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Abstract

This report captures in an unclassified manner some of the events and conditions that account in
major part for the ways that certain disciplines associated with the U.S. nuclear weapons program
arose. The disciplines are three: nuclear weapon and weapon system safety, security, and use
control, collectively called S°C. The focus is on the cultures that existed at the time, so current
observers can better understand origins and evolutions. Particular attention js given to explaining
why Sandia National Laboratories did certain things (mostly to make particular technical
choices) the way they did when other options either were available or would seem to have been
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ABOUT THE AUTHOR

This report ts derived from my three-decads career specializing as an engineer involvad in a
specific aspect of the U.S. nuclear weapons program; namely prevention of accidents, incidents,
and other unwanted events that could have disastrous effects on the viability of natior.al securnty.
This concem became termed S°C, for Safety, Security, and Control. My carcer interest began in
1952 when [ was assigned as a commissioned officer in the U.S. Army's first battalion doing the
ordnance tasks for the nuclear artillery shells, missile warheads, and demolition munizions being
transitioned from R&D to the national stockpile of nuctear weapons.

After a brief postwar return to engineering for a major petrolcum corporation, | reentered my
career interest by gaining employment at the Sandiz Corporation, the AEC facility that was 1o
become the Sandia National Laboratories. Early assignments were as a project engineer on
development of the nuclear warhead for the nation’s first long-range ballistic missile system,
during the crisis mood of the sputnik cra, and later on development of a large strategic bomb.
Gradually, my assionments turned roward technical management in nuclear safety—frst for the
AEC/DoD safety study process that reated the entire human-machine weapon system and later
for the design of the nuclear weapon entity of those systems.

Over the years, I was drawn into support work for the staffs of several major interagency
national-level studies that considered the future roles and missions of the civilian and military
agencies in the nuclear weapons program, focusing on the institutional, infrastructural aspect of
S°C. My principal assignment, however, was in leading evolution of an innovative design
concept that was to provide highly significant enhancement of the level of nuclear detonution
safety in the national stockpile.

Shortly before retirement in 1985, [ was honored to receive the DOE Weapons Program Award
for Excellence for cortributions to safety. I have been privileged to continue my involvement in
this program as a consultant to Sandia’s principals in $°C. This report is one product of my work
for the last decade as a consultanl,
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PREFACE

The goal of this report is to capture in an unclassificd manner some of the events and conditions
that account in major part for the ways that certain disciptines associated with the U.S. nuclear
weapons program arose, The disciplines are three: nuclear weapon and weapon system safety,
security, and use control, collectively called S?C. Each discipline is detined in the Introduction
section of this report. The focus is on the cultures that existed at the time, so current observers
can better understand origins and evolutions. Particular actention is given to explaining why
Sandia National Laboratories did certain things (mostly to make particular technical choices) the
way they did when other options either were available or would seem to have been so.

This working paper is a living document in that it is continually subject to revisions in order to
reflect input from persons selected to review contents. A record of these revisions will be kept in
the SNL Surety Assessment Cenler.

The style of presentation is personal, informal and candid, citing specific contributioas of named
persons. A limited number of such persons are identified as having been “key" to the success of
Sandia’s efforts in S°C, and their contributions are summarized in biographical sketches as an
appendix. In the interests of timeliness and economy. [ have made liberal use of extractions from
other docurnents that 1 wrote while on-roll at Sandia or as a consultant, hopefully with enough
bridging paragraphs to achieve reasonable coherence.

Originally [ drafted this report for wide dissemination within the nuclear weapons community, as
Official Use Only. In the course of reviews, | learned that the rather comprehensive level of
detail catled for a higher security classification. Accordingly, the report exists in two versions: a
classified report SAND99-1803 and this pared down report. For readers with appropriate access,
1 recommend the classified version that contains more detail and the outcomes of certain
contentious but classificd events.
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FOREWORD

Certain facts, general beliefs, and convictions guided the hehavior of the Sandians who played
major roles in this story.

A Moral Equivzlent of War. The nuclear weapens program was seen as a moral
equivalent of war, 1o adapt President Lyndon Jobuson’s characterization of the War on
Poverty of the late-1960s. Sandia’s early leaders came mostly from military, national
defense contractor, or Manhattan Project service and knew well the urgency of national
security. They understoad that the national policy was to substitute nuclear weapons
systerns for massive deployments of conventional forces long before this was apparent to
the public. Their constant reminder was the Dirsctive Schedule—a time schedule for
delivery of nuclear weapons to the military services set by the Atomic Energy
Commission and its successors. This schedule was based on the Nuclear Weapon
Stockpile Memorandum; a document prepared annually for personal approval by the
President of the U.S. The Directive Schedule provided the essential link between
Sandia’s internal projects and its overriding charge *to render an exceptional service in
the national interest” (Ref. 1. Frontispiece). The delivery dates and rates were taken as
absolute requirements and the record for meeting them is unblemished to my knowledge.

NOTE: The record of the AEC/ERDA/DOE in meeting Lhe delivery date critical
to the operational deployment of the applicable weapon system was challenged
during one of the periodic reviews of roles and missions of that agency and the
national defense establishment. Sandia’s Robert L. (Bob) Peurifoy and Richard
(Dick) N. Brodie prepared a documented account that every “slip” in schedule
was attributable to another agency. This finding effectively ended a contentious
situation that could have led to a change in basic responsibilitics among the
agencies (Ref. 52, Appendix C).

Continuity of Effort. The weapons R&D portioa of the U.S. nuclear weapon program
was funded and managed under auspices of the Joint Committee on Atomic Energy at a
relatively constant (in real dollars and manpower) level duning the several decaces aiter
the first moratoriuin on full-scale nuclear testing in 1958. This practice was more or less
continued by successor congressional and cxecutive agencies. To most Sandians, tiis
reintorced the notion that the task and, therefore, their lifelime careers were continuous.
There would be a Mark N+1 to follow the Mark N bomb or warhead that challenged one
now (see Figures 2 and 3). Also. vou would still be on roll and be sought out skould
stockpile experience eventually reveal o Jesigu or preduction flaw on one of your earlier
projects. [t was jokingly said that you just couldn’t bury your past mistakes deep enough.

Stewardship of the Stockpile. The ULS. nuclear weapons program was born and zrew

under concepts of civilian custody and control of the national stockpile. To most
Saudians invohved in the weapons mission, this gencrated a sense of trust and
responsibility that extended bevond the day-to-day tasks of working cooperaiively with

—OFRCHIAEYSECONEY- b
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the single ultimate customer: the nalional defense establishment that consists of the
military service(s) that would actually deploy the weapons and the Department of
Defense (DoD) agencies and offices that would manage the overall national secunity
posture. Personnel assignments in the military and executive appointments in the DoD
tend to be relatively brief in tenure and high tumover is often the rule. Stewardship was
enhanced by the career continuity provided in the civilian agencies.

Challenges 1o Roles and Missions. Roles and missions assignments in the U.S. nuclear
weapons program over the years may be characterized as somewhat ambiguous and
impermanent, While at any given time responsibilities might seem clear, the interagency
arrangements could easily be challenged and chianged for the tasks on the horizen when
improved weaponry capabilities could be promised. To most Sandians, this meant roles
and missions had to be carned in a competitive arena by demonstrating high performance
on each lask and continuing onto the next opportunity. No role or mission could be
considered permanent,

Ethos. Readers interested in gaining an appreciation of the cthos of Sandia in 1985 are
referred to the document “Ethos™ (Ref. 172). This excellent work prepared by Sandia’s
on-rall historian, Necah Furman, for the annnal Fall Management Conference contains
sections on genesis, cvolution, ethos, lines of business, image to outsiders, differences
among the laboratories, relationships with Bell Telephone Laboratorias, and destiny. The
document is available in the Sandia library.

Tasks of National Importance, To my knowledge, Sandia did not have an official
stotement of objectives until the 1980s. I recall dralting one for Vice President 10600
Glenn A. Fowler at his requcst in 1968, and I responded to his counsel to produce the

following:

“To maintain advanced technological laboratories and programs which will continue to make
important contributions to the nuclear weapons capability and the general welfare of the United

States.”

When faced with a decision as to whether or not to pursuc 2 prospective new R&D initiative, the
first test for Sandis was that it clearly must be of high national importance.

Certain considerations have evolved over the vears (o guide execution of the 8°C part of Sandia’s
roles and missions. These varionsly became policies, praclices, principles, themes, threads,
attributes or the like; and this report is mostly concerned with how they played in the story. The
following listing is not nccessarily complete nor 1s it in any particular meaningful order.

Specialty. Nuclear weapons are considered special cather than as an altemnalive to
conventionn! weaponry { Witness: the Armed Porces Special Weapons Project was the
name given successor to the military’s group thit succeeded a part of the Wartime
Manhzilan Project). The risks inherent in their existence are apart from the common.
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Altempts lo compare them to other risks in human experience are at best
counterproductive. For example, although both nuclear weapons and civilian nuclear
power reactors use certain radioactive materals, the implications of a serious accident
would scem to defy any meaningiul comparison. Nevertheless, bureaucranc interests
continually have been tempted to institute such "standards."”

Standards for Achievement of $°C Goals. Elements of nuclear weapon $°C are
measwred qualitatively and quantitatively against an agreed-upon threshold of
acceptable risk of gccurrence of certain unintended events (e.g., accidents or loss of
possession). Such thresholds must he reached before a weapon or weapon system can
be deployed wnd agreement as 1o that achievement must extend to the President of the
United States. Whereas warm (eelings may be generated by characterization of risks by
terms such as “small, but finite,” “‘vanishingly small,” or "virtually impossible," the
public must be eucouraged to realize that risks cannot be zcro and cannot ever be really
known.

No Premium for “Safer.” Given exisicnce of agreed-upon thresholds of acceptable risk,
there should be no justifiable need to expend critical resources for exceeding the
threshold. Said another way, there shoitld be no reward for promoting one design
approach over another on the assctiion that one is “safer.” nstead, both must reach the
threshold and then competition can procced an the basis of other important
considerations such as cost, size, weight, clc.

Conditions for S’C Assessments. Within an agency having responsibilitics for S'C
assessments, three conditions have proved to be essentjal:

= unswerving commitment of agency management at all levels,

» adegree of independence on the pant of the staff performing and presenting the
assassment, and

* deep immersion of that staffin the scicnees and technolegies relevant o the
endeavor (not just the assessment methodology).

Of these three condilions, the last namad is most important.

S’C is a Line Responsibilizy. This condition may be self-evident from the above;
however, a test may help te ilusirate. The direclor of the laboratery, not some
subardinate stafl pegson, should present the statements on ateguacy of §°C in nauonal-
fevel arenas. This is done by means suck as specitic testimonies and reporns ta tse:
Congress and the exceutive branches o the federal government.

Vad
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Directness of Remedial Activns, Owneng up 1o existence of deficiencies in $°C that
become evident upon review of new information 15 an atiribute to be rewarded and
providing remedial measurcs promptly (and usually at absorbed financial cosis) is
cxpected. This process can involve agency embarrassment, but this must be done inun
open way (e.g., it may be necessary to “redline™ a weapon type and thereby recommend
standing down its deployment until retrofit hardware or other corrective measure is in

place).

—OFHCHALEUSEONEY
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1. INTRODUCTION

1.1 Definitions

The term Nuclear Weapons Surety (coined some forty years afler the first nuclear weapons were
employed to end World War IT) is of relatively recent origin. The elements of surety have been
defined and emphasized sequentially, as national and world events caused changes in the roles
that nuclear weapons played.

Reliability was the initial concem. Since the amount of fissile material (cnriched uranium or
plutonium metal) available in the 1940s was sufficient to make only a few weapons, cach nuclear
weapon would have to work properly in intended use (war) with high confidence. Weapon
designers at Los Alamos Scientific Laboratory (LASL) adopted a goal that the probability of a
weapon not producing the full yield for intended use should be less than one in fifty thousand
uses, or in probability notation 2 in 100.000 or 2 x 10*. This low-"dud” rate at the time perhaps
represented the extreme of technological capability and called for measures uncommon to
weapon ordnance experience. Designers turned to the practice of redundancy for the component
parts of the weapon, i.c., the usc of duplicate components in ways that reduce the probability of
system failure even if one of the two or more duplicates fails in use. Redundancy was essential
because some of the components used in the weapon's clectrical subsystem were devices
produced for ordinary commercial applications (e.g., spring-powered clock timers from
household evens) or for military applications (e.g., tail-waming radar from bomber aircraft) and
bad relatively high-dud rates. The practice of redundancy also extended to the nuclear subsystem
of the weapons by making the electric detonators that began the compression process for
implosion-type bombs have dual (two, connected in parallel) bridgewires.

By the early 1950s. the amount of fissile material available to produce nuclear weapons was
increasing and was projected to reach levels that would support a larger stockpile of nuclear
weapons. The question of a proper reliability goal was poscd by LASL's Director, Norris
Bradbury, in anticipation of this significant change in U.S. nuclear weapon posture. Bradbury
teamed with the DoD’s Chicf, Armed Forces Special Weapons Project, Major General Keancth
Nichols, to assign the study to the existing joint Weapons Reliability Committec (Ref. 1). Study
participants included Dr. Norris Bradbury; Dr. Hendrik Bode, Director of Mathematics at Bell
Telephone Laboratories (BTL) and a national pioncer i the discipline that later became
“Systems Analysis,” and Dr. Walter A, MacNair, Vice President for Systems Research at Sandia
(formerly at BTL) as Chairman. Findings declared that nuclear weapons indued had “special”
character in compansor to conventional weapons, especially that nuclear weapons had "
(undamental and unaveidable complaxity™ and a reliability “not subject 10 vurification™ short of
use in war. ‘The naw re.iability uoal was determined to be 1in 100, 107 per weapon-use—a
reduction of several arders of magnitude that wouid greatly simplify certain areas of weapon
design and production.

-OFFGIAEYSEONEY— I
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The Weapons Reliability Committee’s report had several impacts that led to certain management
practices for reliability and the subsequent elements of surety:

Reviews by high-leve! authorities in both thz civilian and the military agencies of’ the
national nuclear weapons community are nceded as significant changes in policy,
practice, technologices, and other events occur. This repont describes the series of such
reviews that have been conducted over the years, some under presidential auspices.

Teclnological disciplines may be needed 10 handle the concems derived from surety
considerations. In 1951 Sandia began to create and sustain a reliability-assessment
specialization concentrated in a single organizational entity contiguced to have a measure
of “independence™ from line organizations.

For this repont, the notion of probability of occurrence of & specific, unwanted event serves 10
define all elements of surety, although the goa] is not always defined in quantitative terms. Thus,

12

Reliability = the probability of success in intended use of a nuclear weapon.

Delivery Crew Safety was the next concern to develop as the size and variety of the
stockpile grew. The concem was the safety (freedom from hanm) of the crew after release
of a bomnb from the delivery bomber aircraft. During the trajectory to the target, the
bomb's status changes from a ready-to-release condition wherein a series of aming
components is still in place to interrupt the sources of electrical power from the bomb's
fuzing and fixing components. At and after intended release, one-aller-another of the
series elements becomes armed (able to pass clectrical signals), awailing a signal from the
fuzing components to detonate the weapon. 1f the detonation were to occur prematurely
at a posilion above the target, the bomb’s blast or nuclear radiation cffects could destroy

or seriously disable the aircrafi—a crew safety concermn.

The mathem:atical and statistical techniques developed by Sandia were applicable to crew
safety calculations, and a quantitative probability goal evolved for the agencies of the
military services thal wrote the requirements documents given to weapon desizners.
Later, it was recognized that the crew safety enterion applied in concept to the risk ol a
premature nuclear detonation on other friendly forces {a “flare dud” in the sense that it
misscd the target).

Premature Detonaton = the probabilily ot a prematire detonation in intended use ol a
nucienar weapon such that the resultant ctiects disable the delivery sysiem or other
fnendly forces, wiven the occurrence of intentonal retease-to-the-target.

The nominal quantitative goal became 1 premature detonation per 1.000 releases, or 107
For some special situations, the goal became 107,
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s Nuclear Detonation Safety was the next concern to arise with the essentially concurrent
events of introduction of a fundamentally different weapon design and of deployments of
nuclear weapon sysiems from sites in the Continental U.S. and afloat to forward buses in
European and Pacific Theaters.

Until the advent of the sealed-pit tvpe of implosion nuclear weapon in the mid-1950s, nuclear
detonation safcty in pezcetime was not a consideration. The fissile material was controlled by
containing it in a capsulz that could be placed inside a kollow pit or projectile/target assemblies.
thus keeping it separated from the rest of the nuclear weapon ordnance hardware. This control
was absolute, not probabilistic, fur 2ll conceivable situations except deliberate, unauthorized
human actions. Even the latter required the military to somchow obtain the fissile material
assembly from the civilian (Atomic Energy Commission) agen! bolding its custody in a co-
located facility. The fissile material assembly was to be inserted into the weapon only in
preparation for war, actually in the bomb bay of the delivery aircraft. Somc later weapon designs
btad an in-flight inserrion mechanism able to insert fissile material in a subcritical asscmbly into
the pit using mechanically driven screws. The physical separation cven in this high-readiness
configuration provided a high degree, but not absolute degree, of safety. As the pit assemblics
came to contain more-and-more fissile material to meet military requirements for high viclds, the
margin of safety decreased.

With the sealed-pit type of design that was aticactive mainly because of a significant
improvement in efficiont use of fissilc maleriul, the fissile material was sealed inside a shell of
high explosive during the weapon production process. The probability that this assembly could
produce a nuclear detonation spontaneously or as the result of a credible physical insult such as
in a severe accident sitvation became the controlling factor. As is treated later, this probability
was sct at a threshold of acceptahle risk of one nuclear detonation in one million per exposure, |
in 1,000,000 or 10°, The definition of an acceptable detonation was one in which the
contribution of the lissile matenal reaction to the total vield would not cxceed four pounds TNT-
equivalent. The weapon clectrical syslem was designed to have a probabilistic goal
commensuratc with that provided for the sealed-pit assembly.

NOTE: In 1974, in conjunction with the controversies of the Fowler letter
(page 115), James (Jim) D. Appel wrote a historical review of numerical nuclear
detonation safety requirements specilied by the DoD in Military Characteristics
Jdocuments. For the earlicst sealed-pit weapons, the requirements were in the
range of 1 1n 20.000 to | in 100,000 (Ref. 176).

Thus. definitions were:

Nuelear Detonation Safety (1932-1968) = the threshok! probability ol occurrence of 2 nuclear
detonation due lo spontaneous oy accidental causes.

Security was a concem trom the beginring of and throughout the U.S. nuclcir werpons progran.
and we focus here on physical security.
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Sceurity {Information) = the probability of loss of critical design or operational use information
such as to endanger national defense capability.

Security (Physical) = the probability of loss of physical possession of a nuclear weapon lo
entities that could endanger national defense capability.

Lise Control became a sericus concern in the late-1950s when the realities of forward deployment
of U.S. nuclecar weapons to non-U.S. NATO nations came to be appreciated (o contain new
elements of risk of deliberate, unauthorized use. Control of the risk of such use has been
considered to be threat-dependent and is treated by threat scenarios that cannot meaningfully he
defined probabilistically. Conceptually, however:

Use Contral = the probability of an adversary entity being able to produce a nuclear detonation,
given failure of physical security measures.

Plutonium dispersal safety was a concern upon the advent of the sealed-pit design, since
detonation of the weapons high-explosives subsystem would aerosolize and disperse plutonium
oxide in a respirable form known 1o be capable of producing cancer in those persons inbaling

particles of small aerodynamic size.

Plutonium Dispersal Safety = the probability of a high-explosive detonation of a nuclear weapon
of the sealed-pit type caused by an accident such that the resultant plutorium oxide particles cun
be inhaled by persons in the vicinity and downwind.

This issue came to public attention afler the nuclear weapon accidents at Pelomares, Spain. in
1966 and at Thule, Greenland, in 1968. This type of safety became an issue attendant to the
debates on the planned deployment antiballistic missilz (ABM) systems near major cities of the

late 1960s.

Safety, Security and Use Control, S°C refers to the process ol managing the three areas of nisk,
with Control meaning Use Control as that term is treated here. §°C, to my knowledge, was
coined to describe an area of national-level responsibility that is both joint and shared by two
agencies: the AEC/ERDA/DOE and the DoD.

The first packaging of these three disciphnes probably was in December 1975 in an essay that
Marv Gustavson of LLL and [ co-authored upon commission from the ERDA/DoD “Transfer
Study.” The unclassified essay. “Dual Judgment Roles in Safety, Control and Secuvity of
Nuclear Weapons™ is treated in context later in this peper. The $°C high-level managsment
issue was revisited dunngz the “Starbird Stedy” conducted by DOE/DoD in 1980, This study lod
to a recommendation to establish 2 DOE/DoD oversignt comnzittee for S*C. That didn’t happen,
but the DOE/DMA did cstablish an intra-DOE §°C Commitice in 1983, In 1687, the role of high-
level oversights of $°C was assigned to the DOE/DoD Nuclear Weapon Council ereated by
public law.

15
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Surety = This term has been adopted by the DOE since 1984 when the title of the Arnual Report
to the President on Nuclear Weapon Satety wus changed to replace Satety with Surety.

T'o my knowledge, *“Surety™ was first nicntioned by Colonel Vince DeBosster of the U.S. Army
Nuclear and Chemical Agency when lie led the extension of the role of a part of the Army’s
original nuclear weapon agency from nuclear weapon system safety (a term defined later) to
include appraisal of certain operational considerations relevant to deployment of nuclear
weapons in Europe. Later, the term was appropnated by DOE/AL to cover its invelvement in
both DoD/DOE and intra-DOE system safety studics. Mext, Sandia appropriated the term when
Al Narath in 1991 gave the title Surcty Asscssment Center to the directorate-level organization
created under Dick Schwoebel. Then, Surcty came ta mean four of the disciplines under
Schwoebel; namely, $°C plus Reliability.

This report considers S°C, not Surety. Reliability is not categorically ignored, however, and is
brought in as necessary to properly cover an S°C consideration. The definitions of lerms
contained above apply, except that focus is on the positive measures laken to avoid the unwanted
events, instead of focus on probabilities,

1.2  Tradeoffs of S2C With Other Weapon System
Considerations—A Perspective

Figure 1 lists 14 considerations that are taken into account and balanced in order for nuclear
weapon systems to be capable of filling a basic role in national defense. The considerations are
displayed in a two-by-two matnx that differenuiates between emphasis in peacetime and in
wartime use and also whether the thrst of the effort needed is to seek improvement or to scck
reduction. S°C is a peacetime emphasis on improvement to maximum levels consistent with
achicving acceptable levels of performance in the remaining 11 considerations. This formulation
for nucloar weapons differs from ones that could he constructed for conventional weapons where,
for exanmiple, effectiveness at low cost of pmcuremeant of hardware could be maximized. Nuclear
weapons are indeed special because of their potential benefit 1o national security and their

potential for detriment.

—OFFCIALUSEONMEY 1"
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Figure 1. Some Considerations Affecling Deployment of Nuclaar Weapans in National Defense

Source: Bricfing materials used by Robent L. Peurifoy, Jr., Vice President, SNL.



2. THE EARLY YEARS (1945-1960)

2.1  S°C for First Generation (Capsule-Pit) Nuclear Weapons,
1945-1956

A basic reference for this discussion is my paper entitled, “Early Evolutton of the Nuclear
Weapons Salety Program™ (Ref. 2).

2.2 The World War il Bombs: Little Boy, Fat Man, B3 and B4,
1945-1952

Initial interactions and negotiations among the newly created governmental agencices responsible
for nuclear weapons—the Atomic Energy Commission formed in 1946 and the Department of

Defense formed in 1947—were strongly influenced by the design features of the weapons. These
subjects are treated in appropriate detail in Necoh Furman's Sandia National! Laboratories, The
Postwar Decade (Ref. 1) and are discussed here briefly to provide a context for later cvents.

2.3  Safety of the High Explosive/Nuclear Subsystem, 1945-1954

A fundamental assumption in nuclear weapon safety is that an accidents| detonation of the
weapon's chemical high explosive (HE) will originate at a single location (point) in the HE.
There i5 a nan-zero probability, however small. thai the detonation could occur at more than one
point, but it has been agreed among skilled design specialists that this probability is so smali that

it can be disregardad.

The original U.S. nuctear weapons—Fat Man and Little Boy. achieved safety of the nuclear
system by the principle of keeping the nuciear components (“'cores™ or “cupsules™) separated
from the ordnancc parts until final assembly for a strike mission. Only after final usscmbly was
nuclear safety a concern. For the gun-assembled type of weapon, Little Boy (Hiroshima), there
was no HE: instead, a propellant charge was initiated to cause assembly of the auclear
components. Thus, onc-point safety was not at issue.

For the first L.S. nuclear weapon to benzfit frony postwar design improvements (Mk 4, which
entered stockpile in 1949), nuclear safety was a design goal. This was accomplished by using a
mechanically inserted nuclear componznt. Until then, the core was stored at a safe distance away
from the HE sphere. Final assembly was accomphshed nside the bomb hay afler tukeott—an
operation requinna about 20 minutes. Later caleubnens by L.os Alamos showed that some of the
weipons of this npe indeed were not ene-point safe in that the probability uf a nuclewr yivlé.
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given a one-point detonahon of the homb's HE, would have been considerably higher than
allowable today. '

FFor the next several weapon development programs, use of the design pnnciple of separation was
continued, but with more and more automation of the capsule-insertion function. By the mid-
1950s, national security needs, such as higher nuclear yields with the limited supply of special
nuclear materials, less strike preparation time, ctc., affected a significant change in bomb desian.
The amount of special nuclear material and its proximity of it to the large HE sphere precluded a
determination that the weapon would be one-point safc in accident situations.” Accordingly, the
Los Alamos designers used a mechanical saling scheme to prevent the weapon from becoming
supercritical in accidental detonations. The scheme was fo place inert material inside the pit as
the weapon was buill and to allow its removal only in the bomb bay after takeoff. But, the
zeneral U.S, design practice for the carly 1930s was to achicve one-point safety inherently n the
dusign, rather than by mechanical safing.

Nuclear weapons of the carly 1950s used wet-cell electrochemical storage batterics located insid
the weapon to provide the encrgy needed to fire tive detonators. Early versions of the batterics
had to he "charged™ from an external source of electrical power, and after installation inside the
weapon had a useful life of less than one month. In (act, charge-time and charged-life limited the
capability of the nuclear weapons: all other preparatory operations required less time and were
cffective longer. This resultant relatively low state of operational readiness was quite acceptable
to the military services responsible for delivery to the target because warning times before enemy
strikes were believed to be much longer. Since the batterics were not installed inside the weapon
unti! the weapon system was being preparcd for a strike mission, there was no such concern as
peacetime nuclear safety for the weapen's electrical svstem.

Wartime nuclear safety was seen as a responstbility of the military service that prepared the
weapon [or a strike mission and deployed the weapon system to the target. | was a nuclear
warhead electrical system specialist in the U.S. Army in 1952-53 and observed an event that
perhaps was the first nuclear weapon safety incident.

The ordnance battalion invelved was the first formed to (1) receive a nuclear warhead from the
storage sile {facilitics 1o be discusscd Jater), (2) prepare it for a mission and transfer it to the
operational artillery unit, and (3) perform the final arming operations of inserting the nucizar
capsule und replacing the green SAFE plug wath the red ARM plug. (The fast was my task as the
forward ussembly officer.) These plugs, a carryover from the Waorld War 1l bombs, interrupted
21 cumected the cirzuits between the batteries and the arming and fining subsystem, both the
positive and negative (ground) lines.

! The, discussion s draws from a papae waren b a dazer-lone axionst avhuny i one-paint safsre, Robert b,
Ercarne altie Los Alamos Noaneend Labutaton, rzursd (R Laf Bt D
Acirdhy computer mremen Sazabilie ofthe nres w8 oo o by g Seetarof 10U, and computer soesd was o
e v a factor of [0 o alion aatunon of e reqansite By frednamue and noieen transiont equatons.
safent compuer capabilites were wnavaslablz gnnl 1200
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The warhead preparation process required extensive component assembly and testing by the
highly trained military crews and the final operation required an electrical test afier the electric
detonators had been installed on the high-explosive sphere—a reliability test to assume that ail
connections had been made. In training, the weapon prototype (“trainer™) had inert detonators
and HE sphere. For training, common practice was for the instructors to devise and wire in
fiendishly clever circuit faults that would have to be diagnosed and corrected by the assembly
technicians. Both instructors and technicians tended to be college graduates in engineering, and
these “games” reached high levels of challenge. During o simulated final test, a technician
reacted lo an abnormal tester indication that he knew meant premature availability of battery
power. He would remave the ARM plug to regain safcty. The detonator bridgewires fired. Had
this event occurred in a real operation, the result would have been an explosion of hundreds of
pounds of high cxplosive and certain deaths of the crew and other occupants of the igloo.

The incident reporting procedure involved a cadre of enraged military officers descending on
Sandia's Project Group Division Supervisor, Ray Schultz. The technical lead for the czdre was
Lieutcnamt Earle C. Williams, who several years later would join Sandia as project engineer for
the W40. [don’t know what, if any, measures that Sandia designers took then to identify and
correct classical “sneak circuits,” such as this onc causcd by unanticipated breaking removal of
the voltage biasing a vacuum tube in a finng circuit.

NOTE: About two decades later, another serious incident of unanticipated type of
human error resulted in partial arming of a War Reserve weapon. During 2 special
testing procedure to detect occurrence of a reliability prablem causcd by distortion
of soft contact pins on electrical connectors within the weapon, voltage was
unintentionally applied to arming circuits. This was the result of the test operator
performing certain cable connections in an unprescribed sequence. One of the
Sandia engineers involved, Stanley D. Spray, would vividly recount this Jesson
learned throughout his subsequent three decades of dedicuated nuclear safety work
at Sandia.

2.4 AEC/DoD Responsibilities Controversies

By 1932 the question of how responsibilitics for the development, production, and stockpiling of
nuclear weapaons should be divided among the AEC and the DoD/Military Services had become
sutticienti contentious to impede progress and high-ievel negotiations were under way. Ref. |
contams carefully vesearched scctions describing the role of Sandia President Donald A. Quaries
in preserving the AEC design responsibilities for all of the nuclear weapon electrical system and
parts of the arming, tuzing, and linng system. That story (pages 330 to 553} is based on two
papers {Refs. 3 and 4) that 1 wrote about a year before my relirement decision {1983) in support
of the Sanid:a History Project. In my view, Don Quarles’ personal deep insights and skills in
expressing his conviction literally saved Sandia. Had he not prevailad. AEC weapon
responsibility wouid have been limited to the “Nuclear System,” defined as follows:

z
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“...comprised of the fission and/or fusion material, together with those
componcnts required to convert the system from the safe condition to an
cxplosion. This definition specifically excludes the fuzing system of the
weapon.”

Presumably, Los Alamos Scientific Laboratory’s role in nuclear subsystems would have been
unchanged, and Sandia's role wouid have been limited to the warhead firing subsystem. Sandia,
however, would no longer be responsible tor the arming and fuzing subsvstem and the
mechanical features that house these subsystems (e.g., the ballistic case). In the context of the
times, safety was seen as 2 warlime concern because the nuclear components were not to be
installed in peacetime. The notion of “safing.” as used today as a function of the weapon
electrical subsystem, was vel {o be developed. Thus, the [irst two controlling documents in the
U.S. nuclear weapons program after the AEC Act of 1946 did not address S*C, and they have
been continued essentially unchanged to the present

“Agreement Batween the AEC and DoD for the Development, Production, and
Standardization of Atomic Weapons,” 2| January 1953, Ref. 4.

“Missile and Rocket Responsibilities,” Memo: Chairman AEC to Chairman
Military Liaison Committee, 22 January 1953, Ref. 3.

This experience illustrates an “Enduring Theme™ for $’C; namely, that the allotment of
responsibilities for nuciear weapons matters between the design and production agencies
involved is likely to be a contentious process that might recur and might have to be resolved on a
case-by-base basis. Don Quarles’ role in nuclear safety in 1957 events is described later.

25  Safety of the Electrical Subsystem, 1945-1952

Beginning with the Fat Man nuclear bomb design of World War II, the safety of the electrical
systern of implosion-type nuclear weapons has been obtained by a design principle
fundamentally different from thase drawn {rom the body of experience for conventional HE
weapons. In general, conventional bombs and warheads have used a positive inlerruption in the
initiation-to-explosion scquence of events (analogous in plumbing for a water line not to connect
nwo mateable pieces of pipe until flow is wanted). in general, nuclear weapons have used a
positive intcrruption in the electrical power source-lo-initiation sequence, i.e., in the “weagon
clectrical system (WES)” in the Sandia vernucular (analogous 1c a blocking valve in a water
line). This departure from precedent occurred as 1 result of the WWII decision at Les Alamos to
pursue electrical witiation schemes rather than nicchanical detonating fuse schemes. The
tachrology that emerged, culled explosive bridgewire (EBW) detonators, remained classifiel for
many vears, impeding somewhal a more broadiy based appreciation of the allemative design
principle of electrical sysiem safeny.’ In faci, the LIS, Navy's safely communities insisted unt

¢ ‘'Fhus, at Sandi the nuclear safety techmeal speaialization ties pnimanly involved electric] vngmezning, a5
conerasted o the nuclear power imbustry where pressure vessels, valves, prpng, etc, led i mvolvements nf

24 -OFFICIALUSE ONLY



SETRETERY
-OFFICIAL-USE-ONLY-

relatively recently that nuclear weapons for Navy deployment have a physicially removable
corzponent that the local commander could hold until intended use of the weapon. The penalty
to readiness of the weapon system resulting from the mechanical act of replacement later became
intolerable for the fleet ballistic missile warheads,

2.6  Safety of the Second Generation Electrical Subsystem,
1954-1956

Nuclear weapon development programs at Sandia have been and are managed by small
organizations of engineers and technicians fonned especially for that particular effort called
weapon project groups. Project groups are assigned overall responsibility for pragram exceution,
and in the carly years, the degree of autonomy was essentially absolute. The development
workload virtually exploded in 1950, driven in large pant by demand for the weapons using the
smaller, more efficient nuclear physics designs of Los Alamos, both in bombs (Figure 2) and
warheads for missiles/rockets (Figure 3). With this expansion, the number of project groups
proliferated, with the potential for every project using its individual preference in choosing an
electrical system design.

Inabiliy to acquire new technical staff rapidly was a limiting factor; and the resultant scarcity of
on-roll electricat specialists, in part, led to formulation in Apnl 12, 1952 of Sandia’s Electrical
Systems Coordinating Group (ESCG). Over its four-year existence, the ESCG was influential in
evolution of the philosophical and technical bases for early nuclear weapon design safety. The
membership was comprised of the supcrvisors of the electrical sysiems project groups in the two
directorates responsible for weapons development—ranging from four to seven groups over the
vears. Three persons had essentially continuous membership and cach served as chairman:
Donald (Don) R. Cotter, Joseph (Joe) J. Dawson, and Leon D. Smith. The original charter was
“coordination of the mutual interest phases of various fuzing programs now under way . . . (o
prevent duplication of effort and to provide designs that are compatible to as many programs as
possible.” Fields of activity were:

*1.  Senveas a clearing house for infonmation on the vanous component development
pragrams currently under way.

2. Swdy and comment on new fuzing proposals.

3. Strive for a commun fuzing system. including test eyuipment and procedures, for as
miny sweapons as possible.

4. Establish standard designs for commonty used components. For example, a standard
set arrelay tvpes of sintable characteristics could be approved so that any new junction
bax design could scleet (tom this group tur ity relay requirements. Thus, procurement
and development time wwould be saved that new is {oct due to the use of snecially
designed assemblies, Many similar examples can be cited.

mechanizal or puclear emgineersns domanantly - flirs was 1o become sivmiieant for Sanddta s lier peuaption
wy the laiter okl
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Figure 2. Bomb Programs in Development, Production, and Stackpile
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Figure 3. Warhead Programs in Developmenrit, Production and Stockpile
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. Make recommendations to component development groups on the needs of the various
wcapon programs and establish basic characteristics of components where used by
several weapon programs

Source of quotations: Minutes, 1" Meeting of ESCG, 4/13/52, Ref, 2 of Ref, 2.

Over its first 2-1/3 years, the ESCG gradually digressed from its “systems™ goal into becoming a
“clearing house of nut and bolt problems,” and a reform was instituted on 8/14/54 to return to
“cross fertilization of ideas and the dissemination of information.”

During delivery to the target (wartime), nuclear sufety was obtatned principally by a switch that
held open the electrical circuits between the batteries and the several components compnsiag the
weapon's arming, fuzing, and firing subsystem. This switch, called a Ready/Safe or Arm/Safe
switch, was an electromechanical device whercby the application of 28 volts DC to an elecinc
motor caused sets of electrical contacts to be closed or opened. The cquipment that provided the
clectrical power from the delivery aircrafl (or missile/rocket) to the nuclear weapon became
known as Aircraft Monitor and Control (AMAC), and responsibility for its procurement was
assigned to the cognizant military service. This arrangement was to become another of the
highly contentions AEC/DoD interfuces over the vears and would heavily impact nuclear safety.

In Scptember 1954, the first of a new gencration of weapon electricul systems was committed to
development, i.e., use of thermal batiery packages 1o supply both low-voltage (28 VDC) and
high-voltage (2500 VDC), the lower voltage for arming and fuzing and the higher for charging
the x-unil. Thermal batteries arc cssentially inert until initiated by an clectrical pulse, at which
time heat is produced and dry chemical compounds react 10 produce voltage. Preparation time is
instantancous, and shelf life is unhmited. This Sandia-sponsored development was a factor in
creation of a family of *wooden bombs™—so named because they, in concept, could be treated
with almost no special carc (as though they were a piece of wood). Thermal batteries were then
heing considered for weapons having either the insertable capsule type of HE/nuclear subsystem
or the proposed new type of implosion desizn featuring the “'sealed pit” (wherein the special
nuclear matenal 1s integral with the HE subsysiem). The carliest applicaticn was for a rerofit ol
a capsule-type bomb (B15-2 first production 3.57), and the sccond was for the first scaled-pit
warhead (W23-0 first production &37). An "Emergency Capability™ version of the W25-0 was
produced 11 12/56, but it did nat have the tull complement of clectrical system components.

With the advent of woeden bombs, the Amu'safe Switch took on added importance to safety
since the peacetime configuration then had die electrical power souice (thermal hattenes)
installed. ‘These switches became Sundia’s liest aueleer safety components; however, their
yportance as such was not at ance recognizad, appreciated, or supported by Sandia
maragement—as illustrated by the followiig episode.

Dattred 1Dt M. Olson, an electical subsysten design zpgneer for the TX-13TX-39 project

sraup ip 1954, recalls that las compreneni, the liph-voltage arm. sele switeh, was expeaenaing
evelapmentfur-production preblems wd Lad become the ensical nem thai threaiened Samdia’s
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ability 10 meet schedules. Del was called before a program review session chaired by Vice
President, Devclopment, Robert E. (Bob) Poolc. Bell Telephone Laboratones veteran who had
heen Sandia’s top manager for weapons programs since 1945. Bob Poole was not sympathetic to
the nced to solve the technical problem if that would jeopardize meeting the schedule and made
clear to Del Olson that schedule slippage was uniacceptable. Said another way, it would be
acceptable to trade some degradation in safety for schedule. So much for top management's
initial commitment to nuclear safety! Del and his colleagues were able to correct the deficiency
in time to allow schedules to be met.

Advcnt of the sealed-pit design emphasizcd the cmergence of a nuclear weapon clectrical system
safety discipline since the weapon then contained al! of the clements needed for detonation at ali
umes during operational stockpiled life. No longer could one clearly differentiate between a
pcacetime and a wartime weapon configuration. During 1955, a nuclear safcty philosophy
evolved through successive discussions by the ESCG, pnincipally led by division supervisors
Don Cotter (TX-28) and Lze Hollingsworth (TX-15/TX-39). Don Cotter appears to have
originated the requirement for a trajectory sensing switch that would sense that a weapon was in
its intended delivery-to-the-target mode and close, allowing the electrical power from the low-
voltage thermal batteries to advance toward initiating the high-vollage thermal batteries.' Don
Cotter favored use of both a low-voltage and a high-voltage arm/safe switch-—the former being
driven by the aircraft's AMAC, whereas Lee Hollingsworth opted for only the low-voltage
rcady/safe switch. The discussions, however, resulted in a standoff and both of the approaches
were implemented in the stockpile. The differences in philosophy fater proved to be important.
{Sce "The Goldsboro Accident. 1961™ to follow.)

For this discussion. it is impornant to note in retrospect that the ESCG arrangement did not
provide tor any meaningful degree of indcpendence of view on the part of thase analyses
considering questions of nuclear salety, Indeed, both Don Cotter and Lee Hollingswarth were
project group leaders responsible for weapon developments. They reponted 1o different managers
at the next level of supervision (departiment manager), and their Jivisions were in different
directorates.

2.7  Security and Use Control in the Early 1950s

The inlormation protection aspect ol secunty (e.o., clearances and classitication) dominated
attention of the AEC's Director of Secunty, one ot nine divistons in AEC Headquarters. This
story is told in Atomic Shield 194771952 and Atoms for Peace und War 1953-1961, Volunes i
and 1T of the official istory of the AEC (Rets. 3 and 6). Sandiua played no special security role
in this area.

The physical protection of tucilities aspect of security is hardly mentioned in the official AEC
historics. Since the first director (8747-5'33) was an Admiral and the sceomd (10.30-11 67 was o
retired Navy Captain with expencace s secunty, it scems hkely that seeunty standards for AEC

Sze the discuzsion an Environmental Sersirce Dossews for later apphicaiion to sarcheals
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facilities would be commensurate with those of the military services. Indeed, physical security
Tor the three National Stockpile Sites INSSs) that became operational from 1949 1o 1952 was the
responsibility of the military service upon whose base the site was located. Technically, the sites
were commanded by the Armed Forges Special Weapons Project (AFSWP) and the AEC
cmployee (GS-7 level) who served as Custodian of the nuclear capsules was a resident guest. By
1952, Sandians also became resident guests to assist AFSWP and the military service in
inspection and quality assurance functions for stockpiled weapons and components. As nuclear
weapons became widely dispersed and placed in higher states of readiness in late 1954,
Operational Storage Sites were authorized for the Contincntal U.S., to be manned by military
service personnel (Source: Defense Special Weapons Agency 1947-1952, Ref. 7). Sandia played
no special security role for these sites.

