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Although observers of warfare have often noted the
confusions of battle, the ideology of military decision-making
emphasizes the imposition of order through organization and

command and the importance of clarity, coherence and
comprehensiveness. As a result, examining ambiguity in

military decision-making is a little like examining the sexual
habits of Victorian England. It requires a willingness to

accept the possibility that things may not be exactly what
they appear to be, or are supposed to be.

(James G. March and Roger Weissinger-Baylon
Ambiguity and Command, 1986)
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INTRODUCTION

Expecting the Unexpected

O N THE NIGHT of October 25, 1962, an air force sentry was patrolling the
perimeter of a military base near Duluth, Minnesota. It was the height of
the Cuban missile crisis, and nuclear-armed bombers and interceptor air-
craft, parked on air base runways and at commercial airports throughout
the United States, were alert and ready for war. The sentry spotted some-
one climbing the base fence, shot at the figure, and sounded the sabotage
alarm. At airfields throughout the region, alarms went off, and armed
guards rushed into the cold night to prevent Soviet agents from sabotaging
U.S. nuclear forces.

At Volk Field in Wisconsin, however, the wrong alarm bell rang: the
Klaxon signalling that nuclear war had begun went off. Pilots ran to their
nuclear-armed interceptors and started the engines. These men had been
told that there would be no practice alert drills during the tense crisis, and
they fully believed that a nuclear war was starting as they headed down the
runway. Fortunately, the base commander contacted Duluth before the
planes took off and discovered what had happened. An officer in the com-
mand post immediately drove his car onto the runway, flashing his lights
and signaling the interceptors. The pilots saw him and stopped their air-
craft. The suspected Soviet saboteur that caused the whole incident was,
ironically, a bear.

Unlikely Events

When I began working on this book, I believed that the probability of a
serious nuclear weapons accident in the United States was extremely low. I
also believed that escalation from a single accident to an accidental nuclear
war was even more unlikely. I still hold those beliefs. But new knowledge
about bizarre and dangerous incidents within the U.S. nuclear weapons
arsenal—like how a bear climbing a fence almost caused nuclear-armed
aircraft to be launched—has led to a new appreciation of how often un-
likely events occur. In the large and very complex organizations that con-
trol hazardous technologies in our society, one should expect that the
unexpected will occur, that unimaginable interactions will develop, that
accidents will happen.
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The historical research presented in this book has discovered a large
number of previously unknown "close calls" with U.S. nuclear weapons:
serious incidents within the U.S. nuclear arsenal that could have produced
an accidental or unauthorized detonation of a nuclear weapon, and poten-
tially even an accidental war, had they occurred under different, though
plausible, circumstances. The seriousness of some of these incidents was
immediately recognized by the actors involved and the command system
problems were properly reported and addressed at higher levels. My re-
search has "discovered" these cases only in the most narrow sense of
finding archival material or receiving declassified evidence through the
Freedom of Information Act. Other cases, however, were not recognized as
serious incidents or even as potential command system problems by the
individuals or organizations involved. These incidents have been "discov-
ered" in the more meaningful sense of identifying a real-world problem for
the first time. Finally, a number of these events were recognized as being
very dangerous by the individuals involved, but were not fully reported,
either inadvertently or intentionally, to higher authorities. This research
has "discovered" them in the sense that a detective can be said to have
discovered hidden evidence about a criminal case, facts that were known to
someone, but not to the judge.

Motives and Methods

Why and how was this book written? It began, as most books do, with a
puzzle. We live in a world full of hazardous technologies and some risk of
catastrophic accidents is therefore ever present. We try to keep these risks as
low as possible, yet in recent years, the names of many social and environ-
mental tragedies have been etched into our memory: Chernobyl, the Ex-
xon Valdez, Love Canal, the space shuttle Challenger, Bhopal. The safety
record seems quite extraordinary, however, with the most hazardous tech-
nology of all: nuclear weapons. There has never been an accidental or
unauthorized detonation of a nuclear weapon, much less escalation to an
accidental nuclear war.

