, the weapon gave



only a fraction of its expected yield. The W52, as
delivered, had too low a yield to be militarily ac-
ceptable. Los Alamos scientists made a rapid rede-
sign, and within three months of the test failure,
they successfully conducted a nuclear test of the
new design, which was then incorporated into the
stockpile.

The W52 dramatically illustrates the limita-
tions of nonnuclear experiments and computer
calculations to evaluate seemingly moderate
changes in warhead designs. Although the prob-
lem with the W52 occurred in the early 1960s and
our capabilities in computer modeling and nonnu-
clear experiments have improved significantly
since then, experienced designers today would not
undertake to change the HE in a weapon without
nuclear testing. Even with modern capabilities,
this is a very major change and the risks of errors
are too high.

B43. The B43 is a tactical and strategic ther-
monuclear bomb. It experienced several post-
deployment problems. In 1961, Los Alamos scien-
tists concluded that the primary for the B43 was
not one-point safe under all conditions. A long
series of tests was required to develop an ade-
quately safe version.

In a second problem, a radioactive aging
problem like that noted above for LLNL’s W45
was recognized in a test of the B43. To investigate
whether it might be possible to extend the lifetime
of the B43 weapons in the stockpile, a test of an
aged B43 was fired. The test gave only half its
expected yield. After further nuclear testing and
increased theoretical understanding, LANL was
able to establish appropriate B43 maintenance
procedures for aged weapons.

The low yield was a shock, in part because its
results applied not just to the B43 but to all similar
weapons in the stockpile. Weapon scientists were
more concerned about some systems than others,
depending on application. Under a continued
Moratorium, maintenance procedures might have
been used that would have allowed weapons to
remain in service beyond their useful lives.

B28/W49. The B28 is a tactical and strategic
thermonuclear bomb. The W49 version was the
warhead for the Thor and Jupiter intermediate-
range ballistic missiles and the Atlas D ICBM. The
B28 had a problem with warhead aging like that
experienced by the B43. A nuclear test of an aged
B28/W49 warhead was required to certify the ex-
isting maintenance procedures for the weapon. As
the behavior of the warhead was better under-
stood, through computer modeling and confirmed
by nuclear testing, the maintenance procedure for
the B28 was further modified.
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W44, The W44 is the warhead for the antisub-
marine rocket (ASROC) missile. The W44 had the
same problems as seen with the B43 with respect
to one-point safety and radioactive aging. The
same solutions were employed.

W50. The W50 is the warhead for the
Pershing I missile and for the now-retired Nike
Zeus missile. The W50 had a one-point-safety
problem and there were the same concerns about
radioactive aging as with the B43. The same solu-
tions were employed as for the B43.

B57. The B57 is a tactical and a strategic
bomb. The B57 experienced the same radioactive
aging problem as the B43. It was also found to
have a one-point-safety problem. A nuclear test
was done to certify a new version of the B57 pri-
mary that was one-point safe. The same solutions
to the radioactive aging problem were used as for
the B43.

W59. The W59 was a warhead for the
Minuteman I missile. The W59 had a one-point-
safety problem and there were the same concerns
about radioactive aging as with the B43. The same
solutions to these problems were used as for
the B43.

General Comment

LANL’s B28/W49, B43, W44, W50, W57, and
W59, and LLNL's W45 were all affected by the
same problem—-unexpected sensitivity to the ra-
dioactive aging of the warheads. We have gained
considerable experience since the 1960s and be-
lieve that such a common-mode problem is much
less likely now than it was then. This particular
problem has long since been solved. It has been
stated that any one problem in a single system
does not pose a threat to the entire nuclear stock-
pile, since other systems can fill the gap left by the
faulty system. However, modern designs do have
a great deal of commonality (e.g., high explosive,
detonators, security features, etc.) and a common-
mode problem could affect a large fraction of the
stockpile. We must protect ourselves against such
problems, and nuclear tests are of vital impor-
tance in recognizing and solving them when they
oceur.

Vulnerability Problems

The vulnerability of U.S. strategic nuclear
weapon systems as well as nonnuclear assets like
warning sensors and communications equipment
to nuclear effects is a matter of extreme impor-
tance. Underground nuclear tests are used by the



Defense Nuclear Agency (DNA) to assess the vul-
nerability of U.S. systems. There are many uncer-
tainties in the codes and calculations that are done
to predict vulnerability to nuclear effects. These
uncertainties are largely due to the difficulty in
accurately modeling a complex real weapon sys-
tem and the fact that one is attempting to calculate
the response of materials in a very difficult regime
of equation-of-state. Although aboveground test-
ing is conducted with various accelerators and
nuclear reactors, the fluences and deposition
times are far removed from those in an actual
nuclear explosion and there is no way to assess
combinations of effects. In addition, the size of the
sample that can be exposed is often limited, mak-
ing it impossible to assess the vulnerability of
complete systems.

Surprises have been found in the under-
ground vulnerability testing of all U.S. strategic
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nuclear systems except the Minuteman II. Effects
tests are vital to ensuring the survivability of non-
nuclear systems, including space-based command,
control, and communications assets. Effects tests
will also be necessary to ensure the survivability
of space-based SDI assets.

Figure 1 shows the various U.S. strategic sys-
tems and their years of testing and/or deploy-
ment. It is interesting to note the frequency with
which unexpected test results occur and the num-
ber of instances where a number of tests were re-
quired to obtain satisfactory results. In some cases,
system characteristics had to be altered. (The
DNA should be consulted for specific information
on these results.)
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Chapter 3. Weapon Remanufacture

The issue of “replica” remanufacture is famil-
iar to engineers in all major U.S. industries. Al-
though tests of a complex system are expensive
and time-consuming, one is hard-put to find an
example anywhere in U.S. industry where a major
production line was reopened and requalified
without tests. We have discussed remanufacturing
with many people experienced in materials re-
search, aerospace, engineering, and private indus-
try, as well as in nuclear weapon design and fab-
rication. The aerospace industry has many
parallels to nuclear weapon development. Two
particularly instructive cases are the Polaris A3
missile remanufacture and the proposed remanu-
facture of the Saturn V rocket. In both cases, we
consulted with the responsible engineers—top
people with firsthand experience and direct
responsibility for remanufacturing a complex
technology with hundreds of separate parts, each
with its own special design and purpose. Their
experiences are detailed in Appendix C.

The body of opinion from these experienced
people can be summarized as follows:

® Exact replication, especially of older systems,
is impossible. Material batches are never quite the
same, some materials become unavailable, and
equivalent materials are never exactly equivalent.
“Improved” parts often have new, unexpected
failure modes. Vendors go out of business or stop
producing critical products. New health and
safety regulations rule out previously used materi-
als or processes. Different people—not those who
did the initial work—do the remanufacturing.

® Documentation has never been sufficiently ex-
act to ensure replication. A perfect specification has
never yet been written. We have never known
enough about every detail to specify everything
that may be important. Even “perfect” specifica-
tions are changed many times after they are for-
mulated and certified. Individuals in the produc-
tion plants learn how to bridge the gaps in the
specifications and to make things work. Even the
most complete specifications must leave some
things to the individual’s common knowledge; it
would be an infinite task to attempt to specify all
products, processes, and everything involved in
their manufacture and use. Experts believe that it
would be extremely difficult to improve docu-
mentation enough to ensure replication by inex-
perienced personnel.

® The most important aspect of any product
certification is testing; it provides the data for valid
certification. A nuclear test provides our only data
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on the nuclear performance of the whole nuclear
warhead package. Tests, even with the limitations
of small numbers and possibly equivocal interpre-
tation of results, are the final arbiters of the
tradeoffs and judgments that have been made. We
are concerned that, if responsible engineers and
scientists were to refuse to certify a remanufac-
tured weapon, pressures could produce individ-
uals who would. The Challenger accident resulted
from such a situation and highlights an all-too-
common tendency of human nature to override
judgment in favor of expediency.

Weapon Remanufacture and the Need
for Experienced Personnel

Remanufacture of a nuclear warhead is often
asserted to be a straightforward exercise in engi-
neering and material science, and simply involves
following well-established specifications to make
identical copies. In the real world, however, there
are many examples where weapon parts cannot
be duplicated because of outmoded technologies,
health hazards, unprofitable operations, out-of-
business vendors, irreproducible materials, lack of
documentation, and myriad other reasons. Every
time we encounter such a problem in duplication,
we have to rely on the experience of our weapon
engineers, material scientists, and design physi-
cists to carefully analyze and approve any devi-
ations from the specifications.

When we find that a weapon cannot be man-
ufactured precisely to its original specifications,
someone has to determine “Does it really matter?”
Only weapon designers, engineers, and material
scientists with nuclear test experience are qualified
to answer this question with any degree of confi-
dence. Most of the changes made during remanu-
facture do not need to be certified in a nuclear
test. It is usually sufficient to rely on nonnuclear
tests and computer simulations, together with the
judgments made by experienced scientists and en-
gineers, to determine whether or not a change is
acceptable. In some cases, nuclear tests have been
required to certify a change, and most of these
tests have been successful, determining that a
change was satisfactory or revealing the need for
further modifications. Hindsight shows that we
could have avoided those nuclear tests that were
successful, because they were successful. How-
ever, without these tests, we would not have had
the confidence that the change was satisfactory



and would not affect the performance of the re-
manufactured device.

Today, design physicists and engineers with
extensive nuclear test experience at the relevant
yield levels could undertake a weapon remanu-
facture with confidence that the weapon would
perform about as well as the original version.
However, even such a group has had difficulty in
predicting the behavior of some weapons recently
remanufactured for the stockpile. Not only must
remanufacturing attempt to replicate the construc-
tion of the original weapon, it must also duplicate
the performance of the original weapon.

Two aspects of our current weapon design
process are primarily responsible for the success
with which our designers are able to predict the
performance of nuclear weapon designs, under
the range of yields that are within our predictive
capabilities. Both rely on experience. The first is
the actual nuclear test experience of our present
staff of designers, physicists, and engineers. The
second is the critical review to which each new
design or modification is subjected.

Because of the complexity of nuclear weap-
ons and the limited rate at which they are tested,
nuclear weapon design is largely an empirical sci-
ence. Assessments of weapon performance—
whether for stockpile inspection or remanufac-
ture—depend on scientific judgment, and it takes
years for designers to acquire the experience on
which they base their scientific judgments. New
designers must gather their knowledge and ex-
perience directly from nuclear tests and indirectly
from the senior designers.

Currently, our nuclear test schedule is very
limited, and it is taking longer for the newer de-
signers to develop test-based experience. Thus the
indirect route to experience is more important
than ever, as younger designers take the output
from their computer simulations and their inter-
pretations of experimental results to test-seasoned
senior designers for review and confirmation. This
continuity of experience is indispensible.

Today, the first tests of a new design (most
frequently a variation on a previously tested and
certified design) are usually successful because
our designers have the necessary experience to be
able to build safe margins into the nuclear tests. It
is when they incorporate engineering details or
test at environmental extremes—necessary steps
in turning a “device” into a weapon—that actual
performance can fall short of predictions. If today,
test-experienced personnel sometimes have diffi-
culty predicting device performance or explaining
unexpected behavior, how could a designer with-
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out actual nuclear test experience and without ex-
perienced coworkers to consult be able to design
or modify a weapon with success or confidence?

We expect that, in the event of very restrictive
test limits, in only a few years, we would start to
lose our test-experienced people. They would
leave to work on other, less restrictive, more pro-
ductive projects. After a while, the people whose
judgment had been honed by the realities of
nuclear testing would no longer be available. We
would then be faced with the prospect of asking
scientists without nuclear testing experience to
make judgments about the inevitable changes that
will occur in remanufactured or stockpiled
weapons.

Examples of the Need for Nuclear
Testing in Remanufacture

When faced with the inevitable changes en-
countered in weapon remanufacture, the crucial
question is “Will this change affect the weapon’s
performance?’ A “yes” answer means that we
must then determine how to fix the problem and
if a nuclear test is needed to certify the fix. Experi-
ence plays a crucial role in these decisions. Here,
we give a number of examples where changes did
matter and where nuclear tests were needed.
Some of these are actual weapon remanufactures,
and others involve situations almost identical to
what we might encounter in weapon remanufac-
ture. Most of these examples involved stockpile
problems and have been discussed in that light in
Chapter 2.

Remanufacture of the W68 Poseidon Warhead

Routine stockpile surveillance revealed that
the high explosive (HE) in the W68 was decom-
posing and the decomposition products were
causing deterioration of the detonators. We
judged that it was only a matter of time before the
weapons would be inoperable. One “solution”
would have been to rebuild the W68 warheads
every five years, using the same type of HE that
was decomposing. This would have been ex-
tremely costly and would have had a large opera-
tional impact on the U.S. Navy. Instead, we chose
the more cost-effective and technically sound so-
lution of replacing the deteriorating HE with a
more chemically stable formulation; this HE had,
in fact, already been tested in the W68 develop-
ment program. This fix entailed a remanufacture
of the Wé68.