Use control, in concept, was maintained by the President who would issue an order to the
Chairman of the AEC to release nuclear capsules to the appropriate military service user {Ref. §)

2.8 Advent of Systems Safety and Use Control

In early 1957, the newly appointed Sccretary of the Air Force, Donald A. Quarles, visited Sandia
Base and was briefed on current nucicar weapon development programs. After having served as
Sandia's President for 18 months from March 1952 through Juiy 1953, Don Quarles had been
appointed as Assistant Secretary of Defense for Research and Development (the first occupant of
that high position that was created by the Defense Reorganization Act in the Eisenhower ycars).
Twa major technological breakthroughs: LASL’s conception of the sealed-pit nuclear weapon
and Sandia’s concept of “all-electric™ safing devices occurred during the 3-1/2 years since his
close involvement with nuclear weapon designs; and he, reportedly, was concerned about nuclear
satety implications of the W25 to be used on the Air Force's GENIE (MB-1) air-defense missile
carried by fighter/interceptor aircraft.

2.9 The Atomic Weapon Safety Board, 1957

Don Quarles' concern about nuclear safety led to the creation of a board ol nulitary officers
chaited by Field Command of the Ammed Farces Special Weapons Project 3t Sandia Base, New
Mexicu. Navy Caplain William Kice (repotted!y schedueled for rettirement) was the senior oflicer
The "Klee Committee.” as the Board becamne known, was formed on February 8, 1957, and
examined in detail designs of the 14 auclear weapon projects using sealed-pits {involving eight
Mark-numbered entities) then in development. The cammittee’s report, issued on March 25,
1957, contained 18 recommendations for remeihial actions, some calling for fundamental changes
in Sandia's designs (Ref. 8).

2.10 Sandia's Electrical Systems Department, 3/56 to 2/59
e Tead for Sandia’s safety mivelvements feli o Sandia's year-otd Electncal Systems

Department. Leon Smith had proposed the creation of an arganizatton that w ould be charged
with the desian ol certamn eritical parts of the electrical subsystems of nuclear weapons scross all
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weapon projects. This concept was Sandia’s first application of the “systems cngineering”
technical discipline that had evolved at Sandia’s parent Bell Telephone Laboratories, and Leon
Smith was promoted to become the depaniment manager. Don Cotter, as a division supervisor
under Leon Smith, had served as an unofficial technical advisor to the Klee Commitiee and was
assigned to respond to findings of the Klee Commttee.

Despite internal accusations of *nit-picking™ and *“incredible what-iffing” on the part of the Klee
Committee, Sundia responded most positively during a year-long study by Sardia, LASL, and
LLL, presenting a course of remedial action in four reports to the AEC Chairman siyned by
Sandia President James W. (Jim) McRae (Refs. 10~ 131,

2.11 The U.S. Air Force’s Nuclear Weapon System Safety Study
Group, 1957-1958

Within less than two months after issuance of the Klee Committee final report, the Air Force
Special Weapons Center located on Kirtland AFB adjacent to Sandia Base had formed the
nation’s lirst dedicated nuclear sufety organization and published the first safety study as we
know these documents today. The organization became known as the Directorate of Nuclear
Safety (DNS) and was led by a Colonel and stafTed mosily by officers on rotational assignments.
(There were a few civil servant employecs, mostly administrative.) The group that actually
performed the studies, later to be titled the Nuclear Weapon System Safety Study Group
(NWSSG)), was all-military, with field-grade officers representing the major operational Air
Force cammands (¢.g., Strategic Air Command and Tactical Air Command), logistical command
(¢.g., Military Airlift Command), and the Fickl Command, AFSWP. The chairman almost
always was a Colonel from the DNS,

Within the first year of operation, the NWSSGs issued 13 study repontis—a remarkable
achievement indeed. From the first study, Sandia was invited to provide u voting member, and
Del Olson (then 2 section supervisor in the Electrical Systems Department) was assigned that
role. Del actively participated in the evolution of the process of weapon system safery studies
that several years later became institutionalized nationally for the DoD and the three military
services and some five years later for the AEC, (See DoD Directive 5030.15 discussion to
follow.) Del warrants the title of Father of Nuclear Weapons System Safety Groups as regards
Sundia’s contnbutions. His intemal Sandia writings (e.z.. Ref. 14) and oral interviews are @ nch
source of information on evolution of the NWSSG process. In particular, Del attributes the
origin of the powerful notion of “pasitive measures™ to control weapon and weapon sysiem
safety behavior (described later) ta L1, Coloncl John W, Rawlings, the Logistical Air Commul
member of carly NWSSGs. Lt Colonel Rawlings realized that weapon amd weapon systemn
hardware could nor by themselves provide the extremely high level of safety neaded and that the
disciplined behavior of the military service personnel would have to be factored in. This
tunking was cruciai to tie establishment of the Dol?'s Human Reliability Program and “Two-
Man Rule™ for personnel performting critical duties associated with nuclear weapons.

~OFFIGIAL-USE-ONLY- 3
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2.12 Advent of Environmental Sensing Devices for Warheads
(ESDs), 1958

1 can describe this subject in personal terms because | was involved in essentially every event.
My first job at Sandia began in May 1957 as 2 member of technical staff assigned as a project
engineer. I was involved in development of the warhead electrical subsystem for the XW-35
thermonuclear warhead for the nation’s first ballistic missile weapon systems, the
intercontinental ATLAS and TITAN [, and the intermediate-range THOR and JUPITER. 1 was
recruited to Sandia by Section Supervisor Bob Peurifoy and worked under him jointly with
warheud system engineer C, Herman (Henm) Mauney, who had just retumed to Sandia after
military service.

The clectrical subsystem originally was a straightforward adaptation of the high-voltage thenmal
battery variety common to the “wooden bomb™ designs that Bob Peurtifoy had helped develop for
the first sealed-pit warhead (TX-XW-15-2). Becausc of the need for extreme miniaturization, the
high-voltage arm/safe switch was to be operated by an clectrical pulse, rather than by a
continuous 28 volt DC signal from the missile. This made the subsystem essentially “all-
electric,” and pulse-operated, at that. For the XW-35, Bob Peurifoy decided upon a back-up
design that would not be pulse-operated. He tumed to a new type of firing set that was Leing
developed as an advanced concept by Herm Mauney and others in the systems group. The heart
of the new design was a rolary chopper that fed a transformer/rectificr to convert and step up &
continuous 28 volt DC signal to the needed high voltage DC that charged a capacitor in the
x-unit. Following the “spumik" scare during the fall of 1957, the XW-35 program became of the

highest nationai priority.

By early 1958, the XW-35 had been canceled when unfavorable results of full-scale nuclear tests
(Operation Plumbob) indicated nuclear safety problems for LASL. The XW-28 nuclear
subsystem was determined to be adaptable as a replacement design, becomimg the XWwW-49. Bab
Peurifoy decided to use a rotary chopper/converter approach rather than the high-voltage thermal
battery design of the XW-28 and commitred to a seven-month deveiopment period. In rapid
succession, the high-voltage, pulse-operated ammy'safe switch considered for the XW-25 was
replaced by the technically less-risky design of a low-voltage, pulse-operated switching
componsnt. Even that device was discarded as not being needed for safety. The rationale
(thcme) was that the XW-49 clectrical subsystem was “inert” in the absence of two indepeudent
28 volt DC arming signals that would be given only in-flight after irrevocable commitment
{launch) of the missile in wartime. This was the elecirical subsystem that |, as project engineer,
was tasked to brief to the Preliminary Safety Study of the NWSSG in January 1958

During the course of the study. the NWSSG's secretary {Major Flowd Trogdon—Ilater to become
a Major General and intimately involved in jurisdictional 1ssues on USAFiSandia responsibilities
for re-entry vehicles) was instructed to insert the following “boiler-plate” paragraph into the
proceedings:

]
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*This warhead, like all other warheads investigated, can be sabotuged, i.e.,
detonated full-scale. Any person wilh knowledge of the warhead clectrical
circnits, a handful of equipment, a little time, and the intent, can detonate the
warhead. Thus the physical sceurity system is the primary deterrent to intentional
detonation of the warhead.”

Bob Peurifoy’s reaction upon leaming of this concern and the N\WSSG's proposed solution by
reliance on security rather than sufety systems was both immediate and forceful. He hud me
obtain a prototype trajectory sensing switch being developed for the TX-28 and package a pair
into the XW-49 to interrupt each channcel of one of the anming lines to the firing set. This switch
(MC-874), an inertia-operated device based on a rack-and-pinion mechanical design. was to be
incorporated by a “crash" retrofit program that provided “mod kits™ to the Air Force by August
1959. The intent was to guard against an unintentional human act on the part of *“fricndly troops™
in the process of handling a nuclear warhead as an entity before its installation into the pavload
(¢.g.. mated to an adaption kit). Such a concern was cited in a recent speech (Refl 15) by John 8.
(Johnny) Foster, who as Director of LLL on a visit to a military site had abserved a technician
probing a warhead interface connector with a voil-ochm meter, apparently performing an
unauthorized circuit continuity test. Knowing of the special relationship between Johnny and
Don Cotter (they were skiing buddies as well as weapon associates), I suspect that the component
we later came to know as “Environment Sensing Device™ (ESD) was bomn at this time. Don
Cotter, of course, had been a proponent of a “Trajectory Sensing Switch' in bombs for several
years as a weapon project division leader, as evidenced by the TX-28 electrical system where he
had held design responsibility before becoming a weapon system division leader.

The Sandia safery design initiative of ESDs was not welcomed by the U.S. Army's destgn
ageney for adaption kils. Picatinny Arsenal. An Army projeet officer for the JUPITER
application of the XYV-49. Captain Samuel Skemp, objected to Sandia's proposal to incorporate
ESDs into the XW-49 in a manner such that the ESDs would close arming circuits upon
experiencing the deceleration attendant to re-entry into the earth’s atmosphere. He argued that
the safety enhancement, if any, would come at the cost of possible interference with the
functioning of Picatinny’s adaption kit during ihe eritical time of re-entry. ESDs wure viewed as
bzing in competition with the adaption kit, which also used trajectory scnsing ({or arming rather
than for saling). Rather than to contest Picalinny's views on the extremely compressed time
scales of the U.S."s ICBMW/IRBM program in post-spuinik years, Sandia designers Bob Peunloy.
FHlerm Mauncy and 1 inverted the physical orientation of the ESDs to operate on the launch phase
of the trajectory. The name of the devices was changed during this process—irom trajectory
sensing devices o ESDs—io avoid the arming conuotation and to emphasize the safing role by
sensing a normal environment.  Additiorally, ESDs becamc only one way t achicve the safery
eoal, and the larger term Handing Safely Devices (HSD) was cotned to cover the tetality of

wavs.
NOTE: The NW-39 episode illustrates a rather unsznhng reality in the area of

division of responsibilities for nuclear weapon safety; namely, Sandia has no
formal charter that sets forth either authority or autonomy in nuclear weapan
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arming, safing, and fuzing.’ ESDs becume a reality because the Air Force system
safety study group endorsed the concept on its merit. The Ammy never did accept
the need for ESDs. In fact, the same Army officer who contested their use in
JUPITER was to have a pivotal tole some |5 years later in an issue of
Sandia/Picatinny design prerogatives, a story to be told in the PERSHING {1
section of this report.

2.13 The Tri-Laboratories’ First Nuclear Safety Manifesto, 1957-1959

Don Quarles, by then Deputy Secretary of Defense, by letier dated July 29, 1957, to Lewis L.
Strauss, Chairman of AEC, requested a study on the possibilities of increasing the safety of
nuclear weapons (Ref 9). As a result of a conference: with Brigadier General Alfred D. (Dodd)
Stasbird, AEC/DMA, the heads of the nuclear weapons laboratories agreed that Sandiz would
assume primary responsibility for a study and the ultimate preparation of a ceordinated report.
Later, the study was delayed in order to let it become the second phase of a total effort—-the fizst
phase being publication of reports on the existing degree of design safety in those sealed-pit
weapon systems treated in the Klee Commitize (Refs. 10-13).

The report on possibilities of increasing safety for future weapons was prepared hy Carl R.
Carlson, Supervisor of Systems Engineering Division. {Carl had replaced Don Cotrer who was
promoted to Department Manager in the project enginecring organization.) Through his
supervisory responsiblities, Carl was in contact with others in the national nuclear weapon
system safcly comumunity, including Fred Charles 1klé of the Air Force's Project RAND.

Carl Carlson’s approach early on included a review of prior nuclear weapon accidents and
incidents in order to place the concems in perspective. He found a lack of data, no deep
understanding of precisely what had occurred, and no suitable channel to notify Sundia’s
engineers about future events as they occur. The Chairman of the newly formed Air Force
Nuclear Weapons Systen Study Group, Colonel John J. Dishuck,® aided in analysis of earlier
accidents in Air Force operations. Carlson’s work was a factor in establishment of the Joint
Nuclear Accident Coordinating Center (INACC) at Sandia Base in 1958, with 2 DoD branch at
FCIAFSWP (now DSWA) and an AEC branch at AEC/ALO. The AEC’s weapon luboralorics
were invited by the NWSSG directly to participate in the response team dispatched promptly for
investigations. (See Figure § for a summory of actual responsss.)

Car! Carlson’s penetrating analvses led to the basic conclusion thut the real opportumities for
increasing nuclear safety must rzside in changes 10 weapon electrical systems—either in the
AEC s homb or wathaad ar in the DalY's delivery system.

For elaburation. see my twe drait working, papers tRef, 2 and 31 on the agreements made in 1933 between AEC
and DoD For nuclear weapons amd missiles and rockets, Also see W 1 Howand's temarks on divisions off
responsibilities (Ret. 16).

Lipon his retirement fron the Air Zonce, Jubn Dishuck serve:d i the nuclear weapon system salety snudy
division at Sandia, 1967w 1273
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This conclusion apparently was difficult lo accept even within the AEC weapons laboratories,
since at the time the Lawrence Radiation Laboratory (LRL) was advocating, and having Sandia
Livermore work on, mechanical safing subsystems for LRI."s nuclear subsystems as the preferred
means.

NOTE: Johnny Foster was Director LRL at the time. [n an address on nuclear
safety evolution given in 1997 (Ref. 15) lie menticned this episode. The earljest
mechanical safing mechanism was designed in a hurry by an LRL physicist, and
Sandia Livermore’s engineers were assigned to arrange for production. During
stockpile surveillance testing, the design [ater was found to have a serious flaw
that caused a system failure. Metal surfaces in sliding contact liad been affected
by the oxygen-free environment, instead of the atmospheric environment presert
during development testing, such as to increase the torque requircrment for the
spring-wound driving mator beyond its capability. Sandia cngineers had failed to
ncgotiate with U.S. Navy counterparts for electiic power sufficient 1o operate an
electric driving motor. This reliability problem led to 2 costly retrofit and the
Navy did not soon forgive the crrors.

That the final report (Ref. 17) took about z year in coordination is evidence of this
difficulty.” Nevertheless, the thrusts of the report’s and subsequent remedial actions were:

.  Electrical System Safing Against Accident Arming and Releasing Bomb/Aircraft

Systems
(a) T-249A
The T-249, ar. almost universally used Aircraft Monitor And Control (AMAC) box
located in delivery aircraft to control arming, safing, and delivery option sclection for
nuclcar bombs, was found deficient in bwo respects, Firstly, it was casy to arm a bomb
since enly two simple switching operations were needed. Secondly. if a bomb had
somehow armed it could not be safed unless a power switch was reactivated. The
division of responsibilities for AMAC equipment had been set carlier, with Sendia
having design responsibility and the military services having design acceptance,
procurement, and installation responsibilities. A standofT developed when Sandia
relcascd a final design of a redesigned switch, the T-249A, with better human-factor-
enzineered conirol reflector switching; and the military services declined to fund
implementation.

NOTE: This wat an early example of differing prierities between safety

advocates in the AEC and weapon-3ystem scquisition/operational readumess

advacates in the DoD regarding funding for safety enhancernent—a subject of

special interest o the Presidential Blue Ribben Task Group during 1985.

T Curl resigned from Sandia in frustration swith his expenences with LRL, worked far the DIKEWOOD
Corparation, whish had been formed 1w Albuguerque. New Menico, by twe of his ex-Sandia colleaguss. He
returned 1o Sandta on September 16, 1963 (e died lanuary 251971

' d
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(b) T-280

The T-280, a switch proposed by Sandia to be mounted in the aircraft’s cockpit
remoately from the T-249A bul in series electrically with it, would require a second
responsible crew member to affirm intent to release a nuclear bomb from an aircrali.
This swilch, colloquially known as the War-Peace Switch, was a measure to further
protect against inadvertent release, the emerging safety concem highlighted by
Carlson’s work. Incorporation of the T-2494 in 1958 and the T-280 1n 1959 into
aircraft of the Strategic Air Command came shortly after SAC aircraft bad been placed
on ground alert. (See Figure 5.) This change in readiness posture was to have
significant impact on puclear safety, as addressed in the next section of this report.

Elecirical System Safing Against Deliberate, Unauthorized Human Acts

During preparation of the AEC’s report, Fred Charles Ik1é* of the U.S. Air Force's
RAND Corporation was studying nuclear weapon safety and focused on the risk of an
accidental or unauthorized nuclear detonation. His report, published on October 13,
1938 (Ref. 18), raised attention at a national-level to the risk; and it supported
continuing research by the AEC weapons laboratorics lor improved hardware, 1klé's
wark, in par;, led to formalization of the concept of today’s Human Reliabil:ty Program
for persons in safety-critical positions und, perccptively, to the use of “some form of
lock sealed inside the warhead” as a safing device—conceptually of course, an early
mention and perhaps the first conceptualization of a Prescribed (later called
“Permissive’’ by the DoD) Action Link, PAL. During this pericd, Iklé visited Sandix
and examined relevant hardware developments.

1~

(2) Environmental Sensing Devices (ESDs)

Carlson’s repost (Ref. 17) discussed the use of trajectory sensing switches as described
above and mentioned the IRBM/ICBM application.

(b) The Locked Warhead Conncetor

Carlson's report suggested the use of a locked cap on the warhead signal input
connector to provide mechanical isolation of critical electrical circuits, where the
missile or bomb’s trajectory environment was insufficient to operate an ESD. Although
never widely implementad by AEC designers, the locked-cap concept was used by the
U.S. Amuy in the carly 1960s for missile systems already ficlded (e.g., HONEST JOHN
and NIKE HERCULES) and by Sandia for an Atomic Demolition Munition
(W45Medium ADM).

Fred 1k1é later cerved as Undersecretary of Defense, Policy in the DoD.

Ol T
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2.14 Sandia’s Participation in Early Nuclear Weapon System Safety
Group Studies, 1958-1960

The process of sorting out a role for the Atomic Energy Commission and its weapons design
laboratories in studies of the acceptability of nuclear safety for each nuclear weapon system to be
fielded by a military department involved about fwa yenrs of high-leve! management attentinn.
The fascinating correspondence file reflects the depth of conviction and resolution of the AEC’s
principals in the process. They included:

¢ Brigadier General Alfred D. (Dodd) Starbird, U.S. Army, Director of Military
Application, U.S. AEC, July 1, 1955-January 25, 1961;

* Major General Kenner F. Hertford (Retired), Manager of Albuquerque Operations Office,
U.S.AEC, October 1, 1955-July 31, 1964; and

* Dy James W. (Jim) McRae, President, Sandia Corporation.’

The Air Force Special Weapons Center (AFSWC) had conducted three nuclear weapon system
salety studies in 1957. At year-end, through the Department of the Air Force's Chief of Staff,
AFSWC requested of Brigadier General Starbird that the AEC continue to participate in
forthcoming studies of the *formal safety working group"” that had evolved. AEC participation
for the studies completed had been by Del Olson and later by Robert F, (Bob) Kail, a membero '
the technical staff at Sandia. Kail had served as a full member of the group and had signed the
reports.”® Brigadier General Starbird"s reply was positive as to paricipation, but he named a
person from the AEC/ALO as the AEC representative with the provision that he would be
“..supported technically at group meetings by members of the Sandia Corporation and by
representatives of other AEC organizations and contractors as required and appropriate.”
Starbird further stated, “Tt should be understood that the AEC representative cannot officially sit
as a voting member of the formal safety working group but rather is present to ensure that the
AEC gives lo the group all possible assistance.”

Although he originally had agreed with Brigadier General Starbird's views, Sandia's President
Jim McRae soon recanted and supported the practice that had evolved at Sandia.

NOTE: The remarkably cutrrent wording of McRae’s letter to Starbird, which 1
only recently encountered in the Nuclear Safety Information Center (NSIC) files,
established precepts for participants. Seme twenty years later. [ articulated the
pnneiples as folows:

“There are three attribuics which in the main account (or the past success of the
process; namely,

Sandia’s key parson and acrual author was Carl R. Carlson, who had replaced Det Olzon,

Bah Kail died of cancer in late-1960, while serving as technical advisor to the Air Force's safery siudy group.
He was known as 2n ouispeken advocate of the mdepzndence of nuclear salety stuly specishists and was very
highly respecied amony s peers and enlleagues

DrEEsnEare 57
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= Management Commitment—unswerving dedication to the precept that adequacy of
safety, sccurity, and control is a primary, positive objective on which future success
of the endeavor may depend.

* |ndependcence of View-—provisicns which assure that assessments of safety,
security, and control features are made reasonably independent'’ of the primary
mission of the endeavor.

¢ Technical Competency—priority assignments of high performance-rated
engineering and scientific personnel in the {icld of safety, security, and control.

Of these three, the greatest return is paid by the last and it hecomes compellingly paramount in
determining success” (Ref. 19).

The notion of “independence™ for technical advisors has been implemented at Sandia by placing
these persons in an organization separate from the ones responsible for 1he principal output (or
operation). Thus, the function was born in the “Electrical Systems Department,"” rather than in a
“Project Engineering Department,” and one way or another, an appropriate degree of
organizational independence has been maintained over the years.

By January 20, 1958, the Air Force had formally cstablished the Nuclear Weapon System Safety
Group (NWSSG) and listed as members six Air Force Commands or Offices, DoD/Field
Command/Armed Forces Special Weapons Project, AEC/ALQO), and AEC/ Sandiz

Corporation,

Also about this time, the Joint Chiefs of Staff had decided that individual military services would
have “the responsibility for continuing critical analysis of the safety aspects of its weapons
systems employing scaled pit atomic warhcads.” Each military service began to implement the
decision. The U.S. Army's plan was to charge each of its “jeint commiitees™” already in being
for each nuclear weapon system under Army cognizance (i.e.,, XW-31/HONEST JOHN, XW-
31/NIKE HERCULES, XW-39/REDSTONE, and XW-35/JUPITER)} with forming a safety
subcommittec with conducting the analyses. ‘The Chairman, who was to report to the Chicf of
Ordnance, was to be Mr. 8. Julian Pulley,” and there would be seven members: five Army
{including Picatinny Arsenal), one FC/AFSWP, and cne Sandia Corporation. This plan was
forwarded to the AECs weapous design laboratorics by AEC/ALO, and Los Alamos and Sandia
commentcd,

' tn his miormsl cosnmenis on the sbove wording, Sundia’s Excentive Viee Preaident Watham J. (Iack) Howerd
sawd, "Can vou phrase this so it deesn’t sourd like independence is, per s2, a goal but is a method of assunng
that considerations arz inclnded which might not be, i <nly the guys charged with the responsihility for prompr
warmsking were the judges Gdone)?” | later sdded ke phrase. . an a manner which does not require them to
act in Wwhalf of their agzncy as s spokesman ar advecate ™

" emy superseded ar the ime be Project Officer's Groups (POGs), which are continued wday AET/ AL did not
participate m joint committecs.

Y Julun Pulley was by serve as elnuman of the group, rnamad tie Nuclear Weapon Sysiem Satery Comautice
INWSECY, enul hrs death 0 197 His replacemznt was Herold Wells (retired USAT officer)

S
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Car] Carlson wrote Sandia's response; 1t was signed by Jim McRae. This document remains
valid expression today of the proper roles of the DoD and the AEC weapons laboratories in
nuclear weapon safety. [t is reproduced as Appendix A of this report.

AEC/ALQ’s reply to the Army did not concur witls the Army’s proposal on the basis of conflict
of interests between the primary goal of the joint committees to coordinate and one of its
subcommittees to analyze and judge. Further, AEC/ALO affirmed that AEC/DMA policy did
not permit cither AEC or AEC-contractor purticipants to be voting or signing members of a
safety study group.

Just prior to his departure as President, Sandia Corporation {1ate September 1938), Jim McRae
personally wrote to Brigadier General Starbird of AEC/DMA requesting another review of
Sandia's participation in the Air Force's NWSSG. Dr. McRae continued to favar Sandia
providing a full voting representative. In his October 20. 1958, reply to AEC/ALO, Brigadier
General Starbird stated that he had not changed his mind. i.c., the AEC should not become a full-
voting member and that he now was concerned about Dr. McRae's observation that Sandia was
participating fully in similar studies by the Army and the Navy. Finally, Brigadier General
Starbird tasked AEC/ALO to investigate and report to him just how the studies were being
conducted. The resulting review, handled by staff action officers Lt. Col. Sam Goldenberg,
USAF for AEC/DMA and Milton A. Rex, AEC/ALO’s Dircctor, Storage Division, occupted
much of 1959. These persons also were involved in support of the “Ad Hoc Steening Commuticr
for the Technical Nuclear Safety Review of Atomic Weapons” in draiting DoD Directive
5030.15, “Safety Studies and Reviews of Atomic Weapon Systems.™

Two documents were issucd as the {inal events in this stage of evolution:

» On December 29, 1959, a memo from AEC/DMA assigned the AEC/ALO the
responsibility for cammying out all AEC functions in the subject program, with the
exception of the AEC coordination on nuclear safety rules that would be accomplished in
DMA with assistance by ALO and laboratory representatives as required.

NOTE: The issue of AEC coordination on nuclear safety rules, particularly the
validity of the AECs need for a field review. was to anse again in AEC/DoD
discussians in the 1970s and will be discussed in a luter section o this report,

»  On February 23, 1950, a Memo to File from Milon A. Rex, AEC.ALO. cniitled "AEC
Participation in Safety Stdies and Reviews of Atemic Weapon Systems™ vstablished an
understanding between AECZALO (Lee Hancock and Milion Rex) and Sandiz (Robent E.
[3oh] Henderson, Eten H. [Drape] Draper. and Doa Colter} on respansibilitics. In brzf.
e AEC ALQ representative would be the alficial member and would cast the AEC voue.
Tie Sandia or ather laboratory) reprasentative wotld serve as “techmeal consultant and
advisor” 1o the AEC/ALO represemtative. The twe would “present o common tront in the
working group diseussions.” to the pnint ol reforring unreselved diffecences of opmion o
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their supervisors for “resolution and establishment of AEC/ALO positions.” This memo
has not been superseded and remains a valid description of practice.

2.15 Nuclear Weapons System Safety Study Process is
Institutionalized, 1960

On June 10, 1960, cfforts of the AEC/DoD Ad fioc Steering Committee for the Technical
Review of Afomic Weapons culminated in 1ssuance of DoD Directive 5030.15 “Safery Studies
and Reviews of Atomic Weapon Systems.” This document established a program of safcty
studies and reviews for each of the nuclear weapon systaius deplayed by the military services. It
also established the drafting, coordinating, and cltaining approval by the President for nuclear
safety rules for generation of a weapon systent. Since vnly the DoD deploys s nuclear weapon.
the document carries a DeD label; however, it was conccived as, and has been implemented as, a
joint agency agreement between the DoD and AEC'ERDA/DOE.

DoD Directive 5030.15 was based in large part on extending the practices of the Air Force’s
Nuclear Weapon System Safety Group (NWSSG) to the other military services. The NWSSG
had begun operation at Kirtland AFB, New Mecxivo, in 1957 and by June 1960 had completed
about 70 studies or reviews. The essential addition to NWSSG pructices was the provision for
nuclear safcty rules. The directive remains in effect today essentially unchanged—emarkable
vitality for a governmental document over a 3-1/2 decade penod. Major tenets of the initial
version follow:

Goal: *... 10 assure that atomic weapon systems incorporate the maximum safety
consistent with opesational requirements.”

Comment: The nuclear weapon system safety study process inherently invalves
resolution of a conflict of interest between the basic war-fighting mission of
nuclear weapons (“operational requirements™™) and the concern that an accident or
other umwanted events invelving a nuclear weapon would seriously affeet national
security or public health (“safety™). This stateme=nt of the goal has heen
interpreted as a decided tilt in favor of safety in the trade-off deliberations. In
fact, the curliest known expression ol a goal was stronger in that regard:

*... 1o determine an oprimum balance berwzen required nuclear safety and the
desired operational scadiness. "

Subjject: *... As 1 mimmun, the standards against which safety rules shall apply
are s forlows:

This statement is contetaed i+ hinchire “LSAF Nuclear Weapen System Safary Group” wsued mn [239 The
same brochure also states: “Cieneral LeMay recenity drected that il Nir Foree agencies perform a
comprebense eview of o sotvities. 10w further direcied that drong, immediate and conunuimz suppon
B proveded
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There shall be positive measures to prevent weapons involved in accidents or incidents
or jettisoned weapons from producing a nuclear yield.”

Comment: This standard pertains 1o the desizn of the nuclear weapon entity in all
configurations that apply in the stockpile-to-target sequence— for example, ranging in
complexity from a “bare” nuclear bomb in a storage igloo to the same bemb mounted
on the bomb release rack of a fully prepared delivery aircrafl on Quick Reaction Alert,
Thus, the standard pertains to the probabilistic anaiysis of the arming, fuzing, and firing
subsystems of a bomb, as was done by Sandia in response to the Klee Commitice
report, and the consideration of these analyses by the NWSSC. In precisely the same
sense, the standard applies to the analysis of the nuclear safing system, as was done
routinely be either Los Alamos or Livermore. At the level of more complexity, the
standard applies to the qualitative judgment that the NWSSG makes on the total
weapon systermn.

Qver the years, the probabilistic analysis has essentially been discontinued, and
qualitative judgments apply ihroughout. Probabilistic analyses are made by groups
other than the NWSSGs.

There shall be posilive measures to prevent deliberate arming, launching, finng. or
rcleasing except upon execution of emergency war orders or when dirccted by
competent authority.”

Comment: This standard pertains not 10 2 nuclear yield from a nuclear weapon, but to
an unwanted action involving a nuclear weapon system, i.c., deliberate releasing of a
nuclear bomb from a delivery aircraft, deliberate launching of a missile/rocket system
with a nuclear warhead, deliberate firing of a nuclear projectile or torpedo from a tube,
or—to cover the only remaining gencric type of nuclear weapon—arming of an Atomic
Demolition Munition (ADM). In the context of its drafling, it surcly pertains to the
principal concemn of Fred Charles [kI¢ in his research report of 1958 (Ref. 18).

There shall be positive measures 1o prevent inadvertent amming, launching, firing, or
releasing.”

Comment: This standard pentains to the other way of obtaining the unwanted action
described in the Comment for Standard 2. above; namely, inadvertent instead of
dehberate.

There shall be positive mcasures to insure adequate security,”

Comment: This standard has been tnterprered over the years to regquire the presence of
lhardware features (e.y. fences) and’or procedures (identification hadging) to delay
physical access to nuclear weapons by persons not autherized such access. It does not
mean that such features ur procedures (1.6, “positive measures™) will be inspected by the
NWSSG to access their adeyuacy. That task is handled by Inspector General {or
similar) programs of thz agemcy maintatning possession of the weapaons.

eSS TG T 4
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Studies and Revicws: The directive provides for four types of nuclear weapon system safety
studies or revicws: “Initial Safety Study,” **Pre-Operational Safety Review,” “Operational Safety
Review,"” and “*Special Safety Studies as necessary.”

Comment: The U.S. Air Force safety program, upon which the DoD program is
based, provided for Preliminary and Final Safety Studies, the latter to occur some
seven weeks (or earlier) before submittal of the nuclear safety rules to the Joint
Chiefs of Staff, in anticipation of subsequent coordination with the AEC and
approval of the Secretary of Defense. The requirement for an Operational Safety
Review rcportedly resulted from the position taken by Brigadier General Dodd
Starbird, AEC/DMA, that a safcty study should be conducted after a weapon
system has been deployed and procedures for operation are complete, to include
traveling to the deployment site to review procedures."

2.16 Origins of Plutonium Dispersal Saiety, 1956

Advent of the sealed-pit design for nuclear weapons gave impetus lo 2 second type of nuclear
safety; namely, plutonium dispersal safety. In contrast to a nuclear detonation safety accident
where the consequences of an accident could be enormous (if not catastrophic) in terms of loss of
life or property, the consequences of a plutonium dispersal safety accident would not necessarily
be life-threatening to the populace, and damaged property could be restored by decontamination
operations. In recognition of the qualitative differences between the new sealed-pit weapons and
the old capsule-type, a high-level AEC DoD overview group—Joint Board on Future Storage of
Atomic Weapons—was established in late-1956. The special problem area of plutonium
dispersal was assigned to a technical subgroup called the Nuclear Safety Working Group.'

As shown by Figure 4, the Nuclear Safety Working Group was comprised of persons drawn from
the health physics and weapons effects sections of the nuclear weapon programs—as contrasted
to nuclear detonation safety, where participants came from weapon development and operational-
use backgrounds. For example:

s The chairman was the AFSWP’s Scientific Advisor, a position that had focused on
obtaining and applying weapon effects data as blast and thermal environmenis.

= The AEC’s principal representative was a civilian from the Division of Operational
Safaty instead of from the Division of Military Application.

* The Sandia representative, Dr, James (Jim) Shreve, was from the Rescarch organization,
with a specialization in weapon effects. Neither the Los Alamos nor Livermore weapon
luboratories chosc to participate.

This convicuen on the part of Brigadier General Starbird 2ppears to be the basis of the provision added tor the
first (August 8. 1974) revision in PoD Dir. 5034013 for the cognizant milntary service 1o support the Atonue
Energy Commission tAEC) during the AEC Safety Rules coordination process for DuD Safery Reles. Such
suppott may mvohe o “Field Review™ by an AEC’ERDA/DOE team led by OMA.

This name misted, since the group was concemed only with 3 plulowum Jispersal and noi in any seuse with the
tazger concerns of a nuvlear detonation  The latter area, hoveerer, had nat been recogmizzd as 2 problem at the
sune and did not exist as an instiutionatized consern,
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Thus, began an institutional arrangement where the two main areas of nuclear safety were to be
treated as cssentially unrelated concerns.

The philosophical safety approach for plutonium dispersal that evolved was to assume that an
accident involving dispersal would oceur and to adopt procedural measures that would limit the
physical cxtent of dispersal. The criterion adopted was to place a maximum value on the mass of
plutonium contained in an ensemble of nuclcar weapons that would be permitied in open storage.
The maximum was determined by the rudiological dosc to the lungs received by an individual
who was located on the boundary of the exclusion region of a storage facility. Based on derailed
revicws of a series of tests involving onc-point detonations of nuclear weapon primaries and
exposurcs of animal to the radiation cnvironments. the working group set a plutonium mass limit.
The basis was that upon concurrent detonation of the chemical high explosive in all of the
weapons in the ensemble, the plutonium acrosols produced would lead to an expected dose of

15 rem to an individual located 600 meters away—a distance representative of {ence lines of the
time. As shown by Figure 4, the Joint Board met in mid-1958 and adopted the working group’s
proposal as a “rule” ta be enforced in storage operations of the AEC and the DaD. This
arrangement was to be continued, with the Board meeting biennially to consider the working

group’s proposals.
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3. THE WORLDWIDE DEPLOYMENT YEARS, 1960-1963

As indicated by Figure 5, two developments combined in the late 1950s to drastically change the
naturc of nuclear weapon safety. Nuclear weapons of the sealed-pit design began to enter the
stockpile in 1957, replacing in SAC's inventory, the large thermonuclear bombs using inscrtable-
capsule designs. For a year or so earlier, SAC bad hegun to place a part of its strategic homber
force on “Quick Reaction Alert.” This consisted of having fully fucled bombers, loaded with
bombs having nuclecar capsules contained in the Automalic In-Flight nsertion (AFT)
mechanism, and maintained around-the-clock on ground alert. The AEC was not made aware of
this change in readiness deployments (the NWSSG studies considered only the new sealed-pit
bombs) until reliability problems arose from wying to keep the “hot” (actually thermally hor)
nuclear capsules in the guidg tube of the AIFI. From a nuclear safety viewpoint, this
configuration was worrisome becaunse the nuclear subsystem was not safe to the level considered
acceptable for peacctime deployments and the electrical subsystems had not benefited from the
scrutiny attendant to the Klee Committee’s efforts. So, a new design concept and a new
deploymentireadiness posture accurred essentially concurrently.

3.1 Forward Deployments in NATO, 1960

In carly-1960 after completion of international agreements and changes to the Atomic Energy
Act of 1954, wider deployments of U.S. nuclear weapons to Europe began—both at U.S. and
NATO operational sites in Europe. The Joint Committce on Atomic Energy visited Europe in
December 1960 and upon return became quite critical of the ammangemcnts to ensure that U.S.
custody was maintained for weapons assigned to non-U.S. NATO delivery units. The lascinating
story of how this concern evalved into the Permissive Action Link (PAL) program, championed
by the new administration in Washington uhder President John F. Kennedy (Secretary of Defense
Robert McNamara; and especially McGeorge Bundy, National Sacurity Council, and Presidential
Scientific Advisor Jerome Wiesner) is covered elsewhere. This aspect of the PAL story 13 not
treated further here. The PAL program from its inception and continuing today has been
concerned with the field of controlling the use of nuclear weapons as contrasted to the safety of
thase weapons against accidental insults and the hardware and procedures for each discipline are
carefully kept separate but high in importance.

62(e)

Sandia’s solution
wiis 10 provide ESDs in the AL electrical circuits. This episode ilustrates the national vohic of
having a single agency consider all aspects of nuclear weaponry i the broadest amd most
complete context prachcalile—in this ease. Sandta in coorduaiion with its 1o stsiar
labo:zsiories.
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3.2  Retrofits of the Stockpile to Incorporate Environmental Sensing
Devices, 1959-1961

My first involvement with nuclear safety came upon my lateral transfer from the W49 project
group to the warhead clectrical systems department. Actually, Herm Mauney and 1 exchanged
jobs, at Bob Peurifoy’s instigation. In May 1959 | was assigned to replace Eugene E. (Gene) Ives
as Sandia’s coordinator for a multimillion dollar program to equip all nuclear warheads to be
deployed in Europe with devices that would improve nuclear safety during transportation,
handling, and storage opcrations. This effort was an expansion of the XW-49 experience
dcscribed earlicr and was championed by Don Cotter for Sandia-Albuquerque and by William J.
(Jack) Howard for Sandia-Livermore. Gene lves drafted the Sandia policy letter to the AEC 1o
set up a highly expediled program for incorporating Handling Safety Devices, principally
Environmental Sensing Devices, into all appropriate weapon designs then in R&D, in production
by means of in-process changes and in the stockpile by the provision of retrofit kits that would be
installed in Europe by military crews. Sandia's Executive Vice President (since 1957) Sigmund
P. ("Monk") Schwartz had taken a personal interest in the ESD program, especially for the MC-
1107 inertial switch that was to be developed for wide application— essentially to be a
“universal” component throughout the stockpile.

[ was astonished to learn that the weapon project groups responsible for packaging ESDs into the
warheads under their design cognizance in general resented being direcled to do so as a Sandia
policy decision—an intrusion on their individual design prerogatives. Furthermore, some
weapon project leaders were uncomfortable in trying to explain to their military service and DoD
agency contacts just why a remedial safety design change was really necessary. This process
wasn't helped at all by the labeling of ESDs as “goofproofers,” to protect against procedural
errors on the part of weapon handlers. (The term “goofs,” [ guess, came from Walt Disney’s
“CGroofy" animal character.) 1 am told that a Sandia top-level manager was bluntly informed that
the Air Force had no “goof off” personnel, despite Sandia’s apparent accusations. | set to work
to articulate the Sandia position in the role of ESDs in drafi policy documents to be signed by
Sandia’s President and to convey the policy to each weapon project group. There was at the time
no “design safety” orgunization in Sandia’s R&D organization. This was driven homc to me as {
compiled block diagrams for the weapon/weapon system applications of ESDs. Not only was
there was no commonality among project 2roups, but there also were different philosophics s to
how 10 place the ESDs in the arming circuits, even within some project groups responsible for
multiple missile applications.

Sandia’s management decision to develop a single ESD, the MC-1107, for most ol the stockpile
applications was, of course, quite cost effective but decidedly risky. The risk was mainly due to
the questionable ability of the U.S. commercial hardware production complex te accommodate
the extreme ministurization of the MC-1107 brought about by its commonality feature. This
mcant challeages such as holding a tolerance ol 20 milhonths-ot-an-inch on the diameter of the
prston that would meter air flow in the cylinder into which it would he fitted in order to respond
10 velocity change  the missile svstem. As concerns developed dunng prototype testing,
Sandia turned to the unusual measure of establishing a Task Group representing all orpanizations
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having a responsibility in the project—under the eves of Monk Schwartz with his vast experience
in such matters at thc Western Eleciric Company of the Bell System. No organization wanted to
have the blame for failure to meet design requirements and component delivery schedules, and
there was some carefu) maneuvering and some fingerpointing as “problems” were identified. [t
seems to me at times that only two of us involved had absolute allegiance to the cause of on-Lime
delivery: Ken Gillespie, the Division Supervisor responsible for the design of the XMC-1107 as
a component and 1, as the Member of Technical Staff assigned as coordinator for systems
development aspects. I like to point out some of the ncar-heroic contributions Ken, his staff, and
of others made in support—perhaps the most noteworthy being invention of the clean room by
Willis Whitfield in the area of advanced manufacturing process development. [n retraspect, [
credit a commercial supplier with “*saving” the effort by adapting his proprietary process of
coating moving parts with a metallic material that controlled friction losses.

Don Cotter apparently believed the ESD story was sufficiently important to record that he
prevailed on Herm Meuney and me to write a Sandia rcport (Ref. 177).

NOTE: These episodes regarding the early ESD and thuse un the PAL programs
illustrate two aspects of Sandia’s operating philosophy and practices that
contributed heavily to accomplishments in those crucial years of the nuclear
weapons program. Firstly, Sandia managed fo be involved in all stages of the
nuclear weapon program from the conception to the implementation in a special
way, i.e., establishing feasibility early on by demonstrating the hardware
capabilities of filling a conceptual need—far in advance of any stated
“vequirement” by potential users. There were many R&D “think tank” operations
in the U.S. working effectively in conceptual areas and many hardware developers
filling contractual requirements, but a scarcity of coupling. Secondly, Sandia
placed trust and confidence in members of the technical staff to operate in the
field essentially alone in situations highly charged with jurisdictional and fiscal
issues that could affect corporate position. These situations elscwhere
traditionally called for chain-of-command and industrial hicrarchical practices that
hardly facilitate rapid, technically competent actions.