Why? How have imperfect humans, working in imperfect organizations
and operating imperfect machines, been so successful? Have the military
organizations that maintain custody and control over U.S. nuclear
weapons done something extremely intelligent to avoid accidents? Have
they been designed in such a way to produce reliable safety? Or have they
merely been extremely lucky?

The first step toward solving this puzzle was to arm myself with the
major scholarly theories that exist about the causes of safety and accidents
in complex organizations. Two competing schools of thought—what I call
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normal accidents theory and high reliability theory—are analyzed in chap-
ter 1. Such theories are always necessary to understand complex social
phenomena; they are the conceptual tools we use to pull disparate events
together and understand what caused them. The point is especially ob-
vious for anyone who tries to do historical research with records kept in
massive collections like the National Archives: theories are absolutely nec-
essary to tell you where to look for evidence. (The final scene of the movie
Raiders of the Lost Ark, in which the ark of the covenant is slowly wheeled
into a mammoth government warehouse, conveys a sense how effectively
historical objects are hidden in the recesses of the archives.) Using the
theories discussed in chapter 1 as guides, I was able to explore the historical
records of the U.S. military, searching for clues.

Let me give just one example of how the process worked. (See chapter 3
for the substantive details about this particular case study.) The literature
on the Cuban missile crisis is immense, but no scholar has previously
studied the emergency radar warning system, which the United States
deployed on a crash basis in October 1962 after the Soviet missiles were
discovered. A study of the activities at the three radars used in this Opera-
tion Falling Leaves appeared to me, however, to be a very useful way of
comparing the strengths of the two theoretical perspectives outlined in
chapter 1, since these theories provide contrasting expectations about this
warning system's reliability. Normal accidents theory would predict that
Falling Leaves would be a very accident-prone operation: the warning
system displayed all the signs of high interactive complexity and tight
coupling, the two structural factors that the theory suggests lead to dan-
gerous accidents in other high technology systems. High reliability theory
would predict that Falling Leaves would be a relatively safe operation, since
the factors that the theory suggests produced safety in other hazardous
systems also existed here: significant decentralized decision-making au-
thority was given to operators in the field, redundant radars were used to
provide more accurate warning information, and officers' caution was
heightened by the crisis environment. I therefore visited the Air Force
archives, found a number of relevant declassified documents, and then used
the Freedom of Information Act to request that additional related docu-
ments be declassified and sent to me.

These historical records confirmed the more optimistic view of the high
reliability theorists. They reported on no serious false warning incidents
occurring during the crisis. Indeed, the Falling Leaves after-action reports
recommended that the emergency radar system be set up again if there was
ever another superpower crisis.

This success story was puzzling from a normal accidents perspective.
That theory, however, also reminds us to be skeptical of documents that are
written by organizational actors who are interested in promoting their
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cause. Operators do not want to get blamed for making serious errors and
leaders of military organizations want to promote the reputation of their
command. I therefore sent the documents to a large number of the retired
Air Force officers and civilian contractors who had participated in the
Falling Leaves operation, and asked that they comment on them. A number
of these men recalled that there had been one or more serious false warning
incidents during the crisis and expressed puzzlement as to why such events
were not in the unit histories. I did not know whether to trust the docu-
ments (which could be faulty) or the memories (which obviously could be
faulty too).

Fortunately, one retired officer said that he was sure that he had written
something about a false warning incident in the command post log back at
Air Defense Command Headquarters in 1962.1 had not known that such
records existed, but I immediately requested that the Air Force Space Com-
mand declassify these command post logs for the dates of October 26—29,
1962. These handwritten notes were like a smoking gun.