The W68 was a critical part of the U.S. deter-
rent forces and the DOD was quite sensitive to the
urgency of the changeout. Thus we judged that a
nuclear test—a production verification test under
simulated aged conditions—was necessary to cer-
tify the modified design to the Navy. We were
surprised when the resulting yield was degraded
beyond what we expected on the basis of the ear-
lier test with the new HE. We knew that in addi-
tion to changing the HE, a number of other
changes in warhead parts had been made during
this remanufacture. For example, certain warhead
materials had to be changed because the vendors
of the originals had gone out of business. How-
ever, none of these other changes had been
thought to be significant.

It is often argued that replacement materials
can be stockpiled. One of the W68 materials that
was no longer available was an organic material
that had to be formulated at the time of use (much
as epoxy cement available at any hardware store
is formulated by mixing the contents from two
different tubes). The raw materials used to make
the final material for the W68 began to show sig-
nificant changes after only two years of storage,
even when refrigerated.

We have not yet been able to explain the
cause of the yield degradation. Although the new
HE was supposed to be the same as the material
tested in the original W68 development program,
there may have been subtle changes in its for-
mulation. We do not know whether the yield deg-
radation was caused by the new HE, by other part
changes, or by some combination of changes. It is
entirely possible that we might even have experi-
enced yield degradation had we simply replicated
the warhead with a fresh batch of the same chem-
ically unstable HE. As discussed in Appendix D,
we have experienced a number of problems in
replicating HE.

Although the degraded yield of the W68 with
the new HE was considered to be acceptable, it
was necessary to modify the maintenance proce-
dures and some conditions of the warhead’s
stockpile-to-target sequence. When the Navy
asked for a relaxation of these procedures because
of the large impact on their operations and associ-
ated costs, we emphasized the importance of fol-
lowing the procedures as specified. Our advice
was significantly influenced by the unexpected re-
sult in the production verification test.

It is clear that the rebuilt W68 is different in
substantial ways from the original. While some
have stated that a production verification test of
the rebuilt W68 was not necessary, we believe that
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the results show that the test was indeed neces-
sary, both to certify the adequacy of the produc-
tion rebuild and to enable us to provide accurate
advice to the Navy on maintenance and opera-
tional procedures. The W68 production verifica-
tion test is a definite example of the need for
nuclear tests when remanufacturing a warhead.

Development vs Stockpile Versions of the
W84 GLCM Warhead

The W84 experience illustrates the impact of
seemingly small and insignificant changes that oc-
curred as the development warhead was turned
into the stockpile weapon. The types of changes
are virtually idential to those that would be en-
countered in remanufacturing a warhead.

During the engineering of the W84 warhead,
a number of small changes were made between
the final development hardware and the produc-
tion hardware. At the time they were made, each
of these changes was judged to have no impact on
warhead performance. When a stockpile confi-
dence test was conducted on a unit that had been
deployed for a year and modified slightly to simu-
late certain aged conditions, a lower-than-
expected yield was obtained. We were concerned
that this low yield was indicative of possible mar-
ginal operation of the device. Another nuclear test
was necessary to evaluate the source of the yield
degradation, to certify a fix to the problem, and to
determine that there were indeed no problems
with marginal operation.

Although the problem we experienced with
the W84 has since been resolved, the experience
we gained is directly relevant to remanufacturing
a warhead. None of the seemingly minor changes
made between the final development version and
the production version, taken singly or together,
can account for the observed yield degradation.
Since we can account for the known changes in
the specifications between the development and
production versions, we conclude that we lack the
necessary knowledge about what other things
should have been specified. Evidently, we did not
specify and control all the factors that mattered.

Only three years elapsed from the final yield
certification test of the final development version
of the W84 to the test of the production version
(and less than two years from the tests of the
development hardware at the high- and low-
temperature extremes). Knowing that something
significant changed in the fabrication process in
this short time, we must wonder what sorts of
changes might take place between now and some
future time when a decision might be made to



remanufacture the warhead. Until we learn the
answer to this question, we believe that produc-
tion verification nuclear tests will be needed to
certify remanufactured warheads. In fact, if the
production of a warhead extends over very many
years, more than one production verification test
may be advisable.

Sensitivity of Primary Performance to THE
Properties

The safety features of insensitive high explo-
sive (IHE) are very important for the peacetime
storage and transport of U.S. nuclear weapons.
While IHE weapons are virtually impervious to
accidental HE detonation under extreme condi-
tions of shock, impact, and fire, there are manu-
facturing problems associated with this material
that make it difficult to replicate from batch to
batch.

In the early 1980s, an in-production warhead
was fired in a nuclear test to determine the sensi-
tivity of its IHE primary to certain environmental
conditions. The effects of environmental condi-
tions on IHE are of concern since the same prop-
erties that make [HE safe to accidental detonation
also make it difficult to initiate detonation in ac-
tual use. In this nuclear test, the measured pri-
mary yield was 25% lower than expected. Exten-
sive post-test analysis of the experiment revealed
a number of possible causes of the primary yield
reduction.

One possible cause involved the particle-size
distribution of the specific IHE lot used to manu-
facture the weapon; some particle-size distribu-
tions make the IHE more difficult to initiate. A
research program was begun to study the sensitiv-
ity of IHE initiation to various factors, including
particle-size distribution. As a result of this re-
search, the production specifications of the IHE
were changed to ensure consistent detonation per-
formance under all expected conditions. Had it
not been for the nuclear test, the production speci-
fications might have gone unchanged, with possible
serious consequences for future weapon builds. It
should be noted that the IHE batch used in the
nuclear test had a particle-size distribution that was
worse than in any of the units that had already
been deployed; thus the already produced units
were judged to be acceptable. The fact remains,
however, that it was only in the nuclear test that
the extent of the IHE’s sensitivity to particle-size
distribution was discovered, and only then could
the necessary particle-size distribution specifica-
tions be implemented.
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This example illustrates the variabilities pos-
sible in HE manufacture. Even with detailed
specifications, it may be extremely difficult to pro-
duce consistent and reproducible batches of HE
since many aspects of HE manufacture are as
much an art as a science. Just as important, while
we believe we know today what to specify, there
may be some unspecified but important charac-
teristic that we know nothing about.

In a future remanufacture, we would exten-
sively check the HE components in nonnuclear
experiments. We would estimate the effects on
nuclear performance of any differences that might
arise in behavior between the new and original
systems. However, without a nuclear test to verify
the magnitude of these effects, considerable un-
certainty in performance could result.

New High Explosive for the W52 Sergeant
Warhead

The redesign of the W52 warhead was a re-
manufacturing-like situation required for reasons
of safety. In 1959, the W52 warhead was nearly
ready for production when two explosive acci-
dents occurred at LANL, killing six people. The
explosions were due to the unexpected suscep-
tibility to accidental detonation of the HE used in
the W52 primary. Los Alamos scientists had to
change the explosive used in the warhead to a
safer and less sensitive explosive, which was also
somewhat less energetic. This decision was made
during the Nuclear Test Moratorium of 1958-1961,
when the new design could not be verified in a
nuclear test. The redesign was based on nonnu-
clear hydrodynamic tests and computer design
calculations. Because of the high confidence that
LANL scientists had in their redesign, they did
not immediately test the W52 when the Morato-
rium ended in 1961. The W52 entered the stock-
pile in April 1962. When the device was finally
tested, it gave only a fraction of its expected yield.
The W52, as delivered, was militarily unaccept-
able. Los Alamos scientists made a rapid redesign;
within three months of the test failure, they con-
ducted a successful nuclear test of the new design,
which was subsequently incorporated into the
stockpile.

The W52 is an example of a weapon design
that had to be changed because of safety reasons.
Nonnuclear experiments and computer calcula-
tions were inadequate, and nuclear testing was es-
sential to verify the design. Although this was not
literally a weapon “remanufacture,” it might well
have been if the fatal accidents had occurred after



deployment of the original W52. The W52 case
also illustrates how pressures in the system can
contribute to recertification, even though there
should be reservations about doing so.

Problems with the W47 Polaris Warhead

Three problems were identified with the W47
warhead: corroding fissile material, vulnerability
of a material to an ABM environment, and a de-
fect in a mechanical safing device. Remanufactur-
ing issues were associated with the second and
third problems, and nuclear testing played a nec-
essary role in correcting them.

A modified design was needed to correct the
ABM vulnerability problem. The extent of the de-
sign modification was large enough to require a
nuclear test to certify the change, and weapons
were rebuilt with the modification.

A mechanical safing device was used in the
W47 warhead to make it safe to one-point detona-
tion. However, chemical corrosion in the W47
caused a serious reliability problem in the safing
mechanism that did not lend itself to a viable en-
gineering solution. In a large fraction of the sam-
pled warheads, the mechanism would not fully
complete its arming operation; this indicated that
a large fraction of the W47 warheads would be
duds, and the number of duds was increasing
with age. Rather than remanufacture the war-
heads with rebuilt safing mechanisms that would
fail again, we solved the problem by replacing the
primary with one known to be inherently one-
point safe. A nuclear test was required to certify
this new design. All W47 warheads in the stock-
pile were retrofitted with the new primary.

Although these problems with the W47 did
not involve exact replication of the warhead, they
all involved dismantling warheads and rebuilding
them with improvements. Each of the improve-
ments was necessitated by serious unforeseen
changes in vulnerability or reliability. The W47 il-
lustrates that in order to maintain the capability of
a weapon, exact replication may not be desirable
or even possible.

Repackaging Warheads

It has been suggested that, in the event of
future restrictive test limitations that preclude the
design of new warheads, it would be possible to
repackage existing warheads in new delivery sys-
tems. Note that repackaging is considerably dif-
ferent than remanufacturing. Repackaging would
involve taking a warhead designed for one appli-
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cation (i.e., delivery vehicle and mission) and,
without redesigning it, adapt it for another use.

U.S. warheads and delivery vehicles are
tightly integrated into weapon systems; each war-
head is optimized for its specific missile and each
missile is optimized for its warhead. The warhead
is designed to withstand conditions unique to the
mission of the delivery vehicle, and thus is de-
signed to meet specific targeting requirements,
transportation environments, hostile (e.g., ABM
intercept) environments, etc. It would be ex-
tremely imprudent to adapt an existing warhead
to a new application without nuclear testing if the
conditions of the new application are much differ-
ent from the “as designed” environments.

If we cease nuclear testing, we would have to
freeze certain aspects of the packaging system and
significantly limit warhead options for new deliv-
ery systems. Such a limitation on future defense
systems could prove to be extremely costly and
inhibitive since changes in the warhead could
cause major changes in the whole system. The
overall effect would likely be one of increasing
the effective warhead mass and volume. For ex-
ample, we would need a stay-out zone between
the warhead and certain missile components; we
would not be able to qualify a new weapon elec-
trical system (WES); we would have to freeze the
electromagnetic pulse (EMP) specifications; and
generally we would require more volume to
repackage.

Historically, warheads and missiles have
been designed as an integrated system, with fea-
tures in one affecting or dictating features in the
other. For example, in order to increase range and
decrease cost, we have often designed our war-
heads on the margin in terms of the yield-to-
weight ratio or other especially important military
requirements. Our designers have worked to re-
duce the system weight (often by reducing the
warhead dimensions) while maintaining warhead
yield. This approach is very cost-effective in terms
of delivery systems, enabling aircraft and subma-
rines to carry more missiles. On the other hand, it
has meant that our warheads are more complex
and thus more dependent on nuclear testing. We
have paid for this system integration and effi-
ciency with a warhead complexity that has in-
creased our reliance on nuclear tests for
certification.

The priorities among competing military
characteristics are not carved in stone; they
change as new contingencies arise. For example,
in recent years we have accepted a less-than-
optimum yield-to-weight ratio in order to install



IHE and to reduce oralloy usage. Similar changes
in priorities will certainly occur in the future; for
example, successful development of a directed-
energy weapon (DEW) by an adversary would
force us to give high priority to a requirement for
DEW-vulnerability protection.

It may indeed be possible to design a more
“robust” nuclear warhead, as is discussed in
Chapter 4. Such a device could be based on very
conservative design practices and probably would
be heavier and larger than its optimized modern
counterpart. It would probably have a decreased
yield-to-weight ratio; it would also have to pro-
vide for the required stay-out zones for electron-
ics. Before these warheads could be incorporated
into existing delivery systems, many of the sys-
tems would have to be redesigned and retrofit-
ted—a time-consuming and extremely expensive
undertaking.

Thus a freeze in packaging options, due to
restrictive nuclear limitations, or a decrease in the
yield-to-weight ratio, due to extremely conserva-
tive warhead designs, would lead to a need to
reconfigure existing delivery systems to accept
larger diameter warheads (assuming this would
be possible; for many systems it is not), a probable
increase in the total number of delivery systems,
and possibly the development and production of
new delivery systems. This situation calls to mind
comments from Lockheed engineers about re-
manufacturing a rocket motor in the absence of
testing—they might have been able to do it with a
very conservative design, but the end product
would not have fit into the existing submarine
launch tubes!