3.3 Emergency Destruction, Disablement, or Denial (D°) of Nuclear
Weapons, 1960s

The age-old concept of denying to the enemy the option to use against you in battle the very
weapons that he had eaclier captured from you. ¢.g., “spiking the gun,” was applied to U.S.
nuclear weapons by 1960 and became of even greater interest with the forward deployments o
NATO in the early 1960s. The method of denial was to destroy the weapons in-place just before
overrun or other takeover was judged 1o be irmminent by firing explosive charges that had been
fastened to the skin of all of the weapons in an array. Buming of the weapons by a liquid
hydrocarbon fuel fire was a last-ditch option.
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Procedures for this method of denial were contained in Technical Publication 50-8 “Emergency
Destruction Of Nuclear Weapons,” a manual drafted by the DoD’s Field Command/Defense
Nuclear Agency in 1961. Under the Joint Nuclear Weapons Publication System (JNWPS),
Sandias Military Liaison Directorate reccived the technical information (“source materiai™),
drafted a procedural manual, and circulated the proposed manual to the three principals for
approval: AEC/AL, FC/DNA and offices of the military services involved. The nuclear weapon
system safety organization at SNLA or SNLL was the technical advisor for AEC/AL of all
JNWPS manuals and its signature was required as a prerequisite for approval.

3.4 The "POPCORN" Phenomenon: A Nuclear Detonation Concern

A study by LASL in 1960, prompled by 2 question posed by FC/DNA, revealed that for multiple
carriage of bombs on aircraft, a “POPCORN" phenomenon (related to the effects of a one-point
detonation of a nuclear weapon on nearby nuclear weapons) could occur for certain bomb
designs, The initiating events were cither accidents or intentional detonation of the HE [i.c.,
“Emergency Destruction (ED)). This werk wasktended to treat other weapons in carrizge,
storage, and transportation situations (Ref. 20).

From time-to-time, the military services would raise questions about possible problemns attendant
to changes in operational deployment configurations. fn 1964, the U.S. Army became concerned
about the mass destruction of weapons at storage sites, SNL responded by offering to develop a
firing system network that would provide delays in the firing of ED charges in a weapons array.
The offer was not accepied, but SNL continued the project to the stage of evaluation of prototype

sysiems,

NOTE: In earlier years, the only scheduled visits of Sandians to U.S. and Non-
U.S./NATO weapon sites were by managers in the Military Liaison Dircclorate,
especially the long-time director (1947-1968) Arthur B. (Art) Machen and one of
his department managers. These visits were intended to ensure a continuing
personal contact with Sandia employces who were residents there attached to a
military unit for “field engineering” purposes. Additionally, stafl members from
the weapon systems safety division were technical advisors for the Operational
Safety Review events for some system deployed in Europe. A Sandia supervisor.
division, or section of that division, traditionally was a member (not just advisor)
of the AEC (eam that conducted a nuclear saicty Rules Reviews per DoD
Directive 5030.135.

As discussed later (page 103), just hefore [ re-entered the weapon satety ares, 1 was a technical
advisor to AEC staff during a comprehensive tour of headguarters, storage sites and operational
sites 1n Europe, led by ATSD(AE) and MLC Chairman, Carl Walske. Apparenly. Walske had
promulzated 1 requirement 1o the effeet that the military services should be capable of destroying
all weapons at a site prompily upon receipt of an authorized command. 1 was impressed by the
fislding efficiency shown by the troops in ED exercises at every sile we visited, but also
astomshed upon reflection at the collinteral damage that a reat mass ED ¢vont would cause. At
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the time, 1 was ignorant on plutonium dispersal technology, but the memory would resurface, in
spades, a few months later when | was transierred to the safety area at Sandiz. As will become

clear, | became a strong advocate of having Sandia managers observe military operations in the
field lirsthand.

The evolution of these D* matters and an annotated time line is contained in Ref, 22.

3.5 Advent of Prescribed Actlon Links (PAL), 1960-1962

As contrasted to ESDs, [ was not personally involved in this story, and [ rely on documents and
convcersations with those directly involved and impressions of the times. The history is well told
in Gustavus J. (Gus) Simmons' report (Ref. 23).

The technical story of the evolution of PAL can be traced to a routine 1960 briefing of LASL's
Weapons Division Leader, Harold M. Agnew, by Sandians Leon Smith and Don Cotter, on
advanced development of components for electrical system safety. Environmental sersing
devices could not be used for demolition munitions wenpons because there was no unique
environment to be sensed in deployment. Sandia’s advanced component development engineer,
Donald F. (Don) Wilkes, working under division supervisor Robert P. (Bob) Stromberg, had
invented an electromechanical switch that could serve as an ESD. The electromechanical switch
could be located inside the weapon case and operated (closed) by an electrical signal passed from
a source outside of the weapon, The signal would be a senies of pulses that would constitute the
unique environment: a code, but not 1n a cryptographic sense.

Harold Agnew was invited to accompany the JCAE on the aforementioned December 1960 trip
as scicntific advisor. Upon his retum, he made an association between the JCAE's concem about
custody and the ability of Sandia’s coded switch to enhance control of use of nuclear weapons
until coded intelligence was provided. Subsequently, Harold Agnew, Johnny Foster of LLL, and
Don Cotter were to suggest hardware development options for nuclear weapon use conurol.

During 1961, the subject of need for hardware options to improve custodial control of U.S.
nuclear weapons in NATO led to conduct of Top Secret studies by three high-level committees
chaired by the military services of DaD officials. These studies are kitown by the names of the
chairmen or agency:

*  The Stern Comminee, Marvin Stemn, Assistant Director, Defense Rescarch and
Engineer:ng, DoD, spring 1961.

*  The Partridge Committee, General Earl E, Partndge, Retired, summer 1961.

* The DASA/Special Weapon Amning Commttee, winter 1961-1962.

sonte studies did not advocate use ol any hardware option at all, believiny that security measures
alene were sutficient.
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D21 Olson was assigned to support these studies as technical advisor, beginning his long
involvement in use control matters. In the study process, the military scrvices insisted that the
nomenclature of the coded switch option be changed from the carly Prescribed Action Link to
Permissive Action Link (PAL), a subtle but critical reference to the controversial and contentious
arguments taking place between civilian and military interests.

4

DELETED

Adaption Kits were made available
to U.S. Air Force units ha\.mg cuslodial conirol of the missiles in 1961, some seven months alter
funding was made available by AEC authorization—a remarkable display of lhc cmergency
capability provided by the AEC’s nuclear weapons complex. This clectromechanical device,
which had 1o be operated on the ground before the weapon system could be committed to the
targel, was later given the nomenclarure of Category A PAL.

On Junc 6, 1962, President John F. Kennedy signed National Security Action memorindum 160
“Permissive Action Links for Nuclear Weupons in NATO." This document made the expedited
incorporation of PALs in all U.S. nuclear weapon systems deployed in NATO support roles a
national policy, and it dirccted the AEC weapons laboratories to develop advanced PALs o
provide even higher levels of use control. The AEC was provided a supplementary funding
appropriation of $23 million for the tasks.

Puring this time, Sandians were invited to display the prototype and early production PAL
hardware in a multitude of civilian and military agency bricfings in Washington, DC. Initially.
Don Cotter and Leon Smith presented the briefings, with Cotter covering the nuclear weapon

‘system aspects, and Smith covering the PAL device itself. The PAL hardware displ.’ly. including
the controller electronic boxes and the battery power supplics weished about 25 pounds and
buecume a carry-on package that surely was noted by the flight am.nd.mls for TWA's daily thzhis
between Albuquerque and Washington.

Don Cofter and Leon Smith later were invited to join U.S. military service officers in Eurape to
lielp devise u code management and release system to operate the PALs upon authorization
coming from the President. Cotter gave a vivid uccount of this work in an interview made
shortly betore his death (Ref. 24). Kennath D. (Ken) Flynn and Gene Tves, both Members ol
Technical StaiT in weapon systems engineering divisions, replaced Cotter and Smith later as the
PAL haiteries and battery chargers bagan o fevielop reliability problems. Geae Ives deseribes
this experience in a June 1987 interview wita Neeah Furman as a part of Sandia History Praject
By bring on the scene io help the military personnel work out hurdware and procedwal problems
and o feed information back o Sandia o initiate design changes, Gene and Ken were able to
ditTuse some of the extrane resentment an the part of the military. Some of the thinkiny was hat
AL civilians had foreed tieir PAL hardware an the mubitare 2ol it the hardw 2re was so
nirelinble a3 to endan 2 the success of o operanonal miscions [l resentnmiznts, how evar,
continied to be held iy some military personne). { can rebite episodes of baing personally
avensad by retired or active Juty muilitary S2rvine I vanaus capacries, some as AEC emplovaess,
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NOTE: Since the earliest deliberations on the role of PAL in the nuclear weapons
program, Sandia steadfastly has taken the position that nuclcar detonation safety
design feutures must be kept independent of use control features. Separation has
been maintained physically by not sharing weapon hardware functions and
philosophically by keeping safety and use control in different R&D organizations.
The basic reason for the independence of function is 1o maximize safety consistent
with openttional requirements. Because both safety and use control devices are
normally open switches in the warhead arming circuits, the closure issue becomes
the who, why, where, when and how for closure of the switckes. For safety.
closure should occur as late in the stockpilc-to-target sequence as practicable, i.e.,
after irrevocable commitment to the target in wartime. For use control, the
closure should occur as soon as practicable afler receipt and processing of proper
authorization to commit in order to achieve the degree of operational readiness,
The concemn becomes the posture that cxists between peacetime and wartime. (See
Figure 1 for a listing of the considerations involved in this “gray” area.) Sandians
are in the unique position of having decp involvement in total weapon system
considerations via the roles of technical advisors to nuciear weapon system safety
study groups and as participants in the process of concurrence with the proposed
nuclear safety rules to be approved by the President.

NOTE: Perhaps the clearest example of the seemingly nevitable conflict belween
safaty and operational readiness was the question of when the coded signal should
be delivered to the B61-5 deployed in QRA status on F-4 aircraft in NATO
support roles. (The first nuclear weapon to have the Enhanced Nuclear Safety
hardware is described later.) The problem was that the aged F4 would not be
equipped with hardware that would provide the unique signal in-{light. The
choice was to prescribe whether the unique signal was to be given on the ground
by the loading crew or the safety device was to be bypassed by operating a bypass
switch located on the case of the bomb. The Air Force elected to use the bypass
feature, making the peacetime alert states exist without one of the two nuclear
detonation safety features in place. | argucd that the loading crew should deliver
the unique signal at the time that they enter the PAL code fwhich time | was led to
believe was as late in the sequence as practicable). The Air Force etected to
bypass the unique signal ready/safe switch (strong link) at loading and 10 stand the
entire QRA in that less-safe configuration. In z later section [ desenibe how we
resurrected the AEC Field Review provision of the nucleur safety rules approval
process 1o bring this mater to lghcr-level management attention, perhaps not
high enaugh.

Formation of Sandia's First Systems Safety Organization, 1960

In 1960, Del Dlsun was promoted {rom Section Supervisor then the first level ef supervision at

Sandia) to Division Supervisor to head # new grouping of system engincering functions,
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becoming responsible for bomb electrical systems. Del's Section Supervisor Robert A, (Bob)
Dawirs had responsibility to support the nuclear weapoa system safety study groups of :he three
military services per DoD Directive 5030.15, issued in fune 1960,

Del Olson and Bob Dawirs (and his successor Bill Hoagland), with Don Cotter as Department
Manager, should be credited with formulating Sandia’s philosophy and practices for participation
in the national nuclear weapon system safety study process. (See Walter D. (Dan) Buchly’s
report, Ref. 25, for a thorough summary of Sandia’s roles in the total process.) They acquired
the technicul staff from the Weapon Systems Development part of Sandia, persons wha were
very much immersed in the relevant technology. Figure 6 displays the names and tenurss of
these safety specialists through 1963. Two of the members of technical staff later had important
roles in nuclear safcty that will be described later, i.e., Don Bickelman and Stan Spray. Note that
tenures sfter 1960 tend to be brief relative to Sandia’s norm and that resignation was also
relatively common. This work was extremely demanding as to effort required and time spent
away from the laboratory and frustrating as to dealing with the ambiguities inherent in the
cvolving safety study methodology. For most studies, the Sandia representative wes the only
technically trained person present. Furthermore, they tended to understand the national
significance of their role and felt that Sandia management was unappreciative—as evidenced by
being buried in a systems development section without an appropriate title,

Del Olson and Bob Dawirs should be credited with beginning the process of analysis (from a
syslems engineering sensc) of arming, fuzing. and firing (AF&F) subsystems. Safing was mostly
concemed with the ready/safe switch in bombs and the Aircraft Monitor and Control (AMAC)
equipment in the aircraft that operated the switch and with the barometric switches in bombs that
provided trajectory sensing to ensure the safe-separation of the delivery aircraft and the bomb
after release. These considerations depended upon reliability assessment techniques and Sandia
was the national technological leader. At the time, I was absorbed as a brand new supervisor
located across the hall working on warhead electrical systems and appreciated little of the bomb
work. [recall thal the AF&F technical staff leaders included Jim de Montmollin (rcady/safe
switches), Al Mandell (AMAC), and John Zimmerman (barometric fuzing). Within a few years,
I would inherit these funictions and some of the staff.

3.7 The Goldshoro, North Carolina, Accident, January 1961

During a B-52 airbome alen mission, structural f2ilure of the right wing resulted in two weapons
separating from the aircraft during aircrafl breakup at 2,000 - 10,000 feet altitude. One bomb's
parachute deployed and the weapon received little impact damage. The other bomb fell free and
broke apart upon impact. No explosion occurred. Five of the eight crew members survived. A
porion of onc weapon. containing uranium, could not be recovered despite excuvation in the
waterlogged farmland 1o a depth of 50 feet. The Air Force subscquently purchased an easement
requiring permussion for anyone to dig there. There is no detectable radiation and no hazard in
the arca,
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DOE document classification guidance issued during the drafting of this report (Historical
Records Declassitication Guide CG-HR-2, 7/2/97) spceifies that “Elsboration above and beyond
information provided on any incident contained therein is classified,” where “therein” refers to a
joint Department of Defense/Department of Energy report on the histories of nuclear weapons
accidents. The paragraph above has been extracted from the DoD/DOE report. My original
comments on the Goldsboro accident are contained in the Confidential Restricted Daza version of
this report, SAND99-0847.

Because of the classification action described above, 1 do not comment on the accident episode,
especially on details of results of post-mortem examination'” of the recovered bomb parts.

DELETED

A hardware modification designed by Sandia that would have changed favorably responses of
homi hardware to the accident cnvironment was avai.able in the AEC/DoD pipeline at the time
in the form of a modification kit to be installed in the bomb inventory by the U.S. Air Force (Al
197). The inventory of this particular type of bomb was “red-lined™ (taken oif of deplovmiens
status and stored in 1gloos) until the alteration was completed. This change proposal iad resulted
lrom Sandia’s carlicr reviews in response to the Kice Committee report (Ref. §).

" Sundiy Henry D, (Don) Bickelnr in was invited o the Air Fores’s accident response team Jispatched within
etehit biours of the accideat from Kutland AFB. He accompatied 2 representative from AECAL and two fram
Los Alunes Agalvis of the avclar destmcion satity aspects was canducted by Jun de Moutuollis, Ball
Heaghand and Dl Olzon. Jim weor the farmal Sandia repen, SC.DR-$1-61.
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To my knowledge, there was then, and perhaps even now, no follow-up procedure in the nuclear
weapon safety community that would determine if safety ficld retrofits are actually put into the
weapons on a timely basis. The next Operational Safety Review would do that, but it usually
was to be done years later. In retraspect, someone could have suggested a Special Safety Study.

NOTE: [ coliected all of the official public statements on nuclear detonation
safety that I could locate in 1980 for Orval Jones and published the collection.
(See Ref. 102.)

3.8  The Tri-Laboratories' Second Nuclear Safety Manifesto,
1960-1961

The principal impetus for issuing a second statement by the AEC"s nuclear weapon design
lahoratories to present recommendations for improving nuclear weapon safety was the sudden
wide introduction of forward-deployed, maximum readiness nuclear weapon systems. The first
statemnent (Ref. 17) was motivated by introduction of weapons with sealed-pit nuclear
subsystems and focused on the nuclear weapon entiry as the prime vehicle for improvements; the
second (Ref. 27) also addressed the broader topic of the system of practices, procedures, and
infrastructuore in support of the total nuclear weapons program. From a technical and
jurisdictional viewpoint, another major motivation was to emphasize the need for concentration
on protection against threats involving deliberate, unauthorized human acts—this time in the
context of forward deployments, instead of the threats of inadvertent or deliberate acts of one’s
own forces. At the time of the drafting, there was spirited competition within the laboratories on
division of design responsibilities for advanced PAL concepts, led by Sandia’s Don Cotter.
Johnny Foster had begun a research program (X Division) at LRL under Dr. Marvin (Marv)
Gustavson al least three years earlier, partly in conjunction with the already cited work of Fred
Charles Lkié at the RAND Corporation.

NOTE: The interval between the two manifestoes on nuclear safety was less than
three years. The two driving forces, advent of sealed-pit/wooden bomb designs
and forward deployments, in realily were inlertwined, and their relationships were
complicated by the increasing likelihood of severe accident incidental to
deployments on alert postures. As is told here, weapon designers did not fully
appreciate the accident threat for another six yecars This oversight can, in part, be
attributed to lack of a weapon design conscience function at Sandia or elsewhere
int the AEC complex.

As a newly promoted Division Supervisor {Angust 10, 1961), | ceplaced Del Olson and became
responsible for Sandia’s nuclear weapon system safety activities and in the process became the
Sandia principal for this report. Drafts had been prepared and coordinated by Del Olson. Bob
Pcunfoy and LRL's Marv Gustavson. Del Olson was assigned to AEC Headquarters Division of
Military Application staff on loan from Sandia. In orcer to help process the flood of nuclear
safcty rules coming from the militacy services’ system safety studies, Del was Sondia’s first
emplayce to be placed on rotational assignment to a federal agency, but the ussignment was
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short-lived because the bureaucracy could not allow continuation of Del’s Sandia retirermnent and
other benefits, Leon Smith was transferred to another part of the nuclear weapons program; Don
Cotter was promoted to Director of Management Staff in a reorganization.

My experience with nuclear safety had been limited to the ESD episodcs described earlier, and |
took advantage of being thrown into the middle of the design safety policy and practices report
for a “'quick read™ and study. At the time [ could detect no distinction between the discipline of
nuclear weapon system safety and the discipline here that [ later came to call Nuclear Weapon
Design Safety. Del Olson's contributions to the manifesto included writing these basic
principles used to ensure “adequate nuclear safety:™

‘Il‘

Energy sources are isolated from critical components (such as the detonators or the
mechanical safing material) by interposing several components, which respond to
different and independent conditions. In an abnonmal situation these components are
designed to provide cither passive or active isolation. Arm/safe switches and thermal-
sensitive fuse links are respective examples of passive and active isolation elements,
which are used. During the normal arming, luzing and (iring sequence these
components perform active or passive transfer or transform functions.

Energy is stored in such a state that it must be transformed to some other state in order
to be utilized for the operation of critical components. Energy stored at 28 volts in a
battery, for example, must be transformed to a high voltage state in order to fire the
weapon detonators.

Energy of a magnitude significantly greater than that of most anticipated spurious
signals is required for operation of critical components. The use of high-energy
detonators is an example of the use of this principle.

Energy is derived from certain environments, which tend to be unique to the weapon's
normal mode of delivery for use cither as the primary energy for operation of critical
components or for control of other components, which serve to transfer or transform
stored energy for operation of critical components. [nertial generators and acceleration
switches are examples of some of the devices that are used.

Time interdependence is required between arming functions. For example, a
requirement may exist thal certain arming signals be received in a particular s=quence
or concurrently with other signals, thus reducing the possibility of arming from other
than the intended sources.

The “fail-safe” design approach is used to assure that component or subsystem f{ailurzs,
cnvisioned as spontaneous, environmentally induced, or as resulting from accidental
human actions, will serve to safe the weapon rather than to amm iL.”

Source: SC-4630 (WD), October 1961, Ref. 27.

Some readers imay note, wilh interest. how the thinking abour active and passive isclation has
chanued over the years from that given in the first listad basic principie.
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The thrust of my coordination task was to seek removal of Marv Gustavson’s hard-sell section on
LRL’s extreme version of PAL. Ofcourse, 1 knew liltle about PAL since that fechnology was
being separated out of safety by Don Colter and Leon Smith and held close because of extreme
sensitivities with the military services. My feeble attempts to delete Marv Gustavson's wording
failed, and he informed me quite blunily that I had done all the toning down that he would

accepl. He presented the choice that rewording should cease, or LRL would withdraw its
endorsement of the report. Sandia acquiesced and the following recommendation remained: “8.
Techniques for making nuclear weapons more tamper-resistant should be investigated.” 1 was to
continue a most rewarding consultation relationship with Marv Gustavson, until his early death.

The issue of laboratories’ design responsibilities was to continue until the June 6, 1962, decision
by President Kennedy (National Security Action Memorandum 160) to equip nuclear weapons
deployed in NATO with PAL devices and to direct the AEC's weapons laboratories to continue
exploring advanced technologies for improved PALs. By subsequent decision of AEC/DMA,
Sandia was assigned primary responsibility and adapted LRL’s work—the highly sophisticated,
extremely tamper-resistant subsystem concept. Orval Jones resurrected the letter from
AEC/DMA that made this assignment in mid-1997 upon listening to Johnny Foster’s Banquet
Speaker talk on the history of nuclear weapon safety (Ref. 15) and recalling the fragility of
Sandia’s roles. An exzract of this letter is Appendix C.

My personal technical contribution 1o SC-4630 was limited to recognizing an Achilles heel in
protection against deliberate, unauthorized human actions, i.c., the extreme detail on weapon
electrical system circuits and on component functioning contained in manuals and technical
training courses, both provided by Sandia's Military Liaison organization for the military scrvice
for usc in possible future retrofits and cxplosive ordnance demolition training. I had included in
SC-4630 an appendix that examined the manuals for two thermonuclear weapons as to content of
detailed design information and number of copies to be made for distribution. As mentioned on
page 23 herc, my scnsitivity to providing detailed electrical circuit schematic drawings to
military users (and to civilian users withaut need-to-know, for that matter) came from a personal
expericnce about eight ycars carlicr.

3.9 Electromagnetic Radiation and Lightning Threats to Weapon
Safety, 1961-1963

In addition to the previously describad tasks ol nuclear safety and AF&F subsystems ilesign
guidance for bombs, | inherited responsibilities for technical means to determine the
susceplibility of U.S. nuclear weapons to damage by the emissions of “friendly” communications
and radar scarch cquipment in the vicinity.

Once again, the appreach taken was a systerns approach involving a broad spectrum ef technical
activities ranging from:

e gesearching on EMR fields and coupling mechanisms.

r Jdeveloping analytical techniques,
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* measuring the energy introduced inlo EEDs,
= ¢xposing instrumented weapon prototypes,
* simulating EMR fields, and

= conducting field trials.

Reference 178 is my formal report on the episode, including presentation of analytical models
and test data to affirm validity of the Sandia approach. Subsequent participation by Sandia in
Admiral’s tests was severely curtailed.

NOTE: I cite the U.S.S. Enterprise cpisode only to illustrate that a nuclear safety
conscience function, as [ see it, should include somewhere in the organization a
well-informed advocacy for balance of safety and operational readiness
considerations. One point of view would insist that this conscience function
should ot be present in the nuclear sulety organization, and its position on safety
issues should be “pure.” My practice was to keep the salety analysts (staff and
direct supervisor) pure, and for me to consider the balances at the next level of
supervision, and to refer the results ol both 1o higher management levels via
briefings, progress report noles, or formal report. This practice. in my view, was
decimated in 1991 by Al Narath’s abolition of the supervisory level that in my
time strived to seek balance, i.c., Depariment Manager (or Division Supervisor
until the suboedimate level of Section Supervisor was ubolished) (sce puge 169).

When the Navy later reported the fining o) rocket motors on 4 nonnuclear missile mated to
aieeraft located on the Hight deck of an aircralt carder, [ helped urrunge for expedited and
strengthensd rescarch and development activaties armed at sceurately charzcterizing the EMR
cinvironments (including lightning), instrumenting the nuclear wetpon ordnance devices known
to ha susceptible to premature operation by EMR, and examining remedial hardware or
procedurs] changes w mitigate the eftects of EMR.

e only problons upcoseied was in a funily of electrically imiiated, explosively tor other
chemical reaction) uperated dovives (EEDs) that served o switeh electrical eircuits, to generate 2
w4 10 du mechanical work, or o begin generation of electncal power ¢e.e the thennd battery
posser supplics). Onee the ceadibility of premawire operation of EEDs ateradible Lol oFEMR
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eavironment was cstablished by Sandia, an emergency-priority search was inittated to identify’ in
the entire nuclear weapon stockpile any situation whereby use of EEDs that could present a
nucicar detonation safety concern. One such deficiency was found—use of an EED as the major
sating device between the high-voltage thermal batteries and the X-unit capacitor bank in the
B27 nuclear bomb. Immediate action was taken to place the bombs in inert storage
configurations (thus “red-lining” or ceasing operational capability of the using military agency)
and to redesign the circuits to replace the EED with a non-susceptible device (a solenoid-
operated relay switch). This event of 1962 was yet another case of a remedial action program
undertaken by the AEC for nuclear detonation safety reasons in the five years since advent of
scaled-pits. The earlier cases were the retrofits of AMAC and ESDs.

NQOTE: Such retrofit actions are at the initiative of the weapon designer, rather
than being a response to a deficiency uncovered by the user and are a hallmark of
the U.S. nuclear weapons safety pragram.

3.10 Maturity Reached in Sandia’s Nuclear Weapon System Safety
Program, 1961-1963

On April 17, 1962, AEC/ALO announced its intent to begin a process of nuclear weapon safety
studies and reviews to cover manufacturing or assembly operations for its plants at Pantex,
Texas, Burlington, lowa, or Medina, Texas, and requested Sandia to participate. Sandia’s system
safety studics organization has provided a voting member for all studies of this type and in later
years for similar studies of atmospheric and underground fuil-scale nuclear tests and Plowshare
cxperiments. This, of course, is in contrast to nuclear weapon system safety studies where
Sandia’s technical advisor is not formally given a vote.

As indicated by Figure 7, the rate of accidents involving the sealed-pit type of nuclear weapons
decreased after 1961°s two serious ones. However, the involvement of Sandia's system safety
study specialists in investigations of two significant incidents (not accidents) proved to be of
high importance in providing essential feedback into the weapon design process.

In 1962, four Mk 28 FI bombs in & quadruple package that had been downloaded following QRA
status at an overseas base were found 1o have their high-voltage ready/safe switches in the armed
position. Following a tenacious and exhaustive seven-month investigation by Paul R. Souder in
my division, the cause was determined to have been a loose nut that had shorted an unused,
obsolere radar-heating circwit to an armiing line inside an Air Force junction box in the aircraft
such as to bypass the T-249 AMAC,
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" Don Bickelman and LASL's Tom Scolman (later a major player in safety of full-scale nuclear

-, .
NOTE: [he DoD did not consider this nuclear satety cvent to be an accident
4s that term was (and still is) defined and did not have to call out a response
task force. | intervened and supported Paut Souder’s marvelous sleuthing,

using my division’s AMAC hat ruther than its weapon systems salety hat. In
this case, Sandia provided a conscienee tunction.

DELETED

RV P W By thi¢ proccss ot secking technical

Vifivolvément in accidents and incident investigations, the weapon system safety'study statf

carned an essentially avtlomatic invitation from the Air Force to pasticipate. Similarly, _

involvement of weapon design specialists from Los Alamos and Livermore yielded insights that §

led to subsequent improvements in weapon capabilities. AEC swaif and weapon laboratorics®
involvement in weapon accidents and major incidents are shown by Figure 8.

lesis) convinced the Air Force not to perform the Render Safe Procedures contained in manuals
published under Sandia's cognizance. The RSP procedure would have involved essentially
complete tear down to remove the HE/nuclcar subsystem on site and to package it separately for
return to the LL.S. [ can only tmagine the reaction of non-U.S. NATO forces if such an event
were made known. This episode was to reinforce my career-long commitment to change :
Explosive Ordnance Demaolition (EOD) philosophits and practices to allow maximizing nuclear |
safety and use control, My adversary was Sandia’s Military Lisison Directorate who wrote the
manuals and seemed 1o owe more allegiance to the military EOD teams than to safety, This
banle was finally won completely only after my retirement in 1985,
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3.11 Test Device Safety Studies During the Period of Nuclear Tests
in the Atmosphere, 1961-1962

Upon the 11.5.5.R. s resumption of full-scale nuclear tests in 1961 (1n abrogation of the
moratorium of 1958), the U.S. formed Joint Task Force 5 under Brigadier General Alired D.
(Dudld) Starbird to conduct nuclear weapons tests in the atmosphere. Brigadier General Starbird
appointed Li. Col. Roger Ray, U.S. Army, as his range safery officer for tests at Christmas Island
(air drops) and Johnston Island (high altitude missile shots). From an administrative nuclecar
safety view, the modus operandi was the conventional one of preparing Standard Operating
Procedure (SOP) documents and having them reviewed by technical staif officers. There werc
no formal system safety studies in the vein of those for DoD weapon systems, and at the time
there had been no DOE safety studies. From a technical nuclear safety vicwpoint, however, key
persans from the AEC weapons laboratories, principally Sandia, included nuclear safety and
amting and fuzing specialists headed by Del Olson.™

The initial test scrics, known as Dominic 1, included 34 nuclear tests—28 airdrop tests between
April 25, 1962 and October 30, 1962, four missile-launched tests at Jolnston Island between July
9, 1962 and October 20, 1962, and two launches of operational missiles by the U.S. Navy:
Frigalc Bird (launched from a Polaris submarine on May 6, 1962) and Swordfish (launched from
a surface ship and detonated undenwater on May 11, 1962). Available records for the operational
1ests show no evidence that a special weapon system safety study was conducted; these weapons
were launched according to operational procedures studies conducted carlier.” There was no
formal involvement of the AEC in these opcrational tests—a situation to be rectified upon advent
of the Limited Test Ban Treaty in 1963.

3.12 Nuclear Test Safety Studies, 1963-1975

In consideration of the treaty banning nuclear tests in the atmosphere (1962), the Joint Chiefs of
SeafT recommended four safcguards, and these were endorsed by the President:

Lumited Test Ban Treaty Safeguards

*1. The conduct of comprehensive, augressive, and continuing underground nuclear test
programs designed to add to our knowledyge and improve our weapons in all areas of’
significance to our military posture for the future.

i

The maintenance of modemn nuclear laboratory facilities and programs in theoretical
and exploratory nuclear technology which will atrract, retain and insure the continued

# pther Samdfans deployed 1o the Pacific areas i lided William R.iRil!) Hoagland and James B. thime Wrzht
thr nurdrop staging ared, Barbers Pomnt Hasan, and Wasne [ Olson at the missile stizme pomi. Johnston

felan!
The Pelanis weapon sy stem diflered frem the vperznonal in tat the missile way equirgzd with o range safen

Jevize that enuld have deszas od 12 in-thaht ppon coasnnand
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application of our human scientilic resources 1o these programs on which continued
progress in nuclear technology depends.

3. The maintenance of the facilities and resources necessary to institute promptly nuclear
tests in the atmosphere should they be deemed essential to our national security or
should the treaty or any of its terms be abrogated by the Soviet Union.

4. The improvement of our capability, within feasible and practical limits, to monitor the
terms of the treaty, to detect violations, and to maintain our knowledge of Sino-Soviet
nuclear activity, capabilities, and achievements.”

Safety studies for the first safeguard (underground nucicar device tests at the Nevada Test Site
and other potential on-continent locations) became the responsibility of a new group known as
NV-HEG for Nevada Operations Office’s Hazards Evaluation Group. The NV-HEG rcported to
the Manager, AEC-NVO, with members appointed by the Manager's Scientific Advisors from
the AEC’s laboratories and the DoD. Sandia's long-term members of the group were Melvin L.
(Mel) Merritt for fallout production and general interests and Robert E. (Bob) Reed for “fuzing

and firing,"

Safery studies for the third safeguard (readiness for atmospheric nuclear device tests) became the
responsibility of a new group known as the JHEG for Joint Hazards Evaluation Group. “Joint,”
in this case referred 10 the combination of AEC and DoD interest explicit in the types of airdrop
and missile-delivered t=sts envisioned. The JHEG which reported to the Commander, Joint Task
Force 8, was chaired by Dr. Robert R. (Bob) Brownlee of LANL (later by Dr. John S, Malik of
LANL and Dr, Rabert E. (Bob) Yoder, long-term members of the JHEG). Sandia's members
were Parker F. Jones, Supervisor of the Systems Safety Division, and Jack Reed, a specialist in
biast effects. Robert L. (Bob) Hilty of DOE/AL's Weapon System Safety Branch also was a
long-term member.

The NV-HEG was to be a major player in the underground test of the high-yicld
W71/SPARTAN ABM warhead conducted in Amchitka, Alaska, in 197]. The JHEG was to
consider tests that were not to occur; however, in the study process the JHEG developed
important philosophicel approaches to safety. Upon cessation of the READINESS program in
1973, both the NV-HEG and the THEG were dissolved.

NOTE: In 1967, while rethinking the allowable risk for atmosphenic full-scale
nuclcar tests in the Pacific, Bob Brownlee of LASL wrote an extremely lucid
paper (Ref. 28) on the general reaction of socicty to particular levels of
probabilistic risk. Brownlce's concern was with tsunamic waves from a
hypothetical nuclcar detonation at sea level, given a fuzing and firing ervor in the
test. His paper was cited favorably in the ficst rcpont by the AEC on nuclear
reactor safety (WASH 1250). [ extracted a passage for publication in Ref. 129.
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3.13 Joint US/UK Field Tests on Plutonium Dispersal, 1963

The U.S.S.R."s abrogation of the moratorium on full-scale nuclear testing in the atmosphere
provided an opportunity in 1963 to conduct more thorough field tests of nuclear weapons in
order to provide a detailed understanding of the phenomena of plutonium aerosol creation and
dispersal. A site on Sandia’s Tonopah Test Range in Nevada was prepared, complete with
particle-measurement grids suspended by balloons and a large array of ground-based
instrumentation. Sandia’s Jim Shreve and UK/AWRE's Ken Stewart were the scientific
dircctors for the test series. Based on preliminary analysis of test results, the AEC-DoD Nuclear
Safety Working Group recommended no change to the mass limit rule set in 1957, This test
series continues to provide the only definitive measurements for the “source term™ of a

plutonium dispersal incident.
3.14 Status of the Nuciear Weapon System Safety Group, 1963

As indicated by Figure 6, the technical staff of nuclear weapon system safety specialists at SNLA
had reached a high of six dunng 1962. By reference to Figures 2 and 3, one can note that 1962
was also ncar the peak level of activity of new weapon systems entering deployments in the
national defense force structure. All of the twelve persons who had served on that staif since its
inception in 1957 had been recruited from Sandia’s weapon engineering development
organizations to capitalize on their understanding of the nuclear weapons program. Furthermore,
these assignments were considered by management to be short-term job rotations intended to
broaden the individual’s career potential. Beginning in 1963, upon cessation of fuli-scale nuclear
testing in the atmosphere, Sandia undertook major technical initiatives in advancing weapon
technologies to which inadequate attention had been afforded during the hectic years of testing
and all-out engineering development for stockpile. (Note the abrupt pause in new prozarams in
the “McNamara era” of the mid-1960's.) The staffing of the newly crcated Advanced System
Development Directorate 1600 depleted the safety staff, causing a shift in source of staff to the
then-declining areas of Manufacturing Development and Quality Assurance.

3.15 Nuclear Weapon Electrical System Design Practices
Documented, 1963

In late-1962, Sandia's weapon systems organization began to draft a report (Ref. 29) that woutd
review state of the art in weapon electrical system design and would offer specilic design
guidance in the area of bomb fuzing and firing. The report also analyzed design problems and
approaches that had been used over the years, including a discussion of 14 anomalics (accidents,
incidents and other significant mishaps) caused by design errors (6), procedural errors (2),
acerdents (2), random circuit failures (3) and undetermined failure (1). The cause ol the later
cvent, premature HE detonation of 4 B43 released in a non-nuclear test drop from a B-52, was
solved after the report (Rer. 24) was issucd in April 1963, This event was a safe-separation
problem for a wartime situation, and not 4 nuclear detonation in peacetime concermn. The
tollowing topics were discussed under the heading of Circuit Design: redundancy, circuit
solation, twa-input approach, sequencing. ground circuits, connectors and cabling. resistance
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considerations, unusual environments ({ire, ¢lectromagnetic radiation, lightning and nuclear
radiation) and testing.

The authors of the report were Alfred R, (Al) Mandell and Stanley D. (Stan) Spray. Al Mandell
had been involved in weapon clectrical systems continuously from the Manhattan Project, and
Stan Spray had been a l2ad design project engineer on the B57, where bent pins on ¢lectrical
connectors had been a most troublesome problem. This report constituted a status report for the
state of nuclear detonation design safety. There was no organizational entity at Sandia {or this
discipline at the time and would not for another (ive years.

3.16 Formation of Sandia's Systems Approach for Safety in Weapon
Design, B61, 1961-1964

As mentioned earlier, I was literally dumped into the area of weapon system safety and bomb
AF&F on August 16, 1961, as a newly promoted Division Supervisor who inherited the
organization that Del Olson and Don Cotter had built and had left for other endeavors.

As can be determined from Figures 2 and 3, a major hiatus in the U.S. nuclear weapon program
began in the early 1960s, in part as a result of the nuclear test moratorium of 1958 and the advent
of the Robert S. McNamara era in the DoD (e.g., the use of cost-effectiveness studies). The
extrerne paucity of weapon development projects threatened to destroy the capabilities of the
weapon design teams and the weapons production complex. The “weapons community™ within
AEC and DoD reacted by commissioning a new bomb-development program, the B61 tactical,
thermonuclear, full-fuzing option bomb. (The argument being that one bomb program required
about three times the effort for one warhead.)

As Division Supervisor of the Electrical Systems Division responsible for bomb systems
definition (August 1961 to April 1964), [ used the B61 project as a vehicle upon which to
advance a “‘systems approach” to weapon development. This approach involved the broadest
consideration of the role of the new bomb in national secunty posture and the appropriate design
features to accommodate the role to be assumied. In this regard, systems thinking (attributable to
the leadership of Smith, Cotter and Peunifoy) at Sandia could be contrasted to project thinking,
where strict and narrow conformance to the “requirements” established by the military
service/DoD user is inviolate.

The first contribution of note was to challenge the basic design approach af having a different
bomb for cach operational scenario. 1 examined in detail the origin and apparent rationale for
each statement of “requirements” in the MCs and lound an incredible lack of focus on the
specific needs and roles for the bomb: in short, an unmatching sct of parameters gleaned from
the historical base of pravious MCs. My draft working paper (not located for this writing) set
forth for intemnal design team review the fragile naturc of the MCs and called for an assartive
position by Sandia/Los Alamos on realistic parameters. In my view, the thinking stimulated by
this appraach was as factor in Los Alamos® and Sandia's initiatives in the B61 subsequently
hecoming the most versatile weapon in the stockpile.
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3.17 The President’s National Security Action Memorandum on
Nuclear Weapon Safety Responsibilities, 5/61

Certain ambiguities concemning AEC and DoD respansibilities arose as a consequence of
cxtensions in deployment of nuclear weapons from strategic operations at hases in the
continental U S. to tactical operations at forward hases. The AFC Chairman testified tn the
JCAE in 1959 as to the need to clarify by legislation responsibilities of AEC and DoD with
respect to weapons in DoD custody. The issue arose again in December 1960 in connection with
a request of President Eisenhower to approve a nuclear weapon dispersal plan. As a resultofa
JCAE visit to NATO in late 1960, JCAE Chairman Holifield wrote President Kennedy citing the
need for clarification of responsibilities. On May 8, 1961, National Security Action
Memorandum 51 was issued stating in part:

“With regard to the broader question conceming responsibility within the
government for the safety of nuclear weapons, the President has directed that that
Department of Defense have immediate administrative responsibility for
identifying and resolving health and safety problems connected with the custedy
and storage of nuclear weapons. He has further specificd that the Atomic Energy
Commission will participate in the consideration of these problems as a matter of
continuing responsibility, He has instructed that any issues which cannot be
directly resolved by the DoD and the AEC will be referred to him, through this
office for decision.

Accordingly, it is requested that the Department of Defense, in cooperation with
the AEC and such other agencies as may have a direct interest in this matter,
undertake promptly a study of what additional administrative and starutory
provisions may be required in relation to the safety of nuclear weapons and
nuclear weapons systems and to report to the President through this office as soon
as possible the results of their study, courses of action agreed upon, and any
actions which are recommended for the President to take.”

This NSAM satisfied the JCAE and no legislative change was suggested.
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4. THE LEVEL-OF-EFFORT YEARS, 1964-1968

With the cessation of full-scale nuclear testing in the atmosphere in 1962, Sandia entcred a
period of operation under a funding and management practice that | later termed “Level-of-
Effort” (LoE) and have described in considerable detail in a series of essays and memoranda,
some of whicb are included here as references. For this discussion, the relevant aspect of LoE is
that conduct of Advanced Systems R&D became a legitimate mission and attracted commitment
ol technical ralent throughout Sandia to an extent that was unprecedented. Review of Figures 2
and 3 shows that there were essentially no really creative nuclear weapon developmenl projects
from 1962 until advent of the antiballistic missile warhead projects in the late-1960s.
**Advanced” meant in advance of scheduled normal weapon projects authorized by the DoD—not
“exploratory™ as the effort much later was to be labeled and managed. This distinction as to
intended ultimate use of the technology is important to appreciation of the times.

4.1 Advanced Developments in Use Control, 1962-1965

‘The main reference for this section is my draft working paper “Blackhatting—A Review of
Adversary Simulation Activities in Nuclear Weapon Use Cantrol Programs at Sandia National
L.aborataries™ dated November 1981 (Ref. 31). ] was not directly involved in those use control
matters involving permissive action links (PALs) and gathered the material outlined here in
preparation for becorming responsible for the division that did adversary simulation analyses of
PAL hardware.

Figure 10 shows a timeline that relates in sequence of deveclopment the types of PAL devices
described later in this paper, for purposes of clarity in presentation.

To review earlier discussion, the evolution of use control activities began with the Congressional
Joint Committee on Atomic Encrgy’s trips to NATO countries in late-1960. National Sccunty
Action Memorandum (NSAM) 160, issued by President Kennedy in 1962, directed the expedited
incorporation of PAL switchcs in auclear weapon systems in NATO support. This activity
became a “crash program™ at SNL for several years. NSAM 160 also directed that the AEC's
weapons laboratories be tasked with development of advanced subsystems to provide even
higher levels of use control to include “mechanisms to assure sclf-destruction of a weapon if
«fforts are made to bypass the permissive link™ (herein called PAPS, Permissive Arming and
Protection System). Early development of the more advanced PAPS subsystem was undertaken
by LLL; however, by mid-1963 the work was transferred to SNLA by AEC/DMA decision.