They revealed that a serious false warning incident occurred on October
27,1962, at the height of the Cuban crisis. The radar operators at one site
in Moorestown, New Jersey, informed the national command post that a
missile had just been launched from Cuba and was about to detonate near
Tampa, Florida. The command post officers immediately informed other
U.S. military commands that a nuclear attack appeared to be under way.
After the event, operators discovered that a software test tape, simulating a
missile launch from Cuba, had been inserted into the radar operators'
screen and that, simultaneously, a satellite came over the horizon. The
operators "became confused," according to the command post log, and
therefore reported "the test target as real." Who would have anticipated
that a satellite would appear on the radar screen at the exact moment when
a test tape was running and at the exact location where a missile launched
from Cuba would have appeared? To make matters worse, the Falling
Leaves system had been carefully designed to include overlapping redun-
dant radars to provide more reliability, but the other radars were not
turned on when the incident occurred. In addition, although the radars
were supposed to get advance information on satellites passing overhead,
the key facility involved had been taken off that mission, ironically, to help
provide warning in the Falling Leaves operation. None of this was reported
in the classified after-action reports on the operation.

The research strategy proved laborious, but it also proved necessary.
This book thus attempts to show one way in which social science theories
can illuminate, indeed even identify, important events in history. It also
attempts to show how such historical case studies can be used to evaluate
our theories, and thereby improve our broader understanding of how com-
plex organizations manage and mismanage hazardous technologies.
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A Note on Sources

Nuclear weapons and military operations are obviously very sensitive sub-
jects within the government. Getting information on nuclear weapons
accidents and safety problems has therefore been an extremely difficult
task. Four kinds of sources provide the primary evidence used in this book.

First, I made extensive use of the declassified government documents
available to researchers at the National Archives, the presidential library
system, and the operational archives of the U.S. Air Force and U.S. Navy. I
had to visit a number of these archives many times, as new material became
available or subsequent ideas suggested new areas of inquiry. Many impor-
tant pieces of the puzzle were found, however, once I figured out where they
might be hidden.

Second, I requested and received literally hundreds of formerly classified
documents (some in their entirety and some in sanitized form) through the
Freedom of Information Act and the Mandatory Declassification Review
process. Responses were forthcoming in anywhere from three weeks to
three years. Sometimes my requests were lost; sometimes the wrong docu-
ments were declassified. I appealed most decisions to withhold documents
in their entirety and occasionally the agency involved released more infor-
mation. Copies of these documents have been placed in the National Secu-
rity Archives in Washington, D.C., so that other researchers can use them.

Third, I conducted dozens of interviews with individuals who were
involved in these dangerous incidents. These interviews spanned the hier-
archy from former senior civilian officials at the Pentagon and the White
House, down to individual interceptor pilots and crewmen inside a Min-
uteman ICBM launch control center. Often I would send the available
declassified documents to these individuals to get their views on the accu-
racy of the records. Evidence from such interviews obviously has to be
treated with caution, given the inevitable vagaries of memory and the
potential biases of the individuals involved.

Fourth, a great deal of useful information on the subject of nuclear
weapons safety can be found in congressional hearings. One must also use
the material from such hearings cautiously, however, since testimony given
in such hearings may or may not be absolutely accurate. Moreover, critical
material is often deleted from the transcript, to protect classified informa-
tion necessary for national security, and what remains can therefore be
misleading.1

1 Difficult detective work is not always necessary to fill in the blanks. For example, I
already knew that 30 percent of the U.S. bomber force was kept on day-to-day alert from the
following sanitized testimony: "With regard to the bomber force, we keep approximately
(deleted) percent of the bombers and supporting tankers—roughly (deleted) aircraft—on
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Given the extreme sensitivity of the whole subject of nuclear weapons
safety, many relevant documents remain classified even after thirty years. A
special caveat is therefore in order. This is not, and could not be, the
definitive story of accidents and near-accidents with U.S. nuclear weapons
and command and control systems. Much more information would have
to be declassified in order to provide a full glimpse into the heart of the
problem. I have done the best I can with the limited material available, and
try to provide enough detail so that each reader can develop his or her own
judgment about the seriousness of each incident I discuss. I suspect that
declassification of further documents may lead to reevaluation of some of
my cases; I also suspect that such material will make some incidents seem
more dangerous, and some less dangerous, than they appear in the light of
the current evidence. And I strongly believe that more nuclear safety prob-
lems than are reported here will eventually surface from the recesses of the
classified archives.