The strategic balance often depends on our
ability to make critical changes in missile configu-
rations. Testing gives us the ability to certify effi-
cient warheads in new configurations. Without
testing, we foreclose on our options to make those
changes.

Conclusion

When we examine the issue of remanufac-
ture, our most important conclusion is that test
experience is vital. Even with the limited nuclear
testing permitted today (limited both in yield and
in number of tests), the day-to-day decisions that
must be made in the weapon production process
can be handled, in large part, using the judgment
of test-experienced scientists and engineers. This
brings us face to face with a major concern when
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we consider remanufacturing nuclear warheads
without testing. The experience base essential for
making these decisions will deteriorate without
testing, and yet, without testing, there will be an
even greater need for these judgments. The end
result will be a product—a nuclear weapon—with
reduced credibility. The uncertainty in the war-
head’s performance (difficult or impossible to
quantify without knowing the detailed nature of a
possible problem) might become great enough
that its deterrent value would be significantly
reduced.

Our current test-experienced engineers and
scientists could undertake a remanufacture with
confidence that the weapon would perform about
as well as the original weapon. However, experi-
ence has shown that, even now, we might have
difficulty in matching earlier performance. It is
difficult to be quantitative about how close we can
come to exact replication since we cannot know
the nature of future problems. Without nuclear
certification tests of remanufactured weapons,
there will undoubtedly be greater uncertainties.
Perhaps, the uncertainties can be mitigated by
more conservative designs or by more conserva-
tive operational limitations on the deployed
weapons. Whether the resulting uncertainties in
deterrent value are acceptable is a question for the
policy-makers.

A major problem in remanufacturing a
weapon is the available documentation. The doc-
umentation for older weapon systems is inade-
quate and many of the specifications are un-
known. Documentation has improved since the
military characteristic for replicability was estab-
lished in 1982, and we now have significantly im-
proved specifications for the more recent weapon
systems. However, as we learned from the W68
and W84, the specifications for even these recent
systems may be incomplete and we lack the
knowledge to make them complete. While, in the
future, it should be more feasible to remanufac-
ture these modern weapon systems than the older
systems, the uncertainties in performance of the
remanufactured weapons could be significantly
greater without nuclear certification tests and in
the absence of design physicists and engineers
with test experience.

It is important to emphasize that in weapon
remanufacture we are dealing with a practical
problem. Idealized proposals and statements that
we “should be able to remanufacture without test-
ing because expertise is not essential” are a pre-
scription for failure.



Chapter 4. Preparing for Further Nuclear Test Limitations

It is difficult to predict when, if, or in what
form we will see further limitations on nuclear
testing. In the face of more restrictive test limits,
the weapon laboratories would still be responsible
for ensuring the reliability and effectiveness of
U.S. nuclear weapons. Thus it behooves us to take
the necessary steps now to prepare for such a situ-
ation. The technical impacts would be less severe
if the limitations took effect gradually, in phase
with other arms limitations and technology con-
trols. The President has proposed such an ap-
proach to the Soviets. He has called for step-by-
step progress toward further test limitations in
parallel with major arms reductions, with the ulti-
mate goal of a complete cessation of nuclear
testing.

Since the 1958-1961 Nuclear Test Morato-
rium, we have been acutely aware of the potential
impact of a Comprehensive Test Ban (CTB). On
many occasions, the Laboratory has been re-
quested by the U.S. government to assess the con-
sequences of more restrictive test limits or a CTB.

What will be our ability to carry out our
responsibilities if testing is severely limited? At
the very least, these responsibilities would include
ensuring the reliability of the existing stockpile,
assessing changes in weapons caused by stockpile
aging, overseeing corrections to potential prob-
lems, and evaluating the inclusion of previously
designed weapons into new delivery systems. It
appears likely that under restrictive test limits,
many of these responsibilities could not be met
with today’s level of confidence. Upgrades and
improvements, however minor or reasonable,
would have to be carefully examined to ensure
that they would not introduce unacceptable
uncertainties.

In the earlier chapters of this report, we have
discussed how changes in weapon design are dic-
tated by safety and security considerations, use of
new materials, new configurations, or new mili-
tary requirements. Although not all of these
changes must be certified in full-scale nuclear
tests, they all rely on data obtained in nuclear
tests and, most critically, on the judgment and in-
sight that scientists and engineers acquire on the
basis of such data. Depending on the specific test
limits, experimental data from testing could be
very limited or nonexistent. Thus the pool of ex-
perienced specialists would decline and the skills
of those that remain would diminish.

Although we see no satisfactory way to solve
the problems involved in meeting our responsibil-

31

ities under a regime of very restrictive nuclear test
limitations (e.g., a CTB or a very low yield thresh-
old), we have identified several measures by
which they may be mitigated. Measures we could
employ before new test limitations go into effect
include stockpile confidence tests of existing war-
heads, production verification tests of new weap-
ons, developing backup warheads for various
weapon systems, improving our understanding of
weapon physics by nuclear and nonnuclear tests,
finding ways to certify thermonuclear compo-
nents at reduced yields, and designing weapons
less likely to suffer material degradation or more
suited to modification than current designs.

Other measures could continue after test limi-
tations have gone into effect. These include ac-
quiring more extensive nonnuclear experimental
facilities, developing advanced supercomputers
and numerical modeling capabilities, pursuing
nonnuclear programs (e.g., advanced conven-
tional munitions) that use many of the same skills
as the current nuclear weapon program, and tak-
ing deliberate steps to maintain the capability to
produce existing weapon designs.

We are pursuing all of these measures to the
extent that funding and the military characteristics
(MCs) allow. Our efforts in this area were recently
attested to by the University of California Scien-
tific and Academic Advisory Committee (SAAC);
the findings of the committee are reported in Ref-
erence 2 and are summarized in Chapter 1.

The Augmented Nuclear Test Program

Laboratory programs in support of these
measures were mapped out, more than five years
ago, at the time of the Augmented Nuclear Test
Program. In 1980, at the request of President Car-
ter’s Office of Science and Technology Policy and
in response to a memorandum from the National
Security Council, the Departments of Energy and
Defense developed a plan for an Augmented Test
Program (ATP) for underground nuclear testing.
The ATP called for a 50% increase in the number
of nuclear tests for the first two years, followed by
an additional 25% increase in succeeding years.
The purpose of the ATP was to “place the U.S. in
a more sound national security posture.” In addi-
tion, the ATP report stated that:

“The program places early emphasis on those
areas of science and technology that contribute
most to reliability and confidence of the stockpile.



In this regard, the program supports as a first pri-
ority CTB readiness objectives in the short term
while continuing to provide for orderly reestab-
lishment in the longer term of the nuclear science
and technology base which is the bedrock of the
U.S. nuclear deterrent.”

The ATP set a high priority on the nuclear
tests required to complete the current and pro-
jected military requirements. Plans were made for
other nuclear tests to address the issues of alterna-
tive warheads, longevity, assessability, and reli-
ability. Research was to continue on improving
the safety and security of the stockpile and on as-
suring the survivability of U.S. systems exposed to
nuclear weapon effects. In addition, a large frac-
tion of the tests were to be devoted to enhancing
our fundamental knowledge of nuclear weapon
design physics.

The Office of Science and Technology Policy
convened a panel (Solomon Buchsbaum, Harold
Agnew, John Foster, Gerald Johnson, Carson
Mark, Ernest Martinelli, and Wolfgang Panofsky)
to review and provide input to the ATP plans. The
Panel made the following observations:

“In general, the Panel is favorably impressed
by most parts of the Program, in particular those
parts that address fundamental nuclear design
questions. It is important to remove the physics
uncertainties in device designs, which are now
compensated for empirically, so that designers can
predict performance from first principles.

“In the absence of ability to test, confidence
in the reliability of the stockpile ultimately rests
on availability of people who are intimately
knowledgable of the design of the warheads in
the stockpile and who, on examining a particular
warhead, can judge its capability to perform ac-
cording to its design. A key objective of any ex-
panded program should be to help retain a cadre
of such people and attract new ones.

“The Panel agrees that the ATP as proposed
would make an important contribution to in-
creased confidence in the reliability of the U.S.
nuclear weapon stockpile under a CTB. The ATP
cannot, however, eliminate all concerns about
stockpile reliability especially under a protracted
CTB.”

The Panel recommended a number of
changes that were incorporated in the ATP plans.
These included provisions to allow for more
stockpile confidence tests of key systems, devel-
opment of alternative warheads for important
strategic systems, and a recommendation to im-
prove our understanding of the performance of
primaries. Accordingly, the ATP called for a series
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of boost physics experiments. Regarding alterna-
tive warheads, the ATP intended that alternative
designs would be developed and placed “on the
shelf” to provide backups to systems then under
development. Such backups could be used if an
unresolvable problem arose with the preferred
warhead. In particular, the panel recommended
the development of conventional high-explosive
backups to primaries using insensitive high explo-
sive (IHE), owing to the newness of IHE designs
at that time.

What was the outcome of the ATP? President
Carter approved the ATP in principle. Although
he did not submit the ATP to Congress for their
explicit approval, he requested and obtained addi-
tional funding for nuclear testing. President Rea-
gan has continued to seek more funds for testing
in his budget requests.

At the time the ATP was planned, we had
already started to work on many of its suggested
measures. Beginning in 1980, the weapon labora-
tories began to do more stockpile confidence tests.
One such test that is now done regularly on new
stockpile systems is a production verification test;
in this test, a unit is brought back for a proof test
after it has been exposed to field conditions for a
short time. We have also tested a number of older
systems. We recognized that more nuclear tests
were needed for weapon physics research (de-
scribed below). In addition, we instituted a boost
physics research program, one of the specific ATP
goals. Although we have fallen short of the goal
of developing alternative or backup warheads for
all important systems, some alternatives are avail-
able if an unresolvable problem arises with a par-
ticular warhead. For example, the Mk 12A/W78
conventional HE warhead could be used in place
of the Mk 21/W87 IHE warhead for the Peace-
keeper (MX) missile. The GLCM (W84), ALCM
(W80), and Pershing II (W85) warheads might also
be adapted to other systems if needed, although
penalties in operational capability and military
performance would probably be incurred.

Our weapon physics research and stockpile
confidence tests are continuing, but not under the
name of the ATP. The redirection of effort to
nuclear-driven directed-energy weapon (NDEW)
programs for the Strategic Defense Initiative (SDI)
has absorbed most of our additional nuclear test-
ing resources for the last seven years. We cannot
simultaneously sustain high levels of research on
SDI and on weapon physics with the current
funding levels. Although we have accomplished
much, because of limited funding, only a fraction
of the goals set by the ATP in 1980 have been met.



It would be advisable to institute an ATP. As
part of our five-year planning of nuclear test ac-
tivity, we have detailed additional testing along
these lines, including several tests relevant to
stockpile confidence at lower yield thresholds. If a
new ATP is to be successful and avoid the fate of
its predecessor, a future ATP will require Con-
gressional endorsement and adequate sustained
support will be imperative.

Laboratory Efforts to Prepare for
Further Test Limitations

We are already taking steps to prepare for fu-
ture limits on nuclear testing and have identified a
number of ways in which these measures could be
enhanced.

Weapon Physics Experiments

We regularly conduct weapon physics experi-
ments as part of nuclear tests fielded for other
purposes. Since 1981, one or two additional
nuclear tests have been dedicated specifically to
weapon physics research under the heading of
“fundamentals of reliability.” The knowledge
gained from these tests has already been used to
develop more conservative and more reliable de-
signs. We have improved our understanding of
the boosting process, reduced the uncertainties in-
volved in thermonuclear energy production, and
enlarged our knowledge of aspects of radiation
hydrodynamics. However, we still have a long
way to go before our understanding of these com-
plex physics processes is complete enough to sub-
stantially reduce our dependence on nuclear test-
ing. In recent years, as a result of programmatic
requirements for NDEW research, we have had to
scale back on the number of dedicated weapon
physics tests. There is also a limit to how rapidly
the results of weapon physics experiments can be
interpreted and computational models developed
or modified as theory and experiment are
integrated.

Weapon physics experiments are also done at
our nonnuclear and high-explosives experimental
facilities. With the Nova laser, we have measured
the x-ray opacity in materials, providing the first
laboratory-gathered data crucial to thermonuclear
design. With the Flash X-Ray facility, we are ex-
ploiting recent advances in radiography and
ultrafast (10-nanosecond) photography to take
pictures of spallation from explosively driven
metal shells characteristic of fission triggers. We
are also constructing the High-Explosives Appli-

33

cations Facility (HEAF), with which we will inves-
tigate the nonideal properties of insensitive high
explosives and to characterize more completely
the safety of “ideal” (but sensitive) explosives.