Fhe definitions of terms given below Facilitate the ensuing discussion of design and desien
etieetiveness of use control devices and subsystcins,
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Use Control = In broadest terms, use control is the prevention of unauthorized uses of nuclear
weapons, given that access to the weapons has been gained.™ For this report, the definition is
restricted to thase nuclear weapon hardware features that protect against intentional but
unauthonzed nuclear detonations.

Permissive Action Link (PAL) = A coded device that inhibits unauthorized arming of a nuclear
weapon.

Command Disublement Subsystems {CD = Ways to render inoperable one or more parts of a
nuclear weapon for a time delay against a specific threat.

Adversary Simulation (“Blackhatting™) = An effort organized to counter those measures taken by
a designer (a “Whitehat") that provides protection against specific unwanted manipulations of a
physical entity by an adversary {a “Blackhat™). The cffort includes an analysis and/or experimenl
where the adversarial threat is simulated by a person or group other than the designer in order to
maintain a high degree of independence in assessment. For use control, adversary simulation
involves only the protective hardware, not the code management and other administrative
procedures.

Design Analysis = Effort directed toward identifying weaknesses in the hardware design such as
to indicate corrective actions the designer can employ to eliminate, or otherwise avoid, the

weakness.

Effcctiveness Assessment = Effort directed toward determining the degree of protection provided
by the design, The first-generation PAL switch was an clectromechanical device invented by D.
W. (Don) Wilkes, a member of an advanced development component division supervised by R.
P. (Bob) Stromberg. The device was quite noisy while operating, and the acoustic emanation
was recognized as a potential way for compromising the code to which the device was set. Bob
Stromberg reveals that prototype hardware was delivered to a facility of the National Security
Ageney in Washington, D.C. for a ‘code-picking™ attempt that lasted about two weeks and was
unsuccessful. This finding, however, did not satisfy John Kane, anather technical staff member
in Bob Stromberg's division. Following some highly imaginative experiments in secluded
structures, John Kane devised a way to pick the code and in doing so he became an early
“Blackhatter.”™' By the same token, Don Wilkes was the “Whitehatter.” He later became
interested in ways to counter advanced PAPS systems and participated as a Blackhatter. Both
were in the same division, making it difficult to support the claim that “independence™ must be
an essential altcibute in effective and credible adversary simulation. The episode did, however.
sugeest that deep immersion in the relevant technology (i.e., small clectromechanical switches)
might be a more important atinbute than independence.

Chere was 2 penad of keen competition at SNL between ads ovates of electromechanical and of
clectronic switches for the follow-on PAL swiich, John Kane continued to blackhat the former,

See RN Brodie's paper on broader aspegts of awglear weapon connral, Rer 32
Kane's Aotk was atvace classttied as Top Seerel and docimented appropriatel
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and a highly competent electronic specialist, Division Supervisor J E. tChuck) Gross was
appointed to blackhat the latter. Chuck Gross was in the same department as the division doing
the component design—interestingly, the radar development department that had onginated the
loval opposition concept of blackhatting at SLA.

When PAL switches were committed for incorporation into nuclear weapons, the nuclear
weapons systems safety division supervised by Del Olson added a new section to handle PAL,
supervised by M. M. (Max) Newsom. Later that vear (1963), AEC/DMA directed that secure
container system R&D responsibility be transferred from LLL to SLA and Del Olson re-orienied
the division toward PAL/PAPS altogether. Gene [ves supervised the PAL/PAPS systems section
and Max Newsom supervised the PAPS component design section. Gene Ives assigned two
members of his section, Don Bickelman and G. R. (Glenn) Norris, to arrange for blackhatting of
the two principal candidate technologies. To avoid the pitfalls associated with the extreme
specialization on nuclear weapons which then characterized the SLA staff, contracts were let
with the Stanford Research Institute and the fledgling local-area {irm Braddock. Dunn and
McDonald (now BDM). Contracts covered the period July 1963 to November 1965.

The five-years 1963-1968 was an unusual peciod at SNL in that a combination of circumstances
elevated the advanced development program from a modest portion of total R&D (say 10-15%)
to the major program (say over 40%, and research activities amounted to another 10%).
Atmospheric nuclear testing ended in 1963, and the four safeguards for the nuclear weapons
program adopted by the Congress as a condition for the Limited Test Ban Treaty required the
conduct of aggressive weapons R&D, fechnical staff became available as testing activities
wound down. Additionally, weapon system acquisition practices were affected by the systems
analysis/cost-effectiveness approach of Sccretary of Defense Robert MciNamara, and the
tegulating cancellations and stretched-out time scales released weapons engineering (Phase 3)
staff at the AEC’s laboratories for reassignments.

Use vontrol subsystems became one of the several major thrusts of Sandia’s advanced
development program in mid-1963 1t was clear at the onset that use control development would
be fundamentally different from traditional nuclear weapon ordnance cngincering because there
was no “'performance specitication™ against which to design, test, and evaluate. Neither the
threats nor the appropriate responses to the threats had been defined. This situation led to
establishment ot’a “*Counter-E Tort" diviston. John Kane from component development group
and H. M. (Huorace) Poleet, an clectronics specialist were borrowed, on a temporary basis, as
witors.

tincler Gus Simmons, blackhatting of PAPS subsystems became institutionalized ag SLA.

13y nud- 1965, the advanced development projects related to nuclear weapons were complete.
(Rels. 62 and O6b of Ref. 311 the technology shelved to awail a customer, and the development
Whitshat team disbanded. Gus Simmons and his division began to work on non-weapons
apphications of the technology {Ref. Ge of R2f. 31).
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4.2 Nuclear Weapon System Accidents: Cumberland MD and
Bunker Hill AFB, IN, 1964

In June 1963, the nuclear weupon development organization at Sandia Albuguerque was
extensively reorganized, and in the process | began my second, however brief it was (o be, direct
involvement in nuclear weapon system safety. | had inherited intact the auclear weapons
systems safety section under Bill Hoagland in August 1961, upon Del Olson's assignment to
AEC/DMA in Washington and my promotion to replace him as division supervisor, and had
been responsible for its functioning for about six months until Del’s return, At that time, Del
was given back the section, augmented by Gene Ives as a staff member. My sccond *‘tour™ of
duty was to last only 10 months, ending in April 1964 with a lateral transfer to Don Cotter's
management staff directorate, Thus, [ was on hand for one of the two nuclear weapon accidents
discussed below.

On January 13, 1964, a B-52 strategic bomber carrying two bombs (the type that [ knew well,
having been involved in the development project) broke apart in flight and crashed on Big
Savage Mountuin near Cumnberland, MD. Both bombs broke apart on impact. Dan Buchly was
assigned by Bill Hoagland to join the Air Force's accident response team formed to depart
Kirtland AFB promptly. LASL did not provide a representative, but Walt White from DOE/AL
responded. We leamned that an Explosive Ordnance Demolition (EOD) team of'the U.S Anmy,
which was in-transit at the time, was diverted to the crash site and was operating on-scene. The
Air Force team was preparing to remove the bombs quickly from the site with heavy matenal
handling equipment in order to reduce media coverage. 1 can recall Dan Buchly's anxiety over
disturbing the bombs without knowing the condition. ] supporied Dan's concem and this stand
by “the AEC" led eventually to a carefully considered process of packaging and transporting the
bombs to a designated AEC facility. Dan resigned from Sandia afierwards, but not before
writing the Sandia Report that documented the overall nuclear safety program (Ref. 25).

On December 8. 1964, 2 B-38 strategic bomber, carrying in a pod configuration four
thermonuclear bombs on the wings slid, off of an icy runway at Bunker Hill AFB, Indian2, on a
taxi exercise, crashed and burmed. Osear L. {Oz"") Oren was the Sandia safety specialist who
joined the Air Force’s accident response team from Kirtland AFB, along with 8 LASL and an
AEC/ALQ tepresentative. All bomb hardware was retumed to an AEC facility. I'was not
involved in this accident response and investigation, and | recall ne particular concem within
Sundia’s weapon development organizations with respect to aceident environments and weapon
hardware behavior therein.

4,3  Advent of Fault Tree Analysis Methodology,
Late 1964 to Mid-1966

For 2 more detailed discussion of this topic, see References 353 and 145.

When | was laterally transferred on April 1, 1964, (as a division supervisor) to Don Cotter’s
Advanced System Studics staff, Sandia was imentoring a contract let in 1962 to Mathemnaticz,
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Inc., that would formulate a computer code to prepare and evaluate probability cquations for
complex clectromechanical systems (e.g.. a nuclear weapon arming system). Mathematica had
been formed as a Princeton University spin-off by Oskar Morgenstemn, credited with linking i
1944 game theory conceived by John Von Neumann and economic behavior. The Sandia
sponsor was Arthur M. (Ait) Breipohl of Cotter’s staff. Art had been a reliability assessment
engineer and was completing his Ph.D. in Electrical Engineering at the time. By late- 1964,
George R. Ellison of Cotter's staff had set up a parallel project within Sandia to write a code
using the FORTRAN computer language in common use at Sandia—as contrasted to
Mathematica’s use of IPL-V language foreign 10 Sandia. George arranged with me 1o have
Sandia htre a collcague of his at Oklahoma University, Richard W. (Dick) Worrell, to team with
him on this effort, code-named ESAP (Eventpoint Systemns Analysis Program).

These computer programs were directed to solution of reliability equations, including those for
premature operation of a weapon systems’ sale-escape hardware. There was no intent to my
knowledge to apply it to nuclear detonation safety. Upon my promotion to Department Manager
on Cotter’s staff in January 1, 19685, [ inherited the project as a manager and upoa lcaming more
about its potential value to nuclear weapon systems development became a stronger advocate,

In order to demonstrate applicability of the methodology, George Ellison arranged a trial run
using a hypothetical version of a kitchen electrical stove (not self-cleaning), hence the project
name HOTPOINT. The code and computer hardware combination simply was unable to handle
this level of complexity beyond producing equations of only several orders-aof-exactness. This
experience reinforced the value of applying simplifying assumptions to reduce exactness
requirements significantly—making the methodology essentially little betier than that afforded
by the skills of existing reliability engineers at Sandia. Nevertheless, | continucd a low-key
sponsor of ESAP throughout the remainder of my staff assignment—another two years. More
about ESAP and nuclear safety follows in the cvents of 1968.

4.4 Plutonium Dispersal Safety of Nuclear Power Sources for
Aerospace Systems, 1965

Afier a several-year stint with the Dikewood Corparation in Albuquerque, Carl Carlson was
rehired by Don Cortier on August 16, 1963, to scrve on Don's management staff. While al
Dikewood, Carl, under contract to Sandia, wrote 2 report that summanized the use control
program (Ref. 161).

As part of a program evaluation review for Sandia’s taskings in the AEC"s Acrospace Nuclear
Safety |ANS) program, Carl was sought to wrile a Ireatise to ard in probing the total ANS cffort.
1 did not leam about this work until some two decadas later when [ was reviewing the history of
use of probabilistic nsk assessment techniques in the nuclear weapon program (Ref. 135). Carl’s
remarkable six-page document examines nuclear weapon safety experience for “axtoms.
algarithms, parables, and precautions perhaps transferable to the acrospace context™ (Ref. 34)

Its major thrust was 1o make the case for making the safety theme one of assuring intact ve-entrv
of radioisolopic thermoelectric wenerators {RTGs), given mission abon, rather than the thame n
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use at the time that relied on bumup upon re-entry, Carl was aware of the reentry vehicle thermal
protection technology used at Sandia for weapons and saw its application here. 1 include the
treatise here as Appendix D because 1 believe it to be one of the most daeply thoughtful,
penetrating and insightful statements on safety.

Gene Blake, a veteran and talented mechanical engineer from the weapons development program
(c.g., the W49 on which I had worked), coupled Carl's theme with observation that NASA’s
assumption for an abort rate for the Apollo Manned Landing program was way out of line with
Sandia’s missiles and rockets experience. NASA used a value of about 1 abort per 1,000
launches, and Gene suggested that 1 in 10 was more realistic. Apparently Gene Blake's
argumnent was persuasive and the RTGs for Apollo were protected. Pechaps you can recall the
test. Apollo 13 (consecutively numbered mission) was aborted, the moon-landing module
containing the RTG reentered in free fall and the RTGs probably are now located deep within the
Marianas Trench in the Pacific Ocean. Aerosolized plutonium oxide was not dispersed
worldwide.

4.5 Nuclear Weapon System Accident, B52 / Palomares,
Spain, 1/66

The B-52 and KC-135 collided during a routine high altitude air refueling operation. Both
aircraft crashed near Palomares, Spain. Four of the eleven crew members survived. The B-52
carried four nuclear weapons., One was recovered on the ground and ane was recovered from the
sea on April 7 after cxtensive search and recovery eiforts. Two of the weapons® high explosive
materials cxploded on impact with the ground, releasing some radioactive matenals.
Approximately 1,400 tons of slightly contaminated soil and vegetation were removed to the
United States for storage at an approved site. Representatives of the Spanish government
monitored the clean-up operation.

Sandian Stuart V. (Stu) Asselin of the weapon systems safety study group accompanied the Air
Force’s initial accident response team from its Directorate of Nuclear Safety at Kirtland AFB,
M (along with one person from DOE/AL and two from Los Alamos).

Sandian fack Howard, who was at the time serving as the DoD/Chairman Military Liaison
Committee and Assistant to the Secretary of Defense (Atomic Energy), was the lead official in
the DoD’s participation in the accident recovery process. The principal focus was on recovery of
debris, cleanup of crops, and soil contaminated by the dispersal of plutonium from the two
weapons that experienced HE detonation, and search and recovery for the missing fourth bomb.™
Their aclivities were politically sensitive and received extensive coverage by the press. This
accident was the first involving widespread contamination. Its occurrence on foreign soil
required national-level negotiations ro decide upon the ievel of contamination that would be
“acceptable” following cleanup. Dr. Wright Langham of Los Alamos became the pnincipal
scientific spokesman for the AEC’s on-scene accident recovery team.

* Sandian R.C. (Randy) Maydew led aerodynamic analyses to reproduce most probably bomb trajectorizs, an
etfort that predicied the bomb’s location 1o be witlnn abour 3,300 feet of where it was finally located by gnid-
search technique which the Navy insisted on contimuiog.

1P ]

-OFFIGIAL-YSE-ONLY-

i s B 0L

et m o




Y. vtuecsar e

4.6 Aftermath of Palomares and Related Events, 4/66 — 4/68

In the aftermath of the Palomares accident, the U.S. Air Force Scicntific Advisory Board
established the Ad l{oc Committee on Wcapon Retrieval, chaired by Dr. Edward Teller,
Associate Director of LRL (hence, the label “Teller Committee™). Following its initial meeting
(April 1. 1966). the Committee made six recommendations. the major one being to consider
incorporation of a mechanical safing feature in the nuclear weapon to further reduce tae nsk of a
nuclear yield in an accident.” An urgent study was to determine of feasibility of such a feature.
Given demonstration of feasibility, the recommendation would require retrofit of all ruclear
bombs, use of the feature in all future bombs and warheads, and retrofit of all warheads
scheduled to leave the CONUS (Ref. 15 of Ref. 2).

On December 22, 1966, LRL's Marvin Martin released a paper that contained a candidate feature
to accomnplish the Teller Committee’s charge. It was derived from a mechanical safing feature of
the HE/nuclear system that had been demonstrated to be practical by LRL for designs of the carly
1960s. Jack Howard had been back at Sandia for about six months from his “dual-hat"” service as
Chuirman, Military Liaison Committee and Assistant to the Secretary of Defense (Atomic
Energy), but continued his deep interest and involvement in nuclear safety and use control
matters. By letter addressed to Dr. Teller on March 13, 1967, Howard urged careful thought
before changing the policy of not mixing nuclear safety and use-control requirements, as would
be done implicitly by the approval of LRL’s recommendation.™

NOTE: Jack Howard’s letter to Edward Teller (Ref. 162) in my opinion remains
relevant to the issue of mixing nuclear detonation safety and use control in SIC. |
intend to include a declassified copy here as Appendix E. Interestingly, Johnny
Foster repeated his preference for mechanical safing in his speech on safety at
Sandia in 1997 (Ref. 13).

The U.S. Air Force's Teller Committee met for the second {and final) time in February 1967 and
made two additional recommendations to the Air Force Scientific Advisory Board via letier
dated November 20, 1967, These recommendations were to:

1. improve field survey instruments to detect plutonium contamination, and

3, continue development of crash locators and underwater location transducers on a
prinrity basis.

The former was directed at correcting the lack of funding for the U.S. Air Force's program to
develop a new instrument.® The latter led lo installing Crash Position Indicators in logistical

' Mechanical safing of HE/nuclear systems was at issue i the preparation of the first m-laboratories nuclear
safety munifesto in the late 1930 (Ra1. 17).

-4 Reproduced as Appendix E.

' The Aur Force progratn apparently never materialized and LRL's FIDDLER instiutnent, funded by the AEC.
was developed and beeame the nattonal standard.
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transport aircraft and to Sundia’s demonstration of a prototype device that could be fastened to a
bomb to aid in a search at sea. Additionally, the Air Staff formed a Special Study Group to
consider “'the methads by which further reduction in the probability that an accident may trigzer
a nuclear yicld,” as well as the methods suggested by the Teller Committee at its first meeting in
August 1966. Bricfings of this group by the AEC weapons laboratories are discussed later.

4.7 One-Point Nuclear Detonation Safety, 1967-1968

About the same lime that LRL’s safety/use control proposal was being considered, a major event
in the evolution of nuclear detonation safety requircments began to unfold; namely, a s new
understanding of the meaning of “one-point safety” for the HE/nuclear system.

—

The definition in use at the time stated;

“... the nuclear system shall produce no more than four pounds HE (high
explosive) equivalent nuclear yield in the event of detonation of the HE by any
means other than the application of normal arming and firing signals to the firing

system...”
(Source: MCs dtd 2/11/63).

Design practice at L.os Alamos called for tests and computations to investigate the cffects of
detonating the HE at the outer surface of the HE—as would be expected to occur when the HE
was insulted by external evenis such as fragments or heating in a fire. ~

Indeed, the probability of nuclear yield was stated to be about

"1 in 1,000 for a particular “point," as contrasted to the g=neral understanding of the requirements

as 1 in 1,000,000. Since the probability of the detonation occurving at that point per se was also
unlikely, say 1 in 1,000, the overall probability would be the product of the rwo probabilities. or

v in 1,060,000. -

DELETED

NOTE: In my opinion, this cpisode of combining conditional probabiliues
illustrates a fundamental weakness in Probabilistic Risk Assessment, in that it
tends to fail to account properly for errar propagation among the individual teems,
Sce Refl 133 for elaboration.

The su-called “modem™ understanding of one-point salety that evolved, transitted from
Do MILC to AEC/DMA by letter on April 3, 1968 (Ref. 49) and n use today. states:
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“In the event of a high explosive detonation initiated at any ane point, the
probability of achieving a nuclear yield greater than the equivalent of four pounds
of TNT shall not exceed 1 m 10*."

(Source: MCs for the W87, did 8/17/82).

4.8 An Example of “Independence” in Weapon Systems Safety
Studies, 1967

By the mid-1960's, full-scale nuclear test events, including the “Plowshare™ peaceful uses
cxperiments, had been swept under the system safety study requirement umbrella of AEC
Manual Chapter 0560. Each of the three laboratories had a voting member on the study group.

For Project Gasbuggy (a natural gas stimulation project in New Mexico in 1967), Sandia’s
member, Bob Reed, objected to LLL's proposal to mechanically unsafe the non-one-point safe
primary of the test device before lowering the device down the hole. Reed’s view prevailed and
the test was postponed to make changes required to unsafe downhole. LLL's Test Director,
Harry Reynolds, personally attacked Reed and petitioned (unsuccessfully) Sandia’s Jack
Howard, then back from the MLC, to remove Reed from safety study groups. This incident
involved systems safety and did not, yet, spill over into design safety (Ref. 173).

4.9 Nuclear Weapon Design Safety Philosophy Dialogue,
1966-1967

By mid-1966, Bob Peurifoy, who had been transferred laterally as Department Manager to
Livermore several years earlier, had replaced Andrew A. (Andy) Licber as leader of the
Livermore contingent of Don Cotter’s management staff. Earlier in 1966, Don Cotter had been
granted leave-of-absence from Sandia to serve as Special Assistant for Southeast Asia Matters to
the DoD’s Director Defense Research & Engineering (DDR&E), Johnny Foster. About this
time, Jack Howard was ending his service as DoD Chairman, Military Liaison Committee and
considering retuming to Sandia. Leon Smith appreciated that Jack Howard's experience in
Washington (the first Sandian to have that) would be valuable to Sandia and arranged for Jack to
have an imporlant position by offering to be moved laterally to lead Cotter's staff, freeing Leon’s
Advanced Systems Develapment Directorate for Jack. This directorate became most prestigious
in the final years of Monk Schwartz’ tenure as President of Sandia. John Hombeck replaced
Schwariz in fall 1966 and a new era in Sandia management philosophy began.®

The three department managers under Leon Smith in the management siaff directorate were Carl
Carlson, Bob Pcurifoy and me. Bob Peurifoy initiatcd a system study process among the threc to
consider the status of nuclear weapon safety in the national defense posture with emphasis on
potcntial future Sandiu roles. [ was at the ime focused on evolution of a new cost control and
budgeting systcm for Sandia (the *Casc System™) and stood on the sidelines as Peurifoy and

?  For claboration on these events, sue my lengthy report “Sandia Natonal Laboratories: The Level-af-Effort
Years,"” written 1 Septenther 19935 for the Sandia general history projecr (Ref 132),
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Carlson began a dialogue thar featured exchange of essays over almost a year (Refs. 35 through
38).

The nuclear safety dialogue essemially ended in late-1967 whea Bob Peunfoy retumed to
Albuguerque to lead the department vacated when Carl Carlson had taken leave-of-absenec to
join the AEC's Combined Operations Planning group formed at Oak Ridge Laboratory lo do
systems analyses, mostly projection of need for special nuclear materials for the weapons
program. Cliff Selvage replaced Bob Peurifoy ot Livermore. In December 1967, along with
others at Sandia, I was asked to review a Sandia Corporation Technical Memorandum on
Sandia’s roles in nuclear weapon safety wrilten by Thomas D. (Tom) Brumleve of Selvage's
staff. Tom Brumleve was a Member of Technical Staff who had been hired directly at Sandia
Livermore, had been assigned for awhile to the staff there that served as technical advisers on
weapon system study groups of the DoD and AEC. He had developed into a leader of, and

important contributor to, nuclear safcty considerations in general—he was their “guru” for safery
and his views and philosophy were actively sought over the years.

The “Brumleve memo,” in my vicw, failed 1o recognize positive contributions of Sandia to
national nuclear safety in its zeal to appeal for reforms. lts title “Let’s Get Serious About
Nuclear Safety” was accusatory per s¢ and surely would have drawn the attention of Sandia's
detractors, adversaries and competitors. Thal would have been okay, if really warranted.
Brumleve cited as a memric of not being serious the number of staff members assigned to
assessing the reliability of nuclear weapons and to safety—ihe disparity being quite large. As is
to he developed in the next section of this report. Brumleve succeeded in generating considerable
debate and attention within Sandia. The potentia! for severely damaging Sandia’s ability to be
effective in a national sense led to the report being recalled and a single copy placed in a
permanent record file.

NOTE: The Brumleve report episede touches on the issuc of “whistle blowing”

in matters such as public health and safety or national defense. The Sandia
Corporation Technical Memorandum category of publications had been used over
the years as an outlet for presenting technical information or opinion for intemnal
distribution only. This vehicle was valued sufficiently to be championed widely.
The decision to respond to the concems raised in a positive program of
management action apparently was seen as appropriate and proper, cven it
accusations of suppressing a dissenting view could later be levied.

416 HE Detonation and Plutonium Dispersal Safety Concerns,
1966-1975

In 1966, Jack Howard as ATSD(AE) and MLC Chairmnan requested that the ARC laboratorics
examine the possibility of deswaying nuclear weapons in-place without the high-visibility
attendunt to the conduct of imlitary oparations to obtain the ED charges from storage, position
them on weapons, siring out the deroration cord needad 1o destroy the weapon aray in a single
cvent, evacuate fiemdly troeps, ete. SNL develaped a “strap-on” demal system that featured a
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self-contained shaped charge and following a visit to the U.S. European Command in 1967 b
Sandian Jack Howard, the system was demonstrated to the DoD and military services, with [
interest on their parts. Some three years later, the ATSIXAE) Carl Walske requested from th
AEC a system that would selectively destroy critical weapon components other than the HE
dctonation. A system was developed and evaluated in the field by the DoD over the year 7/7
7775 (Ref. 21).

4.11 State of Nuclear Weapon Design Safety in 1967

With the creation of the Advanced Systems Development Directorate 1600 under Leon Smith
mid- 1964, the process of provision of design guidance for weapon project engineers changed
drastically. No longer was there a group of warhead and bomb electrical systems specialists v
generated new approaches, developed them to the stage of demonstration of feasibility and
participated in the ransfer of the technologies to the project specialists in the weapon
development groups. The latter groups would become essentially self-sufficient and Del Olsg
would become the lead department manager under William A. (Bill) Gardner as director
(laterally transferred from the eavironmental test organization).

The state of nuclear weapon design safety in 1967 as repards the weapon hardware under AE(
laboratories cognizance was captured in an article solicited by the Air Force's Directorate of
Nuclear Safety (DNS). The article, prepared by the weapon systems development staff that
provided Sandia’s technical advisor to DNS’s Nuclear Weapon System Safety Study Group
(NWSSG) under Del Olson, described ten “design guidelines:”

No Nuclear Yield - Inherent one-point safe primary.

Signal [solation - Separate the electrical monitor and AF&F circug

Unique Armingz Signals - “Unique” means sensing an environment unique
delivery.

Fail-Safe - Component failure or accidental functioning

safe the weapon.
Use of filters and joint seals to cope with
electromagnetic radiation from “friendly”

+

Environmental Protection

transmitters,

Two Separate Signals - Independently provided by the AF&F subsysten

Sequential Events - AF&F components operate only in a prescribed
order (“normal™).

Simple Control - Tester or controller indications should be readily
undcrstood.

Test Equipment Isolation - Limit tester and monitor current Jevals to 100
miliiamperes.

Use a removal element, ¢.g.. a Strike Enable Plug

Operational Simplicity

The article (Ref. 39) also featured simiple block diagrams in a bomb shape format that iflustratg
some of the design guidelines in a typical release-to-target sequence.
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5. ADVENT OF ENHANCED NUCLEAR
SAFETY DESIGNS, 1968-1972

549 The Thule, Greenland, Accident, 1/68-5/68

Iollowing the Palemares accident in January 1966, the Strategic Air Command's airbome alert
[lying operation was curtailed. Supposedly, this was because rethinking at high national levels
revealed high and rising costs for a national security measure that had become less important as
the other two legs of the “triad” forces (ground-launched and submarine-launched
intercontinenta)l ballistic missiles) took over time-sensitive strategic targets.

About two years later (on January 21, 1968), a B-52 stationed in New York State crashed and
burned on the ice near Thule AFB, Greenland. All four nuclear bombs were destroyed in the
conflagration/impact environment and the resultant HE detonation caused plutonium
contamination of the sea icc. Contaminated ice, snow, water, and debris were removed to a
storage site in the U.S. over the course of a four-month accident recovery operation. Following
this accidant, SAC's airbome alert operations were terminated altogether.

Roy P. Lambert, who for about 2-% years had been Sandia’s technical advisor for Aw Foree
nuclear weapon system safety studies, was assigned to join the accident responsc team formed at
Kirtland AFB. Roy’s detailed knowledge of the bombs proved valuable in the extended days of
searching, recovering, identifying and packaging for shipment to CONUS sites the damaged
weapon components and other debris. Jack W. Hickman, a young product of the Technical
Development Program (TDP) that provided postgraduate education for newly hired engineers,
replaced Roy after several weeks on the ice at Thule, Figure 10 shows the nuclear weapon
systems safcty staff at SNL for this period.

Jim Shreve, then supervisor of the Aerospace Nuclear Safely Rescarch Division, was assigned to
the accident response team to add his expenise on generation and dispersion of plutonium oxide
particles 1o the expertise of LASL’s Wright Langham on plutonium heaith hazands. The two
scientists became directly involved in negotiations with represeniatives of the Danish Nuclear
Commission to determine the degree of eleanup of the ice that would be acceptable to the
government of Denmark.,




EP— ey

RF.Kad

Figure 10. Nuclear Weapon System Safely Specialists at SNLA, 1965-1972
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5.2 AEC/DoD Nuclear Materials Safeguards Committee, 2/68-4/69

Tn March 1967, an Ad Hoc Advisory panel on Safeguarding Special Nuclear Materials (the
*Lumb Panel,” after its chairman) reported to the AEC on the risks of diversion of certain
radioactive materials in the non-weapons operations of the AEC. In its report, the panel
recommended an independent review of the safeguards against diversion in the national
AEC/DoD weapons program, and by February 1968 a joint committee was established to
conduct a one-time, one-year study. The committee was co-chaired by DoD (Deputy Director.
Defense Atomic Support Agency) and AEC (Special Assistant to the Dircctor, Office of
Safeguards and Management®’) officials. Dr. Max Roy of Los Alamos was the AEC weapons
laboratories' member, and Dr. Marv Gustavson, Livermore, and | were official technical
observers during the study.

At this time, I was serving as a department manager under Leon Smith in Advanced Systems
Research 5500. I sought assignment as technical observer to learn about the possibilities of
Sandia being considered for a role in this emerging area of national concem. Although | could
offer no special expertise in the relevant technologies, I volunteered to serve on the transportation
of special nuclear materials subcommittee. This subcommittee dealt in all forms from raw
material to nuclear weapons in Lhe custody of either the AEC in development, production or
retirement, or the DoD in deployment and logistical movements. This concern was reasonably
close to those [ had encountered only briefly some five years earlier in nuclear weapon system
safety. The committee’s approach featured field trips to cach type of facility worldwide that was
involved in handling SNM and this turned out to be perhaps the best preparation imaginable for
the next two decades of my career at Sandia. Most notable was a tour of U.S. NATO
headquarters, storage sites and operational sites led by Carl Walske, DoD MLC Chairman and
ATSD(AE). His high rank in the DoD warranted VIP treatment for the group, including
transportation by Army helicopters operating at about 500 feet above the magnificent terrain of
West Germany in the summer.

NOTES:

1. One of the four AEC members was William T. Riley, Director of the Division
of Security—marking for the first time known to me the direct involvement of
an AEC physical security official in the total U.S. nuclear weapons safety
program. Disagreemenis between AEC and DoD sceurity specialists were
rampant at the time: the AEC holding that the Atomic Energy Act required
direct participation of AEC for weapons in custody of DoD.

Tue Duector ot tlus newly formed division was well known to Sindia. Brigadier General Delmar L. Crowsun
retired from the Air Force while serving as the AEC's Direetor of Milinary Applicanon (2 64-6-67) 13 Join the

ALCas aenihan,
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2. Marv Gus:avson was denied a theater clearance for the NATO trip, openly
attributed to his continuing advocacy of advanced use control features in
nuclear weapons. 1recall the military’s hostility to Carl Walske because of
PAL especially as expressed by an Air Force Lieutenant Colonel in safery
work at USAF Headquarters, then in Wiesbaden, FRG, to me in a social
gathering in the Air Force’s Von Stuben hotel. Later, § connected this incident
with introduction to the AEC/ALO civilian assigned to cover the Army’s
nuclear weapon system safety studics. He was the same Lt. Col. USAF but
then retired.

The final report of the AEC-DoD Nuclear Materials Safeguards Commitiee (Ref. 41), while
aimed primarily at diversion of materials and weapons, led to provision of equipment and
procedures aimed at combating terrorists” threats and other “acts of banditry.” This need was to
become apparent some three years later following the Olympic Games in Mumich. Notable
among the equipment that evotved were the Safe, Secure Trailer (SST) fleet with an associated
nationwide continuous communications system for AEC transportation operations and portable
radiation detection devices whicb were later used by the AEC’s Nuclear Emergency Search

Team (NEST) in the 1970s,

My dimming recollection of evolution of the SST is as follows:

1. 1Irecalled the work of Tommy Sellers in development of the Distance Measuring
Equipment for the Dominic full-scale nuclear tests of 1962-63 and for Joint Task Force
2 for determining the position of military fighter/bomber jet aircraft in low altitude
flights. Through Jim de Montmollin, I determined that the then-current technology
could tell the location of ground-based transportation vehicles at all times and relay that
to a control center. 1 wrote an appropriate rccommendation that was adopted for the
committee's final report.

[ brought the matter to the attention of the appropriate Sandia advanced development
organization under Robert G. (Bob) Clem and he sponsored a study of feasibility.

!w-)

3. Much later when | had become involved in nuclear weapon safety and was briefed on
the status of the project, I suggestad to Bob Clem that the Secure Trailer design should
be modified to include protection of the contents (e.g., weapons) during logistical
movements. The secure trailers were to become known as the Sefe, Secure Trailer

(S3T).

NOTF- Aswas the case for phmaninm dispersal safety, safeguards (now more
commonly termed “security”) concerns evolved essentially independently trora
nuclear detonation safety and this trend continaes.
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5.3 Quantitative Requirements for Nuclear Weapon Safety (The
“Walske Letter”), 1967-1968

As the nnc-point safety requirement discussions between AEC and DoD continued, a similar
dialogue began in 1967 for a nuclear detonation caused by premature operation of the arming,
fuzing and firing subsystems of nuclear weapon systems. MLC Chairman Carl Walske (9/12/66
to 5/31/73) consulted with Sandians Nel Olson, John M. (Jack) Wicsen. Arlyn N, Blackwell and
Tom Brumleve in arriving at a new understanding of premature requirements io be contained in
furure MC's for bombs and warheads. Walske was concerned about the ambiguities in
requirement statements and about political ramifications of a plausible misinterpretation of them.
A nypical MC statement of the ime was:

“The probability of a premature nuclear detonation from random component
failure within the warhead for the conditions noted herein shall not exceed 10°
(one in 1,000,000) during storage, transportation, handling and maintenance of the
warhead, mated or unmatcd to the adaption kit, during prefire checks of the
warhead section and prior (o initial arming.”

{Source: Adapted from MCs for the W66)

The problem was that the numerical probabilily requirement was dimensionless, ¢.g., it didn't
address probability rate: per nuclear weapon, per weapon system, per stockpile per year, etc. If,
as Walske postulated, it means per nuclear weapon. an interpretation could be that the nationa!
nsk was about one in 100 (107), obtained by multiplying 10 by the number of weapons in the
national stockpile (say, 10'). Politically, an cstimated risk of one in 100 clcarly was
unacceptable to anyone tn authority. Discussion revealed that Sandia’s design intent was one in
1.000,000 per accident (one weapon involved in that accident). Walske suggested that the
requirement allow for accidents and for the everyday situation of normal operations. The
question was how much lower the probability should be for normal environments than for
abnormal (e.g., accident) environments and the discussion led to 10 for abnormal and 10° for
normal. Then, one could determinc the “political” sk to be one in 100,000 (10). obtained by
multiplying 10 detonations per weapon over its lifetime by 10° such weapons—probably an
acceptable level of nsk. These discussions culminated in the issuance of new, standard MC
paragraphs by Walske on March 14, 1968, including:
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STANDARDS FOR WARHEAD AND BOMB PREMATURE
PROBABILITY MC PARAGRAPHS

WARHEAD MC's

a. The probability of a premalure nuclear detonation of @ warhead due to warhead componernt
malfunctions. in a maled or unmated condition. in Ihal absence of any inpul signals except
for specifiad signals (e.g. manitoring and control), shail not exceed:

(1) Pror to launck:, lor the normal® storage and gperational environments desctibed In the
STS. 1 In 102 per warhead iifetime.

(2) Prior ta launch, for the abnomal’* environments describad in the STS, 1 in 106 per
warheac axposure or aceidant

b. The probability of a premature nuclear datonation of a warhead due lo warhead component
malfunctions after launch and priar to the receipt of the final warhsad amming signal shali not
excaed 1in 104, (This is a generalized, minimum standard which may require amplification
when appfied to 3 specific weapon. Additional premature probabiiity criteria may be included
for the aftar 1aunch situation depending on the various degrees of safety required for the
specific employmant concepts.)

*  Normal anvimnmanis are those expecied logistical and operational environments, as defined
in the weapon's slockpile-lo-targst sequence end military characterislics in which the weapon
is required to survive without degradation in operationat reliability.

**  Abnormal environments are those environments as definad In tha waapon’s stockpile-to-
targe! sequence and military characteristics in which the weapon is not expected to retain full
operational rafiability.

Source: Reference 49, reproduced here as Appendix G.

5.4  Establishment of Sandia's Nuclear Weapon Design Safety
Organization, 1968

By 1967, Sandia Livermore’s staff member principal advocate for nuclear weapon design safety,
Tom Brumlcve, was actively campaigning to have published a formal Sandia Development
Report that presented his views on the need for reforms in Sandia's program (Ref. 42). Tom's
carlier (1965) document on the subject (in the Sandia Technical Memorandum format that
constituted a personal view) had been recalled by Don Cotter with the management direction to
Brumleve 1o support his vicws with specific cases instead of generalities. Although the rewrite
addressed the specific episode of Sandia Livermore’s development of the mechanical safing
subsystems, the treatment was judged to be insufficient 1o support the conclusions presented.
Tom's department manager, Bob Peurifoy, declined tc approve publication. Instead, the report
was circulated to selected reviewers by Jack Howard, who had recently been promoted to Vice
President, Weapon Development 1000.

In lare-February 1968, Jack Howard convened a rather large and broadly representative: group of
directars, department managers, the division supervisors who were responsible for nuclear
weaipon system safety study support. In addition, one staff member, Tom Brumleve, was also
part of this group. 1 believe this session was Sandia’s first management review of nuclear safety.
Its findings were the guide uscd for the next several decades in that discipline, Jack Howard
personally wrote the memorandum (Ref. 43) that presented the findings in four areas:
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U.S. Air Force Special Safety Study Group

Del Olson was assigned to prepare the Sandia portion of the tri-laboratories briefing of
this group that had been formed to consider implementation of recommendaticns of the
“Teller Committee” (post-Palomares study). Del was a deparmient manager in the
wegpun developent divectorate at e time.  He was selected probably because of his
prior involvement in weapon system safety. The nuclear weapon system safety division
under Parker Jones was in a sister department under Sam Maore, who had no particular
safcty expertise. Del Olson was to remain Jack Howard's choice for safety briefings to
groups outside Sandia for decades to come.

Abnommal Environments

Tom Brumleve, with the hélp of Parker Jones, was assigned to decide what sort of
effort should te devoted to defining abnormal environments. This resulted in formation
of a task group and publication of a report “Accident Environments” (Ref. 186) some
two years later.

Walske's 10/10” Nuclear Safety Design Criteria

Although much discussion occurred on the meaning and desirability of these criteria,
there is no record of the sense of the discussions.

A New Sandia Safety Philosophy

Director Leon Smith was assigned to recommend a nuclear weapon safety philosophy
for Sandia. As cited earlier, Carl Carlson and Bob Peurifoy had evolved a dialogue on
this subject (Peurifoy's initiative of 7/66). Leon Smith had endorsed Peurifoy's idea for
development of safing devices that required unique signals for their operation, rather
than a simple 28-volt DC signal (Ref. 38). In September 1967, Carlson was on leave of
absence to the AEC’s Combined Operations study group at Oak Ridge, Tenncssee, and
Peurifoy had transferred from Livermore to Albuquerque in to replace him. Peurifoy
was not at Jack Howard's mccting.

The Tri-Laboratories’ Third (But Unrecognized) Nuclear Safety
Manifesto, Spring 1968

In consonance with the findings of the Teller Committee conceming the need for further study
for means of improving nuclear safety, representatives of the AEC's three nuclear weapon design
laboratories were invited to bricf the AEC/DMA, DoD/MLC, and the Air Staff Special Study
Group an April 30, 1968, and May 1, 196S. The three-part briefing inclided, in order of
presentation:

Warhead and Bomb Elecirical Systems Design presented by Sandia’s Del Olson.
One-Pomt Sufery Statues presented by Los Alamos™ Dr. Bob Osborne, and
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*  Cuncepts for Possible Future Enhanced Nuclear Safety prescated by Livermore's Dr.
Marv Gustavson (Refs. 46, 47, and 48, respectively).™

o my knowledge, the bricfings were not assimilated in a report and were not disseminated
further in the national nuclear weapons complex. Thus, this effort did nol culminate in issuance
of an cxpression of intent to pursue technological or procedural cnhancements of nuclear safety.
Del Olson’s briefing took note of “the new MC requirements of 10® and 10™ but made no
reference to the impact on Sandia. Indeed, in his letter to AEC/OMA 1o promulypate the
requirements (3/1.4/68), DoD/MLC Chairman Dr Carl Walske stated, “Based on informal
discussion in the ficld with AEC and Laboratory personnel, it is our understanding that the
adoption of the attached standards will not result in any increase in weapon development times or
costs.”

56  Studies to Recommend a Nuclear Weapon Design Safety
Phllosophy for Sandia, Spring 1968

In response to Vice President Jack Howard's charge to recommend a nuclcar weapon design
safety philosophy for Sandia, Director Leon Smith tasked two of his department managers to
independently make suggestions on expedited time scales.

CIifT Selvage, who had only recent!y replaced Bob Peurifoy at Livermore, supported Tom
Brumlcve's approach to interview key members of the technical staff both at Livermore and
Albuguerque and use the recently developed “Delphi™ technique to obtain a conseasus view by
iteration of interviews. Twenty persons intcrviewed at ¢ach location had experience in the arcas
of weapon project development, advanced systems development, nuclear safety, use control,
component development and reliability. Questions focused on three aspects of safety: Sandia’s
responsibililics, accidents, and national risk (Ref. 44).