Outline of the Book

The structure of this book is straightforward. Chapter 1 presents and
develops two theoretical perspectives on the ability of complex organiza-
tions to manage hazardous technology. These two theories are lined up in a
kind of comparative test to determine which provides better insights into
the history of U.S. nuclear weapons safety. Chapter 2 and chapter 3 are a
series of case studies of nuclear weapons operations during the Cuban
missile crisis of October 1962. In chapter 2,1 present what the logic of each
theory would lead one to expect would happen when the United States put
its nuclear forces on alert during the crisis, and then compare these expec-
tations to the historical record. I follow the same approach, only this time
looking at U.S. warning and intelligence operations, in chapter 3.

Chapter 4 moves forward to January 1968 and presents a detailed study
of the causes and consequences (both real and potential) of the crash of a
nuclear armed B-52 bomber near Thule, Greenland. The purpose of the
chapter is to explore the consequences of a strategy for improved safety
that attempts to produce high reliability by adding redundancy to the
system. Chapter 5 focuses on the issue of organizational learning. It pre-
sents two case studies. The first is an examination of U.S. nuclear alert
operations during the October 1973 Yom Kippur War, which examines the

constant alert. They are at the appropriate alert levels, so that they could escape prior to the
impact of SLBM weapons. If we suffer a strike out of the blue, a surprise attack, we accept the
probability that the other 70 percent of the force would be destroyed." Testimony of General
Richard Ellis, Senate Armed Services Committee, Hearings on DOD Appropriation for FY
1982, part 7, p. 3799 (emphasis added).
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degree to which the U.S. government and U.S. military commands learned
from the experience with nuclear weapons operations during the Cuban
crisis eleven years earlier. The second case study examines a series of false
warning incidents that occurred within the North American Aerospace
Defense Command in 1979 and 1980. Why did these incidents occur and
what was learned from the experience?

Chapter 6 presents my conclusions. The implications of the study for
organization theory, especially for our understanding of the causes of acci-
dents involving hazardous technologies, are outlined first. Then the impli-
cations for deterrence theory and the study of nuclear weapons are pre-
sented. Finally, I conclude with a brief discussion of the policy implications
of this book. What, if anything, can be done to reduce the dangers identi-
fied within?

Beyond the Cold War

Like many books about international politics that have been published in
recent years, this one was started during the Cold War and was completed
in the post—Cold War era. Unlike some of these books, however, this one is,
1 believe, as relevant to the emerging new world as it was to the old. This is
the case for two basic reasons.

First, while the end of the Cold War has clearly and dramatically reduced
the risk of a deliberate conflict between the United States and the former
Soviet Union, its impact on the likelihood of nuclear weapons accidents,
and even accidental war, is less clear cut. A number of factors do appear to
have reduced these risks. The likelihood of serious accidents is highest
during a crisis, when nuclear forces are placed on a heightened state of alert
readiness; and since the end of the Cold War reduces the likelihood of
major crises, it thereby also lowers the likelihood of accidents. The major
achievements in Russian and American arms control in 1991 and 1992—
especially the U.S. decision to take Strategic Air Command bombers off
day-to-day nuclear alert status and the Russian decision to take its largest
ICBM, the SS-18, off alert—have further reduced the risks. Finally, it
appears much less likely after the Cold War that Russian or American
political or military authorities would react to a false warning of an attack
against their country with rash orders to retaliate immediately.2

That is the positive side of the ledger. A number of important factors,
however, appear on the negative side. The collapse of the Soviet Union has

2 One should not, however, be too optimistic here. Imagine that a serious false warning
that a nuclear attack was under way, like the events described in chapter 5, had occurred
during the August 1991 coup attempt in Russia. Can we be certain that such a warning would
have been treated with skepticism?
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subjected its nuclear command and control system to unprecedented and
unanticipated tensions. Short-range tactical nuclear weapons have report-
edly all been successfully withdrawn, in great haste (and thus probably
with considerable risk of accident), to Russia from other former Soviet
republics. Yet, intercontinental-range strategic nuclear weapons are likely
to continue to be deployed in Russia, Kazakhstan, and Ukraine for many
years to come, and the safety of these weapons will likely be strained by
emerging political, ethnic, and civil-military conflicts in the region. The
elaborate system of nuclear weapons control there was simply not designed
to cope with such events as a coup attempt or large-scale social unrest, and
its ability to provide safety in such an environment is uncertain. In addi-
tion, for reasons spelled out in chapter 6, the danger of accidents with
nuclear weapons, and the danger of accidental nuclear war, are more likely
with new states that are developing their own nuclear arsenals in the post-
Cold War world.