An important commentary on our weapon
physics research was provided by the SAAC as
they examined the role of these tests in the resolu-
tion of problems encountered with stockpile
weapons:

“It is evident from the results of these physics
tests that they have contributed to a better general
understanding of this technology. ... the increased
number of weapons physics tests since 1981 has
both helped to identify these problems and has
contributed to an understanding that will be in-
strumental in reducing their number in the
future.”

With continued research in weapon physics,
we should be able to improve our understanding
even further. This would allow us to place less
reliance on nuclear testing for the identification,
evaluation, and resolution of physics problems.
Recently, however, the DOE has submitted bud-
gets to Congress with decreased funding for “core”
testing (i.e., tests other than for NDEW research).
This will seriously reduce the level of our research
effort into the “fundamentals of reliability.”

Advanced Nonnuclear Experimental Facilities

We are continually searching for nonnuclear
experimental facilities that could come close to
duplicating the conditions created in a nuclear
test. The various existing nonnuclear experimental
facilities and the facilities envisioned for the fu-
ture do not come close enough to simulating the
conditions in a nuclear explosion and thus could
not take the place of nuclear testing. They can,
however, provide valuable weapon physics data,
help experimenters maintain some level of rele-
vant skills, and provide a test bed for designers to
verify some theoretical aspects of weapon physics.
This might enable us to maintain a certain level of
nuclear weapon expertise, but such facilities
might also have a lulling effect on our capabilities.
Focusing attention on areas only partially relevant
to nuclear weapons could lead to errors in judg-
ment about actual nuclear design matters.

Major extensions of existing nonnuclear facil-
ities would be required to enhance our capabilities
in nonnuclear testing. For example, a High-Gain
Test Facility (HGTF), using a multimegajoule laser
for research on inertial confinement fusion (ICF),
would provide more intense conditions than are
available with the Nova facility. The HGTF would
allow us to make studies on 1000-M] ICF capsules.



The conditions produced at such yields would be
relevant to some aspects of nuclear weapons de-
sign and diagnostics and would provide a source
for some tests on military vulnerability, lethality,
and exposure. However, many aspects of the
physical performance of nuclear weapons (e.g.,
the behavior of fission primaries) could not be ad-
dressed by the HGTF.

Enhancements in the capabilities of the
above-mentioned FXR facility at Site 300 would
be valuable. Advances in accelerator technology
leading to higher x-ray intensities would provide
the improved resolution needed to explore the
late-time implosion behavior of primaries.
Progress in acquiring such improved or new facili-
ties is very much limited by available funding.

Low-Yield Fission Explosions

A CTB might be configured to allow very-
low-yield fission explosions, below the verifica-
tion threshold. These explosions would have
some value for maintaining minimal experience
with fission weapons but they would be of little
help in resolving stockpile problems.

We have conducted a preliminary study of
the role of low-yield nuclear tests (under 100 tons
total yield) in maintaining a nuclear design ca-
pability. We attempted to identify what nuclear
explosives technologies could be maintained un-
der such a highly restrictive limit and what
weapon physics experiments could be performed
that would contribute to our understanding of
higher-yield weapons. The report of the results of
this study is classified; an unclassified version is
available, although it lacks much of the technical
reasoning and detail presented in the full report.

We reached several conclusions about the im-
pact of a very-low-yield nuclear test threshold.
We concluded that tests at low yields add little or
nothing at all to our confidence in the perfor-
mance of nuclear weapons systems. Neither do
they contribute significantly to the maintenance
of the essential, critical design skills relevant to
today’s stockpile. The reason for this is that stock-
pile devices use a number of different physical
processes to achieve their yield, and some of these
processes cannot be simulated at very low yields.
We did identify several weapon physics experi-
ments that would add to our technology base for
understanding the general operation of nuclear
explosives and could be conducted at low yields.

One of the most critical aspects of a low-yield
test limit or a CTB would be the difficulty in train-
ing new weapon designers and engineering per-
sonnel and in maintaining the competence of the
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existing staff in technologies relevant to the exist-
ing stockpile. During an extended absence from
nuclear testing at relevant yields, we would expect
an inexorable deterioration of our understanding
of the nuclear weapon stockpile.

Advanced Computational Capability

The Laboratory continues to acquire the most
advanced supercomputers available. The Liver-
more Computer Center currently has two
CDC 7600 computers, four Cray-1 computers, a
Cray-XMP/48, and a Cray-XMP/416. We devote
much research to developing improved computa-
tional methods to take full advantage of the ad-
vanced computer architectures and to improve the
accuracy of the physics models in our weapon de-
sign codes. We have made large gains over the
years in our ability to model nuclear explosions,
but we are still far from being able to give up our
reliance on nuclear tests. In fact, historically, com-
putational modeling has been intended to supple-
ment nuclear tests, not eliminate them.

The cost of modern computers is high enough
that equipment funding of the national labora-
tories limits the acquisition of a new mainframe
replacement to one every two years. This is not
rapid enough to enable us to make the potential
gains inherent in advanced computational
capability.

Certifying Nuclear Components at Reduced
Yields

We have been studying the possibility of
certifying the full-scale yield of weapons at test
yields below 150 kt. The fundamental issues are
whether devices with large quantities of inert ma-
terials will produce diagnostic data that are repre-
sentative of the full-yield device, and whether we
can extrapolate, with confidence, the full-scale
yields from small fractional yields. Computational
studies indicate that often-suggested thresholds
below 15 kt are inadequate for full certification.
We are investigating the adequacy of thresholds at
and above 15 kt. Preliminary analytical results, yet
to be confirmed by experiments, indicate that
yields beyond 15 kt are needed to provide defin-
itive data from largely inert secondaries. Our re-
search to date indicates that it would not be possi-
ble to certify new-type, high-yield thermonuclear
devices at any of these reduced test yields. Also,
these levels would not enable us to determine full
yields to the accuracy now available.

We are investigating what can be learned
about the boosting process at low test yields. Our



experimental data in this area are extremely lim-
ited. More nuclear tests are needed before we can
determine the value of low-yield testing to studies
of the very complex boosting processes present in
current primaries,

Reduced-yield studies are vitally important,
and we are planning several nuclear tests as part
of this research. The rate at which we do these
experiments is limited by the funding available for
our core programs.

Nonnuclear Weapon Programs

During a CTB, work on advanced conven-
tional munitions would help to maintain some of
the skills relevant to primaries. These munitions
use many of the same technologies—in particular,
hydrodynamics, materials science, high-explosive
chemistry, and high-speed diagnostics—that are
required in the development of the fission triggers
for nuclear weapons. We have sought a stable,
block-funded program in conventional munitions
and, most recently, a joint DOE-DOD-funded En-
ergetic Materials Center (for the study of explo-
sives and rocket propellants). DOD funding cut-
backs in the 6.2 category have limited the former
program and precluded the latter.

The ICF program uses skills relevant to the
physics of secondaries. When ICF capsules are im-
ploded, much of the same physics is involved as
in secondaries (e.g., radiation hydrodynamics,
thermonuclear reactions, radiation opacities, and
hydrodynamic instabilities), albeit on a much
smaller scale. While physics skills may be exer-
cised in such ICF studies, the development of
nuclear weapons and the solution of stockpile
reliability problems require full-scale nuclear
tests. Although ICF capsules involve much of the
physics of secondaries, an examination of the
prospects for achieving ICF has forced us to con-
clude that even though ICF is both technically in-
teresting and challenging, it does not address
many critical issues of weapons design and thus
would not be adequate to enable us to maintain a
competent nuclear design capability during a pro-
tracted nuclear test ban.

There are some nonnuclear programs that ex-
ercise skills relevant to NDEW research. The ICF
facilities can be used in such research. In fact, the
Nova laser is currently being used in the labora-
tory x-ray laser program. Some laboratory re-
search is also possible on microwave weapons.

We must emphasize that the role of these
nonnuclear programs is quite limited. They can be
used to help maintain some relevant physics skills
but they cannot be used to solve weapon prob-
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lems. They can help to slow the erosion of ca-
pability but they cannot stop it. Unless these pro-
grams have an important national mission, they
will not attract the top people. Even with very
limited nuclear testing and with generous funding
for nonnuclear facilities, it will be hard to get and
keep top people. Expertise on real weapon prob-
lems will decline, and depending on the allowed
level of testing, personnel knowledgable about
nuclear test operations and diagnostics will leave.

Another major concern is that weapon phys-
ics draws heavily on such basic scientific disci-
plines as atomic physics and the theory of hot
dense plasmas. The research base in the U.S. in
these area is almost nonexistent. In contrast, these
subjects are strongly emphasized in foreign coun-
tries, especially the in Soviet Union. For example,
there are no Assistant Professors of Atomic Phys-
ics Theory in the U.S. It will take many years and
tens of millions of dollars for university research
facilities to redress this problem. Since the Mans-
field amendment disallowed DOD's application of
6.1 funds, atomic physics has not had a principal
sponsor among the federal agencies. We suggest
that the DOE establish a Division of Atomic and
Dense Plasma Physics to parallel the Division of
Nuclear and Particle Physics.

“More Robust” Weapons

We could design and manufacture weapons
that are less likely to suffer degradation with time.
However, because of the configuration of the
present stockpile and delivery systems and be-
cause we cannot anticipate what problems will
develop, this would be an expensive and difficult
undertaking. For example, larger primaries con-
taining more nuclear material are seen by some as
less demanding and more robust. Since we often
cannot judge ahead of time which components
will degrade, we still could not make absolute
guarantees about the longevity or durability of
these “more robust” weapons. The addition of
10% more high explosive or more fissionable ma-
terial might provide some assurance against the
effects of minor deterioration in the future; how-
ever, this would not have prevented some of the
problems encountered in the past.

For any of these changes to be incorporated
in U.S. nuclear weapons, the MCs would have to
be changed. If they are changed, we might be
forced to give up improvements in weapon tech-
nology that provide increased safety, security, sur-
vivability, and military effectiveness. Without
carefully studying each proposed new weapon



system, we could not know what specific techno-
logical improvements would have to be sacrificed
in any one system. For example, while unlikely,
we might forego the use of IHE in favor of con-
ventional high explosive, since IHE is more diffi-
cult to initiate and thus potentially more sensitive
to some stockpile aging effects.

The size and weight of the warheads might
also be increased. We have learned from experi-
ence that larger systems are less sensitive to small
design changes and, for this reason, would be ex-
pected to be less prone to some effects of stockpile
aging. The increased size and weight of the war-
head could also generate the need for larger mis-
sile systems. Adapting DOD delivery systems to
the available DOE warheads, rather than optimiz-
ing the warheads for the delivery systems, is
likely to increase overall weapon systems costs
substantially.

Similarly, the more nuclear material, such as
plutonium and tritium, that a weapon contains,
the more robust it normally is to parametric
changes and consequently to some of the effects
of stockpile aging. A thorough study would be re-
quired to account for the increased nuclear mate-
rial needs of more robust designs and to deter-
mine whether the production reactors can meet
these needs in a timely manner.

Other improvements that might be relin-
quished in an attempt to make weapons more ro-
bust include certain built-in security features and
structural features required for specialized mis-
sions. For example, the construction features that
allow earth penetrator weapons, artillery shells,
and laydown bombs to withstand extremely high
accelerations and decelerations can affect the op-
eration of the nuclear warhead and could be the
source of uncertainty in the event of a stockpile
aging problem. Thus we might have to forego the
development and deployment of systems that de-
pend on these features for their effectiveness.

A more detailed description of the nuclear
design changes that might be involved and the
military capabilities that might have to be relin-
quished in order to develop more robust war-
heads has been requested by the Senate Armed
Services Committee (SASC) in the FY 1988 De-
fense Authorization Bill. This study would direct
the DOE to examine the feasibility of reduced
reliance on underground nuclear testing
(Appendix E). If it is decided that further nuclear
test limits are a desirable goal, we believe that the
approach suggested in the SASC language is the
correct one. Rather than making assertions about
what can be accomplished under more restrictive
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test limits, the SASC language poses questions
that must be answered before agreeing to addi-
tional testing limits. We certainly are not ready
today for significantly reduced limits, and a thor-
ough preparation and investigation, including
nuclear tests, is needed before this country com-
mits to a new regime of greatly increased test
restrictions.

Enhancing Our Ability to
Remanufacture Weapons

We are placing major emphasis on 25-year
objectives, materials compatibility, and engineer-
ing durability in order to maintain the capability
to remanufacture weapons. At the government’s
request, we have already judged it acceptable to
extend the lifetimes of a number of systems in the
stockpile. Although we rigidly document produc-
tion procedures and materials, there is no guaran-
tee that remanufacturing will be easy; indeed,
there is ample evidence to the contrary (see Chap-
ter 3 and Appendix D).

Continued Production at Low Rates

Production of weapons could be continued at
low rates. It would be quite expensive to do this,
since we would have to maintain a complete man-
ufacturing infrastructure for each weapon (of
which there are currently 28 types), even though
the build rates would be small. A very high pre-
mium might have to be paid to keep small ven-
dors involved in the process. Tremendous loads
would be placed on existing production facilities,
and extra facilities might have to be built.