My approach at SNLA was to examine how various cvents since my carlier involvement in
nuclear safety (1961-64)) should or might influence the thrust of future weapon designs. |
considered belh the events that had occurred exicrnal to the AEC’s programs and internal in the
technological capabilities of the AEC's design laboratories. This approach was a simple
apphcatnon of the long-range planning concept for rescarch and development that | had evolved
duning expenence in staff work trom 1964-1968. This methedology led to the realization that
significamt promise for impravements 1n nuclear safety was evidenced by the body of advanced
icchnolomcal capabiliues that had been generated in the mid-1960s by the laboratorics.
tHowever, apphcations had not been found in the few new nuclear weapon systems that had
survived the scrutiny of the MeNamara era in the DoD.” My recommended solution was for

Tiuee out of Dr. Gustavson's tour cateonies of new goncsps had been implemented in the stozkprle a decad:
'ror Lhe thasth acother form of mechanisally sling the HE nuclear syatem, kas been constdered and

seceadndaed dince bur not adopted
Lo e Sandia’s diles tor thas paper, my first usc of a praphical presentanon af Ney events i 2
seranahoenetl ozder, Lo melies, appeers 1o have been for Reference 43 10 1965, Figure 13 o thes r2pormis 2
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Sandia to undertake a structured advanced development project that would draw in the total
talent of the laboratories’ design specialists by creating a tangible focus in the form of a new
strategic bomb proposal. In brief, the bomb would be the test bed for the technologics that
promiscd a safer national security posture for air-delivered weapons, by expanding the traditional
concern about preventing a nuclcar detonation in an accident such as the Palomares event to
including the concemn about preventing a radioactive material dispersal even though there would
be no nuclear contribution.

As L recall, [ orally presented my recommendations to Leon Smith, using the presentation aids
filed as Reference 45. The outcome of this episode was Jack Howard’s decision to elevate the
nuclear safety etfort at Sandia to the departmental level urder me 10 search for new technological
approaches to nuclear safety in weapon designs.

5.7 Project CRESCENT - Advanced Systems Development of a
Super-Safe Bomb, 1968-1970

In carly 1968, the outlook for nuclear weapon development, either the full-fledged Phase 3
weapaonization projects or advanced development projects in anticipation of future Phase 3 status,
was dim indeed. The B61-1,2 Phase 3 was ending; the W69/SRAM A Phase 3 was about two-
thirds complete; the W68/Poseidon Phase 3 was about one-third complete; and the only new
Phase 3s were the two antiballistic missile warheads, the W66/Sprint and the W71/Spartan. [
shared the results of my study to recommend a new safety design philosophy with William C.
(Bill) Myre, then a department manager in the advanced systems development directorate, Bill
was attracted by the potential engineering challenges that would be presented by a bomb that had
to survive the most extrame “friendly” environments conceivable. So he and I set about to have
such a project authorized. At the time, [ was in Leon Smith’s advanced systems studies
dircctarate and maintained periodic liaison contacts with the AEC/Division of Military
Application’s R&D staff. 1 briefed them on the conceept of an accident-proof "*Alert Bomb™ for
strategic aircraft delivery. There soon followed an official request from AEC/DMA to the threc
weapons laboratories to conduct advanced development projects that would stimulate the Air
Force to think about the need for increased nuclear safety. Both design teams undertook
projects: Project CRESCENT by Sandia Albuquerque/LASL and Project AMBASSADOR by
Sandia Livermore/L.LL. Both projects were to be active for about 2 ' years. This project is uot
particularly relevant here and is not addressed further.

Project CRESCENT had two self-imposed requirements for:
* accident situations (e.g.. fire. aircraft crash’mid-air breakup, free-fall unpact, or hightning

strike), the probability of the weapon producing 2ither a nuclear yield ar a one-point
detonation of the high explosive would be made as low as practicable: and

typical application, A colflection of my timelioes 15 filed in she Nuclear Safery Informanan Center (NSIC) 25
Rell 133
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* incident situations experienced in “normal” use (e.g., a set of electrical malfunctions in
the delivery aircraft that applied signals to the attached nuclear bomb), the probability of
the weapon producing a nuclear yicld would be made as low as practical (Ref. 50).

Major emphasis was on the prevention of dispersal of plutonium acrosols created by the HE
detonation, and the scheme adopted was tc maximize the strength of the bomb’s structural case
in order to set an upper bound on the penalties of containing conventional critical components
within a “hard” case and thermal insulation. In brief] results of analytical studies and structural
testing featuring scaled models showed that the desired improvements to prevent HE detonation
would require an incrzased bomb diameter of several inches with proportional increase in
weight—attributes probably not aitractive to the Air Force. Subsequent studies to develop
alternative ways to prevent HE detonation are covered later in this report.

In the weapon electrical system area, Project CRESCENT had more direct payoffs in nuclear
safety evolution, namely:

1.  apuise-train-operated ready/safe switch in the bomb;

2.  new aircraft monitor and control (AMAC) equipment in the aircrafl to provide the
pulse-train signal; and

3.  hardened environmental sensing devices (ESDs) in the bomb.

The CRESCENT ready/safe switch proved to be an early major demonstration of potential
bencefits of new design approaches for enhancing nuclear weapon electrical system safety—then
collectively termed enhanced electrical safety (EES).

5.8 Formation of Sandia's Nuclear Weapon Safety Department,
1968-1969

On July 1, 1968, Sandia President John A. Hombeck implemented a major reorganizetion of
Sandia. Hombeck’s thrust was to place scientists drawn from Bell Telcphone Laboratories and
Ph.D, scientists from Sandia in key positions that would facilitate his shift from emphasis on
engineering to science, (See Ref. 152, puge IV-2-4 for a summary of these appointments.) At the
same lime, a new directorate was formed in Jack Howard’s weapon development vice presidency
to facilitatc managemsnt of three development support functions that had a degree of
indepzndence from the organizations dircctly responsible for development; namely, reliability
assurance, military liaison and publications, and nuclear safety. The military liaison group was
downgraded from the dircctorate level upon retirement of its career-long leader to becomic a
department, reliability assurance remained at the department level. and nuclear safety was
expanded in scope and raised to the department level.

As I recall these events, [ viewed my reassigniment as manager of the nuclear salety department
with mixed emotions. On one hand. [ was pleased not to be demoted because | was beginning o
understand that John Hombeck did not appreciate having management staff work donc by
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anyone cxcept his peop.e from BTL or some Sandia Ph.D.s. Leon Smith, Carl] Carlson, and I
were especially marked when we had upset John Hombeck during the mid- 1967 sludy of the
AEC’s Weapons Development Complex (see Ref. 52, pages |8-20). At the same lime, | was
somewhat anxious because [ had not been associated with Jack Howard in any meaningful way
and his agenda and modus operandi’ were unknown to me. I was comforted by reporting to
Harlan Lenander as my ditector. since [ had worked with him in weapon projcct development as
a division supervisor and felt that I would have his full support.

I can’t recall the details, but I believe that my suggestions were to be provided with a half-dozen-
or-s0 members of the technical staff whom I would be allowed to apprave by name, a qualified
division supervisor, and sufficicnt funding for a two-year effort. This was presented to Jack
Howard-—in the sense of a bargain where we would either produce a new technological approach
to desiga safety that would constitute a fundamental improvement {mmeasured not in tens-of-
percents, but in orders of magnitude) or be disbanded and reabsorbed in development work.
Whether this “‘bet” was ever a reality or not, I took it as my challenge and communicated it in
various ways to the staff.

Staffing of the new Nuclear Safety Department was facilitated by the relatively new process of
laboratory-wide advertising of openings in an employee bulletin publication along with the
institution of a policy o open bidding wherein organizations could not easily block transfers.
Stan Spray became available as a division supervisor on lateral transfer (rom work in advanced
arming, fuzing and firing subsystem advanced development. Stan had worked for me as a staff
member briefly in 1962-1963 (Figure 6) and 1 admired his capabilitics. Alan M. Fine signed on.
He had also been the first to join the nuclear weapons system safety stiudy group over a decade
carlier (Figure 6) and was completing work on a use-control project (Project CLOUDGAP). In
January 1969, staffing was essentially complete when I transferred Jack Hickman in from
another division in my department. James D. (Jim) McClure bid in, having just completed
course work for a Ph.D. in engineering. Glenn R. Norris bid in, bringing experience in systems
safety (Figure 6) and use-control black haning (Figure 9). J. W. (Jay) Grear bid in, bringing
extensive component development experience {part of which was as a section supervisor) and
recent advanced systems development experience. Later, | recruited Dick Warrell to convert his
EVENTPOINT systems computer program from reliability to safety application. Then, my
staffing goal of six was complete (Figure 11).
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92 -OFFICIAL USE-ONLY




FECRETIFRD
OFFHCIAL-USEONLY

5.9 Review of the State of Nuclear Weapon Safety, 1968-1969

In late-1968, during the extended process of acquiring a staff for the newly created division that
was charged with developing a new technological approach, I concentrated on a personal
appraisal of the state of nuclear weapon safety in a broad sense of that term (e.g., including
nuclear detonation safety, plutonium dispersal safety, and criticality safety). I organized my
thoughts in a rather detailed technical memo (Ref. 154) that became my personal ugenda for the
next several years. The memo was labeled as a Draft Working Paper to encourage selected
reviewers to comment orally, by mark-up of the text and return of the draft to me for iterations,
or by separate memo te me. This practice was to become standard for me, and over the years |
wrote draft working papers on a variety of subjects, as indicated by the partial listing in
Appendix M.

My review of the state of nuclear safety included discussions with colleagues within Sandia and
the other weapons laboratories. I searched for a theme around which to package my general
conclusions and recommendations in order to lend a sense of timeliness and importance and
scttled on the main weapon development issue extant, the deployment of antiballistic missile
(ABM) defense systems. This choice was the result of consultation with Marv Gustavson of
LLL--a process that | rather faithfully renewed every several years and found most stimulating
and rewarding.

After Vice President Jack Howard reviewed an early version of the draft working paper and
found unsatisfactory my cursory treatment of plutonium dispersal, I undertook a crash course in
the relevant history and technology for that part of nuclear safety. I had included this area of risk
merely for the sake of completeness in review, but Jack Howard brought to bear his personal
experience from the Palomares weapon accident of 1966. Plutonium dispersal safety became a
crusade for me, as will be evident from ensuing sections of thls report.

5.10 Origins of Plutonium Dispersal Safety Risk Management, 1969

During 1968 while in the process of acquiring a technical staff for the newly created division, I
became Sandia’s representative for the politically active topic of considering safety aspects of the
forthcoming dcployment by the U.S. Army of an Antiballistic Missile (ABM) system. The ABM
work pravided an opportunity to review recent events in the evolution of the national nuclear
weapon system study safely process (as contrasted to focus on Lhe nuclear weapon entity alone),

As a result of a decision to publicly announce the selection of deployment sites for the
SAFCGUARDS/SENTINEL ABM system, the U.S. Aany’s representatives (usually celoncls)
cncounicred strong and unexpected interest in lhe salety of the system, particularly from
universify-connected groups near Chicago and Boston and their congressional representatives. In
January 1969, the Army's manager for the ABM program, Licutenant General Dodd Starbird,
arranged for a joint AEC/DoD Safery Advisory Group to draft a handbook report that would
become the source data for his officers should technical issues on nuclear salety arise.
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This episode yiclded a timely and remarkably broad learning experience for me about all aspzcts
of nuclear weapon safety. T lcamed about LASL's one-point safety practices Irom Gene Eyster
who had worked with Duncan MacDougall in invention of the concept. Gene wrote a classic
essay on the philosophical/technical rationale for the concept (Ref. 53), and we developed a
personal relationship Lhat continued even after both of us retired. Similarly, | learned about
Lawrence Livermore Laboratory's safety approach from Richard (Rich) Wagner, then project
scientist for the W71 and later chairman ML.C. Picatinny Arsenal’s representative, Al Moss, was
much respected in the nuclear weapons community for his non-parochial approach to problem
solving. Of course, General Dodd Starbird was involved in nuclear safety throughout most of his
long career in the Ammy, DoD, ERDA, and DOE agencies, and | was privileged to be associated
with him several times for events described elsewhere in this report.

| recall being appalled at the primitive quality of anming, fuzing and firing technology displuyed
by the Picatinny Arsenal and how it would affect overall national progress in nuclcar weapon
safety. This initiated a special interest and involvemnent on my part that would climax with the
Pershing I weapon system cpisodes described in some dctail later.

As a result of the nuclear weapon accidents at Palomares, Spain, and at Thule, Greenland, the
public information media had become better informed. The concem over dispersal of plutonium
from an accident at an ABM site near large cities became the dominant concern. The Advisory
Group's work on plutonium dispersal led to the first “marriage™ of the technological capabilities
of Los Alamos in the health physics (consequences) aspecis of the risk and of Sandia in the
plutonium acrosol dispersion physics (accident scenario) aspects. This event marks the advent of
coordinated efforts to better manage the risk of plutonium dispersal. (Reference 55 cites the
excellent papers by Los Alamos’ Wright Langham and Sandia’s James Shreve, both deccased.)
The new technological capability was made possible by publication of a Sandia Development
Report that gave (1) a source term for the generation of plutonium oxide aerosols for nuclear
weapon HE detonations; (2) in atmosphenc transport and dispersal model DIFOUT; and,

(3) development of a set of safety criteria for storage and transportation of weapons (i.e.,
confirmation of the “20 kilogram rule™). This work, somewhat embarrassingly, came some six
years after the Operation Roller Coaster field experiments (page 75), but was kept alive by
Sandia's participatiorn. in the Aerospace Nuclear Safety (ANS) program for space applications of
radioactive thermoelectric generations. Robert E. (Bob) Luna (Ph.D. in Aerospace and
Mechanical Sciences, Princeton University, 1965) was hired directly into the ANS program and
was the principal author of the report (Ref. 56). He was to continue a career-long interest and
specialization in plutonium dispersal technologies and some of that work is cited in context later

in this repon.

NOTE: In earlv 1969, debates about deployment of the SENTINEL/
SAFEGUARD ABM system led to issuance of a policy statement by AEC
Chairman Glenn T. Scaboryg in the role of the AEC and its laboratorics in nuclear
satety aspects of deployments of U.S. nuclear weapon systems. This policy
statement is contained liere as Appendix J and Reference 191.
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Implications of Quantitative Standards for Nuclear Safety
Risks, 1969-1970

Consideration of the possible implications of the quantitative nature of the standards for nuclcar
weapon safety promulgated by the Walske Letter of 1968 was an essential part of my review
mentionad above (Ref. 194). 1 had some background information on probabilistic risks of a
nuclear detonation from earlier safety assignments, but didn't have a cluc on how to calibrate
risks of plutonium dispersal and other risks such as loss of possession of weapons.

Task Group on Risk Acceptability

One of my carly interests in my ncw job in nuclear safety was to consider a novel design
approach that would incorporate a built-in weapon destruction mechanism that would
detonate the weapon's high explosive deliberately in the event of a severe accident or use
control bypass attempt. (Carl Carlson called it “Safety PAPS."} I commissioned a small
but select Task Group on Risk Acceptability to consider the risk level for a plutonium
dispersal that the public might perceive as acceptable in order to achieve a higher goal of
assuring safety and use control. The task group's reports are cited in References 198 to
201. The conclusion was that a probabilistic goal would have to be so high that the
resultant constraints on nuclear weapon design could not be tolerated. The area of
deliberate, unauthorized acts proved to be especially troublesome, leading to cessation of
the tasking.

Perspectives on National Risk

In late 1969, sensing my frustrations in trying to evolve probabilistic goals for safety
concerns, my close colleague Carl Carlson examined the question of what history of
weapon opcrations says about risk of a nuclear detonation and circulated his analysis in
an internal memo (Ref. 166). Carl’s calculations led to 2 prompt dialogue with Tom
Brumleve who favored a project to collect data on the performance of weapon
components obtained from stockpile surveillance testing in order to be able to make
statistical estimates about safety for the weapons that used those components (Ref. 167).
For several years Tom had favored the notion of establishing a national level ol risk and
allocating that risk to the constituent risk categories (or deployment of nuclear weapons.
for full-scale nuclear testing of devices for weapons, and for Plowshare experiments, the
latter being the area of his current assignment at SLL (Ref. 168).

Search for a Sardia Position on Numerical Analysis of Safety

In order to further stimulate internal discussion on the concepts of statistical
requirements, national risk and stockpile experiences as preparalion for suggesting a
Sandia posinon, in the spring of 1970 | wrote and circulated a draft working paper (Ref.
169) that contained extensive background and hstorical information on the subjects. Al
the time, the capability to usc fault-iree methodelogies 10 provide numerical estimates for
launch safery of Minuteman |CBM missiles was being advanced by Bell Telephone
Laboratories for the Air Force's prime contractor, Boeing Aircraft Company. The SLL
project group for the W62MINUTEMAN/ Mk12RV scemed anxious to apply rumencal
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analysis to the nuclear warhead. Don Gregson, my Livermore colleagus, and [ negotiated
an agrecment not to assign probabilistic estimates 1o nuclear safety analyses (Refs. 170
and 171), and this position continued. My disenchantment with the miniscule and
unsupportable numerical values obtained by the DoD contraclors was a prime motivation

to seek a new technological approach for nuclear weapon designers for safety. This will
be discussed later.

5.12 Establishment of a Role for Nuclear Weapon Deslgn Safety
Specialists, 1969-on

At this writing, the former title of Department Manager has been missing from Sandia’s technical
management structure for about five years, and 1 suspect that memories of its functions are
dimming. [ devoted much thought to that subject during my 1966-1967 work to formulate and
implement Sandia’s case system for budgeting and cost control. (Reference 57 contains a
discussion of that work.) In brief, I had considered the role of department manager to be the key
to making the case system work. I was presented with the opportunity to practice my thoughts
with the new program of design safety. One aspect of this, that in retrospect, seems most
responsible for the success that ensued was the function of personally handling all matters of
setting policy and the administrative chores (e.g., writing progress reports) that would consume
inordinate energy from the technical siaff. This preference on my part accounts for the
voluminous draft working papers that I wrote and left behind in files on safety policy and
practices (see Appendix M). It was my choice to do it this way, rather than turn to the more
comnmon practices of lengthy staff mectings. Stan Spray was highly skilled in the latter mode,
and [ attribute that as a main factor in his remarkable success in design safety.

Although [ have not located a written statement on the matter, [ am told that some 1op managers
at Sandia referred to the Nuclear Safety Department as a “conscience™ and “police”™ function to
be carefully kept “independent™ of the line function of the laboratory. [ do not recall ever
assigning a conscience function to my staff nor did I ever suggest that they should police
anything. Instead, I set the firm policy that nuclear design safety was a function of the line
organization (e.g.. starting with the weapon development project engineer and up that line of
supervision fo the President of Sandia). As indicated by Figure 12, the new division (1232)
under Stan Spray had the role of developer of new safety concepts, advocator (sponsor) of use of
those concepts by line praject organization and advisor on the design safety matters of concern to
the intra-ageacy DoD/DOE Project Officer’s Groups. Note that per Figure 12 none of the three
groups (divisions) in the department were charged with being an assessor or a centifier of the
level of satety provided by line project organizations or anyone else.
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Safety Group
ROLE SYSTEMS STUDIES | SAFETY ASSURANCE ASSESSMENT
STUDIES TECHNOLOGY
(1231) (1232) (1233)
ADJUDICATOR | ALO OPERATIONS - -
(VOTER) NVO OPERATIONS - —
DMA RULES REVIEW — —
ADVISOR DOD SYSTEMS POG SAFETY ERDA/NRC
STUDIES SUBGROUPS SECURITY
ACCIDENTS AND SL WEAPONS
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(PAP, ETC.)
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CERTIFIER — i =
DEVELOPER e NEW SAFETY ASSESSMENT
CONCEPTS METHODOLOGIES

Figure 12. Roles of Sandla Laboralonies Nucfear Safely Specialists

5.13 Guidelines for Development of a New Nuclear Weapon Design
Safety Subsystem, 1969-

As yet, | have heen unable to find a document that lists the general guidelices that | issued, or the
staff evolved and adopted, for the ongoing project to develop a new approach to nuclear weapan
design salety. The following is my recollection und certainly is open to question and comment.
"Thie approach should (not in order of importance):

1. Not be dependent on probabilistic arsuments or analysis

1 wanted to be able to present convincing arguments bused on demonstrated behavior ot
cerrain componeznts and subsystems when subjected to normal and abnommal
environments | used the example that the items of safety hardware should be placed on
the 1able, their expecied hehaviors should be asserted, and skeptics should be invited tu
challengze the validity of the assertions. | cmphasized that this was to be a
“partcipatory process.”
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1 drew strength of conviction from listening to the frustration of the systems studies
staff who had been charged with being the technical advisors. This group was to study
elaborate fault tree analyses containing numerical estimates of the prabability of
expected behavior—the overall probability usually claiming two-digit negative
exponents (¢.g., 107?), when it was clear that no actuarial data base for the numbers
could exist.

The convincing cvent, however, was the findings of Project HOTPOINT. By adapting
earlicr work on development of a computer program infended to provide cxact solutions
of nuclear weapon reliability cquations, department staff members calibrated. in a rough
sense, the potential magnitude of difficulty of attempting to understand all of the ways
that a practical electrical system could malfunction to produce an unsafe condition. To
avoid imposition of sccurity classification procedures on a contractor to Sandia, an
unclassified schematic drawing of an electrical system was devised for use as a lest bed.
The system, which had switching functions considered to be reasonably representative
of carly U.S. nuclear weapons, was that of a hypothetical eleciric stove, hence the name
HOTPOINT. The results of preliminary runs of the computer code (a version of
EVENTPOINT, which featured set theory manipulation routines) on Sandia’s fastest
scientific computer of the time suggested that some 10° potential failure paths would

have to be considered—a clearly impractical task.
We encouraged the use of fault-tres models that would present the logic picture of

system behavior and would also allocate probabilities indicating the feasibility of the
argument to succeed. At the time, we had in EVENTPOINT the best analytical tool for

solution of fault trees in the nation—as was demonstrated in the Reactor Safety Study
some five years later.

9

Be based on a “simplifying notion”

By early 1969, appreciation of the basic intractability of analytical solutions of
equations describing premature operation of practical electrical systems in accident
environments became an impetus in the scarch by the nuclear safety design division's
stafT for a conceptual approach that would be judged convincing in meeting safety
requirements.® The goal was to formulate a simple pattern of behavior of electrical
system hardware such that when insultcd environmentally (e.g., in an accident such as a
fire), behavior will be based on well-understood physical properties or principles. This
approach asked not the question, “How will the system behave in a fire" but asked,
“Wili the system behave in a fire in the wzy we have predicted beforehand?” The
resultant develepment was the simplifying notion of “weuk-liak/strong-link/exclusion
renion,” conceived by mid-1969, published internally at Sandia by spring 1970 (Ref.
58), and briefed formally to the DoD by late 1970 (Ret. 59).

Tamy knowledge. the only attempt hy Sandia at quanttlahve proababhty analysis in accidents was an arnicie
published in the ULS, Navy's Nuclear Weapons Safery, Seerct Restricted Data, publication in September 1969
Thus 2rucle reporied an application of reliabiliy analysis techniques to 2 safety situation.
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3.  Bebased on a “deep understanding of’ abnormal environments

Berween '1969-1972, a paraliel effort of the nuclear safety design division and several
materials processing organizations was 1o investigate the properties of materials
coramonly used in nuclear weapon ordnance components when subjected to severe
environmental insults. The early and naive goal, overstated here for emphasis, was to
create a handbook that would describe such behavior apalytically, for use by Sandia’s
weapon designers for components contained inside the exclusion region. Such a
handbook would complemeat those widely found in engineering technical publications
for normal cnvironments. For the first two years (1969-1971), emphasis was on the
“bare” components (e.g., samples of plastic coatings for copper wires); for the next year
and a half (1971-1972) the focus was on “encapsulated” components (e.g., printed
circuit boards surrounded by plastic to provide protection); and by early 1972, sufficient
evidence existed to upset the traditional engineering understandings of electrical circuit
behavior when used in weapon ordnance when subjected to “abnormal” environments
(Ref. 60). In brief, the startling and alarming conclusion was, that for all printed circuit
board/polymeric encapsulants tested and within a specific range of temperature/time
conditions, shorting between clectrical circuits is to be expected because of charring
phenomena. This finding in effect shattered the image of order conveyed to the
designer by circuit diagrams and layouts. Unpredictability became a buzz word of the
time.

Figurc 13 displays graphically the changes in electrical resistance of polymeric materials
commonly used in nuclear weapon hardware. (The display is commonly called “The Kepler
Curve” in honor of the Sandia National Laboratories Department Manager, R. Glen Kepler,
under whom the work was done.) Figure 14 shows photographs of a printed circuit board; one
shows the board in pristine condition before being encapsulated for a test. The other shows that
board after the test, which involved the flow of very high currents in a ground circuit. (The top
layer of encapsulant has been cut away for clarity.) Charring and metal splatter caused by the
high current resulted in unintended conductive paths between circuits. This particular board was
used in a nuclear weapon type for which development had just been completed
(W72/WALLEYE) and some five units had been produced for stockpile. At once, Sandia’s
technical management urged DOE/AL to halt production and recall the units then in DoD
possession but not yet deployed (in the logistical “pipeline’ to stockpile). A design remedy was
identified, and corrective hardware (electrical fuses to prevent high current flow) was developed,
produced, retrofitted ino the recalled units, and incorporated in the subsequent production run.
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NOTE: This episode was at least the fifth exercise of the weapons laboratories’
“conseivnce” in nuclear weapon design safety, even in the face of having to admit
inadequacy of its own designs and to “red- lme the stockpile for that particulag

tvpe of nuclear weapon.
DELETED

(‘q Sandia Albuquerque was responsible for the rest: the B39-2
ready/safe switch retrofit, the B27 hig gh-voltage ready/safe switch retrofit due to
susceptibility to electromagnetic radiation from “fricndly™ transmitters {page 60}
and this ¢pisode. :

5.14 First (and Last?) High-Level, Intra-Sandia Design Safety
Review, 1969

Only a few months after formation of Stan Spray's Safety Assurance Studies Division 1632, {
was dirccted to attend z high-level [e.g., President John Hombeck, Executive Vice President Jack
Howard, Vice President (Livermore) Tom Cook], intra-Sandia review of nuclear safety
provisions for the W 71/Spartan antiballistic missile weapon system. to be held in Tom Cook’s
office in Livermore. There was no precedent for this; however, | had reached an understanding
(with Jack Howard, 1 believe) that there would be only one design safety conecept developer for
all of Sandia and that would be Stan Spray’s division. Since Stan had been in operution for about
a month, 1 took the responsibility. Of course, 1 knew very little about the design details of the
W71 or about design safcty for that matter. | wonder today just who called this meeting and

w hy!

As mentioned, in spring 1968, [ had identified the role of plutonium dispersal in weapon accident
situations us an emerging concem nationally and had begun to beecome informed on that subject.
From the bricfings on the W71 given by the project group, I begun to focus on the plutonium
dispersal concerns raised by two design features.

1 recall a rather heated oral exchange with Torn Brumleve of the Sandia Livermore safety staff as
lo what quantitative probabilistic goal would he appropriate for such concems. My range ot 10 !
to 10" would have called for special protestion 1 Ihe way of shizlding fragments from premiatire
or othenvise unwanted detonation from causing a detonation of LLL's primary (onc-point or
mulii-point?). Sandiz Livennare's proposal hegan to die, to be replaced with a conventional
clecideal dzsizn, Similacly, 1 suspect that someone in the room intended to question LLL s
desizns about their choice of 2 command destruct component —as that feature later went away.

L = Ll



Figure 14. Result of a Simulated Electrical Fault
that Damaged an Encapsulated Printed Circuit Board




SESRETIPRD™
OFFGIAL USE-ONLY

5.15 AEC Headquarters’ Review of Its Nuclear Safety Program,
1969-1970%

In late-1969, I also served as Sandia’s representative for the first intra-AEC review of the
adcquacy of the AEC"s nuclear safety program that was concerned with all operations involving
nuclcar weapons development, testing, production, storage and transportation prior to and after
transfer of custody to the DoD. During the review, [ was requested by the study committee 10
draft a philosophical framework for thinking about nuclear safety in the AEC's part of the
national nuclear weapons program. The resulting paper (Ref. 61) included two innovative
suggcstions:

1. the use of probabilistic models of each opcration with nuclear weapons in order to
assess the risks presented and to prioritize resource allocations for remedial action (this
technique later was to acquire the popular name of Probabilistic Risk Assessment
[PRA] and was used to study nuclear power reactor safety in the mid-1970s); and

2.  the expansion of risks covcred by the AEC's program to include plutonium dispersal,
along with nuclear detonation safety.

These suggestions, along with others made by the committee, were buried in burcaucratic
maneuvering within the AEC headquarters and were not to emerge for another three to five

ycars.

The two subjects, PRA and Pu Dispersal, were to become my personal agenda over the
remaining 1% decades of my career at Sandia. Figure 15 is a timeline graphic that illustrates key
cvents in the evolution of PRA at Sandia for activities other than the nuclear fuel cycle. Sandia's
efforts in the latter area are documented elsewhere, particularly in the files of the Sandia History
Project. Each of the events shown on Figure 15 by circled numbers is discussed in other papers
of mine and most evenls after “8" and for years after 1968 are mentioned in context later in this
report.

For more details on this topic, see Ref. 61,
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5.16 Radioactive Material Contamination Studies, 1971-1972

In March 1971, Sandia Vice President Jack Howard appointed a committee of three department
managers to assess existing threats to nuclear weapon operations from abnormal (accident)
environments from the viewpoint of increasing concern about matters pertaining to ecology. The
committee was composed of Thomas B. (Tom) Lane, Herm Mauney, and me. We focused on
plutonium contamination srising from accidental or intentional detonation of a weapon's high
explosive; we used a risk 2ssessment methodology to establish a perspective on threats; and we
concluded that the situation warranted “*a vigorous contamination safety program—uwithin the
AEC/DaD complex and priority for that program should be second only to that of nuclear
safety.” The two most notable threat situations were identified as Jogistical transportation and
aircraft standing alert. The final report (Ref. 62) was wansmitted for intra-AEC distribution by
Jack Howard on July 21, 1971.

In the fall of 1971, the Sandia/Los Alamos weapon design team established a contamination
safery study group consisting of three members from each laboratory “to determine what weapon
design approaches are available to reduce or eliminate the contamination safety concerna™ (Ref.
63). The group determined that several design approaches were available {seven were examined
in some detail). The fnal report, dated Apnl 20, 1972, concluded that the team's approaches for
the Phase 2 proposal of the High Yield Bomb (the program that evolved from the Alert
Bomb/CRESCENT studies of 1969-1971) should be based on insensitive high explosive
{IHE)—perhaps the plastic bonded triaminotrinitrobenzene {TATB) formulation then in an early
development stage. The group had precluded consideration of a system being pursued by the
Sandia/Lawrence Livermore team at the time.

5.17 Security and Safety of Nuclear Weapons in Logistical
Transportation, 1970-1974

In my opinion. Sandia’s effective entry into the area of nuclear weapon sccunity began with the
comunitment of technical staff and funding in the weapon development directorates to
development of hardware to protect weapons duning logistical transpartation by the DOE. In
1971. a large department (1550) was created under Gene Blake with John T. Risse, Edwin E.
(Ed) Brucc and Milton R. (Milt) Madsen as division supervisors—all had led weapon
development projects, except engineering mechanics specialist Risse. The department
concentrated on development of the Safe. Secure Trailer (SST) system., the Safe, Secure Railcar
(SSR) systen, and several types of Accident Resistant Containers (ARCs).

NOTE: In 1996 when | wus prepanng historical material for lhe Smudia Surety
Hernitage study (page 178), 1 stirred up 2 debate about the ongins of the SST. John
Kune contesied my version that the SST was 2 Sandia R&D imnauve that sought
and obtained authorization for (ull development, testing and procurement from
AFC:ALO. John cited a leiter trom H. C. Dunnelly, AEC-AL to john A
Hombeck, President, SLA, dated June 1§, 1978, requesting Sandia 1o study
logistical shipments 2nd recomimend development vptions. In wnitng this repon,
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[ found the probable cause of confusion in Dennis Miyoshi's draft input for the
Sandia History Project, “Sandia History Input from 5200” {(Ref. 64). [ may even
have seen or helped draft the letter that General Donnelly sent to Sandia. This
letter exchange was a rather neat way of obtaining funding from a part of the AEC
budget other than Weapons R&D. As I recall, funding came from ALO’s
operational budget.

At this time, there was no institutional avenue for Sandia to become involved in R&D for
logistical movernent of weapons in DoD custody. | had determined on my own that those
movements constituted perhaps the greatest risk in the weapons program—a risk of piutonium
dispersal, not so much one of nuclear detonation safety. The only lever that 1 had was the
prerogative of sign-off approval or disapproval of proposed changes to joint AEC/DoD
publications, principally TP-20-7 that treated safety concems other than nuclear detonation
safety. Logistical storage and movements were addressed in TP-20-7 by specifying the mass of
plutonium that would be placcd at risk of dispersal by accidents or other initiating events (such
as explosive ordnance demolition or emergency destruct operations). Although Sandia obtained
a tasking to do R&D for safety and security of DOE operations, there was no entry path for DoD
operations. During 1968-69, [ was especially concerned because I had been given the rare
opportunity to observe DoD operations worldwide. Few, if any, Sandians had that experience.
Even though security was the subject of one of the AEC/DoD nuclear weapon system safety
study standards, this provision in my experience was largely a joke. The study groups tended to
mercly take note of the physical presence of sceurity bardware (e.g., perimeter fences),
procedures (e.g., identification badging at fence entry points) and, later, response force
deployment, given a tareat of intrusion, takeover, etc. The Inspector General functior. of the
military services, the DoD (through the Armed Forces Special Weapons Project and successor
agencies), or the AEC/ERDA/DOE conducted field inspections to ensure compliance with
specifications.

The literature on developments and deployments of the SST is extensive and needs no
elaboration here (e.g., descriptions and a photograph of an SST are contained in the Sandia

General History Book, ReE. 86).

The story of the Accident Resistant Container (ARC) project is not documented well, and 1
believe is more relevant here. With fielding of a prototype SST in late-1971 that demonstrated
surface-transportation risks could be ameliorated, Sandia’s emphasis turned 1o develcoment of
ARCs that could survive air transportation accidents. An entire division under John T. Risse was
assigned to this substantial R&D projecl. When preliminary results of the Nuclear Weapon
Transportation Safety Hazard Evaluation Group (NWTSHEG) study revcaled that aircraft
crashes were the dominaat threat, AEC/ERDA/ALO decided 10 imposc a moratorium on air
shipments of plutoniuni-bearing weapons and test devices. This removed the need for the
aircraft version of ARC, and the project was reconstituted as an R8:D technology demonstration
project. During the R&D process, Brigadier General Frank Kamm, then Director of Military
Applications at ERDA, urged development of an ARC for Army lielicopter operations in Europe:
hence, the Helicopter Accident Resistant Container, BARC, project. A relatively large number
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of prototype units had been ordered for the planned field evaluation test programs and by the
lime the program was revised, the units had been delivered to Sandia and placed in “dead
storage.” By 1979 this proved to be highly significant, as described on page 113.

5.18 The Minority Opinion Provision in Safety Studies and Reviews,
1960-1975

Goveming documents for conduct of weapon systems safety studies provide that *“all members
participating. .. shall sign the report; minority views of the members shall be included.” Since
Sandia participants are technical advisors only, they may convince one or more voting members
to adopt and sponsor their minority view to generate a minority opinion.

Several examples of minority opinions and associated “independence” in evaluations and points
of view are included in this report for purposes of illustration of the concept. Examples do not
do justice to the power of the concept because many of the more significant disagreements began
as minority positions but gained support to become majonty vicws. These are not identified as
such in the reports.

Over the first fifteen years of DoD Directive 5030.15 (1960-1975), there were about 50 minority
epinions submitted. The rate of submittals was high ia the early years and gradually fell. Intra-
DaD or military department disagreements were relatively frequent reasons for minority
opinions. These oflen are mere expressions of long-standing jurisdictional position and are
irrelevant here. Over 90% of the total of minority opinions were submitted by the only civilian
voting member, AEC/ERDA—with initiation or implicit concurrence by the Sandia technical
advisor. For about 30% of the total submittals, the civilian member was joined by one or more
military member, by far most often by the member from Ficld Conunand, AFSWP/DASA/DNA.

NOTE: On the relatively few NWSSG studies where | served as technical advisor
over the years, I valued most highly the participation of the Field Command
military service officer. In general, they were technically qualified, or inclined,
often being the only such person other than the Sandian. Perhaps the fact that
they were collocated with Sandia on Sandia Base and ¢njoyed easy access to the
technical analysis process explains the close and supporting relationship. On the
other hand, the offices of both the Air Force and the Navy groups involved in the
NWSSG's were only several miles distant at Kinland AFB. We honored the
objectivity provided by the Field Commanid member by the light-hearted
identification of thejr uniform as “the purpls suit.™ Sec my paper “The DNA Role
in Nuctear Weapon System Safeey” (Rell 98) for claboration. In my opinion,
NWSSG's had only three votes that really counted: by the AEC, by the Freld
Comsuand. and by the rest of the militry integrated as a vote. For example,
voling could result in a 3-2 count aganst an tssue when in reality the impact coutd
be considered 2-1 in lavor, with the minority view prevailing,
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NOTE: A notable example of independence and objectivity of view wus the
cantnbution of Sandia's Bob Reed in 1967 for the safety study for a Plowshare
cvent cited on page 78 here. Bob Reed had an extraordinary ability to argue a
point persuasively. He had hecome a leader in establishing a philesophical
framework for the systems safety study process by the time that [ re-entered the
area in late 1968. [nmid-1969, he obtained a transfer from safety to the newly
cmerging security work on the Safe, Secure Trailer and did outstanding work
there. His five-year tenure in safety had been by far the longest (Figure L0).

Perhaps the best known example of an effective minority opinion was the one originally rendered
in 1970 for Phase 2 of the Pre-Operational Safety Review of Lhe Polaris A3 Fleet Ballistic
Missile System by the tri-party AEC, FC/DASA and Naval Weapon Evaluanon Facility (NWEF.
located on Kirtland AFB). The concem was postulated capability of a knowledgeable crew
member to tamper with certain metallic shields protecting sensitive missile launch circuits to
cause a powered flight of a Polaris missile. For Phasc 3 of the study, the Navy had proposed
certain immediate measures to correct the vulnerability and the FC/DNA and NWEF members
withdrew support of the minority opinion. The AEC member, Richard (Dick) M. Shay, stood
alone in the minority opinion. Dick Shay's perseverance elevated the matter to the attention of
AEC/DMA in the format of a briefing that demonstrated the relative ease of penetrating the
protective shicld. AEC/DMA concurred and arranged for Shay to brief Carl Walske,
DoD/ATSD(AE). This eventually resulted in the Navy being required to make hardware and
procedural changes to the fieet involving millions of dollars. Dick Shay was presented a High
Quality Increase in salary by DOE/AL in 1974 for this and other safety work (Ref.171).

NOTE: Dick Shay was supported by Sandia Livermore in provision of a technical
advisor in these studies. He asked me for technical assistance later. The shield
material was a metallic alloy that [ had encountered in my [irst technical job in an
oil refinery. I had personal experiencc in cutting tubing made from that specific
alloy. | arranged for Shay to consult directly with Sandia’s metallurgy staff and
the demonstration of penctration mentioned above evolved.

NOTE: Memoranda summarizing this subject were written in [975 by Parker F.
Jories, supervisor of the Systems Safety Division in my department (Ref. 173).
These are represeniative of his high-quality output displayed over his career in
systems safety that ended with his death. While on-roll, Parker Jones exemplified
to me the steady, wise counsel that the group of enginecrs with World War I1
experience had brought to Sundia in first-level weapon project and system
development jobs. Sce Ref. 151 for elaboration and the names of others.
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6. THE DECADE OF EXERCISE OF DUAL AGENGY
RESPONSIBILTIES, 1973-1983

6.1 The SAFEGUARD Antiballistic Missile System Safety Issue,
1972-1973

Since 1960, the governing AEC/DoD directive for nuclear weapon system safety studies and
reviews (DoD Directive 5030.15) had required an Initial Safety Study to be concluded carly in
the formal weapon system development program. The U.S. Army's Nuclear Weapon System
Safety Committee (NWSSC) had elected to conduct four “preliminary” safety studies during the
on-again-off-again development period for the Antiballistic missile (ABM) effort between 1965-
1971. The latter type of study had no official status under this directive, and most of th= one-
hundred-or-so recommendations that the NWSSC had made were not implemented by the time
that the official Initial Safety Study was conducted on May 25, 1972. By that time, the state of
understanding of nuclear safety of weapon electrical systems in abnormal environments had
matured to the point where Sandia’s technical advisor to the NWSSC, Donald R. (Don) Lewis™
had become apprised of the unpredictability of traditional hardware/circuits. His input o the
NWSSC (with my personal commitment to support him) was influenlial in the formulation of a
NWSSC unanimous position. The position stated that the U.S. Army’s adaption kit design
would not meet the qualitative standard of DoD Directive 5030.15, i.e., would not provide
measures to prevent a nuclear detonation of the AEC's nuclear warhead in accident (abnormal)
environments. :

The negative finding on nuclear safety for the Initial Safety Study was seen as a clear threat to
the time scales of the national ABM program, which by then was of high interest—in consonance
with ABM treaty ncgotiations with the USSR. In July 1972, the Ammy’s SAFEGUARD project
office challenged the NWSSC's finding and arranged to present its case to Dr. Carl Walske,
DoD/ATSD (AE). Walske requested AEC’s participation in the briefing session to be held in his
office at the Pentagon. The AEC's contingent included the AEC voting member of the NWSSC
(George L. Trimble) and the two Sandia department managers, Don Gregson from SLL for
W71/Spartan and me for W66/Sprint to whom the NWSSC’s technical advisor reported. When
the Amy's briefer projected a slide that indicated the nuclear safety criterion to be met was 10?
nuclear detonation/accident, Dr. Walske forcefully inquired how the criterion had been reduced
from the standard 10* nuclear delonation/accident, which he personally had imposed in 1968
(Ref. 49, now commonly referenced as “the Walske Letter™). The briefer explained that the 107
applied 1o the total weapon system, and 10 was still valid es a nuclear-warhead-alone

criterion—the dilference ol 107 being allocated to the Army’s adaption kit.

Don Lewis has served as technical adviser 1o systems safeny study groups for over 32 years, June 1966 w dur,
with a several-month mierlude ta try apother ficld. He was wn.tally imvolved with the 1.5 Army. tken
AEC'AL op assembly plant op2rations, and later with the 1.5 Navy.
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Walske objected to this scemingly legalistic violation of his intent behind 10 as a weapon
system requirement. He then asked the general question of whether or not even the 10* value
was supportable. When no one spoke, | responded with a statement that the R&D work at Sandia
in the period betweer. the preliminary and initial safety studies suggested that hardware response
would be unpredictable in abnormal environments; hawever, the Army’s 107 estimate could be
valid for normal environments. Indeed 1 knew, but did not mention, that the Army’s analysis had
used a computer code (the "GUCODE") developed at Kaman Sciences by a person who earher
had been a staff member in Sandi2’s nuclear weapon reliability organization which had
concerned itself only with “normal” environment premarure probabilities. T also reminded
Walske that the MLC/ATSD(AE) staffs (including Walske) had been alerted to the abnormal
environmental R&D work by me in their visit to Sandia in November 1970 and that the AEC had
earlier ceased production and recalled units produced for the W72/Walleye weapon system found
by intra-AEC technical review to be deficiznt in this respecl. Finally, [ offered to expedite the
trans{er of the technology base on abnormal environments from Sandia to Army design agencies
upon Army request. The NWSSC chairman, the late Julian S. Pulley, remarked that my proposal
was irrelevant, since the NWSSC used only qualitative standards of DoD Directive 5030.15 and
did not recognize the quantitative standards of the MCs! Walske grimaced.