Finally, there is a serious problem of overconfidence here in the United
States. If the theories and evidence presented in this book are correct, then
there are likely to be a number of hidden bugs in the U.S. nuclear weapons
system, latent technical and organizational safety problems that have not
been recognized over time. To the degree that we become complacent,
believing that the end of the Cold War has solved the problem of nuclear
weapons safety, fewer of these problems will be identified and fixed. Some
day, when we expect it least—during a military exercise, while transport-
ing nuclear weapons to storage sites, during a missile flight test, or even
during a routine missile maintenance operation—the unexpected will oc-
cur. That would indeed be an ironic and tragic consequence of the end of
the Cold War rivalry.

The second basic reason that this book is relevant to the post-Cold War
world is that the hidden history of nuclear weapons safety problems has
many broader implications for other organizations that attempt to manage
hazardous technologies. The U.S. military organizations studied here are
widely considered to be models of discipline and reliability. Some of the
problems they have experienced can therefore reasonably be expected to be
repeated—in one form or another, and sometimes with a vengeance—in
more "ordinary" civilian organizations, such as nuclear power plants, oil
tankers, petrochemical factories, and biotechnology firms.

We will continue to live in a world filled with hazardous technologies
and our understanding of how to control them is both terribly important
and very incomplete. This book is an effort to identify some persistent
problems that might be fixed, as well as some that probably cannot. It
attempts to illuminate both the prospects for progress and the inherent
limits of safety.



CHAPTER 1

The Origins of Accidents

An examination of page 752 of the reference
(Emergency Actions File) indicates that the President
is not included in the list of personnel to be notified

under declared conditions of an Air Defense Emergency
or a Defense Emergency or DEFCON 1.

(Rear Admiral J. H. Wellings, Acting Director of
the Joint Staff, Memorandum, December 27,1960)

Accidents will happen.

(Anon.)

ACCIDENTAL nuclear war is a very difficult subject to study. The first reason
for this difficulty is the most obvious, the most important, and the most
fortunate one: there has never been a single accidental nuclear detonation,
much less an accidental nuclear war. The traditional comparative meth-
odology used by social scientists to explain complex political
phenomena—comparing and contrasting cases in which the phenomena
occurred against cases in which it did not—cannot be used here. There are,
of course, many other difficulties involved in a thorough investigation of
this subject. Many important pieces of evidence about past nuclear
weapons incidents remain classified; some critical documents about sensi-
tive military operations have been destroyed; faulty historical records have
sometimes been created by military units; and inadequate social science
theories exist to help us understand both the causes of war and the origins
of accidents. But these difficulties pale next to the basic conceptual di-
lemma posed by the problem of accidental nuclear war. How does one even
begin to study something that has never occurred?

One possibility is to assume that this central fact proves that the danger
of nuclear weapons accidents and accidental nuclear war is minimal. Such
an optimistic assessment is not unusual, in fact, since it can be argued that
history has demonstrated that nuclear weapons can be maintained and
operated in a safe and secure manner.1 This assessment, however, is inade-

1 See, for example, Kenneth N. Waltz, The Spread of Nuclear Weapons: More May Be
Better, Adelphi Paper 171 (London: International Institute for Strategic Studies, 1981), p. 16.
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quate for at least three reasons. First, things that have never happened
before happen all the time in history. There must be a first time for every
type of historical event that has occurred in the past, and the lack of earlier
nuclear accidents is therefore insufficient evidence for making such a strong
statement about future possibilities. Second, nuclear weapons have existed
for less than fifty years and have been in the possession of only a small
number of nations. This is a very limited pool of experience on which to
base confident assessments of long-term nuclear weapons safety, especially
under what could be quite different conditions during the next century.
Third, an assessment of the risk of accidental nuclear war should examine
close calls to catastrophe, and not be satisfied with the simple fact that
accidental nuclear war has never occurred. For if we have had numerous
"near-accidents" with nuclear weapons—incidents that could have re-
sulted in an accidental nuclear war had they occurred under other plausible
circumstances2—even an apparently perfect final safety record may not
inspire extreme confidence.