It is also not clear that continuing production
will indeed maintain capabilities. Consider, for ex-
ample, the W68 Poseidon warhead. During the
very early production of the W68 at the Burlington
AEC (Atomic Energy Commission) plant the qual-
ity of the product was very high. As the build rate
increased and new assembly people were brought
into the program, the quality dropped to an
unacceptably low level. To correct this problem,
production had to be stopped and the new oper-
ators educated in both procedure and design in-
tent (i.e., operation of the warhead) by the experi-
enced engineering team responsible for
overseeing the production.

Maintaining Critical Processes

It has been suggested that we maintain cer-
tain critical processes, manufacturing technol-
ogies, and production plants on a stand-by status




in the event that remanufacturing becomes a ne-
cessity. This might be accomplished for a few
high-priority systems and selected technologies.
The risk is that we will preserve unneeded tech-
nologies and ignore the critical ones. We would
have to deal with the problems of maintaining a
highly trained, knowledgable cadre who would
not be doing anything “productive.” In addition,
the processes and technologies would have to be
continuously monitored to make sure that they
did not change with time, either through lack of
attention from a potentially bored staff or, con-
versely, through their creative efforts to “im-
prove” the processes and product.

Improved Documentation

A major problem in remanufacturing a
weapon is the documentation. The documentation
of older weapon systems is inadequate, and many
of the specifications are unknown. Documenta-
tion has improved since 1982 when the DOD
added an MC for warhead endurance and
replicability, in which these features are stated to
be desirable goals consistent with meeting the
other MCs:

“It is desired that the warhead have an inher-
ent endurance obtained as a result of design con-
siderations that address: a maximum warhead
lifetime, maximizing the ability to replicate the
warhead at a future date, and maximizing the
ability to incorporate this warhead in other
weapon delivery systems. Therefore, the design,
development, and production of the warhead
must be well documented and involve processes
that to the extent possible allow replication at a
future date.”

Since then, we have significantly improved
the documentation and specifications for the more
recent systems that have gone into the stockpile.
However, as experience with the W68 and W84
revealed (see Chapter 3), the specifications for
even the more recent systems may be incomplete
and we lack the knowledge to make them com-
plete. While the improved documentation should
make it more feasible to remanufacture modern
weapon systems in the future, the uncertainties in
performance of the remanufactured weapons
could be great in the absence of nuclear certifica-
tion tests and without test-experienced design
physicists and engineers.

Today, we are providing adequate documen-
tation for our current job-shop methods of
weapon development, production, and stockpile
surveillance. Current and past documentation is
not and never was intended to cover the possibil-
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ity of inexperienced personnel attempting a
weapon remanufacture. We could prepare still
more detailed specifications and documentation,
given substantially increased resources. However,
the experts with practical remanufacturing experi-
ence in both the weapons complex and private
industry warn that there is a practical limit to the
level of detail that can be included in production
specifications.

Stockpiling Materials

It has been suggested that weapon materials
be stockpiled for possible future rebuilds. Indeed,
this can be and is being done for some materials.
Appendix D gives examples of the problems we
have already faced with replicating batches of
high explosive, procuring metals with the right
mechanical or chemical property, locating a
source of a material with the required uniformity
and strength, and discovering that materials have
become obsolete for reasons of economy or be-
cause of new health and safety standards. Many
of the materials used in existing weapons—materi-
als that are critical to the correct functioning of the
weapons—would take much effort and expense
(and testing) to replicate, and we would have to
solve the problems of replicating the material be-
fore it could be stockpiled.

Stockpiling large amounts of weapon materi-
als would be expensive and, in some cases, would
require special handling of hazardous materials.
The availability of safe and secure storage space is
already limited, as are the funds required to oper-
ate the production plants. Even assuming that we
can stockpile a given material to replace identical
material that has aged in a weapon, there is no
guarantee that the stored material will be in better
shape than the aged material in the weapon.
Therefore, although stockpiling materials may
seem to be an ideal solution to the problem of
remanufacturing a weapon, it may actually be
more practical and effective to remake the mate-
rial or to find a suitable substitute at the time we
need it. This will of course require testing, possi-
bly even a nuclear test. In fact, a substitute mate-
rial that will age well is likely to be preferred over
a material that has aged badly if, through proper
testing, we can demonstrate that the substitute is
satisfactory.

Conclusion

The Laboratory is committed to fully meeting
its responsibilities for ensuring the reliability and



effectiveness of U.S. nuclear weapons both today ually seeking new and better ways to preserve the

and in the event of future, more restrictive limita- nuclear weapon expertise and judgment so critical

tions on nuclear testing. We have identified and to meeting our responsibilities. Until we accom-

are already taking a number of steps to prepare plish this, it would be imprudent to agree to fur-

for more restrictive test limitations. We are contin- ther limitations and restrictions on nuclear testing.
Acknowledgments

Many expert scientists and engineers were consulted in the preparation of this report. Certain sections
of the report were written by Herman Leider and Charles Wraith of Lawrence Livermore National Labora-
tory (LLNL). Particularly valuable input came from John Immele, Eugene Burke, William Zagotta, Steve
Younger, Bill Inouye, and Warren Heckrotte of LLNL, and David Watkins, Don Westervelt, Delmar Ber-
gen, and Robert Osborne of Los Alamos National Laboratory (LANL). Some sections of the report were
adapted from draft material written by Don Westervelt of LANL. We thank the Strategic Systems Program
Office of the U.S. Navy for allowing us to include the information on the experience of the Lockheed
Missiles and Space Company on the remanufacture of the Polaris A3 missile. We also thank the many
weapon designers, engineers, physicists, materials scientists, and technical managers at LLNL and LANL
who provided their expert opinions in numerous discussions and manuscript reviews. We particularly
want to thank Lauren de Vore for her expert editing and for providing valuable suggestions for this
manuscript.

References

1. R. D. Woodruff, Testimony Before the Subcommittee on Arms Control and Disarmament, Armed
Services Committee, U.S. House of Representatives (September 20, 1985); also, R. N. Thorn, testi-
mony on same date.

2. The Scientific and Academic Advisory Committee; Lew Allen, E. L. Goldwasser, A.]. Goodpaster,
A. K. Kerman, M. B. Maple, K. McKay, W. G. McMillan, F. Reines, H. F. York, and R. E. Vogt, Nuclear
Weapons Tests: The Role of the University of California-Department of Energy Laboratories, A Report to
the President and the Regents of the University of California (July 1987).

3. Robert S. McNamara, Blundering into Disaster, Surviving the First Century of the Nuclear Age (Pan-
theon Books, New York, 1986).

4. See for example, Secretary of Defense Harold Brown's Posture Statements, Department of Defense
Annual Report, FY 1979 and FY 1980.

5. Harold Brown, Report of the Secretary of Defense to the Congress on the FY 1982 Budget (January 19,
1981).

6. State Department Special Report regarding U.S. Policy Regarding Limitations in Nuclear Testing
(August 1986).

38



Appendix A. Letter from Congressmen L. Aspin, N. D. Dicks, D. B.
Fascell, E. J. Markey, J. M. Spratt, and Senator E. M. Kennedy to
Director Roger Batzel, dated March 30, 1987.
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Congress of the United States
Washington, BE 20515

March 30, 1987

Dr. Roger Batzel

Lawrence Livermore Laboratory
P.O. Box 808

Livermore, CA 94500

Dear Dr. Batzel:

As you are aware, in recent months Administration officials have argued that the United
States should not negotiate a Comprehensive Test Ban Treaty with the Soviet Union
because such an agreement would prevent us from conducting explosive reliability or
"proof" tests of existing nuclear warheads.

One of the key technical questions that has to be answered in assessing the validity of
this argument is whether it is possible to assure the reliability of the existing nuclear
stockpile through non-nuclear explosive testing and remanufacture of new warheads using
the original design and product specifications of existing, thoroughly tested warheads.

It has been argued that previous examples of problems with stockpile reliability indicate
that nuclear explosive testing will continue to be necessary in order to identify and
correct stockpile problems. Examples of such stockpile problems have been cited in a
number of unclassified and classified documents, as follows:

1. Jack W. Rosengren, Some Little-Publicized Difficulties with a Nuclear
Freeze, R&D Associates. Report RDA-TR-122116-001, October, 1983.
(Unclassified)

2, Jack W. Rosengren, Reliability of the Nuclear Stockpile under a CTB., R&D
Associates. RDA-TR-122100-001-Rev. 1, December 1982. (Secret/Restricted
Data)

3. Jack W. Rosengren, Stockpile Reliability and Nuclear Test Bans: A Reply to a
Critic's Comments. R&D Associates. Report RDA-TR-138522-001, November,
1986 (Unclassified)

3. Dr. Roger Batzel, Classified Addendum. Submitted into record of the
September 18, 1985 Hearing of the Special Panel on Arms Control and
Disarmament of the Procurement and Nuclear Systems Subcommittee of the
House Armed Services Committee. (Secret/Restricted Data)

4. Admiral Sylvester R. Foley, Jr. Assistant Secretary for Defense Programs,
Department of Energy. Answers to questions asked in Congressman Edward J.
Markey's letter of April 17, 1986. (Secret/Restricted Data)

As we will be considering nuclear testing legislation this session, we wish to have an
independent and comprehensive technical review of the information that has been made
available to the Congress on the reliability issue. We wish Dr. Ray Kidder of the
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Page Two

Lawrence Livermore National Laboratory to prepare such a technical review.

While our request may on the surface appear somewhat unusual, in the past Congress has
often relied on the special technical and scientific expertise of employees of the national
laboratories to provide advice on nuclear weapons issues. The House Armed Services
Committee, for example, has made special note of this fact on a number of occasions. In
its report on the FY86 DOE Authorization Bill, the Committee noted that it did not want
the Congress to be "isolate(d)...from the technical and scientific advice of experts
employed by contractors carrying out DOE defense programs." In its report on the FY3&7
DOD Authorization, the Committee indicated that it had never been the "intention of the
Congress that the employees of the Department of Energy national laboratories should be
discouraged from responding to oral or written inquries from Members of Congress or the
chairman, the ranking minority member, or a member of the staff of the appropriate
committees,"

It is our understanding that Dr. Kidder has been involved in the preparation of classified
technical reviews of a number of on-going nuclear weapons programs. We also
understand that Dr. Kidder has previously prepared short analyses of both the
unclassified Rosengren Report (UCID-20804) and the Classified Addendum you submitted
to the House Armed Services Committee. But these analyses do not cover all of the
examples (or all of the issues) that have been raised in the other documents we have
mentioned. For this reason, we would like Dr. Kidder to carefully review all of the
aforementioned documents and prepare for us a comprehensive report (in both classified
and unclassified form) which addresses the issue of whether past warhead reliability
problems demonstrate that nuclear explosive testing is needed to identify or to correct
stockpile reliability, or alternatively, whether a program of stockpile inspection, non-
nuclear testing, and remanufacture would be sufficient to deal with stockpile reliability
problems.

We would therefore appreciate your cooperation in making the above-mentioned
materials available to Dr. Kidder and making arrangements for the prompt transmittal of
his analysis to us upon its completion.

With best wishes,

Sincerely,

-G -
Edward J.“atkey, M.C. L}s Agpin,@M.C.

Vo M1 07

Norman D. Dicks, M.C. Edward M. Kennedy, U.

5 — /
1 PZIN
/] John M.,Spratt, M.C.
L

Dante B. Fascell, M.C.
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April 17, 1987

The Honorable Les Aspin

U.S. House of Representatives

1118 Longworth House Office Building
Washington, D.C. 20515

Dear Congressman Aspin:

You have asked that the Laboratory make available Dr. Ray Kidder to prepare a
comprehensive report which addresses the issue of whether past warhead reliability
problems demonstrate that nuclear explosive testing is needed to identify or to
correct stockpile reliabillty, or alternatively, whether a program of stockpile
inspection, non-nuclear testing, and remanufacture would be sufficient to deal with
stockpile rellability problems. While It is indeed unusual that we are asked to make
available a particular Laboratory staff member for a particular, independent study,
we will honor your request if he wishes to perform this review. Of course, stockpile
reliability is only one of many reasons why nuclear testing is necessary.

Dr. Ray Kidder has avallable to him the technical information he should need to
analyze this question and has been encouraged by Laboratory staff members to
become informed, as this subject is not one on which Dr. Kidder has had extensive
experience. The Laboratory will cooperate in making materials avallable to him for
the review you have requested. With respect to Reference 4 in your letter of March
30, 1987, that is material which was provided to the House Armed Services
Committee in response to Mr, Markey's questions by Admiral Foley, and Dr. Kidder
will need to obtain that from him. He is, of course, free to reply to your inquiry
both in classified and unclassified form, and may submit his findings to you at any
time that he feels he has finished his analysis.

Dr. Kidder is a respected theoretical physicist at the Laboratory with considerable
experience In several of the Laboratory's programs. However, he has not had
recent, direct responsibility or experience as a nuclear weapons designer, nor
experience in the weaponization of nuclear weapon systems, nor responsibility for
evaluating the reliability of stockpiled nuclear systems or the problems that can
arise therein.