Following the briefing, Walske issued directives, which resulted in two important safety reforms:

1.  The creation of a special organization to assess quantitatively the nuclear detonation
safety of the total SAFEGUARD weapon system during the one-and-one-hzlf years
remaining before system deployment. The organization, suggested by me to avoid the
philosophical issue raised by Pulley, featured two tiers: an Army/AEC Steering Group
and an Abnormal Environment Task Group lo do the technical assessment.

The revision of the DoD directive on project liaison groups (POGs) to mandate that
POGs would invariably have a nuclear safety subcommittee.

and
The assignment of a staflf member of the MLC/ATSD(AE) to monitor reponts of POGs
to identify potential safety issues carly, in time to avoid threatening weapon system
time scales.

~

SNLA Nuclear Safety staff member Jack Hickman was my choice for the working group, chaired
by a Bell Telephone Laboratoties counterpart (somewhat awkward since BTL was SNL's
“parcnt™). [ recall the day that Jack reported to me the frustrations that he was having because
the study process was crammed with visits to facilities, leaving him insufficient time 10 do
anzlyses on the volumes of technical reports from contractors thal were accumulating in his
office. I voluntcered 1o cover the next week's visits for him, allowing Jack 1o analyze.

Jack Hickman's extraordinary analysis skill and usz of Spray’s division's duta basc revealed the
existence of a single-fault failure mode in SPRINT launch circuits (BTI. responsibility), as
shown by the simplified black diagram below. Abnormal environments (e.g., shorting of stout
wiring for the output of a large AC altemalor or generator in the syslem to the point indicated),
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could impose sufficient energy to burn open safety switch $2 and “fire” the launch functions
connected in parallel for needed quick response,
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The outcome of special assessment was the identification and correction of deficiencics.
particularly in the Sprint missile launch circuits, and the idenlification of conditions that were
judged to be unpredictable as to behavior in abnormal environments and uncorrectable on
program time scales (Ref. 65). The latter conditions were circumvented by the adoption of
nuclear safety rules” that would prevent connecting the nuclear warhead to the adaption kit until
the completed missile system was about to be lowered into the silo cell. This measure, of course,
resulted ino an operational difficulty but was seen as essential 1o safc deployment.

6.2 Papers on Nuciear Power Reactor Safety, 1973

In 1973, as a result of the national decision lo dissolve the Atomic Energy Commission (AEC)
and place its functions into two new govermmental agencies and also in 1973 Sandia had suffcred
its first and only major layotY and reduction of staff, Sandia’s President, Morgan Sparks tasked
Departmeznt Manager Bob Peunifoy to examine Sandia’s polential involvement in the ficld of
nuclear power reactors. Research and Development (R8:D) work for such reactors was assigmed
to the new Energy Research and Development Administration (ERDA), along with all nuclear
weapons work, and licensing work for reactors was assigned to the new Nuclear Regulatory
Comnussion.

lu support of Peunifoy’s 1asking. I contributed several draft working papers intended to present
technical and philosophical opinions on the current status of nuclear power reactor safety from

" Such a procedural positive measure was sugestod m Do Walshe by Sandia Vice Presilent, W I, Howard, wha
had preceded Dr. Walske as Chaimizn, MLOC
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the viewpoint of a nuclear weapon safety specialist (Refercnces 66, 67, 68 and 69). The two
main areas of reactor safety addressed by the papers were reactor siting practices and emergency
core cooling systems in reactor design.* The concept for a SAFETY FIRST nuclear power
rcactor (Reference 68) is especially interesting even today when the subject of new design
approaches featuring “inherent™ safety is still highly active.

6.3  Study of ERDA/AL's Nuclear Weapon Transportation
Operations (Probabilistic Modei/Positive Measures
Methodology), 1973-1977

The extensive study (1973-1977) of ERDA's operations for transportation of nuclear weapons,
nuclear test devices, and related radioactive materials ranks high among the several “'system
studies” conducted by Sandia over the ycars.* The methodology used was a variant of
Probabilistic Risk Assessment (PRA) that | had conceived and applied during the study and later
called “Probabilistic Model/Positive Measurcs (PM/PM)."

The Probabilistic Model aspect of the methedology used for this study was cssentially the same
as for the classical PRA technique, i.c., estimation of the risk per year of experiencing an
accident severe enough to result in the unwanted event of interest (e.g., dispersal of plutonium in
the atmosphere). The study began with the collection and statistical evaluation of all accident
rate data available nationally for the three modes of transportation used by ERDA—ail, truck
and air. Concurrently, the entire stockpile of nuclear weapons was examined to determine the
tolerance to withstand severe environmental insults without detonation of the weapon's high
explosive and attendant dispersal of plutonium. When these dala were factored into the analysis,
the probability of dispersal of plutonium per year could be estimated for each transportation
operation.

The Positive Measures aspect of PM/PM is u significant departure from the classical PRA
technique. In the vermacular of nuclear weapon safety, a *positive measure” is a tangible design
leature or procedural action whose existence is relied upon to ensure that the desired level of
safety will be achieved. In most cases, a positive measure exists solely to enhance safety. This
provision had proved to be extremely powerful in the nuclear weapon aren and is in direct
contrast 10 the negative approach characterized by “thou shalt not” or “il can’t really Lappen.™
By identifying the posilive measures already in use in the ERDA operations (c.g., a 55-mile per
hour speed limit for trucks, long before this limit was made a national standard) and
quantitatively determining their influeance on the probabilistic model, the estimate of dispersal
could be refined and reduced to reflect ERDA’s operations instead of national practices. So far,
this technique is the same for PRA,

“ Roth areas where to become paramaunl concerns in the implicanons of the Three-Mile Island nuc.ear power
reactor accident sume yearss later
Othzr stuchies of excellence mipht include the studies colloquially catled "The Wooden Bomb,”
“PebblesHalberd.” and FORWARD LOOK. See Kef. 86 for descnpnions.
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Next, and nost important, PM/PM requires the identification and quantification of influence of
potential positive measures that could be adopted to reduce risk significantly. By noting the
relative, not the absolute, risk probabilities before and afier application of the potential positive
means. the merit and cost of each can be ¢alculated. The remarkable success of PM/PM here was
that the study's findings led to prompt and drastic reforms in ERDA’s operations to incorporate
the potential positive measures, including:

* A moratonum on air shipments, since results showed that crashes of commercial and
military aircraft on take-off and landing were the dominant source of severe, and
intolerable environments.

¢ Redesign of ERDA-owned rail cars to increase thermal insulation for accidents involving
fuel fircs.

s Reliance on procurement and deployment of a fleet of safe, secure trailers for movements
by truck, together with a system for continuous communication between convoys and a
contro} center.

The study group’s (called the Nuclear Weapon Transportation Safety Hazard Evaluation Group)
final report (Ref. 70) remains a valid example of excellence in systems analysis and has been
used repeatedly as source data for other studies of national interest, including transportation
operations incidental to the nuclear power reactor fuel cycle (NUREG-0170) and transportation
of nuclear weapons by the DoD in Europe. (Sce the “Forward Look™ study discussed later.) In
1973 (Ref. 71), | suggested a broader application of PM/PM to include nuclear detonation safety

in uddition to plutonium dispersal safety.

In 1977, 1 attempted to have the PAM/PM technique considered for use in other non-weapon
projects at Sandia by offering to arrange an internal-Sandia study of PRA featuring symposium-
like presentations to a study group (Ref. 72). My proposal included a paper on philosophical and
historical treatment of the PM/PM technique (Ref. 73) and & paper on the state ol nuclear power
reactor safety reviewed from a PM/PM perspective (Refl 74). This attempt died for lack of a
sponsor at the direclor level wathin Sandia.

6.4 Security of Fixed-Site Facilities for Nuclear Weapon
Operations, 1973-1976

A basic reference for this section 1s Dennis Mivoshi's 1984 report on secunty. Ref. 64.

As the Vietnam War ebbed, Sandia’s R&D on intrusion detection sensors and systems shilted
toward applicalions to fixed-site facilities of high national value, especially to nuclear weapons
facilities of the AEC/ERDA.

In late 1973, a4 jount program with the U.S. Air Force was initiated whereby SNL wonid desien,
develop. and arrunge for procurement of intrusion etection systems tha: could be installad at
L.SAF nuclcar weapon sites worldwide. These svstems inclwded sensors for both tntemal
structure and exterior areas and sophisticated signal processing equipment. Closed cireuit TV
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svstems were eventually deployed to more than filty storage sites. The Air Force had the tn-
service responsibility for DoD fixed-site security R&D, under the label of Base Installation
Secunty System (BISS), but the applications were for all DoD facilitics.

In March 1974, SNL formed a new directorate level organization, Nuclecar Security Systems
Directorate 1700, and Orval E. Jones was promoted from a research department to become the
Director, under Glenn Fowler as the responsible Vice President 1000. The directorate soon had
three arcas of work in separate departments: transportation systems, sensor systems, and nuclear
fuel cycle activities (waste management and power reactor safety).”® Much of the staffing and
technology in the ransportation and fixcd-site security areas came from direct transfer of an
intact department that had evolved in Bob Peurifoy’s Weapon System Development directorate
4300, in order to provide mission status for this emerging area of national need.

After mid-1974, a fourth area was added to support activities of the ERDA's Officc of
Safeguards and Security, including international interests in safeguarding nuclear matenials. Ty
the fall of 1977, William C. (Bill) Myre succeeded Orval Jones as Director and continued for
over a decade in that position. All of these new missions had been recommended in Bob
Peurifov's study for Morgan Sparks in 1973 (see page 111).

6.5 The First Revision of the Directive for Weapon System Safety
Studies, 1973-1974

DoDiML.C chairman, Carl Walske, supervised the first revision to DoD Directive 5030.15,
Atormic Weapon System Safety Studies and Reviews (dated June 1960). His nuclear safety
specialist, Captain William Sweet, U.S. Navy, did the drafting. As manager of the Nuclear
Safety Department, | was contacted by Captain Sweet for infarmal comments on the several
drafts. In my opinion, this several-year effort had as primary motivation Walske's desire to
change the coverage from peacetime operations and also to include high status of readiness,
including war. In particular, he wanted nuclear safety rules to address the process of recovering
from high readiness to normal readiness. Coverage was broadencd to include all operations.

NOTE: The AEC/ALO successfully lobbied to add the undefined act of
prearming to the existing acts to be prevented by the four safety standards, 1.e.. to
the four gerunds of arming, launching, firing, or releasing, withoul offering any
written explanation. This action was fait accompli before I could object to
possible impact of the logical inconsistency. In perspective, the paucity of
changes in the August 8, 1974, revision testify 1o the remarkablie merits of the
original version.

Ui ares was the sl unelzmentation of the work recommended the study that Sandis President Morgan
Sparks tasked Dob Peunioy to conduct on tie nuchear power eeactans and deet cvele i 1973, Towas splu oif
and became a directorate a3 1970, wirh A W (Tall) Sny der promated to becnme 1ts director
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6.6 Sandia Questions the Safety of Alr-Dellvered Weapons in Quick
Reaction Alert, the “Fowler Letter,” Fall 1974

In September 1973, Bob Peurifoy was promoted to become Director of Weapon Development
1500 under Glen Fowler, Vice President 1000, By year-end, Peurifoy had completed a review of
thc impact of the ncw undcrstanding of abnormal environment situations on the composition of
the U.S. nuclear weapon stockpile and concluded that the air-delivered portion of the stockpile
constituted a high-safcry nisk that required priority attention to remedy deficiencies. He proposed
a retrofit to incorperate ENDS subsystems into the older bombs that were exposed to abnormal
environments during operational deployment (the B28F1, B43, BS7 and B61-1), and Glenn
Fowler agreed. Fowler arranged to present the retrofit initiative to Sandia’s top-level
management council, Small Staff. On February 1, 1974, W. Ray Reynolds presented a briefing,
with results that reporiedly varied from indifference to direct opposition. The latter reaction was
championed by Vice Presidents Tom Cook in charge of Sandia Livermore and Al Narath in
charge of Research, who argued that recommending a r=trofit would be a suggestion that Sandia
had been imperfect, that new weapons development programs would be scheduled to eventually
replace the older ones, and that a retrofit program would waste resources on the stockpile insiead
of on challenging R&D advances. These views prevailed. Apparently, Executive Vice President
Jack Howard remained passive on the subject, even though his record would have suggested that
he could be expected lo support safety initiatives. He had, however, not been involved in the
cvolution of this particular initiative.

In April 1974, Fowler and Peurifoy gave the retrofit bricfing to Major General Emest (Emie)
Graves, ERDA/DMA in Washington in hope of gaining his support. By this time, Insensitive
High Explosive Technology was advanced and was included in the retrofit program. General
Graves and staff werc passive recipients of the proposal, and Fowler and Peurifoy decided to
make their concerns a matter of formal record. The letter from Fowler lo Gmves dated
November 15, 1974 {drafted by Charles (Charlie) Burks, the Department Manager for the B61
program} would prove to be an event of extreme influence on the national nuclear weapon safety
program—perhaps cor.parable only to the Klee Commitice’s review of the stockpile in 1957,
altendant to the introduclion of sealed-pit nuclear weapon designs. The letter (Refl 75) became
known as “the Fawler Letter,” or in some DoD circles, “the Halloween Letter,” for its alleged
sudden shock to Don Cotier, then DaD/ATSD(AE).

Briefly, the Fowler Letzer recommended a joint ERDA/DoD program to improve the nuclear
safety status of the air-delivered stockpile over the decade 1975-1985 by either retiring or
retrotitting seven weapon types with a weak-link/strong-link/exclusion region safety subsystem
and replacing four weapon types wilh weapons scheduled to he newly produced later and having
the modem safety subsystem."” Until these or similar actions could be taken, Sandia
recommended that the Secretary of Detensc be notified of the nisks inherent in maintaining Quick

™ Alt of the weapon systems involved used nuclear warlicads or bombs that had been designed by the Sandiy oz
Alamos team, Thus, Vice President Glenn A. fowles, undee whom Sanda Albuguerque weapun development
programs were managed, was e appropriate sizner. Sandia Livermore was not directly svolved This was the
offical story.
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Reaction Alert (QRA) operations with the weapons and that the AEC recommend restriction of
such QRA operations to missions “absolutely required for national security reasons.™

Response to the Fowler Letter can be characterized as mostly delaying actions in the guise of
requiring detailed safety studies of each of the weapon systems involved. Military Liaison
Committee (MLC) Chairman Don Cotter and ERDA/DMA Director Emie Graves visited Sandia
and were shown a special exhibit in the secluded High Bay of Building 892, featuring weapon
hardware that had been subjected to severe abnormal =nvironments (e.g., fire and crushing)
during SNL tests and stockpile accidents. The exhibic and accompanying narration by Stan
Spray was to become lmown as the “The Burned-Board Briefing” (after Figure 14 shown here).
Cotter and Graves reportedly openly reacted so angrily to the briefing that their comments defied
reason. MLC Chairman Don Cotter's Executive Secretary, Colonel Richard N. (Dick) Brodie,
soon took action to have the use of IHE be mandatury for the only new weapon in development
at the time, the B77.

NOTE: In mid-1985, I had made an estimate of total briefings and persons
briefed over the period since January 1975, about 245 and 2,200. About 800
persons were non-Sandians, including key military and civilians in the national
nuclear weapons community and/or their staffs (e.g., several Secretaries of
Military Dcpa-tments, Flag Officers to Lt. General, Chairmen of the DoD/MLC,
Panels of the Air Force Scientific Advisory Board, and the Sandia Board of
Directors). By 1990, the total had reached some 5,000 persons briefed.

6.7 Nuclear Safety Concerns for the PERSHING Il Weapon System
Development Period, 1974-1981

The next major development program by the U.S. Amy for a nuclear-weapon-capable weapon
system after the ABMs of the late-1960s was the PERSHING 1I. This program had such
u-nponant nuclear safety concerns that it is discussed here in more detail than for other weapon
systems in order to illustrate the nuclear weapon and nuclear weapon system processes at the
time. Another important concern, that of deliberate, wnauthorized launch (DUL) arosc as the
weapon system approached deployment. That stery is discussed in a separate section of this
report.

NOTE: Afterthe SAFEGUARD ABM nuclear safety episodes described earlicr. |
continued 1o act as a staff member for the SNLA safety involvement's with the
U.S. Army. Don Lewis, whom [ have commended here for his tenacity in those
issues, appaared 1o he bumed out with the Army’s NWSSC, and our stuff had
fallen to two at the time. 1 continued in this role until retirement in 1985.

= Arming, Fuzing and Firing Subsystems for the Ammy's Pershing (I Missile.
1974
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In the fall of 1974 in response to DoD/DDR&E'’s expression of interest, Sandia
entered a year-long technological competition with the Army’s Picatinny Arsenz|
for development of AF&F subsystems for two versions of the proposed Pershing
[T theater missile system—an air-burst re-entry vehicle and an earth-penetration
re-entry vehicle. Picatinny had been responsible for all of the Army’s AF&F
subsystcms sincc the NIKE HERCULES and [IONEST JOHN wcapon systcms of
the mid-1950s. In 1971, SNL had been asked to comment on its ability and
willingness to undertake the additional tasks of assuming the nuclear weapon
responsibilitics of the Army as contained in the 1953 agrcements. SNL'’s
response 10 AEC/DMA affirmed capability, but stated that willingness should not
exist “unless (or until) the Army has convinced itself that we could do an
eminently satisfactory job for it ....” (Ref. 9 of Ref. 76, the latter being a history
of SNL's involvements in the field of AF&F subsystems).

The Army’s Source Selection Board ruled in August 1975 in favor of SNL's
proposals for both AF&F subsystems. This board was chaired by a Colonel who
had been Commander, Picatinny Arsenal and as a junior officer had worked with
SNL as the Army’s project engineer on the JUPITER intermediate-range ballistic
missile system in the late-1950s. Even earlier, he had replaced me as a First
Lieutenant in the Army’s first nuclear weapon ordnance battalion in 1953 at
Sandia Base, NM. The next higher level in the Army’s hierarchy, the Source
Selection Authority, overruled the Board on the air-burst version and concurred
on the penetrator version. Their rationale was one of nuclear weapon safety and
the argument in my technical opinion was flaky at best, The authority was
commanded by Army Colonel Samue! Skemp who, as mentioned earlier, as a
Captain had objected to Sandia's ESD safety initiative (page 33). Soon after this
decision was rendered, he retired and became an employce of the commercial firm
(AVCO), which was by then under contract to Picatinny Arsenal to produce the
adoption kit. SNL designers later estimated the costs to the nation of this dccision
to be 15 to 20 pounds in weight penalty and about S30 million in life-cycle costs.
The penetrator version was later canceled.

= Rewrite of Army Pamphlet 50-2 on Safety Design

Through sponsorship of the Ammy's Nuclear and Chemical Agency (or its
predecessor agency), Picatinny Arsenal’s safety group (under Warren Reiner with
Ed Arbor as technical lead) atempted 1o revise Army Pamphlet 50-2, the
document that contained guidance on design {eatures for safety in Army nuclear
weapon svstems. This. in my opinion, was a blatant try at making Picatinny's
adoption kit for the WSS/PERSHING II be the sole provider of safety, essenually
ignoring the contribution of the Enhanced Nuclear Detonation Safety design in
Sandia's WS83.
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As I recall, I managed to have a member of Stan Spray's staff assigned to the
effort to lobby for a generic set of guidelines that favored no agency. In the end,
Picatinny’s ploy failed, and the document issued was reasonably objective.

s Safety Working Group of the Project Officer’s Group, 1976

The PERSHING II program marked an early (if not first) implementation of Carl
Walske's initiative to require that the principal ERDA/DoD weapon system
project development coordinating agency, the Project Officer's Group (POG)
establish a Safety Working Group (SWG) comprised of technical safety
specialists to advise it on safety matters. 1 had personally lobbied Walske's staff
to meake the change to the DoD directive to require SWGs—this, of course, being
the institutionalization of the group that had functioned so well for the
SAFEGUARD ABM episode (page | 10) and the Technical Working Groups
(TWGs) of the ERDA/DoD Stockpile Safety Study then in process (page 137
The SNL member of the SWG was from the weapon project group, and Stan
Spray’s nuclear safety design group provided an advisor/observer. This group did
exceptionally fine work, in my opinion.

® Technical Analysis Role for the NWSSC

Picatinny Arsenal’s safety group was assigned the function of conducting the
technical safety analysis that was to be the input to the Nuclear Weapon System
Safety Commitiee. The politics were that the NWSSC tried to categorically
ignore the work of the SWG/POG. I appointed myself as the Technical Advisor
to the ERDA voting member of the NWSSC, George Trimble of DOE/AL, and
pressed successfully for recopnition and acceptance of SWG/POG work.

= Ahuse of the Nuclear Weapon System Safety Study Process, 1976-1982

DoD Directive 5030.15 that govermned the NWSSC process required an Initial
Safety Study to be conducted *“... as soon as the Military Department concerned
detenmines significant data are available.” The U.S. Army’s NWSSC in apparent
coordination with its de facto parent, the Nuclear and Chemical Agency with
which it was physically collecated, used the Initial Safety Study provision to
obtain periodic “approval™ of the design features of the PERSHING [1 weapon
svstem as the development progressed over a six-year penod, 1976-1982. The
ploy was to subdivide the Initial Study into three stages and the stages into pasts,
such that there were five studies in total. In ezarly 1981 at the Part | Stage III
avan, the issus of deliberate, unauthorized launch (DUL) was considered, and a
Special Safety Study was scheduled for later that vear {or this issue. (Sce
DUL/PERSHING Il section on page 147.)

OFHCIAEUSE-ONEY-



PRI
OFFIGIAL-USE-ONLY

6.8 ATSD(AE) Rich Wagner's Visit to SNL, 10/8/81

LLNL’s Richard L. (Rich) Wagner replaced James P. (Jim) Wade as DoD/ATSD(AE) and
Chairman Military Liaison Committee. When he visited SNL, | was tasked by Bob Peurifoy to
brief him on the national nuclear detonation safety program from a SNL perspective. [ used the
SAFEGUARD ABM and PERSHING [T episodes to alert Rich to our emerging concerns that
could affect the schedule for deployment of PERSHING 11 on his tour of duty, In panticular, [
alerted him to the inadvertent or deliberate, unauthorized launch concem that is described here on
page 167. My annotated viewgraph presentation is Ref, 77,

6.9 The ERDA/DoD Stockpile Safety Study, 1975-1976

On May 6, 1975, the DaD/MLC approved a charter for a joint ERDA/DoD evaluation of nuclear
safety for the entire nuclear weapon stockpile. This charter was the main response to the Fowler
Letter dated November 15, 1984, which questioned the safety of the air-delivered portion of the
stockpile (Ref. 196). The charter was pattemed directly after the AEC/DoD arrangement of 1972
for evaluation of nuclear safely of the SAFEGUARD ABM. A steering group would establish
uniformity in approach among the Technical Working Groups (TWGs) to be formed by each of
the three military services and ERDA, to resolve conilicts, 1o ensure timely completion, and 1o
establish priorities af reviews for the one-year study effort (Ref. 78).

The evaluations conducted by the technical working groups are remarkable in their high quality
of technical analysis and in uniformity of approach. The former may be attributed 10 the
enlightencd policy of the military services and the three ERDA weapons laboratories in making
assignments to the TWGs based on technical competence rather than prior experience in the
qualitative arena of system safcty studics per DoD Directive 5030.15. The latter may be
attributed in major part to the personal contribution of Sandians Stan Spray and Jay Grear, who
devised and successfully advocated a study methodology that produced a single definition of
“modem safety standards™ (a term contained in the charter)}—a rating system for wcapon
hardware response that categonized the degrees of safety judged to exist, and a severity-
liketihood index of abnormal environments (Figure 16) to facilitate arriving at prioritics for
remedial actions,

Figure 17 indicates the large magnitude of the total national effort, which became known as the
ERDADoD Stockpile Safety Study, and the subsequent consideration of the TWG's findmngs by
the Nuclear Weapon System Safety Group (NWSSG) of the military services (as required by the
charter).

6.10 The Joint Chiefs of Staff Stockpile Improvement Study,
1975-1977

Concurrently with conduct of the ERDA/DoD Stockpile Satety Study etfort, an essentially
independent elfort was conducted under Dol auspices us a “techrical review of the current,
near-zorm and (hture nuclear weapon systems with respeet to safety, secunty, commard. amd
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control.” As events developed, this effort focused on use control aspects of nuclcar weapon
systems. Nuclear detonation safety was not covered, in deference to the ERDA/DoD study.
Radioactive material dispersal safety was defined to be within the scope, but nothing of
consequence was done. Sccurity, similarly, was largely ignored. Results of the Joint Chiefs of
StasT Stockpile Improvement Study were not provided to Sandia or ERDA/DOE, even though
Sandian Bill Hoagland had been a full-time participant by invitation.

6.11 The POPCORN Issue Revisited, the Study of 1975-1977

By means of a co-signed letter to AEC/DMA dated June 13, 1975, officials of the Los Alantos
and Livermore weapons laboratories announced that, in the past year, “a significant extension to
previous analyses had occurred,” and results indicate that “there may be a problem (Ref. 79).”

NOTE: This letter, which touched off a several-year major restudy of nuclear
weapon storage configurations and procedures, is an example of stockpile
stewardship “whistle blowing” to report openly a safety-related situation that
might be seen by some critics as a deficiency in performance by the contractors.

Although the LASL/LLL letter suggested that the restudy of the POPCORN phenomena could be
included in the ERDA/DoD Stockpile Safety Study already under way. the effort was assigned to
a task group chaired by the DoD/FC-DNA, with members from the DOE’s LASL and LLL and
various technical and liaison agencies of the military services. The final report was issued on
September 13, 1977 (Ref. 80).

6.12 Plutonium Mass Limit Controversies, 1975-1976

An carly initiative of Don Cotter as chairman of the DoD's Military Liaison Commirtee
(appointed in the fall of 1973) was to direct the DoD's Defense Nuclear Agency to conduct a
study on nuclear stockpile operating and support costs. As a part of this study, a Field Command
unit of DNA (located in Livermore and then under Caolonel Marvin B. Sullivan, USAF)
conducted a study lo examine economic, health hazard, and political costs of long-range
transportation of plutonium-bearing nuclear weapons by logistical aircraft. Colonel Sullivan
uscd prohability-versus-consequence diagrams to develop an argument that the DoD’s public
responsibility demands a low-risk policy, and the number of flights should be reduced by
increasing the number of nuclear weapons carried by an aircraft up to the maximum physically
practicable, rather than 10 observe the existing Pu mass limit. In some cases the existing limit
resulted in being able to load only a few weapons per aircraft. He further argued that the politicat
risks suppart his position, since the risk fulls us the number of flights decrease. Cost savings of
about S1Y nultian per vear were estimated.

Dunng 1974, Colonel Sublivan presented his findings in bricfing format 10 various persons,
including an ERDA continzent in Albuquerque, New Mexico, on September 18, 1974, (This

* Fartier POPCORN ronecerns and definsuons are discussed on pape 49
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was at the request of Sandia’s Executive Vice President Jack Howard, who had been briefed
earlier.) Representatives of the ERDA weapons laboratories, principally Gene Eyster of LASL,
Marv Gustavson of LLL, and Bob Luna of SLA, argued that the more serious health hazard
consequences of higher Pu mass limits, given that an accident occurs, should be factored into the
considerations and that an upper limit should be impased. On February 15, 1975, a report by
Colonel Sullivan recommending a 60 kilogram mass limit was presented to the DoD/MLC
members; and on March 30, 1975, the report was forwarded for comments to members of an
ERDA study group on ERDA weapons transportation operations. This group, the Nuclear
Weapon Transportation Safety Hazard Evaluation Group (NWTSHEG), had been studying the
subject since 1973. Its members, including Drs. Eyster and Gustavson, continued to object to the
DNA arguments for relaxing limits, based on results of NWTSHEG's detailed risk assessment.
The NWTSHEG's work, published as ERDA 77/10 in January 1977, identified air transportation
of Pu-bearing nuclear weapons as a high-risk operation in ERDA operations. This report

(Ref. 70) was a factor in an ERDA decision to discontinue such flights.

The MC Chairman reportedly shelved the DNA proposal, and no further action was noted until
mid-1977, as discusscd later.
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6.13 The ERDA/DoD Transfer Study: The Concept of Dual-Agency
Responsibilities, 1975-1976

The Energy Reorganization Act of 1974 required a thorough review of the desirability and
feasibility of transferring the military application and restricted data functions, which ERDA
inherited from the AEC, to the DoD or other federal agencies. The review, officially entitled,
“Funding und Management Alternatives for ERDA Military Application and Restricted Datu
Functions” but commonly called “the Transfer Smudy.” was conducted during 1975 by the
participants listed in Figure 18.

Bob Peurifoy was the Sandia member of the Field Drafting Group and Technical Advisory
Group for the Sandia/Los Alamos nucicar weapons program. As recognized by Peurifoy and
Don Cotter (who had left Sandia and was then Chairman MLC and ATSD(AE) in the DaD), §°C
was the pivotal issue in deciding whether or not nuclear weapons program management and
funding would be transferred from ERDA to the DoD. This issue was seen as civilian versus
military control of nuclear weapon safety and use control. Accordingly, I was tasked by Peurifoy
to address the issue by outlining the evolution of these attributes of nuclear weapons. The first
draft paper (Ref. 81) focused on custody of nuclear weapons and required interviews of key
persons in the ERDA/Albuquerque Operations Office, especially Walt White who was a party to
the original transfer of weapon parts from the War Depariment'’s Armed Forces Special Weapons
Project to the AEC at Sandia Base, New Mexico. A later draft, (Ref. 82) and a paper on possible
implications of the transfer on nuclear safety (Ref. 83) became the impetus for the
commissioning by the study's director, ex-Sandian Gordon Mae, of a paper on safety and use
coatrol of nuclear weapons. The paper (Ref. 84), co-authored by me and Marv Gustavson of the
Lawrence Livermore Laboratory, was the origin of the now-common term used to describe
AEC/DoD relationships, “dual-agency judgment and responsibilities,” and preservation of this
concept provided the telling argument in the final report (Ref. 85). This paper is attached here as
Appendix H.

NOTE: Colone! Richard N. Brodie, USAF, was the DoD's liaison officer to the
study group and was then the Executive Secretary of DoD’s Military Liaison
Committee. Brodic and [ began a ten-year collaboration that became almost
conlinuous after Brodie retired from the USAF and joined Sandia's technical staff.

In the late 1970s, for whatever causes or combination of causes. the health of the dual-agency
judument and responsibilities arrangements for nuclear safety began to detenorale at an
increasing and senous rate. Potential contributing causes mey have included the replacement of
ERDA by the DOE and attendant reduction of the weapons program in the hizrarchy, demise of
the “watchdog" and advecate Joint Committee on Atomic Energy, retirements or ather remov.als
ot long-term satety advocates such as General Dodd Starbird, downzrading of the role and status
levels of the DoD's Delense Nuclear Agency, and changes in stafling and management interest al
the MLC/ATSD(AE). There was, however, no observable indication of a conspiracy or other
sapresiion ol intent to degrade.
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Figure 18. Principal Study Participants, “Transfer Study”
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6.14 Abortive Attempts to Reinstitute a DoD/DOE Agreement,
1976-1978

In Fall 1977, MLC Chairman Don Coner, in an cconomy move to reduce staff size, abolished the
stafT billets (ofTicers of the military services in ranks 0-6 and less) assigned to the Military
Liaison Committee while retaining a staff for his other responsibilities as the ATSD(AE). In this
process, the nuclear safety siaff was reduced from three officers to one, and the remaining one
was lo he a billet assigned to the DNA, not to the ATSD(AE). Also, the senior grade level was
reduced from 0-6 (Colonel/Navy Captain) to 0-5 (Lt. Colonel or Navy Commander), the lowered
level being commensurate with the action officer coordination arrangement with the military
scrvices that seemingly had gained favor in the Pentagon and at DOE Headquarters. During the
fall of 1978, Dr. James P. Wade, a career DoD civil servant, replaced Coter, and the action-
officer arrangement was continued,

The Army’s safety action officer at the time was U.S. Army Colonel (Retired) Joe Luger, who
was an open, avowed opponent of any legitimacy to DOE's invalvement, particularly DOE/ALO
or Sandia, in matters concerning nuclear weapons in DoD custody. His antics in joint
ERDA/DOE meetings and his caustic writings. endorsed by the Department of the Army's
Deputy Chief of Staff for Plans and Operations (DCSOPS), became so flagrant as to appear to be
out of control. He managed, by non-concurrence maneuvers, o stifle attempts to formalize and
endorse the dual-agency judgment practice that had been accepied as national policy via the
Transfer Study. For example, in March 1976, the staff of the DoD/ATSID(AE) suggested that a
Memorandum of Understanding (MOU) between ERDA and DoD on nuclear weapan safety be
drafted. This action terminated the intra-DoD coordination of a proposed National Security
Decision Memorandum™ that bad been drafied by the AEC and forwarded to the
DoD/ATSD(AE) in March 1974. Following action-officer-level discussions between AEC and
DoD, the AEC rcpresentative redrafted tbe MOU and forwarded it to DoD/ATSD(AE) on
September 29, 1977. The DoD/ATSD(AE) obtained comments from the military services
(apparently this was the first such coordination attempt), redrafted a MOU, and forwardcd it
formally to the DOE for comment before submission through Office of the Seerctary of Defense
for fina! coordination and approval. This version was transmirted to the manager of DOE/ALO
and the President of SNL by DOE/DMA on May 24, 1978. This was the first formal opportunity
to bring the matter to the attention of the scnior management. [ was assigned by Jack Howard to
conrdinute Sandia's response. The intra-Sandia coordination process included a review of the
evolution of the MOU. The response was a memo date June 20, 1978, from Sandia President
Morgan Sparks (signed by Jack Howard) to DOE/DMA Major General Joscph K. Bration,
which, in stronyg languagce, urged that the DoD's version be judged inadequate by DOE and that
the DOF request 4 retum to the carlier versions for which the DOE and DoD/ATSD(AE) action
ollicers had been making excellent progeess (Refl 193), In this process, 1 icamed that the sourcy
of the objectionable language that, in cifect, would have made DOE entirely suhordinate to DoD

Thes Nauonal Seeuzity Decision Memoranduin wauld replace Natona! Securty Acnion Memorandum 5t Jdare
May ¥, 1951, which had been nactivated on Febmary 3, 1959, by Natonal Szounty Advisor Henry Kissinger
43 2 part of 2 ceneral reduction in obder dnecuves The AECT: 2ppeal ta rzessuc Nanona! Securily Azton
Mernoramduny 31 was nat answercd.
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1n nuclear safety—instead of DOE and DoD having the dual-agency judgment responsibilities—
was the Army's action officer, Joe Luger.

Following further interactions between the DOE/DMA staff and Sandia (including another
strongly worded letter from Sparks to Bratton dated August 8, 1978), DOE/DMA Major General
Bratton personally participated in a rewrite of 2 PDM and 2 MOU, and Sparks used my draft
reply in saying “We endorse without reservation, and support enthusiastically, your revised drafls

sema

6.15 Sandia’s Initiatives for Security and Plutonium Dispersai Safety
in DoD Logistical Operations, The FORWARD LOOK Study,

1976-1979

FORWARD LOOK was a 2Y4-year major study of the szcurity (access control), safety

(plutonium dispersal safety) and survivability (utility of weapons following enemy atracks)
aspects of nuclear weapon deployments of the NoD in the 1980-1990 decade. The study was
sponsored initially by Don Cotter, the ATSD(AE)MLC Chairman and later by his successor
James P. (Jim) Wade. Andy Licber led the study that drew upon a broad spectrum of Sandia's
technical staff. An excellent summary of the results of FORWARD LOOK is contaired in the
Sandia General History (Ref. 86, pages 202-204) and in the “memoirs™ that Andy wrote upon his
retirement and amplification is not needed hete.

FORWARD LOOK drew hcavily on carlier work on plutonium dispersal safety by the staff of
the Safety Assessment Technologies Division under Dick Smith.

= John M. Taylor, 1ogcther with associates Bob Luna, Hugh Church, and Norm Grandjean,
applied the computer codes developed to analyze ERDA/DOE transportation and fixed-
sites (e.g., Pantex) to all DoD sites worldwide to quantify the impacts of increased
numbers of weapons placed at nisk.

* During 1973-76, Dick Smiith led a part of the NWTSHEG study that developed the
Accident Resistant Container (ARC) technology (see pages 103-106).

Perhaps the most important resuit of FORWARD LOOK was the remarkable display of §°C
hardware and prototype subsystems presented at Sandia in the fall of 1978 for an invited
contingent of high-level officials of DOE, DoD and, especially, each of the military services.
Dubbed “County Fair,” the displavs featured bus tours of outdoor exhibits manned by Sandia
designers in an interactive mode. County Fair was an illustration of one of Sandia’s great
strengths in R&D, i.c., the display of protolype hardware to potential users with the opportunity
for them to examine and (oflen) to personally operate the device or subsystem.

NOTE: The use control aspect of County Fair was demonstralion of emergency
destruct components that could be positioned on weapon extemal surface and
operated to destroy weapon internals, thus assuning denial of the capability to use

126 -OFFGCHALUSEONEY



- =
OFFIGIAL-USE-ONLY

the weapon, given defeat of the access denial systems also demonstrated. This

provision was presented by Donald W. (Dor) Doak of the weapon development

directorate under Bob Peurifoy. In sorting out roles and missions, Bob and Bill

Myre agreed that if a given measure for protection involved penetration of the

weapon skin or response of components inside it was a weapon development

directorate prerogative; otherwise, the security directorate coutld be responsible
(e.g., fences).

NQOTE: Historical writings by Sandians on security (or safety, conirol or
safeguards for thal matter) should consider the extreme sensitivities these subjects
evoke in other agencies as regards fundamental responsibilities, Security (access
control, in my personal definition) is the responsibility of the agency having
custodial possession of the entity being secured. Thus, Sandia could never
specify what security features DoD should employ. With this in mind, [ cite
Sandia’s participation in the upgrade of physical security for operational and
storage sites in NATO as being of high-national value. Herm Mauney managed
the cfforts and should be consulted in order to understand the special sct of
sensitivities. By the way, the Air Force was appointed as the program manger for
the DoD. The Ammy was heavily involved and presented a special “problem” for
Mauney.

6.16 The Sandia Stockpile Initiative, Fall 1977

A complete, but classified, case smdy of the DOE/DoD Stockpile Improvement Study and its
antecedent, the Sandia Stockpile Modemization Study, is contained in Reference 87. The
discussions below highlight only those aspects cansidered particularly relevant to the pusposes of
this report.

By the fall of 1977, Sandia Albuquerque’s Dr. Ricbard N. {Dick) Brodic,” an executive staif
assistant to Robert L. Peurifoy, Ir. (then Director of Weapon Development 4300}, had begun to
examine the nuclear weapon stockpile-planning process, primarily from a nuclear safety and use-
control point of view. He used the ERDA/DoD Stockpile Safety Study as a basis. The study
report (Ref. 88) develoaed a time-phased plan for redressing higher priority concerns by
retirements, retrofits, or replacements with weapons of modem design, all within the then-
planned capability of the DOE’s nuclear weapons laboratories and production complex.

NOTE: Dick Brodic’s plan, in my opinion, is a truly outstanding illustration of
systems analysis wherein he examined the capacity of the DOE's intagrated
eontractor complex to execute the time-phased production program. [ resurrccted
the methodolopy as a consuliant in 1987 for a sedy of DOE's weapons
development program (Ref. 89).

“  Brodie had, 3s 2 Colonel, USAF, served as exceutive secretary, DoDAMLC, priar 12 his retirement. Also, he
had been the Dol hnson ofticer for the Transfer Swdy in 1973-1976.
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Sandia's stockpile improvement study was reviewed by DOE/ALQ, and DOE/ALO developed a
field-coordinated report that was transmitted to DOE/DMA on August 15, 1978. The proposal,
known as the Stockpile Modemnization Study, was forwarded to the DoD/ATSD(AE) on
September 9, 1978. By March 20, 1979, the DoD had endorsed, in principle, the goal of
improving overall safety and control of the stockpile; however, DoD emphasized that
replacement was the favored method. Retrofits could be considered if or: a non-interference

+ basis with new weapon production. DoD accepted only two of the retrofit programs proposed by
DOE, called for additional studies on ten other weapon systems,*' and recommended exclusion of
17 others for various reasons. While only three hardware retrofit programs were undertaken,
objectives for six were achieved over time by change deployments and early retirements.

NOTE: In the decade covered, the office in DOE/OMA that coordinated
preparation of the report had rapid tumover, with at least three directors. Thus,
Sandia provided programmatic continuity.

6.17 Intra-DOE Laboratories Challenges to SNLA Nuclear Safety
Roles, 1977-1981

The SNLL/LLNL weapan design team first encountered the Enhanced Nuciear Detonation
system (ENDS), conceived by Stan Spray's division at SNLA for the B77 strategic bomb in May
- 1974, some two years afler ENDS had become accepted as the standard design approach for all

- new devclopments. The B77 was to be the California team’s first full bomb program and
presented a significant challenge in technological areas new to them. (For the earlier B27 and
B41 programs, some parts of the weapons were developed at Sandia Albuquerque or LASL.) By
mid-1977, the extremely high costs of the B77 had become of widespread concem in the DOE
complex and LLNL placed the blame on ENDS, claiming that SNLA’s design was pricing new

. weapons *“‘out of the market" (Ref. 90). Whereas later reviews indicated that the B77’s high cost
¥ was attributable to the choice of a relatively large variety of new technologies essentially across-
the-design; ENDs seemed to be at the time a convenient scapagoat.

LLNL established a nuclear detonation safety design project and designed several components to
¥ provide safety for the detonators of the IHE primary of the B77. Reports of the work were
circulated for review, one in a blank envelope to SNL Vice President Components! The early
approach that involved an electronic logic circuit was judzed conceptually weak becnuse of

[ obvious susceptibility to bypass by a single event or stimulus. The next approach, however, was
l to become the focus of high technical management aut=ntion for ycars to come.

b In 1677-78, MSAD I (Mechanical Safing & Auming Dutonator I) continued w evolve 1atdia
, rapidly from a simple lock to restrain a wire that was to be withdrawn by a motor to a unique
signal-driven safing device conceptually compatible with the ENDS, MSAD L.