A more thorough assessment therefore requires a deeper investigation
into the hidden history of nuclear weapons. What has been the complete
safety record, of accidents and near-accidents, with these weapons and
their command and control systems? How have the military organizations
that have custody over nuclear weapons been able to manage their complex
operations with such apparent success? Have these organizations done
something extremely intelligent to avoid accidents or have they merely
been extremely lucky?

A useful place to start is to examine the causes of accidents and safety
problems in other similar sociotechnical systems. For although there has
never been an accidental nuclear weapons detonation or war, there have
been numerous serious accidents in recent decades in other complex high-
technology systems such as nuclear reactors, commercial and military
aircraft, space programs, international shipping, and large petrochemical
plants. Fortunately, a rich scholarly literature studying the causes of re-
liability and safety in these industries exists. What has caused serious
accidents with these hazardous technologies? What organizational designs
and strategies have been used to prevent accidents and enhance safety? A
number of scholars have sought to explain successes and failures in organi-
zational safety, and their ideas, if used very carefully, can help us under-
stand the risks of serious accidents with nuclear weapons.

This chapter will examine the two most important schools of thought
within the organization theory literature concerning the issue of safety and

2 Here I am following the National Research Council's definition of a safety "incident."
See National Research Council, Assembly of Engineering, Improving Aircraft Safety: FAA
Certification of Commercial Passenger Aircraft (Washington, D.C.: National Academy of
Sciences, 1980), p. 107.
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reliability in complex technological systems. Subsequent chapters will then
apply these theories to the military organizations that control U.S. nuclear
weapons and test the theories competitively against one another by prob-
ing into the historical record of nuclear weapons accidents and "close
calls" to accidental nuclear war. The goal is to provide a clearer under-
standing of the origins of accidents and the causes of safety.

ORGANIZATION THEORY AND ACCIDENTS

Even a brief glance at the recent history of high-technology industries
cautions against complacency. Why have such tragedies as Chernobyl, the
Exxon Valdez, and Bhopal occurred? Are such accidents preventable? Or
are they the inevitable consequence of the widespread use of hazardous
technologies in the modern world?

The scholarly literature about complex organizations is large and di-
verse, but two general competing schools of thought on this specific issue
exist. The first is the optimistic view of what I will call "high reliability
theory," whose proponents argue that extremely safe operations are possi-
ble, even with extremely hazardous technologies, if appropriate organiza-
tional design and management techniques are followed. The second
school, what I will call "normal accidents theory," presents a much more
pessimistic prediction: serious accidents with complex high technology
systems are inevitable.

The term schools of thought was used deliberately, since it is in many
ways a better description of what exists in this literature on hazardous
technologies than the term theories. The scholarship I will be analyzing is
based on mixtures of abstract deductive logic and inductive empirical ob-
servation, and the authors within each school by no means agree on all
details concerning organizational safety. Specific terms that appear often in
this literature are not always used in a consistent manner. And perhaps
most importantly the predictions of both schools are often imprecise. Nev-
ertheless, proponents of each school do focus attention on a specific set of
factors that they believe contributes to or decreases safety, and each school
develops a set of general hypotheses that is meant to hold true in a variety of
organizations across space and time. These ideas can therefore be viewed as
nascent social science theories and can usefully be tested against one
another.

These two schools of thought have intellectual roots in different tradi-
tions within the organization theory literature; they have different basic
understandings of how organizations work and hold different views on
how best to analyze complex organizations. The theories offer competing
general explanations for the causes of accidents with hazardous technolog-