In order to provide the Congress with the technical information it should have, I

have asked Dr. George H. Miller, Associate Director for Defense Systems, to
provide you with a separate analysis of the issues which you have raised. In his
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Congressman Les Aspin
Page 2
April 17, 1987

position at the Laboratory, Dr. Miller has direct responsibility for all nuclear
weapons activities, including stockplle rellability, maintenance and manufacturing
issues which arise in the DOE production complex. Dr. Miller and his staff have the
experience base to make the necessary judgements and can provide you with
background and details on all of the many aspects of this important question.

By identical copy of this letter, I am responding to Senator Kennedy and the other
Members of Congress who were cosigners with you of your letter.

Sincerely,

(55

Roger E, Batzel
Director
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Appendix C. The Polaris A3 and the Saturn V Remanufacture
Experiences

The difficulties involved in “replica” remanufacture have been faced by all major U.S. industries—
aerospace, automobile, chemical and materials, and engineering, as well as nuclear weapons. The aero-
space industry has many parallels with nuclear weapon development and production. The Polaris A3
missile remanufacture and the proposed remanufacture of the Saturn V rocket illustrate the difficulties
encountered when attempting to remanufacture technologically complex systems.

The U.S. Navy Polaris A3 Experience

In 1982, the U.S. Navy’s Strategic Systems Program Office (SSPO) contracted with Lockheed, on
behalf of the United Kingdom, to do a “replica” rebuild of the Polaris A3 first- and second-stage rocket
motors. These motors were designed and built in the 1960s for the U.S. and UK. programs by Aerojet and
Hercules, respectively; production of these motors ceased 19 years ago. To minimize technical risks, the
U.K. requested the rebuild to be as close a replica of the first build as possible. The intent was to maximize
assurance that the same reliability and performance of the original motors would be achieved, and at the
same time provide the most expedient means of providing replacement motors. Time was critical; the U.K.
needed more assets on a short time scale, and wanted to maintain their deterrence credibility throughout.
The UK. Polaris SLBMs are scheduled to remain deployed until the late 1990s.

Recently, we visited Lockheed, the prime contractor for the rebuild program, to learn more about this
remanufacturing effort, and talked with personnel who had been involved with the A3 moror remanufac-
ture program. Some of their observations and commentaries are described below.

The motor rebuilds were successfully accomplished by Aerojet and Hercules, but only with an exten-
sive test program. It was found that true replication is impossible to achieve, because (a) “same’ materials
are frequently not the same, sometimes in unknown ways, (b) “equivalent” materials seldom are equiva-
lent, sometimes in unknown ways, (c) “better” parts often introduce new failure modes, sometimes unde-
tected, and (d) documentation, however rigorous, sometimes is not adequate to reproduce actual on-the-
job operations. Because of these problems with replication, a successful rebuild of the A3 motors required
extensive testing, including full-scale motor tests at NWC/China Lake and flight demonstration tests on
the Eastern Test Range.

This was a true replication attempt. One of the precepts was not to change the original design unless
it was absolutely necessary and the change could be shown to have no adverse influences on the perfor-
mance of the new motors. The motor subcontractors tried to exactly duplicate the history of the original
build, including all the documented design alterations approved since completion of the original build
program.

In an effort of this magnitude and complexity, a great deal of lower level testing can be performed to
determine material properties and to approximate performance characteristics. However, it is not until
full-scale tests of the complete rocket motors are performed that an evaluation of the “all-up” configura-
tion is possible. Specific points to illustrate this follow.

Material Replication

Original supplier unavailability required qualifying an alternate source. There were some surprises,
however. A case in point was the first-stage rocket motor chamber insulator material. Material from the
original source was no longer available and a material from an alternate source was selected. This material
met the original specification requirements, but when it was used in a full-scale motor, a significantly
different (more rapid) erosion rate occurred. A design change was required (increased insulator thickness)
to achieve acceptable motor chamber insulation. This is perhaps the best example to illustrate the need for
full-scale testing of the remanufactured motors. Had this not been discovered following the rocket motor
test firing, it could have resulted in motors being produced with a performance weakness that could have
manifested itself in a similar manner to the problem experienced in the aged motors being replaced.

One of the aluminum forgings used was Alcoa 7075-T6. It was the “same’ alloy as used in the
original manufacture according to Alcoa. In the interim, however, due to Alcoa facility changes and
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process improvements, the time from forging to quench had changed significantly. This resulted in forg-
ings with higher internal stress characteristics, causing cracks in the forgings and subsequent rejections
when the forgings were machined into adapters. Although this problem was identified and corrected at
the component level, it illustrates the type of problem that can occur in a replica program from a subtle
process change.

Documentation

The problem with materials specifications was that, in some cases, the engineers needed a parametric
performance specification as well, and this is usually not available. A full parametric evaluation of speci-
fication allowables is needed for a fully adequate “how to” specification. This would have to be achieved
from numerous and expensive tests. Simply tightening tolerances does not control the product suffi-
ciently, and makes processing more difficult.

Procedures

Management’s major concerns were the following: documentation, tooling and facilities, materials,
suppliers, safety requirements, reacquiring experienced personnel, and adverse effects of changes, both
direct and synergistic, immediate and long range. Procedurally, a review board was set up to pass on any
changes. It was composed of U.S. government, Lockheed, and vendor representatives. The board’s charter
was to fully scrutinize any proposed changes and only pass those that were mandated by safety, tooling or
facility changes, or material unavailability. Still, some propsed changes that were approved had to eventu-
ally be revised as a result of subsequent processing and testing experiences.

Testing

Each approved change required some level of testing/evaluation. One cannot look only at what has
been changed; the whole system must be retested because of synergism. Full-up flight tests were needed
to determine if the design and performance requirements were met. There is a difference between what
can be learned from static tests and what can be learned from flight tests. They needed them both. Most
experienced and knowledgable engineers would refuse to certify without testing. They view flight-test
data as necessarily representative to provide true replica certification; the test program provides the major
indicators for areas of concern.

In addition to the full-scale motor firings of units selected at regular intervals from the production
sequence, assessment of motor performance is made from nondestructive tests (radiographic) and static
test firings of motors retained in an aging program. Nondestructive tests are also periodically performed
on motors returned to field facilities from operational tactical submarine deployment. Complete weapon-
system level tests, i.e., flight tests, are periodically conducted by the U.K. at the U.S. Eastern Test Range. In
the aggregate, the information obtained from these various test programs is used to assess system reliabil-
ity and to monitor aging characteristics. Data is compared to manufacturing baseline and original motor
experience.

Experience

The first-stage motor is a more complex design, and therefore more difficult to replicate; the second-
stage motor is a simpler design, but replication was process-dependent, thereby requiring involvement of
some of the original experienced people. If Lockheed and Hercules hadn't had the Poseidon Program,
which maintained the experience base for the “equivalent” second-stage propellant, there would have
been significantly more difficulties. Their decisions were based heavily on the judgments of experienced
people, and were influenced by what they did before and the knowledge that extensive tests were going
to be conducted.

Motors/missiles are rarely fired to demonstrate a failure; they are normally fired to confirm expected
performance characteristics. Tests are needed for the user’s confidence in the performance and reliability
of the product. The technical management team on this rebuild program believes that they would never
have done this rebuild successfully without full-scale testing.

The U.S. Navy’s SSPO, its prime missile subsystem contractor, Lockheed, and the Lockheed motor
subcontractor suppliers, Aerojet and Hercules, with the support of many other material suppliers and test
agencies, did an admirably thorough and professional job of carrying out this successful rebuild. It is clear
that they encountered many problems, even with extensive testing. There are close parallels between the
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problems they encountered and the problems our engineers and scientists predict would occur with the
remanufacture of older stockpiled nuclear weapons, even with testing.

Similarities between the Polaris A3 Rebuild and Nuclear Weapon Remanufacture

Material replication problems are very similar; there is even some direct overlap in material usage (for
example, Alcoa 7075-T6 is used in some weapon parts). Just as Lockheed worries about the shelf life of
consumable materials, so do we—especially radioactive materials like tritium, complex explosives and
rubbers, and electronics components. General remanufacturing experience, illustrated by Lockheed’s ex-
perience above, has shown that exact replication of complex materials usually is not possible (see also
Appendix D). Thus, the purpose of testing is to verify that the necessary changes are acceptable.

Inadequate specifications will always be a problem, and part fabrication problems are essentially the
same whether one is building rocket motors, nuclear warheads, or automobiles. With foresight, some of
these problems can be avoided by keeping plants open, retaining tools, stockpiling parts, etc. Other
problems, like material aging, safety issues, and the retirement of experienced people, probably cannot be
avoided.

Electronics parts represent a deep worry. They are not easily replicated, and even when they are
stockpiled, the aging characteristics of electronics are largely unknown. In addition, the electronics pack-
ages for nuclear warheads must survive the high electromagnetic pulse (EMP) environment of neighbor-
ing warheads (fratricide) and unfriendly warheads.

Computer modeling has the same goals and problems for rocket motors as for warhead designs. In
both cases, the physical process is a rapid, destructive, and dynamic fuel burn. In both cases, the computer
codes are scaled to match the results of tests. In both cases, some of the physics must be approximated,
and the codes are not accurate or complete enough to make correct first-principles predictions. We also
lack the extensive set of measurements that would allow confident scaling over a wide region of the
warhead or rocket motor parameter space.

Time frames were a worry for Lockheed, and would be a similar worry for the U.S. nuclear stockpile.
Remanufacture takes many years. Unanticipated common-mode problems are unacceptable for warheads
and missile motors alike.

Documentation problems are the same for nuclear warheads and rocket motors. The problem has to
do with human nature and imperfect knowledge. Only by carrying out an unrealistically large number of
tests could a full parametric specification become possible.

Certification, of course, is different. Lockheed was able to do extensive full-up testing of the rebuilt
rocket motors, but we cannot do “full-up” testing of nuclear weapons. For rebuilt nuclear warheads, we
would of course do extensive nonnuclear tests of the components. Lockheed's flight tests are the equiva-
lent of the production verification tests currently done for nuclear weapons. Just as Lockheed identified
several problems during full-up flight tests, so might we need full nuclear tests to find possible problems.
We could “certify” a rebuilt warhead without nuclear testing but with significantly reduced confidence.

Experience is a major concern in both cases. No matter what the product, remanufacture requires
decisions based on the judgment of test-experienced people. At both Lockheed and the weapon labora-
tories, there is a consensus that test experience is absolutely necessary.

Testing is essential in almost all remanufacture efforts of complex technologies. With nuclear weap-
ons, we must make a distinction between nonnuclear and nuclear tests. One can question whether the
full-up flight tests of the rebuilt rocket motors were required. Lockheed’s engineers believed they were
necessary because of the synergistic effects that can show up only in flight tests. With a robust motor
design, relaxed performance requirements, separate component tests, and new launch tubes in the subma-
rines, Lockheed might have produced a successful motor without full-up flight tests. Similarly, if warhead
yield certification requirements were reduced, we could probably rebuild some nuclear warheads without
testing, at least while test-experienced designers are available. However, we would pay a price in terms of
greater uncertainty about warhead performance.

(Note: The May 28, 1987, edition of Aerospace Daily published an article on the launch trials for the
U.K. Polaris SLBMs from Royal Navy submarines. Of 12 launch trials, three resulted in failures. In the
most recent trial, a missile launched from the U.K. submarine Repulse off Cape Canaveral veered off
course and had to be destroyed. Aerospace Daily reported that “the ejection and first-stage firing modes
were satisfactory. The fault was attributed to the motor despite a recent update program, costing around
$610 million or more, to improve the propulsion system.”)
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The Saturn V Rocket Experience

Recently, because of the Challenger Space Shuttle disaster, American companies proposed to rebuild
several Saturn V rockets to fill the gap (Reference Al); the Saturn V is capable of launching a 100,000-
pound payload, compared to 65,000 pounds for the Space Shuttle. In particular, they wished to rebuild the
Saturn F-1 engines, each of which has one million pounds of thrust. Five of these engines make up the
Saturn V first stage. Seven F-1 engines were located, and plans were made to refurbish them.

Fifteen Saturn V rockets were built in the 1960s, and all but two had been fired into space by 1980.
The remaining two are on display at NASA's space museums at the Kennedy Space Center and the
Johnson Space Center.

Hughes Aircraft and Boeing Aerospace recently considered collaborating on a rocket using two F-1
engines that could deploy 85,000 pounds into a low orbit. Upon investigation, they found that the infra-
structure no longer existed. The tools, dies, and jigs had been sold for scrap metal as a part of a regular
government disposal program. Many of the vendors no longer existed, most of the F-1 experts were gone,
and many drawings and documents were scattered or lost. In their opinion, it was too risky to try to
rebuild the F-1 engine and they abandoned the project.