E 4 The Armiy, reportedly led by nuclear safery action officer Joz Luger, proposed an aliermative 1w the DOE’s
propusal tor the W11, and a kengthy ura-Ammy review was imnated. This propoesal did not survive,
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In December 1977, the B77 was canceled because of inordinate costs, In early 1979, LLNL
announced intent to commit MSAD [ to the W84/GLCM program; and throughout 1979 the
matics was considered at various levels of management, especially at a SNL Small Staff Meeting
on July 10, 1979. SNLL Vice President Tom Cook informed LLNL that MSAD would be
carricd as a backup design to replace one of the two strong links in the W84, Some eight months
later on March 3, 1980, LLNL’s Harry Reynolds decided to make MSAD II the primary option.
By late 1981, LLNL's W84/GLCM project scientist leader was trying to extend LLNL’s control
over safety by proposing a high-voltage safing switch to replace the remaining strong link.
Furthermore, a drive to make LLNL/SNLL tcam independent of SNLA was begun by LLNL's
Bill Shuler (Ref. 90).

NOTE: | include this part of the MSAD episode to illustrate that nuclear safety
design responsibilities are not prescribed in interagency agrecements and the
current situation at any time should not be taken for granted. Refercnce 90 isa
draft working paper of ming that gives opinions on the causes for differences in
approach between the LLNL/SNLL team and the SNLA ENDS approach, as well
as citing intra-SNLA competition. The reference mentions typical arguments
about ENDS, such as “increased safety,” “all-the-eggs-in-one-basket,” "“(threshold
of acceptable risk,” new design and production contractors into safety device
arenas, and most importantly, further desegregation of safety responsibilities
within DOE laboratories.

6.18 Nuclear Weapon Systam Safety Rules Approval, 1961-1978

Perhaps the most influential aspect of the national nuclear weapon system safety study effort has
been the provision in DoD Directive 5030.15/3150.2 for developing and processing of nuclear
weapon systein safety rules. These documents may be consulited for detailed descriptions of the
provisions, As stated therein:

“Safely rules provide the procedural safeguards that, together with the weapon
syslem design features and technical and operational procedures, ensure
maximum safely consistent witlh operational requirements during operations with
nuclcar weapens and nuclear weapon systems.™

For nuclear weapon systems, the Secretary of Defense approves rules before the weapon system
can be granted an Initial Operational Capability (§0C) and be deployed in the national defense
structure. The process leading to approval includes sequentially:

s proposal of a sct ol rules by the Nuclear Weapon System Safety Group (NWSSG) of the
1ssuing Military Depantments(s) of the DoD,

= approval by that Depanment(s),

* coordination with the AFSWTI and successors,

» approval by the Joint Chicfs of Stlf (JCS).

e coordination with the AECCERDA DOE, and
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notification of the President.

A history of the controlling documentation of the process is given in Reference 127, *:
Summary of Presidential and Other High-Level Directives and Correspondence on Nuclear
Weapon System Safety and Control.”

Coordination vs. Concurrence Actions

Since the beginnings of nuclear weapon system safety in the late 1950s, a basic
disagreement has existed between the DoD and the AEC/ERDA/DOE as to
whether involvement of the latter in the nuclear safety rules approval process is
one of formal coordination or formal concurrence. The AEC declared that its
required action was one of concurrence before final spproval (Ref. 197 and
Appendix J). [nterim approval may be given by the Secretary of Defense when, in
his judgment, it is "'... operationally necessary to deploy weapons in the interest
of national defense.” This did not require AEC concurrence, but apparently did
require coordination.

The AEC Headquarters Safety Actions

DoD Directive 3150.2 states that the Secretary of cach Military Department shall
*... support the DOE during the DOE safety rules coordination process ...." In
the carly years, this process included nwo steps led by the Sysiems Safety Branch
of AEC/DMA.

1. Action Memorandum. This document was prepared for signaturc by the
Chairman of the AEC to grant concurrence with proposed nuclear safety rules
actions. Coordination included obtaining comments from AEC/AL and
Sandia.

I~

AEC Field Review. In the carly years, the AEC normally called for a “Field
Review™ prior to granting concurrence on {inal rules. This action was
arranged by a branch officer who would serve as a member and chairman of a
group comprised of voling members from AEC/AL and Sandia. The
arrangements with the Military Department were made via DoD/ATSD(AE)
channels. The group almost always asked for and usually received 2 visit to 2
military installation to sitness plannzd operations— preferably, fo the first
military uuit having 10C approval.

Apparently because the Sandia inember of a Field Review was given voting status as conirasted
to technical advisor status for the carlivr safety studics, by the time of my initial involvement in
nuclear safety (1961). Sundia’s policy was 1o appoint as the member a supervisor (section or
divisiond in the systems salety organization.

| My
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NOTE: These two actions in practice were the main ones handied by the small
staff of military officers assigned to the Systems Safety Branch of AEC/DMA.
The actions in effect put Sandia on a high level as regards approval of safety rules
and this allowed an independent review that culminated in a memo from Sandia’s
President to AEC/DMA that presented Sandia’s comments and approval
recommendations.

When I rejoined Sandia's nuclear safety organization in 1968, the practice of requesting Field
Reviews had about ceased. I fought successfully to retain the option as DeD and
AEC/ERDA/DOE goveming directives were revised over the years. In 1978, | had occasion to
request a Field Review, as discussed below.

6.19 The B61-5/F-4 Safety Rules Episode: Civilian vs. Military
Control

In late 1977, 1he first nuclear weapon to incorporate the majority of state-of-the-art
improvements in $’C reached production status, and the Air Force began processing nuclear
weapon system safety rules. Such rules are written for each weapon system, i.e., the delivery
aircraft in this instance, that apply to a nuclear weapon type. The F-4 application presented a
singular concem in that the relatively old fighter/bomber had not been provided with the monitor
and control hardware needed to provide the bomb with the required prearming electrical signals
afier take-off. The Military Characteristics document written by the Air Force had allowed for
this discrepancy by recuiring Sandia designers to incorporate a two-way switch on the outside
surface of the B61-5 that would allow overriding “onc of the two safing components in the
bomb.” Such a bypass would negate much of the overall enhancement in nuclear detonation
safety provided in the design.

The nuclear safety rules package presented to Sandia by DOE'OMA for the B61-5/F-4 called for
the selector switch to be placed in the override position during mating of the bomb to the aircraft
for Quick Reaction Alert (continuous ground alert) and remaining so for the entire QRA periad.
In a letter dated December 23, 1977, Sandia advised DOE/OMA of its concern about bypassing
the very design safety feature that would protect againsi faults in the F-4 that would introduce
errant voltages into the bomb, without a clearly compelling operational need to do so. In the past
four vears, the F-4 had experienced at least {ive such incidents, one actually operating a bomb
safety component.

Apparcntly, DOE/DMA was offended by Sandia's objection and directed that henceforth Sandia
would ot teply directly to DOE/DMA, but would provide comements (o DOE/AL whu woukl
consolidate comments, attempt to resolve issues, amd forwanl appropriate comments/concurrence
to DOE/DMA. When informed that DOE/AL had without field consultation already g:ven
approval for interim rules, Sandia's Executive Vice President Jack Howard took exception in «
strongly worded TWX (Ref. 174).
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NOTE: Jack Howard showed me a drafl of Ref, 174 that ended with the
observation the DOE/OMA was following a path that could result in a lack of
civilian signatures on safety rules and this would be “a situation I believe is
unfortunate if not itlegal.” I suggested replacing the last clause with “if not
conlrary to statutory intent” and Jack made that change.

At my suggestion, DOE/OMA arranged for a Field Review for B61-5/F-4 nuclear safety rules
and [ stewed over naming a Sandia voting member. In anticipation of potential for an intra-DOE
disagreement, | searched for a member who clearly would represent Sandia’s top management.
After consultation with Sandia’s legal staff (BTL, on-loan), | nominated my director, Leon
Smith—believing, in good faith, that his level was that of an “officer™ of Sandia. Leon later was
informed that the “officer” level began at Vice President and, thercfore, he did not qualify.

NOTE: Sandia officers are required to retire at age 65. 1 wonder if this episode
was a factor in Leon Smith’s election to continue as a director substantially
heyond age 657

The Field Review was held at a U.S/NATO airbase in West Germany, with the result of
recommending approval of the proposed rules. In a memo to DOE/OMA, Lcon Smith expressed
the technical opinion that the bypass at loading was not essential to meeting the stated
operational limeline for readiness and that bypass during the last opportunity prior to take-off
was the better choice. {am certain that the impending retirement of the F-4 mission was a factor
in deciding not to elevate the disagreement at the time.

6.20 DoD/DOE Long-Range Planning Group (Starbird Study),
1979-1980

This study was initiated by the DoD/ATSD(AE) and was in ¢ffect the second study of the
transfur issue, although the ERDA s weapons responsibilities had been transferred to the
Department of Energy in 1977 upon dissolution of ERDA. Lt. General Dodd Starbird, U.S.
Army Retired, who by then had become a consultant, chaired the study. Again, Bob Peurifoy
wis Sandia’s member of the study group and he obtaioed my services in support. Figure 191s a
list of principal participants.

‘The subject of nuclear weapon safety was not on the study’s agenda initially. When the study
group visited Sandia in late 1979, Peurifoy had me give a briefing on the recent deterioration in
FRDA/DOE-DoD relations in safety and the demise of presidential-level directories that would
tormaliz2 the dual agency judgment and responsibilities practice (Ref. 91). The thrust of my
remarks was that, despite the fact that tiwe nationsl policy documents that had formed the basis
for the joint DoD/DOE program had been rescinded, revoked, replaced, ar otherwise de-
emphasized. the program was continuing {o function. Sich a situation scemed tragile for the
lona mn and not in the spirit of the finding for dual-agency responsibilitics for safery per the
[ransfer Study of 1976, Licutenant General Starbird, a long-time advocate of nuclear safety aml
a zponsor ol the Transter Study, decided to add the subjeet of nuclear safety to the agenda of the
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group. Perhaps the most telling indication of fragility was my presentation that compared, side-
by-side, the wordings of the final draft proposals of the DOE/DMA for a Presidential Decision
Memorandum and a DoD/DOE Memorandum of Understanding with the then current DoD draft
that, almost a year later, was still circulating at action-officer levels in the DoD.* It wes clear to
some in the audience that a serious threat to the dual agency nuclear safety program was
cmerging. Later, Dick Brodie and [ prepared material, which became the basis for an appendix
(one of four), to the group’s final report (Ref. 92) on Safety, Security and Control (S°C).

Also on the matter of S°C, [ was assigned by Sandia’s Jack Howard, who was scrving as an
advisor to Starbird, to prepare a strawman draft paper on formally institutionalizing the dual-
agency concept. The draft (Ref. 93), after comments by Howard were accommodated (Ref. 94),
became the support for a recommendation in the final report for establishing a DoD/DOE high-
level oversight committee for S'C matters.”

Perhaps my more important involvement was the drafting of a detailed paper that discusses the
deterioration of the level-of-effort management and funding practice instituted by the AEC for
the nuclear weapons program. This paper (Ref. 95) stressed the impact of retirements and other
dissociations of ten persons (called *lions" in the paper) who had been instrumental in the
practice’s evolution, support, and advocacy. Perhaps the paper was a factor in Starbird Study’s
strong endorsement of the practice and the wisdom of continuing it by not transferring any
responsibilitics to the DoD. The paper was edited and reissued:

= in 1985 in relation to the Nunn-Wamer and Domenici amendments on transfer of
production responsibilities for nuclear weapons to the DoD (The *‘Blue Ribbon Study™).

and
* in 1987 in relation to an intra-DOE study of planning for the nuclear weapons compiex

(The “Hymer Study”).
Other safety-related papers that I wrote in support of Bob Peurifoy were on the subjects of:
Utility of the DoD’s Military Liaison Commitice {Ref. 96).

Functions of the DoD’s Design Review and Acceptance Group (Ref. 97).
Rolcs of the DoD’s Defense Nuclear Agency in Nuclear Weapon Safety (Rcf. 98).

I~ —
. .

el

* As mennaned. Jae Lugzr had heavily influenced the DoD drafi,

A DD DOE commintes was not implemunted; however. the DOEDP later established an intra-DOE oversight
commutiee, now called the 5°C Commitice, Vice President O:val Jones was Sandia’s member initially,
fotlowed by Boh Peurifory.

1
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“A{om participated on 2 part time basis oaly.
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STIDY GROUP]*
BRANK SAME P NIZATION
MGen Jobm C. Toomay ATSD (AE) - - USAF (Ret)
Col Kyle D, Baroes, k. HQ AFSC, USAF
Li1Col Raxndall E, Beaty HQDNA
Maj Roper S. Case, Jr. HQUSAFRDFT ;
RAdm Glenywood Clack USN, Stategic Systems Projest Office
Mr. Thomas Clark DOE/ALO
Lt Col Jimmy W. Cotner HQDA, CDCSRDA, SRAO
Mr, N. S, Dicoes DOB/ALD
Capt Leslie J. Hom USN, HQ Naval Material Command
W. 1. Howard Sandia Laboratory
Dr. Hugh R.Lchovan LANSL
LCDR George W. MacPherson USH, Strategic Systems Project Office
Mr. A N. Meyer, It. DOE/ALO
Mz R. L Peurifoy, Jr. Sandis Laboramry
| Gough C. Reinhardt LLNL
STUDY GROUP IF*
3Gey David M. Mullzoey ATSD (AE)
Capt D. M. Alderson USN, OSG/CNA
Capt Wayne L. Beech USN, DOE/OMA,
De Richard N. Brodie Sandia Laboratory
Lt Col Martm D, Centala USAF, HQ DNA/SOPR
Mz Nelsos W, Exton 0SD (C)
M: Joha A. Eisele OSD (PALE)
Dr SydsD Gold LINL
M David J. Hesaler 0sD (C)
D Reymldo Morales LANSL
Col William A. Myess USAF, DATSD (AE)
Caol ENelsan O"Rear USAF, AF/XOXFS
Lt Col ‘Wiliam M. Raymoad USA,NCA
STCDY GROVE )"
D F. Charlzs Gilbes a0E
Jr Delmar W. Bergen ATSD (AE) - 03 loan fram LANSL
Me, Viadimir Bernidlan ALO
Car Barry S. Burch LUSN, Joint Caus= Missile Project
Ms. Mary G. Cariyon AlLO
LiCnl Edward V., deBoss= USAa ICS
A=, Hownsd 3, Elisworth OUSD (R&E)
i Lamy 7. Farsythe DOE'OMA
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6.21 Briefing Package on Nuclear Weapon Safety, 1980-81

Following the TITAN Il intercontinental ballistic missilc accident at Damascus, Arkansas, in the
fall of 1980, DOE/DMA Major General Wilham W. Hoover, USAF as DOE/DMA, requested
that the weapons desizn laboratories prepare a package of information on nuclear weapon safety
that could be used by federal employeces to make information releases (briefings) to tke public to
ensure the adequacy of the safety of nuclear weapons. Sandia was asked to coordinate the effort
and Executive Vice President Jack Howard assigned the task of preparing the material to Orval
Jones, then Director of Nuclear Security Systems 1700. [ was assigned to assist Jones for several
months. Jones was expert on physical security technology and institutions, but had no relevant
experience in nuclear weapons technology, especially safety.

NOTE: In the summer of 1980 as | was preparing for a rather lengthy Operational
Safety Review in Europe, I recommended a change in Sandia’s policy on who
would participate as technical advisor for the DoD's weapon accident response
team. By memo (Ref. 99), I suggested that the Director, Weapon Development of
either the Albuquerque or the Livermore design team be the representative, as
contrasted to the former practice of being the staff member that supported the
particular military service’s system safety study group. This resuited in Bob
Peurifoy representing Sandia at Damascus, Arkansas,

The result of Jones’ irtensive study of nuclear weapon safety is a set of transparencies and
associated briefing notes (Referencc 100), supported by the following six documents:

g
.

A source book on nuclear weapon safety, 41 pages (Ref. 101).
A summary of official public information on nuclear safety, 128 pages, (Ref. 102).

1

A summary of unofficial public information, 86 pages (Ref. 103).
117 possible questions and answers, 67 pages (Ref. 104).
A chart summarizing status of nuclear safety features in weapons, 1 page (Ref. 105).

& v o ow

A summary of safety featurcs in each stockpiled nuclear weapon, 243 pages (Ref. 106).

Although this package has existed in the files of Sandia’s Nuclear Safety Information Center
(NSIC), it has found little use. LLNL and LANL preferred a highly abbreviated and generalized
version. LLNL created such a version and forwarded it for comments. Only the sixth-named
document was kept current and used in emergency response opeiation centers as a reference.

NOTE: Several years latar 1 was tasked to support Orval Jones when he was
SNL's member of the DOE's §°C Committce. In recalling the process of
preparing this briefing package, Orval mentioned to me that the experience had
led him to chauge his mind about the utility of Sandia having any on-roll career
specialists in particular disciplines, as contrastad to having technically qualified
staff that could be used in a varicty of roles during a career. He became
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convinced that Sandia needed a “professor” (his term) in nuclear safety and so
labeled my role as such. Apparently, Orval has continued this opinion, since the
notion of a surety professor appears in the 1997 report on Sandia's Surety
Henitage to which lic conmibuted (page 178 and Ref. 149).

6.22 Sandia Input to the Annual Report to the President on Nuclear
Safety (Surety), 1976-1984

In 1970, National Security Advisor Henry Kissinger issued National Sccurity Decision
Mcmorandum (NSDM) 5, which revoked, rescinded, or reissued all carlier directives of a
specificd vintage. NSAM 160 on PAL was reissued and NSAMs 51 and 272 on safety were
rescinded.

Efforts to reissue National Security Action Memorandum 51, which prescribed AEC
participation in thie consideration of nuclear safety matters, were extremely contentious in DoD
and AEC staff-level negotiations and showed little progress until the report of the ERDA/DoD
Transfer Study was accepted in January 1976. A Memorandum of Understanding was not issucd
until 1983—some 13 years in negotiation. A Presidential Directive, normally produced before
an MOU is appropriate, has not been issued,

NSAM 272 was replaced in content by NSDM 96 issued later in 1970. [t expressed direction of
the President, in part, as:

*  An annual report be forwarded to him at the beginning of cach calendar year describing
the nuclear weapons safety rules in effect for all weapon systems and noling changes in
those rules during the past year.

* The President be informed prompily of the rules approved for new weapons systems anl
of any significant changes with regard to existing systems.

= The President requests that a proposed format for the annual report be forwarded to him
tor his review by January 15, 1971,

Since the coverage apparently was hmited to nuclear safety rules processing, SNL roles were
essentially unchanged from those for NSAM 272,

By a letter dated July 16. 1973 addressed to ERDA from the National Secunty Council of the
Office of the President, ERDA was requicsted to prepare an annual report to the President on
nuclear weapon safety and security, in « manner similar to that done by the DoD under NSDM
96 since 1970.

No record of SNL involvemient or notice ol reporting for calendar year 1975 has been located. A
memo tfrom ERDAYDMA Safety and Facilities Director {Colonel-1eve]) requesting input trom
the *ficld” reterred to the 1976 Second Annual Repont to the President on Nuclvar Weapon
Satety and Security  The input requested was to comment on i draft report that had been
prepared by the ERDA staff (three ticld-grade military officers plus several civilians who had
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retired from military service in-place). In order to meet the 23-day deadline imposed for input, |
took the lead as Nuclear Safety Department Manager. 1 consulted with fellow department
managers working in security fields (e.g., Gene Blake and Andy Lieber) and in other aspects of
nuclear safety. [ drafted a suggested rewrite of the Executive Summary section of the report and
forwarded the package to ERDA/DMA/S&F dircctly. The SNL material was included in the
final report verbatim; however, SNL was not requested ta review that report for comment prior to
its issuance.

The thrust of SNL’s 1976 rewritc was to cite and describe initiatives and significant
contributions of the ERDA national laboratories in S°C, adding use control to safety and security.
Otherwise, the report would likely have continued to be a summary of only Operational Safety
Review and safety rules matters.

By lctter dated Junc 18, 1976, from the National Security Council to ERDA and DoD., the
report’s format was changed to that of a combined agency report, and this practice was to last for
eight years. The modus operandi’ for a combined report was for the DoD and ERDA/DOE to
prepare sections covering their operations essentially independently and for staff-lavel officers in
Washington DC to draft an Executive Summary. These two ¢lements were to be combined and
forwarded in drafi to field agencies for comment. Thus, only the Executive Summary was
intended to be “joint,"” but in practice each participant commented on all sections at staff levels or
occasionally at decision-making levels through cover letters forwarding comments.

A summary of contributions from the weapons laboratories over the years to the Annual Report
is given in Figure 20. I found that an especially valuable aspect of SNL's input to the Annual
Surety Report was its value as a coordinated, laboratory-wide position, which can be expressed
in other forms of communications on S°C, such as the annua! testimonies of the DOE weapons
laboratories to congressional committees n the armed services.

» 1978, Morgan Sparké to Housc Armed Services Committee (on Enhanced Nuclear
Detonation Safety Utility).
» 1980, Morgan Sparks to Senate Armed Services Committee (On the Stockpile

Modemization Program).
* 1986, Morgan Sparks to House Anmed Services Committee (On the Stockpile

Modernization Program).

Among the notable other contributions by SNL to the process (shown in Figure 20, the sixth
column) have been:

« Articulating and stressing the value of'the “Dual Agency™ concept that has beea
challenged by DoD agencies from time to time, but reaffirmed penodically by major

national-level studies.
s Coordinating inputs among the three DOE weapons |aboratories.
» Introducing plutonium dispersal risks as a national concem.

138 OFFIGIALUSE-ONLY



SRORETIRS

BT THE I N 3TN SHL Process soisble T H T
Cilegfer Yap  _tesg  logrédmagies Siem Daowt  Sice doetesal Costridutices {Saezesa
R | tEDk
1.0 . Fac. Saiety  Nee Salety  Fot kpplicahle lMéed 20D By the gevrote Tues,
Dest, Dept. 17,2764 39.2788 12 ua 3iC Suzsary
1.- 4§10 * . Presifent Presidest hdded °Boal Agescy®  Zeferesced EAOL/
I0.2068 S 19.276600 Coacept Troacier Srady’
L} 4 . E Fresiest ) Obfected to LML L0B/Bok vaatad 1o
WA ‘selling® eaproved  focus on "problens’
coacepls - SIL [iaessed, S
w.am.
5 - L9 ' * Pzegideat tockpile edera,  Soggested 5.0.3tudy
19.110 Stoéy fepbasis ba gives to the
‘Stardird® Stedy
& - 1830 Cotdised -+ Fresideat P dispersal coopern Cnsmest 53 detesior
DeD{ 308 19,2788/ satrodseed aci:g sisardckip
of 5°C
7.1 ! ’ President Coatested 2degmacy of Poesideat Reagas
1v.2071s 708 sezerity iz MM endarzed ccaceme
g - 1982 * Bt Steif  I=ee. RO, Stockoile Zaorovs.
pied 1%.1763/2 Prozras mpfate
$- 1000 ; Saz. Safety  Y.P. 7000 fatestsd scatessats per WSO 130;
Pept.1V.1789 LR 1174f6 A} Sade® stockpiie give DodBOE
£iflereaces
et LH * ¢ LR A I5L: Casprahessive  U3AF coateniyd
$T.2ZIT5) 15°C Caus.] rezpst tag pew 0.5, SAL 13zat e
Sresrienty 7ol Saiety Erres.
Dozl dgeecy ceacaras Witddtavs o
raiss o Fres.
slae Zinap Susa
Gresy

13:1 forvicenies by 9. L. reress 3anil fatinessat 9120783

Figure 20. Notable Contributions for the DOE Nuclear Weapons Laboratories
to the Annual Reports lo Ihe Presidant on Nuclear Weapons Study, 1976- 1984

-OFFIGIAL-USE-ONLY- 139
‘_, X I ooz AT Lol | -



IEONEYIFRD
-OFFIGIAL-USE-ONLY ..

6.23 Brlefings and Testimonies on the Stockpile Improvement
Program, 1980-1981

In Spring 1980, I vented frustrations about the seeming lack of national resolve to follow through
on the DOE/DaoD Stockpile Improvement Program (SIP) in preparing drafls for Sandia President
Morgan Spark’s testimonies to congressional committees on armed services for FY81 and for
him to note the situation in signing the Sandia inpul to the DOE scction of the Aanual Report to
the President on Nuclear Weapons Surety for 1979 (Ref. 172). Sparks testimony to Ihe House
Committce on Armed Services on April 16, 1980 noted **.... the requested funding was not
included in the budget. We continue to believe that the program is valuable and we hope that it
will be finded in the fiscal 1982 budget.”

On June 13, 1980, Bob Peurifoy, Charlie Burks, and Stan Spray briefed the Inspector General of
the Air Force, Major General Howard Leaf, on nuclear weapon accidents, history, and ENDS.
This was the first and only involvement of that office in nuclear weapon system safety matters to
my knowledge—nuclear safety was handled as an entirely separate discipline from aircraft {lying
safety, personnel safety, etc.

On October 29, 1980, Charlic Burks addressed the DoD's Military Liaison Committee Chairman
Jim Wade, the ML.C and DOE officials ASDP Duane Sewell and DMA MG William W. Hoover
during the annual MLC visit to DOE offices and weapons laboratories. Burks discussed the
background of the SIP, with emphasis added by the nuclear weapon accident at Damascus earlier
that month and the nuclear weapon significant incident involving two of the air-delivered
weapon sysiems.

On December 10, 1980, Bob Peurifoy briefed MG Ed Giller (USAF, Retired) on the safety
concems. General Giller informed Air Force Chief of Staff LTG Lewis (Lew) Allea of the
matter., General Allen had spent several years early in his career at LASL, being a co-author of
ibe classic scientific report on nuclear weapon vulnerability to nuclear radiations from enemy
countermeasures (the Goad-Allen report). In fact, § recall that he was the only Chief of StafT who
had not been a command pilot. Air Force Inspector General Howard Leaf re-cnlered the
considerations. e was briefed along with Colonel William E. (Bill) Endres, Commander of the
Directorate of Nuciear Safety by Bob Peurifoy on January 15, 1981. General Leaf's interests led
to nuclear weapon system safety enhancements in the way of changes to fire fighting capabilitics
at SAC bases and to QRA opcrations of starting engir.es on B-52s.

NOTE: Major General Howard Leaf, USAF/IG, commissioncd USAF consultant
| tarold (11al) Smith, then on he staff of the Air Force Scientific Advisory BDoard,
to appraise the validity of the basic finding of the TWGs and of Sandia that
pehavior of older weapon ordnance to severe sbnormal environments was
“unpredictable.” Smith's “expert opinion™ (Ref. 179) was the incredibly naive
assertion that behavior was indeed prediclable to high degree and that prediction
was that the ordnance would become inoperable because shorts to ground in the
clectrical subsystem would abound, precluding application of clectrical power to
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safety sensitive components. He saw the problem as a reliability concem, rather
than one of nuclear safety. Hal Smith, who over the years had been a regular
consultant to LRL/LLL/LLNL, was appointed to the Nuclear Weapon Council
{successor to the MLC and ATSD(AE)} in 1993 and served through 1997.

6.24 The DoD/DOE Plutonium Dispersal Analysis Group, 1977-1931

Afler a several-year hiatus, the issue of increasing the imitation on the quantity of plutonium-
bearing nuclear weapons allowed to be in an ensemble for logistical storage or transportation was
revived. On July 28, 1977, DoD/MLC Chairman Don Colier announced that the MLC had
approved an increase for storage™ that roughly amountzd to 300%. The DoD/DNA Headquarters
tasked its Field Command at Kirtland AFB to “1ake the necessary action to change TP 20-7 to
conform ...." The TP 20-7 Nuclear Safety Crileria is a tecimical manual published through the
Joint Nuclear Weapons Publication System (JNWPS). Any change to it requires the concurrence
of at Jeast three agencies: a military service, the DoD via its DNA, and the DOE via DOE/AL.
Obtaining concurrence of the last-named also involves concurrence by the appropriate
combination of the DOE's weapons laboratories. [ led the process whereby DOE declined to
concur, and the matter quickly escalated in DoD/DOE management-level attention.

Alttempts to accommodate the DoD’s desires for operational flexibility and economies and the
DOE's concerns about safety continued for about a year, mostly in the form of wordsmithing
exercises for the text and footnotes of TP 20-7. The three DOE weapons laboratories held fast to
the conviction that the proposcd blanket increase was ill-advised and suggested as an aliermative
that each specific situation should “require evaluation of the peculianities of the particular site by
technically qualified persons who consider the hazards both to the individuals at site boundarnies
and to the general populace.” (My words contained in a memo by Jack Howard, Ref. 107). This
position was presented to the MLC orally on October 4, 1978, by Jack R. Roeder of DOE/AL
and Bob Luna of SNLA.

In the spring of 1979, Bob Luna, Hugh Church, John Taylor, and | respondcd to an urgent
request from the U.S. Navy for evaluation of the potential health consequences of an
accident/incident tnvolving plutonium-bearing nuclear weapons that might be stored at a site
under construction in Hawaii.* This work conducted onsite in Hawaii led to refinements of an
analytical technique for quantifying consequences in terms of doses of radioactive materials
dispersed by an accident, giving additional credence to the site-specific approach advocatzd by
the DOE. In the fall of 1979, at the request ot DoD/DNA, the techniques were applied by Sandia
to two sites in Europe and one in the CONUS.

 The thrust of DNA's arguments in the mud- 19705 was to inerease the limut for ransportition, and no mention
was made of storage concemns. Apparently, the impetus here was to accomumodate higlier-densily storage in
certatn igloos in NATO, while others underwent physical security construction upgrades.
The U.S. Supreme Court decided in 1975 that the U.S. Navy was not required 10 produce an unclassificd
“hypothetical” EIS fur us aucleas weapons storage {acihiy in Hawan,
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On November 1, 1979, Jim Wade, DoD/ATSD(AE), lasked the DoD/DNA to contract for a
definitive study of storage of plutonium-bearing nuclear weapons. About a year later, DNA
produced proposed terms of reference (TOR) for a joint DoD/DOE review of the plutonium mass
limits issue. This TOR was forwarded to DOE/DMA's Major General William W. Hoover for
comments. Sandia President Morgan Sparks® letter (Ref. 108) to Major General Hoover early in
1981, which | drafted, objected to the TOR approach as favoring unilateral DoD control of the
process. Instead, it suggested joint conduct of a systems study using the analytical methodology
developed by the DOE weapons laboratories in 1973-1977 for the DOE’s Nuclear Weapon
Transportation Safety Hazards Evaluation Group and applied by Sandia to certain DoD
transportation operations in the FORWARD LOOK Study of 1980 (both smdies are discussed
here). The study would be the third to be conducted in a format similar to that used for the
SAFEGUARD ABM issue of 1972-1973 and the ERDA/DoD Stockpile Safety Study of 1975-
1976. My proposed charter was attached to Sparks' letter. The Sandia approach was endorsed
by Major General Hoover, and the proposed charter was forwarded to the DoD/ATSD(AE) on
March 3, 1981. Following further coordination of the charter, the first meeting of the DoD/DOE
Plutonium Dispersal Analysis Study Steering Group was held on August 20, 1981.

6.25 Accident Response Group (ARG) and Nuclear Emergency
Search Team (NEST) Emphasis, Early 1980s

The nuclear weapon system accident on January 31, 1958, at a “SAC Base (overseas),” invelved
highly localized radioactive matetial contamination and cleanup operstions on a military
installation (classified location even todey). At the time, the potential problem area of
contamination from dispersal caused by detonation of the high explosive in the new scaled-pit
lype of nuclear weapon was being considered by the Nuclear Weapon Safety Working Group
chaired by the Armed Forces Special Weapons Project’s Scientific Advisor. Sandia’s research
organization was providing a member, Mel Merritt carly on, followed by Jim Shreve. Although
this accident did not involve a detonation and the configuration was other then a sealed-pit
weapon, the group had the appropriate technology at hand. The Sandian who was invited by the
USAF ta assist in decontaminalion on-site was William M. (Bill) Cowan from the research
orgarization. (See page 43 for discussion of this arangement.) This acctdent occurred only
cleven days after the USAF had formed its Nuclear Wespon System Safety Study Greup at
Kirtland AFB. Thus, this accident response support function originaled under auspices of
AFSWP/DASA/DNA/DSWA.

As mentioned earlicr, at the lime Sandia's Carl Carlson was reviewing all earlier accidents and
incidents in his study of nuclear weapon safety for the AEC. Thal interest was a lactor in the
formation on 2/27/58 of the Joint Nuclear Accident Coordinating Center at Sandix Base. AEC
was represented by a first-level branch organization at AEC/AL. [n practice, all futore nuclear
weapon accidents and major incidents involved only the USAF, and AEC nolification usually
came via NWSSG chennels before INACC. The AEC/DOD agrecment document (Ref. 183)
dates the ongin of the “Broken Arrow™ code name for a nuclear weapon accident that was later 0
aain worldwide fame.
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In the aftermath of the Palomares accident of early 1966, MLC Chairman/ATSD(AE) Jack
Howard led the process of issuing a revision to the AEC/DoD agreement on accident response
(Ref. 187) and revising DoD Directive 7730.12 (Ref. 138). The thrust of this effort was to
reinforee the role of the DASA, which had been a major source of support staff for Howard for
the Palomares accident (the MLC part of the office’s tatal staff was thin at best). After the Thule
accident of early 1968, MLC Chairman/ATSD(AE) Carl Walske issued, on June 10, 1970, a
highcr-level interagency AEC/DoD Memorandum of Understanding (Ref. 189). A major thrust
of this effort was to formalize the roles of the AEC and its weapons laboratories in accident
response. The AEC was to be notified promptly and given the option to respond by sending a
team to the sitc anywhere worldwide. This document was the origin of 1he notion of an Accident
Response Group (ARG). The flurry of activity that followed involving AEC/ERDA/DOE
headquarters and field organizations and the weapon's laboratories is indicated by Figure 21,

The implementing document for DOE participation was AEC Manual Chapter 0470 issued in
early 1972, Not much happened until 1977 upon issuance of an agreement between Energy
Research and Development Agency (ERDA) and the DoD (Ref. 190). This led to establishment
of a formal role for the staff of the Military Applications Office at ERDA Headquarters ncar
Germantown, Maryland, with canstruction and manning of an AEC emergency response
coordination center in a vault beneath the fieadquasters building.

NQOTE: As ! mention in context later, I consider the extreme of emphasis that
developed on ARG/NEST to have had a seriously detrimental impact on nuclear
weapon S*C because it competed for the energics of the very ERDA/DOE and
laboratory personnel who also had line responsibilities in S*°C. ! don’t quarrel

with the ARG/NEST as a national capability—it’s a matter of degree.

By 1974, an activity that can be considered as a parallel to the ARG area had evolved from roots
in the Security part of $°C, the Nuclear Emergency Search Team (NEST). Rather than being
driven by a weapon accident as for ARG, NEST was driven by the threat of loss of possession or
control aver a weapon, weapon test devices, weapon parts (especially those containing
radioactive malerial), ctc. The principal threat was use of the item to cause dispersal of
radioactive materials that could endanger the health of che general population or otherwise have
impact of national significance, William E. (Bill) Nelson of LLNL, William H. (Bill) Chambers
of LANL, and William C. (Bill) Myre of SNL became the scientific/lechnical principals, all
having earlier roles n nuclear weapon R&D projects.

NOTE: [nmid-1974, Giller § (named after MG Edward Giller, ERDA/Director of
Military Application} was the first major field exercise of NEST. Bill Myre
recalled that [ was the nominal Sandia mapager actively participating in the
deployment of Sandians to aceident sites in support the military services. Bill
appointed me to aid him by overseeing the resicual center for the NEST team a1
Kirtland AFB after thie team departed by an Air Force C-130 for the exercise site
on White Sands Proving Grounds (set up to simulate a foreign nation that had
stolen a weapon). By the time of the first nuclear weapon accident exercise in
1975 (NUWAX-78), NEST had two exercises and two real-life partial responses.

~OFHCIALUSE-GNEY- L3




Accidental-

Searches

Admin, 5 g
L INACC)
|27i58)

144

"6 88 70 72 74 76 78 80 82 84
} ¥ t t i ot } } t t i t ¥ t f—t
DAMASCUS
HUWAX 81
OHA B ATSD{AE)
HUWAX Concept NUWAX 70 NUWwAX 83
et % » ? < 4 r ey
i
: . ?
Gt . " 3 Mile /
Palumarea Thule H laland Raing
i {NVO Role) Etor
] Ecjuus
: |Safeguarda Chartar HEST 77 Sundoy Red
A Fools) : 1 1 I
A R i St e e o B
1
: Giltar | Momning Lehl Raeno
i
|
i
N DOE/DoD . FEMA
AE CYDoD AEC/DD | ERDA.DoD AQeament
Agiecment a2 MOou i Agiesment #3
B e S e A S B e B e B e o = eet—t——t—-
(DOE Role) |
DNA Role) AEC ! EACTFomad ATSD (AE)-DNA
eo7/as : at DOE/OMA Long Range Plan
Dub :
Diectiva 7730. 12 X
W. J. Haweard :AECMOS?O
WL SARGY -5 0 -
Charer Sandia Marabatship Ghangad
P | i § 3 2 i g 2 A 1 i L i L 3 1 1 8 2
[66( Ieel I-r.cl _I'?EI I74I | 76! ITBI Iml lsel la4

Figure 21. Time-Line for Nuclear Weapon Accident and Search Team Activities

Accidents

Searches

Admin.

ARG



SPCREHERD-
-OFFIGIALUSE-ONEY

Following the first field exercise of the ARG, NUWAX-79, the scope of ARG activities was scen
as large enough 10 warrant funding and management arrangements that would amount to a
scheduled program in the DOE. The Accident Response Capability Coordinating Committee
(ARCCC) was formed and became operative by mid-1980. My department provided staff
support for the Sandia director appointed as 2 member, Leon Smith. Roy Lambert became the
lead technical person at Sandia, continting the interest and skill that he had displayed at the last
two real accidents at Thule, Greenland, in 1968 and Damascus, Arkansas, in 1980.

Sandia’s role in ARG/ARCCC was minor compared 1o those of LLNL and LANL. 1 took special
intcrest in the lechnological capability of the laboratonies to define the eéxtent of dispersal of
plutonium oxide aerosols following dctonation of weapon high explosive and drew on the talents
of Bob Luna, Hugh Church, and John M. Taylor. LLNL competed directly by establishing in
1979 the Atmospheric Release Advisory Capability (ARAC) Center at LLNL.

NOTE: In 1996, ARAC had become "a national emergency response service for
real-time assessment of accidents/events involving the release of hazardous,
natural, chemical, nuclear, or biological material to the ztmosphere. ARAC
delivers realistic graphic dosc/exposure assessments to emergency decision
makers lo assist in the protection of populations at risk. Since 1979, ARAC has
responded to more than 70 alerts, accidents and disasters, and supported more
than 800 exercises. Besides accidental radiological releascs. we have assessed
natural disasters such as volcanic ash cloud and earthquake induced hazardous
spills, manmade disasters such as the Kuwait oil fires, and toxic chemical
relcases.” (Ref. 183.)

In carly 1981, the ARG/ARCCC took on an added dimension when the newly formed Federal
Emergency Management Agency (FEMA) became by fiat the federal lead agency for domestic
U.S. events. There followed a classical bureaucratic struggle within the DOE as L. Joseph (Joe)
Deal and his allies elsewhere in DOE attempted by rewrile of goveming DOE orders to impose
nuclear fuel cycle and power reactor safety practices on the nuclear weapon program in general
and weapon accidents in particular. As is described in several places in this report, 1 fought such
altempls, time and time again, as they arose in various guises and with vanous sponsors
throughout the remainder of my Sandia tenure and later as a consultant. We won this episode,
thanks in part to the fine technical paper that John Taylor contribuled on the subject of
Emergency Planning Zones (Rell 181). Comrespondence on this general subject is contained in
Nuclear Safety laformation Center (NSIC) File IN. 228, including my thonghts (Ref. 182)

6.26 Nuclear Weapon Transportation for the Pantex Plant,
Environmental Impact Statement, 1981-1983

My PMPM methodology for risk assessment was extended and applied in the preparation of an
Environmental Impact Statement for the DOE's Pantex Plant near Amanllo. Texas, both for the
prodirction and storage operations (hy LANL) and for transportation in and out of the plant (hy

Nandta) (Sce Relzrences W9, 0, and 111} A significant innovation that 1 suggested was the
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notion of a “threshold of acceptable risk™ level of less than one chance in a million opportuniries
per year of experiencing a plutonium dispersal accident due to operations at Pantex. The
threshold of risk notion was used in the EIS instead of the traditional ““worst credible accident™
scenario approach that had been required in nuclear power reactor fuel eycle programs.

Acceptance of the final EIS report in 1983 amounted to tacit acceptance of the refined PM/PM
approach, although there has been no test in courts. Later, the approach was considered for
tormal adoption in the DOE's order un transportation of nuclear weapon materials. It was
applied to DoD transportation and storage operations worldwide in the period 1981-1986,
following the FORWARD LOOK study (Ref. 86).

In the course of promoting the use of PM/PM for the Pantex EIS, | updated and extended carlicr
papers on PM/PM) in the preparation of Reference 111. My final papers on this general subject
are Reference 112, prepared at the request of Orval Jones for the DOE/DP’s $°C Committec
(post my retirement).

6.27 The Plutonium Dispersal Safety Project (PDSP), 1981-1984

Basic references for this section and others treating the subject of radioactive material dispersal
safety are the annotated timelines contained as TL-1A (1956-1979), TL-2A (1978 1983), and
TL-48 (1977-81) in Ref. 153.

Aficr the DOE's response to the Titan 11 missile accident in October 1980, LLNL provided to a
DOE review group quantitative estimates of the dose contours that would be expecied had the
nuclear warhead undergone detonation of its chemical HE as a result of the fuel explosion.

SNL's rcprescmanvﬁ on the review group had made similar estimates for internal purposes and
noted a large discrepancy between the two estimates. Subsequent coordination revealed that the
L1.NLs source term for the mass of special nuclear material aerosolized in the hazardous range
of particle sizes was highly conservative (overstated) and accounted for most of the difference.
Firm channels of inter-laboratory technical coordination were established to avoid such problems
in the futre.

My reactions to the above incident included having John Taylor draft a proposal for research on
the source term (Ref. 180). This led to a tri-DOE weapons laboratory study with SNL as tbe lead
and pnncipal funder. This study bagan in ¢arnest in the fall of 1981 and was to improve
understanding of the “source term™ for release of Pu from detonation of the chemical HE
surroundting a Pu-bearing pit of a nuclear weapon. This study complemenied a project under way
(May 1980) before the Titian f accident to investigate the source term for burning of the HL, as
contrasted to detonation of the HE. Tlus projuct, the Plutonium Acrosolization Study, was
conducted on Sandia Base at the Inhalation Toxology Research Institute operated by the
Lovelace Foundation, under funding sponsorship of LLNL.