Rockwell International, the company that originally built the F-1 engines, has assessed the F-1 docu-
mentation. They believe that most of it exists in boxes stored at a depository in Atlanta, Georgia, but
acknowledge that some of the blueprints are undoubtedly missing or inaccurate. As with other U.S.
industries, it would be difficult at this late date to certify most of the specifications.

Hughes considered having designers draw up new plans from the existing F-1 engines. They con-
cluded that it would be highly impractical to have engineers attempt to measure all the pieces with
micrometer calipers; none of their engineers would certify this as a reasonable process.

Dr. ]J. R. Thompson, the director of Marshall Space Flight Center, recently told a meeting of the
American Institute of Aeronautics and Astronautics that, assuming all the documentation could be found,
it would take four to six years to rebuild the F-1 engineers and another four years to test to assure
reliability. No one in the system was considering remanufacturing the F-1 without flight testing.

Reference

Al. W.]. Broad, “Hunt is on for Scattered Blueprints of Powerful Saturn Moon Rocket,” New York
Times (July 15, 1987).
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Appendix D. Materials Science and Engineering Considerations in
Weapon Manufacture

The particular problems in this section are typical of the type of materials science and engineering
problems that can arise in the manufacture of nuclear weapons. All of these problems were solved by
experienced materials scientists and engineers, either through consultation with the design physicists or
through their own knowledge about the operational requirements of the weapon. Most materials science
and engineering problems can be fixed without a nuclear test. Those cases where nuclear testing has been
necessary are discussed in Chapters 2 and 3.

The general nature of the problems, not the specific details, is important, since similar problems could
occur in the future. It is important to note that when such problems arise today, they are resolved by
engineers and scientists with nuclear test experience.

Materials Science Considerations

Circumstances affecting materials science can arise and significantly interfere with the manufacture,
remanufacture, or renovation of a nuclear weapon. By “significant” we mean that delays of more than a
year between the decision to build is made and the time actual production can take place.

New Regulations

New governmental regulations (OSHA, EPA, NRC, FDA, etc.) have been enacted that interfere with
nuclear weapon manufacture. In these instances, it is not simply a question of getting a waiver of the
rules. Once materials have been determined to be dangerous, the plants refuse to work with them, and
rightly so.

For example, in 1973, OSHA determined that the crosslinking agent (the amine “MOCA”) in
Adiprene/MOCA was carcinogenic. Adiprene/MOCA was an almost universal adhesive used in the as-
sembly of nuclear weapons at that time. Thus the OSHA ruling required that either the entire DOE
complex provide acceptable protective handling capabilities for this material or that an adequate substi-
tute be found and qualified. Both options were estimated to require several years to implement, and it was
deciced to develop a substitute material. A development effort was begun at LLNL, and after several years
the Halthane adhesives were introduced into the production process at Pantex, Y-12, and Bendix.

Discontinued Speciality Materials

The weapons complex is often the major or sole user of specialty materials. Production of these
substances is not profitable, and an industry may do so only because they have been defined as critical
defense materials. However, the DOE has limited economic leverage as a customer. Materials that we
have widely used have been discontinued by the manufacturer,forcing us to obtain the needed technology
and transfer it to another vendor.

A good example is the discontinued manufacture of a basic silicone gum used to make stress cushions
for several weapons. Union Carbide was the original manufacturer, but they discontinued the material. A
French company made the “same” gum, but it proved to be highly variable and the products made with it
had a very large rejection rate. General Electric made a similar gum with different mechanical properties,
which we used as a stop gap. In the meantime, we obtained the rights for the original silicone gum from
Unjon Carbide and transferred the technology to a smaller company, McGhann-Nusil, our present sup-
plier. Presently, Bendix manufactures the stress cushions and oversees this material. Because they had to
understand the technology involved, they first set up a pilot plant, and this took the better part of four
years. Extensive product testing was involved, and the new product was included in nuclear tests.

In another case, Dow Corning stopped manufacturing a silicone addition potting compound in 1977.
This material was also widely used in weapons. At the time, Pantex was planning the W68 retrofit and the
W79 production. They were able to purchase and stockpile enough material from Dow Corning to finish
the W79 production, but new materials had to be qualified for the W68 retrofit. Pantex also had to obtain
and learn the process for the future. This took about three years, even with LLNL help.
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Material Variability

Another issue is the variability of certain materials. We experienced this with the use of Kevlar, a
high-performance polyaramid fiber, in nuclear weapons. Kevlar yarn was chosen for making a part in a
nuclear artillery shell. This DuPont material had been used for automobile tires as Kevlar-29. A LLNL
study on fiber composites led to the recommendation that the somewhat stronger material, Kevlar-49, be
used for the weapon. Since the material obtained from DuPont was found to have statistically significant
batch-to-batch variations, we decided to obtain enough Kevlar-49 from a single batch to complete the
build. However, even with this single-batch material, the spool-to-spool variation in properties was trou-
bling with regard to weapon lifetime predictions.

DuPont considered their Kevlar production details to be proprietary, but they shared some of them
with us. It turns out that the order in which the polymer is put together (the so-called block copolymer
arrangement) affects its engineering properties. Since our business was minor compared to the industrial
market, it was uneconomical for DuPont to develop the specifications that would be needed for weapon
remanufacture. Thus it may prove to be impossible to make new Kevlar parts years from now. We have
Kevlar stored in the dark, but we don’t know its storage-life characteristics; thus stockpiling of this
material may or may not be effective.

Foreign Sources

A particularly disturbing situation weapon rebuilds is that some necessary materials have been avail-
able only from foreign sources. In fact, we do not always know the country of origin of some materials we
procure. Clearly, we cannot face a rebuild in the future without the necessary manufacturing capabilities
in the U.S.

High Explosives

High explosives (HE) are of particular concern for weapon remanufacture. HE technology is as much
an art as a science. We have experienced a number of problems with explosives over the years. Recently,
we have introduced insensitive high explosive (IHE) into the U.S. inventory. A major component of IHE is
TATB (triamino-trinitrobenzene). TATB’s safety advantages are very important for the peacetime storage
and transportation of U.S. nuclear weapons. TATB weapons will not accidentally detonate even under
extreme conditions of impact, shock, and fire. There is no other material of this type known. However,
TATB has posed a number of manufacturing problems.

For example, wet- and dry-aminated TATB batches have different mechanical properties, with batch-
to-batch variations. The manufacturers and the designers decided to change the process from a so-called
“dry” amination to “wet” amination. The addition of water was beneficial, raising the energy of the
explosive and eliminating a potentially corrosive chlorine ion. But recent lots of wet-aminated TATB have
shown higher growth of one of the components, higher initial density, and reduced mechanical properties;
these factors may adversely affect the performance of a weapon.

The dependence of the performance of primaries on the manufacture of such explosives mandates
that a remanufactured design receive a nuclear test. There is no way to test the nuclear processes in a
nonnuclear facility. We have developed confidence in the new manufacturing techniques only as a result
of nuclear tests. Tests of a new explosive need not be stockpile confidence tests—we can test the perfor-
mance of the explosive in development tests of other weapons.

In another example, we designed the W87 warhead to use an ultrafine TATB booster to ignite the
main HE charge. We attempted to match the same TATB that had been used in the W84, produced only a
few years earlier. The blender batches for the W87, however, were put together with different starting
materials. Initial attempts at process verification lots of material failed to reproduce the W84 material. It
became clear that we would not be able to duplicate the W84 material, and we had to find an acceptable
substitute. A total of 97 process verification lots of ultrafine TATB were produced. Variables examined in
these lots included TATB residence time in the grinder, mass flow rate through the grinder, amount of
material stabilizer, time the stabilizer was added, washing process, and drying process. We even found
that a new pump (a seemingly minor change) affected the mixing of the material and the resulting grain
size enough to alter the burn properties of the material. From these 97 lots, we were able to select a
process for producing the W87 ultrafine TATB. Each step of this process required extensive testing, includ-
ing determination of particle-size distributions, surface area analysis, and test firings of standardized
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pellets for detonation divergence studies. The W87 TATB batch, as produced, demonstrated different yet
acceptable detonation characteristics when compared to the W84 material. The new material was included
in a nuclear test to verify its acceptability. Future attempts to duplicate either the W84 or W87 TATB
material will probably encounter similar difficulties. We probably would again require a full process
development of verification lots, subbatches, blending, and all associated testing to obtain a new ““master”
batch of ultrafine TATB.

Engineering Considerations

Warhead production is not an assembly-line or production-line procedure; it is more a job-shop
process. Currently we accept materials and piece part deviations on the basis of experience and judgment.
In the real world, we have rarely done a nuclear test or built a weapon that rigidly met our nominal
specifications. Our engineers frequently make cost-effective decisions about parts that are outside the
specifications. Without the experience of testing, the engineers probably would no longer be able to accept
such parts. As a result, the production criteria would probably become very exacting and more expensive.

Documentation

The present quality of our specifications is about the same as in an industrial job shop. As in any such
industry, a “perfect” specification manual does not exist. Even after the specifications have been carefully
formulated and certified, they are changed many times to reflect the lessons learned during actual produc-
tion. In the real production world, individual operators learn how to make things work “regardless of
what the instructions say.”

The issue of remanufacturing weapons is difficult to address generically. Rather, we must consider
specific weapon systems at specific points in time. The time since last manufacture often sets the criteria
for the availability of documentation, critical processes and materials, and knowledgable personnel.

A necessary requirement for the restart of manufacturing is the completeness of the documentation:
specifications, drawings, manufacturing steps, assembly procedures, inspection procedures, quality assur-
ance requirements, sampling plans, and—possibly the most important—identification of critical engineer-
ing and physics requirements. Historical documentation, in the detail required to enable relatively
unknowledgable and untrained personnel fabricate an existing warhead, is a monumental task, and will
probably never be adequate.

Modern MCs contain a request for adequate documentation for a future rebuild, within the tradeoff
limits of higher priority MCs and available resources. In the real world, even with documentation (includ-
ing specifications, drawings, historical records, etc.) in sufficient detail to allow restart of manufacturing,
we would still require significant “reinventing” of processes and materials. This would take years to
accomplish, assuming it is possible at all. We could do more from the beginning of an original build to aid
the rebuild process. Early in the design process, additional team members could become documentarians
to record the significant design features and the reasons why they were so designed. They could also
document, summarize, and make clear the results of the test program that selected each material or design
feature and carefully record what was known and not known. We do much of this documentation today,
and we could do more. With such data in hand, we could then go to the production agencies with the
details of each process and procedure documented in a way to facilitate future implementation. Whether
such a procedure would work for nuclear weapons is unknown. It does not seem to have worked well in
other industries.

Today, manufacturing procedures rely on a large number of commonly accepted standards. In addi-
tion, documentation may refer to existing equipment and current materials, which may or may not be
available in the future. Some procedures are considered to be common knowledge are not documented.
Documentation must address the desired end result or product, not just the procedures. Jargon must be
avoided. When a manufacturer’s proprietary material is specified, the desired properties of that material
should also be documented. The manufacture may no longer be producing that material when we want it
in the future, or he may have “improved it.” Obviously, it will take considerable foresight to anticipate
future questions, ambiguities, and problems to the degree needed to produce the proper documentation
for a future weapon rebuild.
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Continuity of Experience

Plant operators and design engineers and scientists interact almost daily about part tolerances, mate-
rial properties, and assessments of minor deviations from specifications. Product experience is crucial
because the performance of a weapon is sensitive to subtle details and interrelated effects. However, even
today, many of our most experienced designers and engineers have already retired or moved on to other
fields. Also, the rate of nuclear testing has dropped steadily over the years. This deterioration of our
experience base is a concern, even at the current level of nuclear testing.

In our current production approach, a small design team is formed at the onset of potential produc-
tion (Phase 3). Ideally, this team stays with the design until production is well under way. The team
performs research and development, does production design, works with the plants to get the design into
production, and troubleshoots the design during initial production. Once the weapon is in production,
engineers trained by the design team follow the weapon until production is complete. These people
provide a foundation for the future as they conduct the stockpile surveillance and material compatibility
tests. Thus, the system establishes that people knowledgable in that particular weapon will follow it
throughout its life, assuming they remain with the program. While there is substantial documentation in
this process, it was never intended to enable relatively unknowledgable and untrained personnel to
fabricate the warhead.

Actual Experiences

Impact of Inexperienced Personnel. During the very early production of the W68 at the Burlington
AEC plant, the product quality was very high. However, as the production rate increased and new
assembly people were brought into the program, the quality dropped to an unacceptably low level. To
correct this situation, production had to be stopped and the new operators educated in both procedure and
design intent (i.e., operation of the warhead).

Need for Personal Interactions. Personal interactions between design engineers and the production
engineers are necessary for developing fabrication and acceptance procedures. Of key importance here is
that the production engineer is knowledgable about the function of the components from both an engi-
neering and a physics view and he can consult with test-experienced design physicists when necessary.

For example, Rocky Flats wanted Y-12 (at Oak Ridge) to machine a B83 oralloy part on the negative
side of the allowed tolerances to facilitate its fit with another part. However, when this is done, the oralloy
parts tended to be low in mass, which would affect the physics performance of the device. LLNL design
engineers were called on to provide guidance on this subject.

Another example from the B83 build involved the laydown design of the bomb. The impact load from
laydown travels through the outer mitigator; the load is partially transmitted to the internal components at
very specific locations by slight variations in the way the mating parts interact. It would take a very
detailed study of these mating parts to understand how this design works. LLNL engineers understand
how the design works; they know that certain types of machining errors, although acceptable in one
region, are unacceptable in others because they might adversely affect the load path.

Materials Selection. In many cases, weapon manufacture is driven by physics or engineering re-
quirements synthesized, but not necessarily understood, from years of nuclear test experience. This can
produce specifications for which detailed justifications do not exist, other than the observed fact that such
details lead to successful tests. This commonly occurs in the selection of materials for a particular
application.

For example, welding of thin stainless steel is necessary to make a part for the B83. The process is
very sensitive to the specific chemical and mechanical characteristics of the metal. Attempts to character-
ize the metal have been only partially successful. Although we believe we now understand the important
parameters (three years into production), we bought material from two lots of rolled sheet steel so that we
would have enough material for the entire B83 build.

In another example, the thin-walled tubing used to make a part for the W84 proved to be very
sensitive to the process used for making the tubing. After trying tubing from several vendors, we decided
to buy from a single vendor. Even so, we must inspect every inch of the tubing, rejecting more than 50%.
We do not know what makes tubing from this vendor work well; we just know from our tests that it does.

It should be noted that material specifications are based on quantitative analysis using techniques
accepted today. They are truly applicable only when comparing materials, and should not be regarded as
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an absolute specification. Ten or twenty years from now, analysis techniques then may reveal that what
appears today to be the same material may not be.

Handling Deviations from Specifications. Warhead requirements are sometimes driven by physics
or engineering issues that are too complex to be detailed in a production specification or are not fully
understood but have been proven successful through nuclear testing. Hence, the acceptance criteria may
be very tight (due to lack of understanding of what the requirement should be), and deviations are
expected. These are handled in the production process through a deviation request system that requires
evaluation by a knowledgable designer. The designers and the manufacturers of weapons parts will not
always know the details of what will be troublesome to manufacture when production starts. We may
have to take a “see what happens” approach in early production. As carefully designed tooling and
processes prove not to work exactly as predicted, the question of changing the process or tooling becomes
one of both cost and schedule. Only by knowing the engineering and physics function or by redoing
physics calculations or engineering tests can decisions be made that do not compromise the design. Test-
experienced people are needed to make these decisions.

A large number of the deviations are small nicks and scratches on parts that come from normal
handling. In some cases, such scratches can affect the performance of a weapon; in most cases, the
designers know from test experience whether the nicks will matter. Our procedures require that each such
instance be evaluated and a decision made on the individual item. Without these personal interactions, the
reject rate would be excessively high or the product faulty. We currently process about 150 to 200 evalua-
tion requests per system per month for all production plants. This number seems large until one considers
the total number of individual features that must be assessed; the B83 and W84 each have nearly 1000
features to be checked on LLNL parts at the Y-12 plant alone!

Sometimes designer judgment and computer calculations are not sufficient to determine the effect of
a defect. For example, in making the device for a development nuclear test for the B83, a gap in a crucial
part developed during fabrication. Several experienced designers ran hundreds of hours of computer
calculations to determine whether the crack would affect warhead performance, but they could not come
to a clear consensus. Up to the time of the actual nuclear test, there were worries that the crack might
substantially degrade the device performance; no one could certify with certainty that it would not. Due to
time pressures, it was not expedient to reject the device and build another. In this case, the judgment
made by test-experienced designers proved to be correct as the warhead performed as designed. However,
without the nuclear test, we would have not been able to certify with confidence the performance of this
particular device.

Specifying the Art of Certain Processes. Many processes, although covered by specifications, are
more of an art than a science. These are quite often developed (if not invented) at the design laboratories
and must be monitored during production by knowledgable people.

An example of this is a recent problem with a W84 component. A solid-state bonding process is used
to join dissimilar metals. The quality of the product is critically dependent on good process control and the
close attention of well-trained personnel because there is no adequate nondestructive testing technique
that can evaluate the quality of the bonds. Failure of these bonds is a time-dependent mechanism that has
been observed in some early production units. To prevent failures, the process must be carefully managed.

One of the key features of this process is the assured removal of all oxide from the surface before a
layer of another metal is applied. Etching of the base metal and the deposition of the other metal take
place in a vacuum chamber. Although we have established parameters to remove all the oxide, simple
things such as the way in which the part is clamped in its holding fixture can affect the rate of oxide
removal. Thus, some evaluation must be made on each part to assure that it is indeed oxide-free before
the deposition of the other metal is begun. Although we have tried several techniques to make this
evaluation with instrumentation, we have found none equal the human eye (two pairs, actually, as we ask
for verification by an inspector as well as the operator) for detecting the change to a shiny, then slightly
hazy, appearance that indicates a clean surface.

Complex Manufacturing Processes. Estimates of the time to restart production are weapon-specific
and depend on the time since last manufacture. Given the highest priorities, sufficient resources, and
adequate documentation, the issue becomes one of requalifying old and unique processes. A significant
part of the problem is that the documentation for older systems is much less extensive than that for new
systems. For relatively simple warheads that do not depend on unique or obsolete processes, about a year
from authorization of the rebuild to first production unit may be reasonable. However, some weapons
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may involve processes that take many years to develop for production, and it could take a significant
amount of development time to requalify them.

For instance, the fabrication of some parts for the W70 and W71 required the development of a
complex process of part fabrication, special material procurement and certification, assembly by auto-
mated equipment and technician handicraft, inspection, test firing and statistical data evaluation, and
finally, iterations of the above steps until a satisfactory product was obtained. The parts were fabricated
by injection-molding of plastic into a complex die. The injection-molding process, used in toy making, had
to be upgraded beyond the state of the art. Contour tolerances of this complex shape were tighter by a
factor of ten than those required in industry. Fabrication of these components required the efforts of three
of the production plants, which created a complex problem in coordination, both during development and
in production.

In the case of a part for the W79, it took about five years to transfer an aqueous plating process
developed at LLNL to the production complex. Requirements for scratch-free and flaw-free surfaces
required the development of special handling and inspection processes that yielded a product with only a
30% acceptance rate. Even though each step of the process had a yield of better than 90%, the large
number of steps resulted in the low final yield. It took about a year from the start of production to the
completion of a part.

Possible Near-Future Remanufacturing Need. A situation is now occurring that may provide direct
experience with remanufacturing. Three systems (the WYY, W62, and the W56) use some similar parts in
which a time- and temperature-dependent reaction is apparently occurring. (Note: the WYY cannot be
identified for classification reasons.) These systems are being monitored and, unless they are retired first,
they will have to be retrofitted. Retrofit of these systems will vary from minor disassembly and reassem-
bly of the WYY to a major disassembly and reassembly of the W56. If this is required for the W56, it will
test many of the issues of remanufacturing, particularly material availability, expertise, and the need for
nuclear testing. Such a retrofit of the W62 would be very difficult because of the way the weapon has been
assembled and would involve major elements of remanufacture.

Conclusion

The reliability of remanufactured warheads is the fundamental issue. The remanufacturing of war-
heads, in itself, does not automatically reestablish confidence in the reliability of the system. With testing
and verification, old systems and their reliabilities can be rejuvenated. However, testing is often essential
to establish the reliability of the remanufactured product. Testing is the essence of any quality-assurance
program, whether it be for automobiles, rocket motors, or nuclear weapons.
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Appendix E. Senate Armed Services Committee Language
for the FY 1988 Authorization Bill

STUDY OF THE FEASIBILITY OF REDUCED RELIANCE
ON UNDERGROUND NUCLEAR TESTING

The Committee notes that on a number of occasions, Congress
has expressed the sense that it is desirable, from the point of
view of arms control, to place further limitations on the size
and/or number of nuclear tests. The Committee believes that
nuclear test limitations should be an integral part of a
comprehensive approach to arms control, with further limitations
on nuclear testing established in cepjunction with further
progress in other areas of arms control.

The Committee notes also the continuing controversy over the
extent to which the reliability of the nuclear weapon stockpile,
or our confidence in it, would be affected during a prolonged
period of substantial limits on testing beyond those in the
Threshold Test Ban Treaty. While there is a range of opinion
expressed by the expert community on this subject, the Committee
believes that the gravity of the issue is such that a conservative
position should be taken. That is the Committee believes that we
must understand how to deal with some degree of unreliability that
might develop over time.

The Committee also notes that there is disagreement in the
expert community as to the yield above which nuclear tests can be
reliably identified @s such -- the range of disagreement extending
approximately between 1 kiloton and 10 kilotons.

Finally, the Committee notes the salutary precedent,
established at the time of the TTBT, of providing safeguards
concomitant to nuclear testing limitations. The Committee
continues to support the ratification and entry into force of the
TTBT and PNET, subject to improved verification procedures.

In light of these several considerations, the Committee
believes that, as a safeguard against the implementation at some
future date of further test limitations, the Administration should
begin to assess the feasibility of modifying the nuclear stockpile
in ways which would minimize both the likelihood and the impact of
unreliability which might develop during a period of further
restricted testing. If such measures are feasible, DoD and DoE
should undertake a program to evaluate the cost and timetable to
prepare a more durable stockpile and to implement such changes as
may be needed to delivery systems. That is, the Committee seeks
to understand the feasibility of a posture for the nation's
nuclear weapon stockpile which, in the face of long-term and
substantial further limitations on testing, would be as well

suited as possible to preserving the essential elements of our
national security.
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To this end, therefore:

I.

II.

The Nuclear Weapons Council (NWC) shall direct the
Department of Energy (DoE) to study the extent to which
it is feasible to prepare the stockpile to be less
susceptible to unreliability during long periods of
substantially limited testing. The DoE shall report its
findings through the NWC to the Committees on Armed
Services and Appropriations of the Senate and the House
of Representatives not later than 1 July 1988. This
report shall include an assessment of the feasibility of
developing and stockpiling nuclear warheads which would
be either
a) less subject than current warheads to degradation
while in stockpile for long periocds of time; or
b) more amenable than current warheads to realiability
assessment and, where necessary, to reliable
repair, both accomplished without nuclear testing;

or both. e,

The report should describe ways in which existing and/or
new types of calculations, non-nuclear testing, and
permissible but infrequent low yield nuclear testing
might be used to move toward these objectives. To the
extent it is determined feasible in this study to
achieve these objectives, the report should describe the
scope and nature of the research, development and
testing program needed, first, to fully assess this
issue and then to prepare designs for more durable
warheads, including:

1. any nuclear testing required before further
limits are imposed;

2. the type and cost of any additional
facilities, such as non-nuclear or allowed
low-yield nuclear testing facilities, which
would be required either before or after the
commencement of further limits on testing; and

3. the lead-time required to move to a regime of
fewer tests,

Finally, the report should estimate the penalties in
size, weight, safety, or other characteristics that more
durable warheads would impose on the military systems of
which they might be a part.

Concurrent with this tasking, the NWC shall direct the

DoD to study the following:

a) the extent to which the military capabilities of
the nuclear warhead stockpile might be affected by
incorporation of such more durabdle warhead designs;

b) the extent to which commonality among such designs
in the stockpile (i.e., using the same warhead
design for more than one system application) might
be desirable or feasible, considering advantages
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c)

d)

and disadvantages of commonality both for
duradility and for minimizing degradation of
military characteristics;

ways in which such possible degradation of military
characteristics might be partly or fully
compensated for by changes in other nuclear weapon
system characteristics; and

whether there could be degradation of weapon system
survivability in ways similar to those which might
produce warhead reliadbility degradation during
prolonged further nuclear test limitation, and, 1if
80, whether there are ways to provide additional
durability of survivabiltiy of measures put in
place either dbefore or after commencement of such
further test limitations.

The DoD shall report its findings on the above through
the NWC to the Committees on Armed Services and
Appropriations of the Senate and the House of
Representatives not later than 1 July 1988.

For the purposes of the reports of Sections 1 and 1II,
the Departments shall asswpe that the further test
limits would preclude nuclear tests above a) 1 kiloton
or b) 10 kilotons.

III. Concurrently with the above reports, the President

a)

b)

shall report to the Congress on considerations
pertaining to the relationship between:

various types and degrees of progress in other
areas of arms control -- for example, further
limitations on the number or characteristics of
nuclear weapons systems, their geographical
deployment, or limitations on other military
systems such as chemical weapons or conventional
forces; and

progressively more stringent limitations on nuclear
testing, such as reductions in yield threshold
below the TTBT, limitations on numbers of tests, or
combinations of these, including, but not limited
to, limitations as stringent as a complete ban on
tests above 1 kiloton,
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