NOTE: The data obtained (rom these experiments was used by LLNL to justty
the Fire Resistant Pit (FRP) that in 1994 was dz2seribed 1n unclassified language
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by Sid Drell and Bob Pcurifoy in Reference 147, [ found LLNL's analysis
unconvincing at my retircment in October 1985. Bob Luna's comments were
especially helpful to me.

Sandia’s part of the PDSP included an in-house, rather large (e.g., about $3.5 million over 3-1/2
years) research project led by Bob Luna.

6.28 Deliberate, Unauthorized Launch (DUL) Concerns, PERSHING I
Weapon System Deployment, 1981

The second of the four standards for nuclear weapon system safety studies and reviews since
1960 has required that “There shall be positive measures to prevent deliberate arming, launching,
firing or releasing” of nuclear weapons. In the terminology used in this report, the second
standard really is concerned with use control, rather than safety, of a nuclear weapon system. For
missile systems, the technology used in the NWSSG process to treat this concern was termed a
“Deliberate, Unauthorized Launch (DUL)” study. The study methodology tended to be closely
held, for understandable reasons of secunty against possible umntentional disclosure of ways to
bypass the positive measures relied upon to prevent the launch. Since the end event was a
launch, not a nuclear detonation of a warhead, there was a tendency in the 1960s and 1970s to
regard DUL as mainly a2 DoD concem for those weapon systems that contained a PAL device to
preclude detonation even with a lannch. DUL issues were addressed by a special analysis for
those weapon systems without PAL—mostly, bombers and ballistic missiles. The analyses were
done by a DoD agency or contractor and presented to NWSSGs for a judgment as to adequacy of
the positive measures provided.

In preparation for the Pre-Operational Safety Review for the PERSHING II weapon system
scheduled for March 1983 for which | was to be technical advisor, | examined the practices and
technologies relevant to DUL studies and circulated a set of presentation aids (Ref. 112) within
SNL to stimulate discussions on DoD and DOE responsibilities in the arcas of SC. I cited
examples of current controversies involving the W84/Ground Launched Cruise Missile, a
LLNL/SNLL program, and the W8S/PERSHING [T, a LANL/SNLA program.

NOTE: The WB4/GLCM episode that [ described in Ref. 114 remains classificd
as to detail,

* The T-1 Countdown Episode

Based on experience with the eartier PERSHING a weapon system, U.S. Aimy
operational history analysts concluded that mary of the rehability failures
detected by simulated launch exerciscs were due 1o human errors during the
countdown-to-launch phase. This led to a "*regmrement” for PERSHING 11 1o
include in routine Quick Reaction Alert status the “T-1 Option™ {so named
because the vperational countdown weuld proczed down to launch minus onc
sccond). This operation was to be allowed for a weapon systems in the Quick
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Reaction Alert configuration, complete with missile motor igniters installed ar.d a
war reserve W85 nuclear warhead installed in the warhead section of the
system—i.e., all the elements needed for a nuclear detonation were present except
that the PAL system in the W8S would not be operated. During the T-1
countdown, all human actions necessary for a tactical launch, flight and nuclear
detonation wete 10 be performed with “simulated” codes and safing signals
entered. The exercise required removal of the ball lock pins that secured the
missile to the launcher structure and actually turning the Launch Key on the
system’s control unit.

I was astonished earlier in the development program when the T-1 Option concept
was mentioned and believed that it was so absurd that it would be discarded
during the considered reviews built into the DoD's development approval process.
When the T-1 Option was included in the Operational Concept presented for
approval at the Pre-Operational Study, I drafted a statement concluding that there
would be inadequate positive measures to meer the first and third system safety
standards (nuclear detonation and DUL) and recommended that the option should
be deleted. The NWSSC voting membership voted against my proposed
statement (3-2, with only DOE and Field Command, DNA members in favor), and
the statement became an official minority opinion.

NOTE: The PERSHING II first stage rocket contained a Safe and Arm
Device of an out-of-line explosive train type that was to be operated

by a coded signal. This provision may be traced to the initiative of

the PERSHING II Project team member, U.S. Army Captain fohn C.
Hogan. Captain Hogan had worked closely with SNL's praject leader,
Ray Reynolds, in using the strong link lechnology for this device. Also,
he had been insirumental in leading the weapon system contractor,
Martin Marietta, to conduct DUL studies just before the Pre-Operational
Safety Review. Several years later, upon Captain Hogan’s retirement,
Ray Reynokls processed a hiring application for John, but Executive
Vice President Jack Howard denied approval. About a decade later John
Hogan joined SNL’s ieam as a Martin-Marietta employee and later as a
Sandian.
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7. CHALLENGES TO DUAL AGENCY
RESPONSIBILITIES AGREEMENTS, 1983-1994

Within the first decade after abolition of the Atomic Energy Commission in 1973, the concept of
dual ageney responsibilities for S’C had been intensively reviewed by two high-level
govermumnental task groups and was reaffirmed without major changes being proposed. The
ERDA/DoD Transfer Study of 1975-76 had defined and adoptad the concept and the DOE/DoD
Starbird Study of 1979-80 added an endorsement. The next decade would see more reviews and
tests of efficacy.

In mid-1982, Sandia’s safety statesman, Executive Vice President Jack Howard, elected to take
carly retirement at age 50. His unexpected departure necessitated changes in the way that Sandia
handled 8°C concems.

7.1 The DoD/DOE Memorandum of Understanding, 1982-1983

In the early years of the 1980s, evolution of nuclear safety in the U.S. nuclear weapon program
was characterized by a recovery from the weaknesses in stewardship for S’C in evidence during
the 1977-1980 period. Although the recovery surely was the result of 2 combination of events,
the foundations were drawn from the reaffirmation of the dual-agency responsibilities concept by
the Starbird Study.

After completing his work as execulive assistant for the Starbird Study in early 1980,

Dr. Theodore (Ted) Gold terminated his employment with Sandia (from a leave of absence) and
became a deputy to Rich Wagner, DoD/ATSD(AE). In this assignment, Ted Gold became the
implementer of a princ:pal recommendation of the Starbird Study that he carlier had helped 1o
draft:

Finding #7: The concept of dual-department responsibility for S°C of nuclear
weapons needs Presidential-level reaffirmation. There is no goveming policy
directive now in force and no integrated management,

Recommendation: Treat S°C as an entity. The DoD and DOE Sccretaries should
continuc to seck a Presidential Directive reaffirming dual-department
responsibility and should establish, under ATSD(AE) and ASDP. dual-agency
oversight group to write the yearly safety report to the President, and also to
advise and consult conceming the S°C program. ATSD(AE) should take the
itiative to write a definitive, integrating DoD Directive. DNA should provide
tcchnical support to ATSD(AE) on S'C efforts.

4

Ted chose to abandon attempts to draft a Presidential Drecision Memorandum (PDM) and
focused instead on drafting a lower-fevel Memorandum of Understanding (MOU) between the
Do) and the DOE that would cover the cotire area of joint puclcur weapons aclivities. Salcty,
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security, and control (S’C) would be just one of the areas of responsibilities considered. This
enlightened approach allowed re-endorsement of existing working arrangements (principally, the
1953 Agrcement Between the Atomic Energy Commission and the Department of Defense for
the Development, Preduction, and Standardization of Atomic Weapons) and the precedents that
had evolved over three decades.

In ettect, 1'ed Gold’s drait captured the intent (he actually used some wording verbatim) of
National Security Action Memorandum 51 of 1961 for nuclear safety and adopted current
practice for use control and security as continuing responsibility. The applicable text from the
MOU that became effective on January 17, 1983, follows:

E.  The obligation of the DoD and the DOE to protect public health and safety provides the
basic premise for dual-agency judgment and responsibility for safety, secunty, and
control (S'C) of nuclear weapons. This checks-and-balance role shall continue. The
DoD and the DOE share the responsibility to:

1. Identify and resolve health and safety problems connected with nuclear
weapons. [n particular, the DOE has continuing responsibility to participate
with the DoD in the consideration of these health and sefety problems for
nuclear weapons in DoD custody.

2. Prevent unauthorized use of a nuclear weapon through the use of positive
control measures. In general, the DoD establishes operational requirements,
and develops and implements procedures to cnsure control of nuclear weapons
while the DOE develops control hardware features. The DoD and the DOE
jointly participate in the assessing the effectiveness of control features.

Source: Ref. 115.

NOTE: Dick Brodic and [ were in frequent contact with Ted Gold in this
endeavor. Note that my emphasis on joint and shared responsibilities and
Brodie’s emphasis on overall responsibilities survived.

In the process of coordinating Sandia’s inputs to Ted Gold in drafting the MOU, 1
attempted to encourage dialogue within Sandia’s top management to appreciate
the nuances in shared, joint, dual and singular DoD/DOE responsibilities for €
1 wrote a memo on this subject (Ref 116), as a precursor to the mema that
President George Dacey's should sign when the final MOU draft was up for
approval. To my dismay, Dacey replied that there was no real difference between
“shared” and “joint” respensibilities in his mind. As | prepare this report, 1 note
that the joint nature of safety responsibilities that 1 envisioned perhaps has been
croded: i.e., that DOE and Do) are jointly required to render a judgment as to the
adequacy of positive measurcs that is 1otal account for the level of nsk. The issue
of joint and shared judzments was at the heart of the W62:SRAM-A salety
episode outlined later in this report, and [ use that episode to give substance (o this
nuance in language.
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7.2  The Third Revision of the DoD Directive on Nuclear Weapon
Safety Studies, 1983-1984

Following issuance of the DoD/DOE MOU in 1983, Dr. Glen T. Otey, DoD/ATSD(AE)*
intensified the process of revising DoD Directive 5030.135, Safety Studies and Reviews of Nuclear
Weapon Systems dated August 8, 1974, This document is considered to be remarkable among
joint agency directives in that it has remained unchanged in thrust since original issuance in June
1960; however, its updating was needed to change organizational titles and responsibilities and
to codify practices that had evolved. Glen Otey's approach over almost two yeats of
coordination was to have one-on-one sessions with the chairman of the military services® system
safety study groups, the branch chiefs in the DoD/DMA, the DOE/AL, and the DOE/DMA safety
groups, and various acton officers in the Pentagon. Informally, he obtained input and comments
from others, including Dick Brodie, Frank. J. Murar, and me. By late 1983, a new version had
been coordinated, and it entered the approval chain at DoD in early 1984,

The version dated February 8, 1984, and renumbered as DoD Directive 3150.2 makes at least
two significant improvements, in my opiaion.

1. The DoD/ATSD(AE) was assigned overall responsibility for the nuclear weapon
system safety program, marking the first time that this responsibility was formally
assigned on anyone. The responsibility *... review and evaluate periodically programs
established to implement this directive” is derived from an intemal DoD memo from
the Secretary of Defense and is responsive to recommendations of the Starbird Study.

2.  Reports on safcty studics and reviews will contain a statement of the action that the
cognizant military service intends to take on each recommendation and will be
forwarded into DeD/DOE channels within four months of study completion. This
provision ended the Army’s practice since the mid-1970's of not publishing reports and

intended actions for long periods—several years had become typical.

The revistion was not successful in at least one respect, in my opinion, despite extracrdinary
efforts by Glen Otey. Sarly drafts of the revision provided a safety standard addressing the
prevention of radioactive material dispersal in weapon accidents, as well as to continue the
charge to prevent a nuclear detonation. Although this “fifih standard™ did not survive, the
revision does have a weaker charge: *“Measures for reducing hazards that could lead to
detonation of the warhead high-explosive, ignition of rocket motor propeliant, or other cvents of
serious consequances z1so shatl be considered ...."

»  Otey was 2 department manager at SNL on leave of absence for this assignment.
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7.3 The DOE Defense Program's S?°C Committee, 1983-1985

Shortly after promulgation of the DoD/DOE Memorandum of Understanding on S°C in April
1983, the DOE’s Assistant Secretary, Defense Programs (ASDP) Herman E. (Herm) Roser
commissioned the formation of a DOE S$’C Committee. The S’C Committee was to be
comprised of a senior individual from each laboratory and Operations Office and from the
Safety, Environment and Emergency Actions Division of DOE/DMA. Its chairman was to be
designated by the DOE/Deputy ASDP. The committee was to “meet periodically to discuss
current topics and possible new initiatives, identify measures that may require additional
interagency attention, and ensure a heightened awareness of the overall importance of S'C.”

Orval Jones, then Vice President 7000, served as Sandia’s representative and Dick Brodie and
did staff work for Orval. In July 1983, Bob Peurifoy was promated from Director, Weapon
Devclopment 4300 to Vice President, Technical Support 7000 and replaced Orval, 1 recall that
one of the tasks of the S'C Committee was to obtain an S°C policy statement for DOE via the
mechanism of baving the S’C Committee moderate the sharp differences in views held by the
Peterson/Jones faction at DOE/OMA and the Otey/Gold/Stevens/Brodie faction at
DOE/ATSD(AE) and Sandia. The draft policy statement died in 1985 when the President’s Blue
Ribbon Task Group found it unsuitable for its use. Essentially none of the Peterson/Jones
“independence” and “checks and balances” harpings are contained in the draft Annual Report for
that year. Tn my opinion, this episode revealed in open S’C Committee sessions all of the
important issues needed for DOE/OMA to clean its house on §°C policy. The simple fact is that
the Peterson/Jones faction was still fighting the wording of the DoD/DOE MOU because it
seemed to contradict their view. Isaw this as a dangerous, and probably losing, campaign with
the DoD (Ref. 192).

7.4  Safety, Heaith and Environmental Appraisal Committee,
1983-1984

During my two-year scrvice on thc committee accountable to the Vice President of Technical
Support 7000 for appraisal of non-nuclcar safety of facilities used by that organization, |
successfully advocatec and promoted (Ref. 118) the use of the PM/PM variant of the
Probabilistic Risk Asscssment methodology to Sandia’s sled track facility. The analysis made by
Richard (Dick) E. Smith"” of my department was cspecially noteworthy in that it led to
appreciation of the potential risks of using in the future improved rockets whose propellants
could become explosive rather than merely propulsive.

Additionally, [ contributed papers on a suggested philusophical treatment of industrial safety
tisks (2.g.. Rel. 119), perhaps a factor in the changing of the committee’s name and emphasis
from the traditional “Environment Safety and Heaith” to “Safety, Heaith and Environment™
chatienging DOE Headquarterss® apparen( emphisis via ES&H (there was an Assistant Secrctary

¥ Dick Snith had boen the principal member of rechnical sr2ff for the PMTM methodology for the NWTSHFG
study 1 the 1973-76 wene penod and has continueid 10 be Sandia's expers in this area,

[ 3]
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of Energy for such) to safety and health of cmployees and the public over environmental
concems.

7.5 Papers on AEC/DoD Divisions of Responsibilities, 1984

[n support of Executive Vice President Jack Howard’s repeated urging for caution in engaging in
matters involving the interfaces of responsibilities between the AEC/ERDA/DOE and the DoD
and upon his carly retirsment from Sandia, I did extensive file research and produced two papers
on cvolution of the two agreements of 1953 on:

s Development, production and standardization of nuclcar weapons (Ref. 3).
s Fuzing of nuclear warheads used on guided missiles and rockets (Ref. 4).

7.6 Initiation of SNL's Computer Code Security Program,
1983-1985

n mid-1983, the Safety Assessment Technologies Division 7233 under Dick Smith began a
systems study to examine the statc-of-art of computer software codes as regards susceptibility to
subversive human actions that could cause the code 1o produce a malevolent outcome that would
effectively bypass the S’C protcction it was inlended to provide. A technical staff of four (Ref.
120) was assigned a two-year study that clearly established susceptibility of software through a
series of experiments whereby the team, principally James (Jim) Gosler, consistently “‘cracked”
security codes in use in military and commercial endeavors, aspecially copy protection routines.
Also, Jim Gosler wrote a code that he advertised to contain a malevolent routine, presented the
code to adversary simulation teams to find the routine, and monitored the unsuccessful efforts at
detection. When be demonstrated the malevolent action during a briefing of SNL's Small Staff
(arranged by Vice President 7000 Bob Peurifoy), the issue of whether or not computer software
could be relied upon at a very high degree of confidence as a nuclear detonation safety or usc-
control device by SNL seemed moot.

NOTE: After my retirement in September 1983, I became aware of the continued
evolution of SNL's subversive code work and that technological agencies of the
military services, the DoD, and other federal intelligence/security agencies joined
to make a national capability in this area.

7.7 Conduct of Deliberate, Unauthorized Launch Studies for U.S.
Army Nuclear Weapon Systems, 1984-1985

Please reler to SAND99-0847.
NOTE. Inreview of documentation on DUL in the Nuctear Safety Information
Center (NSIC) vault, [ leamed that much of the files had been transferred oul to
“Jim Gosler’s organization.” | hope that all histarically important documents
about §°C can be indexed in the Muclear Safety Information Center (NSIC), even
if held elsewhere.

1
-d
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7.8  President’s Blue Ribbon Task Group (BRTG) on Nuclear
Weapons Program Management, 1985

In effect, the subject study was the second update of the Transfer Study of 1975-76, the first
update being the Starbird Study of 1980. The BRTG's final report (Ref. 122) reaffirmed the
earlier studies’ recommendations not to wransfer any responsibilities from the DOE to the DoD
and to continue the dual agency judgment and responsibilities for nuclear weapons S°C.
Figure 22 is a list of participants in the study.

I was tasked to support Sandia’s member of the Executive Secretariat of the BRTG," Vice
President 7000 Bob Peurifoy. One of my contributions was a paper outlining the level-of-effort
funding management practice of the AEC/ERDA/DOE for the nuclear weapons complex

(Ref. 123). This paper was an update of one I prepared in 1980 (Ref. 95) for the Starbird Study

(Ref. 92).

Another of my contributions was lo draft a background paper on nuclear weapon system S’C, in
collaboration with Major Michael (Mike) Saunders, USAF, of the Executive Secretariat. | had
known Mike Saunders for several years; he was earlier assigned to the Directorate of Nuclear
Safety at Kirtland AFB. This paper, a nine-page narrative on S°C with annexes on definitions of
terms and recent initiatives, became Volume [V of the Report of the Executive Secretariat
(Reference 124) and a basis for Appendix 1 of the BRTG's report (Reference 122).

The task group devoted one of its nine conclusions and recommendations to S°C, as follows:

1.  The President might consider issuing a directive reaffirmning the DoD/DOE dual-agency
(checks and 3alances) responsibilities for nuclear weapon safety, security, and control.

In arriving at this recommendation, the task group used a case study on the Stockpile
Jmprovement Program (SIP) (Ref. 87, written by Dick. Brodic) as a vehicle to cxamine the recent
effectiveness of the dual-agency working arrangements for S°C contained in the
Saunders/Stevens paper. In brief, the task group was distressed by the observation that
implementation of the STP had taken over five vears and made a recommendation to srengthen
high-level oversight of S°C via a new Presidential directive.

% The Execunve Secretariat was chaired by ‘Led Gold.
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TASK GROUP MEMBERS

WILLIAM P. CLARK, JR., Chatrman
Lawyer, Rogers and Wells
Former Secretary of the Interior
Former Assistant to the President for Nanonal Security Affairs
Former Deputy Secretary of State

JAMES R. SCHLESINGER, Vice Chairman
Executive Board Member and Counselor, Georgetown University
Center for the Strategic znd International Studics
Former Secretary of Energy
Former Secretary of Defense
Former Chairman of the Atomic Energy Commission
Former Deputy Director of the Bureau of the Budget

HAROLD M. AGNEW
Former President of GA Technologies Inc.
Former Director of Las Alamos National Laboratory

ALAN C. FURTH
Vice Chairman and Director, Santa Fe Southern Pacific Corp
Chairman and Director. Federal Reserve Bank of San Francisco

JEANE J. KIRKPATRICK
Senior Fellow, American Enterprise Insutute
Former Ambassador to the United Nanons

FREDERICK J. KROESEN
General, US Armny, Retired
Former Commander in Chief, US Army, Ewrope

WILLIAM J. PERRY
Manzamng Partner, H&Q Technology Partners
Former Under Secretary of Defense for Research and Enginesring

Figure 22 Principal Participants for the President's Blue Ribbon Task Group
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7.9 Formaltion of the Nuclear Weapon Council, 1987

Alihough the reccommendation of the Blue Ribbon Task Group for a Presidential Directive was
ol implemented, the following recommendarion was:

*The Military Liaison Committee should be altered in both mission and
membership. it should become a senior-level DOD/DOE group to coordinate
nuclear weapon acquisition and related matters, and to oversee joint activities.”

The Nuclear Weapon Council created in carly 1987 by Public Law 99-661 replaced the MLC.
One responsibility was 10 *... consider safety ... issues for existing weapons and for proposed
new weapon starts,” The three members were:

.  Director, Defense Research and Engincering (DDR&E), Chair.
Vice Chairman, Joint Chiefs of StafT (JCS).
3.  Scnior DOE Representative appointed by Secretary of Energy,

2

For most of the first 3 ¥, years of operation of the NWC, the position of DOE Assisiant
Seeretary, Defense Programs (ASDP, DP-2), which is at the level that requires confirmation by
the U.S. Senate, was nalt filled. Instead, on-roll members of the Defense Programs staff were
assigned as Acting ASDP. This situation did not escape critical notice by the Drell Panel in its
revicw of a nuclear safety program in 1990, As developed later, the role played by Acting ASDP
Troy Wade I1 {Augusi 1987 to June 1989} in the W69/SRAM-A episode is especially
noteworthy.

On October 19, 1990, the Senate contimmed appointment of Richard A. Claytor (Captain, LUS
Navy, Retired), and he became the first full-fledged DOE representative, at the level of
DOE/ASDP (DP-2).

7.10 Safety Treatise and Safety Evolution Papers, 1985-1987

In anticipation of my retirement and to provide a source data for a treatise on a classificd nuclear
weapon safety to be written by Dick Brodie upon commission from the $°C Commiltee. | dratted
papers” on the following subjects:

! Structure and staffing of the national puclear weapon and weapon system safcty
program (Ret. 126). This is an update and expansion of a paper prepared for the
Starbird Study in 1980 (Ref, 91).

AMikough wrirten ur P984 85, these papers were nut typed and published unnil 1988, They becaine reterenses
for the Dick Brodie’s treattse and the snudies described on the neat puge.
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2. Summary of presidential and other high-level directives and correspondence on nuclear
weapon system safety and control (Ref. 127). This paper is related to Reference 91
also.

Design philosophies and practices for nuclear weapon safety (Ref. 128). This is an
expansion of a paper prepared for DOE/DMA s briefing package on nuclear safety in
early 1981 (Ref. 101}

4. Quantitative standards for nuclear weapon safety in design (Ref. 129), This is an
cxpansion of a paper prepared for DOE/DP’s S’C Committec in 1984

L9 ]

5. Summary of accidents and significant incidents involving {.S. nuclear weapons (Ref.
130).

Additionally, at the request of Vice President 7000 Bob Peurifoy, I drafted two papers on the
evolution of nuclear safety, Ref. 2 for 1950s and 1960s and Ref. 40 for the 1970s and 1980s
(through 1985). These papers were classified CFRD as collections; however, [ intended and
believed that each subsection was unclassified and since have had both papers declassified.

7.41 Dick Brodie’s Treatise on Nuclear Weapon Safety Program,
1987

In 1987, Dick Brodie prepared a report (Ref. 131) that reviewed the U.S. nuclear weapon safety
program from 1945 to 1986, sponsored by Orval Jones as SNL's member of the DOE's S°C
Committee. The report treats nuclear detonation safety and plutonium dispersal safety, but
neither use control nor security concerns. In my opinion, it gives the best possible overview of
the subject and should e widely used in the national nuclear weapons community. There were
111 copics distributed externally and 129 internally. The report contains no references (that not
being Dick’s style). This situation led me years later as a consultant to undertake a project to
improve access Lo appropriate references that 1 had collected while on-roli and were (or should
have been) contained in the Nuclear Safety Informatior. Center, as discussed later.

7.12 Sandia’s Policy Statement and Plan for Nuclear Weapon Safety
Assurance, 1987-1993

In mid-1987, Vice President of Technical Support 7000 Bob Peurifoy commissioned a
commitiee of seven depaniment managers of varied technical interests under director Herm
Mauney 1o conduct a six-month review of Sandia’s nuclear safety processes and to recommcnd
modilications that should be considerad. The commitiee was tasked to focus on the validation
(certification?) aspects of the process. 1 was not involved in any direct way, heing at the time
inactive as a consullant, so this account is based on review of the documents referenced. 1am
picased to note, howevar, that the source data documents that | had drafted several years carlicr
(page 156) were included as referenced in the committee’s report (Ref. 163). This was precisely
the utility of these docuiments that niotivated me to drait them,
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1n my view, the most important recommendation was articulation, adoption, and implementation
of an SNL policy statement for nuclear detonation safety. The proposed policy statement (April
1088) was promulgated essentially as proposed and published in October 1990 under the
signature of Sandia President Al Narath in the document entitled “Weapon Nuclear Safery
Assurance Plan for Sandia National Laboruories.” The policy statement is reproduced as
Figure 23. The bulk of this effort was conducted under President Lrwin Welber and endorsed by
Narath following his becoming President in early 1989. This widely distributed document (Ref.
164) that contained descriptions of every arca of responsibility in the process, was issued under
the caption *“Reviewec and Approved: A. Narath, President Sandia National Laboralories.” A
current version at this writing is Ref. 165.

7.13 DOE/DP’s Nuclear Weapon Safety Management Process
Review (The “Moe Panel” Study), 1988

Before my retirement in September 1985, I had taken note of emerging conflicts on policy and
practices on nuclear safety and accident response matters within the DOE Headquarters
organizations involved in the nuclear weapon safety process, principally in the Safety,
Environment and Emergency Actions Division under the Director of Military Applicazion. (See
page 42 of Ref. 126 for organization.) Until the early 1970s, the office was at the lower “branch™
level and was concerned mainly with the processing of nuclear safety rules. The staff was
headed by an 0-6-leve! officer of a military service on active duty and staffed with an 0-4 to 0-5-
level officer ffom eack of the military services, plus a civilian who had retired in-place from
military duty.

After the Rocky Flats fire in 1969, the branch was elevated to be “division™ and the o
functions of environmental safety and health and of emergency response were added to make a
tatal af three hranches. Civil service employeas drawn from within the DOE and added over the
years tended to favor the safety philosophies used in their earlier assignments and attempted to
apply them directly to nuclear weapon safety. One such person, Theodore {Ted) Dobry, came
from the aerospace nuclear safety program (with its focus plutonium dispersal safety) and was
especially vocal in pushing for use of nuclear fuel cycle safety philosophies in nuclear weapon
safety, including Probabilistic Risk Assessments. Concurrently, the emergency action response
mission began to dominate the attention of the division with the advent of the Emergency
Operations Center located in the baszment of the headquarters building and the scheduling and
planning of large-scale ficld exercises of the Accident Response Group and the Nuclear
Emergeacy Scarch Team.

NOTE: Ted Dobry’s sulety philusuphy wis well-hauwn o souse Sandians,
especially to Bob Luna, from his involvement in the AEC staff assigned to the
Acrospacc Nuclear Safety Peogram,
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Sandia National Laboratories Policy Statement
for Weapon Nuclear Safety Assurance
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far Weapon Nuciear Safely Assurance
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By the mid-1980s, the SE&ZEA Division was attempting o revise the DOE's procedural manual
chapter for nuclear safety and Ted Dobry was insisting on converting the process (o suit his
personal preferences. Apparently, he was alleging that the existing procedures were inadequate,
in the mode of a *“whistle blowing™ campaign internal to the division., The report on NASA's
Challenger Accident provided a convenient impetus (or a politically correct excuse) for him to
hope that 3 management review of the DOE's safety management process would resolve the
matter in his favor. A study group was formed under contract with Pacific Sierra Research, [nc.,
to he led by one of its senior officers, Gordon Moe. Members of the group are listed in

Figure 24,

As part of my tasking as consultant 1o Vice President of Technical Support 7000 Bob Peurifoy.
who served as the Technical Advisor to the Moe Panel, I drafied a strawman set of Jiscussion
topics for the study group (Ref. 132}, Gordon Moe remarked later that the paper had been uscful
in sharpening the focus of the group as it prepared its briefing aids. 1 don’t know if the group
issued a formal report, but I do know that Gordon gave a serics of briefings on the results
throughout the DOE complex.

NOTE: 1n my draft working paper for the Moe Panel Study (Ref, 132}, 1
discussed these matters and suggested: “Effectiveness of the NWC can be
significantly enhanced by assuring that it will have a Standing Committee on S°C
and that the DOE’s ADWPS nuclear safety principle be an observer at meetings
of thal committee.” The Moe Panel went even deeper with #2 below.

Acconding to the Drell Panel Repon of 1990 (discussed later), the principal recommendation of
the Moe Panel in July 1988 may be summarized as follows:

I.  Emphasize responsibility of DOE line management for nuclcar weapon safety and
sirengthen its ability to carry out this responsibility.

Provide active top-level DOE leadcrship on safety issues. Particuiar steps to implement
this leadership include assuming cheirmanship of the NWC when considering safety
issues and <reating a Nuclear Weapon Council Weapons Safety Commitiee
(NWCWSC) 10 be chaired by the DOE’s Deputy Assistant Sceretary for Military
Applications (DASMA).

3. Ensure a broad, balanced review and analysis of safcty issues with substantive issucs
being elevated to the NWC and with the Sceretaries of DoD and DOE being ket lully

inforned.

g
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7.14 The Intemal Review of Sandia’s Practices for Raising Nuclear
Safety Concerns, 1989

On March 1, 1989, Vice President Technical Support 7000 Bob Peurifoy arranged for a board of
inquiry drawn from Sandia's legal staff to determine whether or not Sandia had adequately made
known its nuclear safety concems over the years o appropriate federal government officials.
The briefing package prepared by Nuclear Safety Department Manager Jim Ney used three
nuclear weapons to typify three eras of weapon development: (1) Pre-1968, by the B28FT; (2)
Interim Period, by the W69, and (3) Modem, by the W30—all three weapons deployable with the
B-52 (Ref. 135). This effort, ak.a. “The Murder Board,” in my interpretation of the
documentation since 1 was not involved, is affirmation that Sandia had discharged its formal
obligations (technical support and assistance) fully and fairly in making known its concems and,
additionally, had performed special “out-of-channel actions” to bring safety-related concems to
the atiention of high government officials (Ref. 136). The latter cited especially the Annual
Nuclear Weapons Surety Report to the President as an example.

7.15 The W69/SRAM-A Episode—My “Real They"” Story, 1988-1990

NOTE: Of course, I realize that the events related here are subject to more than
one interpretation and that I may not even have all of the story. Nevertheless, this
version serves to illustrate some aspects that might escape notice in a less
opinionated treatment, including the roles of dzep personal commitment to a
belief, perseverance, knowing how the “'system’ really works, and the value o7
serendipity plus a leak to the media.

Figure 25 is a timeline summary of safety-related events for the W69/SRAM-A, taken from
Ref. 135.

After noting a lack of response by the nuclear weapons community to addressing nuclear safety
of the W69/SRAM-A weapon system, Sandia Vice President Bob Peurifoy by leiter of February
26, 1988, invited the DOE Assistant Secretary of Defensc Programs (ASDP, Acling), Troy E.
Wade II to arrange for the Nuclear Weapon Council to visit Sandia for a briefing on concems
about the safety of older weapons in the siockpile. There was no reply.

On March 13, 1988, Sandia President Irwin Welber met with DOE Undersecretary of Energy.
Joseph F. Salgado, and raised the safety concern as one of three issues. Salgado commented that
he agreed with the seniousness of the concem and that both the Secretary of Energy and Secretary
of Defense should have been briefed on the maner. He identified ASDP Acting Troy Wade as
the appropriate action person. There followed in 1988 an exchange of correspondence berween
DOEASDP Trov Wade and DoD/ATSD(AL) Robert G, (Bob) Barker that in retrospeciive
examination | must chardclerize as evasive aclions.
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[n mid-1988, the seemingly unrelated (at least loosely related) internal review of management
practices for the nuclear safety program under the cognizance of the DOE/Deputy Assistant
Secretary for Military Application (DASMA) began. The study was led by Gordon Moe, a
senior officer of Pacific Sierra Research, Inc., a contractor to DASMA for the study. As the
study progressed, the issue of the W69/SRAM-A loomed more and more important in providing
a definitive case for examining the overall program management weaknesses that became the
essence of the Moe Panel’s findings, discussed in this report in an earlier section. The result of
the Moe Panel Study that bears most directly on the W69/SRAM-A is the following concluding
thought:

“Attention to safety has waned, and we still have risks from weapons that will
remain in the stockpile for years. The potential for a nuclear weapon accident will
remain unacceptably high until the issues thal have been raised are resolved. It
would be hard to overstate the consequences that a serious accident could have for

national security,”

One of Sandia President rwin Welber's final acts (before Al Narath would retum to Sandia from
BTL to become the President on April [, 1989) was to sign a letter expressing Sandia's
continuing concem about the failure of the national nuclear weapons community to adequately
address the remaining principal nuclear safety deficiencies in the national defense forces. At this
time, the W69/SRAM-A issue was some 13 years old and had been active over Welber's three-
year tenure at Sandia. Welber's letter, however, was addressed to the relatively low-level official
in DOE weapon program management, Troy Wade 1, the Acting Assistant Secretary Defense
Programs, The draft letter presented to Welber was to be addressed to a higher appropriate level,
the Undersecretary of Energy, but Welber elected to soften the wording and lower the
level—with the rationale that maintenance of good relationships with the immediate reporting
level, ASDP, would be enhanced this way. Welber's letter was not answered,

The next set of events in this episode was one of serendipity. Senator John Glenn (D-OH) was in
New Mexico campaigning for re-election of Senator Jeff Bingaman (D-NM) and the two plus
some staff were given a half-day sct of bricfings at Sandia on April 26, 1989, Senator Glenn
reportediy became interested in the thrusi of Bob Peurifoy’s briefing on weapon safety and asked
if newly appoinied Secretary of Energy James (Jim) D Watkins, U.S. Navy Admiral, Retired, had
been briefed. Senator Glenn remarked that he was soon 1o be with Admiral Watkins for a visit to
the DOE’s Savanpah River Plant and would take up the issue. This npcoming event, of course,
broke the lacit barriers to information flow in the DOE and DoD that the Wade-Barker faction
seemed to have amanged. Gordon Moe was rehired under contract to brief Secretary Watkins
and Secretary of Defense Richard (Dick) Cheney of the new administration ieam

NOTE: My information is that Gordon Moc specified that Bob Peurifoy must be
present at the briefing. At the time, Peurifoy was on vacalion in Texas and was
called to attenc. His boss, Executive Vice President Lee Bray, declined to
approve the travel advance and President Al Narath wanied Peurifoy to attend a
Sandia Small Statf meeling that day. Pewrifoy noutied Moea of inability to attend.
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After some discussions, President Al Narath approved the travel and Peurifoy
attended.

in the fall of 1989, the Nuciear Weapon Council Weapon Safety Committee was formed to bring
safety issues before the parent NWC. The NWCWSC commissioned two safety studies:
transportation of nuclear weapons and deployment of the W69/SRAM-A. By the charters wriiten
by Co-Chairman DoD/ATSD(AE) Bob Barker, these studies had to be quantitative in nature,

with requirements to estimate specific probabilities of risk—in contrast to the qualitative
judgments that had been rendered in a minority opinion by the DOE member of the joint
DoD/DOE nuclear weapon system safety study group lo the effect that the weapon system did
not meet established standards for safety (Ref. 175). In practice, study methodology for the
W69/SRAM-A was an application of the fault tree analysis technique developed by the Boeing
Compeny for the U.S. Air Force (pages 73 and 74), and major parts of the studies were
performed by Probability Risk Assessment staff specialists at Sandia.

During the routine process in 1989 of preparing Sandia’s input to DOE/DASMA for the
DOE/DoD Annual Report Lo the President on Nuclear Surety for | 988, Sundia sta(l member
participants encountered a wall of resistance to incorparating the W69/SRAM-A issue into the
report, the opposition coming from the junior officers of the military services assigned to the
staff of DoD/ATSI{AE) Bob Barker and of DOE/DASMA Troy Wade Il

[n the spring of 1990, the routine process of testimoni¢s by DOE Undersecretary of Energy and
the three nuclear weapons laboratories® directors to the U.S. House of Representatives and Senate
commiltecs and pancls on armed services (involved with funding for the nuclear weapons
program) featured questions on W69/SRAM-A safety addsessed directly to laboratory directors.
Responses of LLNL's Roger Batzel, LANL's Sig Heckler and SNL's Al Narath indicated
concern, wilh the strongest expression by LLNL.

Several days later on May 25, 1990, R. Jeffrey (J2ff) Smith, Washington Post Staff Writer, broke
the story that the DoD had decided not to remove the SRAM-A weapon system from alert
operational status, recounted the testimontes of the laboratory directors, mentioned the Special
Safety Study not then complete, and aired DOE/DoD squabbles extant, On June 5, 1990, the
House Armed Services Committee, joined by the correspanding committee for the Scnate,
impaneled three eminent physicists® to evaluate the safety issues and provide advice: Dr. Sidney
D. Drell of Stanford University, Dr. John S. Foster, Jr., of TRW Corporation, and Dr. Charles H.
Townes of University of California, Berkeley. The “Drell Panel” (Sid Drell became Chairman)
is discussed in a later section of this report. On June 8, 1990, DoD Scerctary Cheney ordered
temporary downloading of the SRAM-A force, pendiny outcome of the study in process.

As a result of Gordon Moc's frustrations about his inability to convince certain audiences that
Sandia's technical safcty arguments on the W69/SRAM-A weapon system were valid 2nd the
matter was of scrious national concern, Howard Stump and 1 (as consuitants) were tasked in nid-

Sid Drell was Deputy Director of the Stanfond Linear Acceleratar Center; Charlie Townes was a Nebet
Laurcate; and Johnny Foster headed the Defense Scrence Board,
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June 1990 to provide supplementary examples of incidents and controversies about nuclear
safety that had arisen over the years in order to better understand the situation. On a highly
expedited and abbreviated basis, I drafted a document (Ref. 133) that summarized notable past
disagreements in the nuclear safety arena between Sandia's technical position and the position of
agencies of the military services. Almost as an afterthought, | added Part C as a possible
explanation as to why wide divergences in assessments of safety risks can occur among
otherwise objective and qualified persons when presented with the same input data. 1 was told
that Gordon was appreciative of this document. 1 know that he renewed efforts lo present the
casc.

In July 1990, the formal report of the Joint DoD/DOE SRAM-A Safety Study was issued. It, in
cssence, affirmed quantitatively the earlier quantitative minority opinion finding of the Nuclear
Weapon System Safety Study Group that nuclear safety was inadequate.

On December 9, 1990, Secretary of Defense Dick Cheney made permanent the temporary ban on
peacelime loading of the SRAM-A for strategic aircraft on alert that he had issued in June. The
final report of the Drell Panel released on December 1S, 1990, acknowledged Cheney’s action.

NOTE: The prevalent notion that somehow the DOE weapons laboratories’
directors triggered resolution of the issue is in my opinion nonsensical. In fact,
anecdotal accounts sugeest that they were considered themselves “caught cold”
and that Al Narath [ater claimed that he was “blindsided.”

In my opinion, the W69/SRAM-A episode was resolved only at considerable
personal costs. Gordon Moe's zeal in advancing the argument to stand down the
weapon system apparently drew displeasure among the military and military-
contract oriented, This was a mainstream business of Pacific Sierra Research,
Inc., where Moe was Vice President for its Washington, DC, office. Gordon left
the firm and entered post-graduate work at Baston University, obtaining a MS in
the artificial intelligence field. Afer two more years working in that field, he
rejoined Pacific Research as a staff member and is there today.

7.16 The Panel on Nuclear Weapons Safety of the House Armed
Services Committee: The “Drell” Panel, 1990

Summarization of the report of the *Drell Panel™ is beyond the scope of this report, however,
some observations are considered relevant:

1. The49-page report (Ref. 134) is the first broadly based preszntation of the national
nuclear weapon safety process in unclassified form casily accessible to the public and
thus tills a long-lime need. Additionally, the enuinence of its authors in the U.S.
scienlific and governmental arcna assured a wide audicnce because of their findings. A
copy of the news release is included here as Appendix 1.
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The issue of the W69/SRAM-A deployment became moot during the study when the
Secretary of Defense announced his decision to remove the weapon system from alert
status on bombers of the Strategic Air Force. Speculatively, this would have >een a
recommendation in the report, instead of being noted as an action of the government “to
take immediate steps 1o reduce the risk of unintended, accidental detonations that could
result in dispersing plutonium into the environment in potentially dangerous amounts or
cven generate a nuclear yield.”

7.17 Creation and Replacement of the Nuclear Weapon Council
Weapan Safety Committee (NWCWSC), 1989-1994

Qver a year after the Moe Panel study was completed, the recommendation to create the
NWCWSC was implemented with the charge to bring safety issues before the parent Nuclear
Weapon Council. The two special safety studies commissioned by the NWCWSC were noted
earlier in the W69/SRAM-A section.

The NWCWSC was to be co-chaired by DoD/ATSD(AE) and DOE/DASMA(DP20), with
members to include flag officers of each of the three military departments and the DOE Weapons
Facilities Office, DP-64. Advisors/observers included the DoD/Defense Nuclear Agency,
DQE/AL, and the three DOE weapons laboratories. Executive Vice President Orval Jones served
as the Sandia Technica. Advisor, from {989 until late 1991 when Al Narath reorganized Sandia
and created a Directorate-level safety office, as treated in a later section here. During this period.
Jim Ney served as Orval Jones’ close associate.

The NWCWSC operated for over five years. In carly 1994, the parent NWC considered
combining its Standing Commitlee and its Weapon Safety Commitiee, in the expressed interest
of “efficiency” (althongh the format was to hold two-hour meetings of the NWCWSC once a
month). In the opinion of original NWCWSC DOE member, Dr. Richard D, Hahn DP-64, this
move would amount to emasculation of the weapon safety function. His intemal DOE
memorandum dated January 4, 1994, that gave 2 minority opinion in opposition to combination
is contained as Appendix L.

In Dr. Hahn's and my views, the two early issues addressed by the NWCWSC werc handled on
“party lines,” where the potential vote situation for the parent NWCSC was 3-1 DoD over DOE
(with co-chair votes, 6-2), with no option for a veto. One of these issues was the WG9/SRAM-A
discussed in detail earlier here and the other was nuclear weapon transportation. The two issucs
were examined by special safety studies chartered by the Co-Chairman, DoD/ATSD(AE) Robert
B. {(Bub) Burker. Dr. Burker specified thut Probubilistic Risk Assesstoent uethoduolugivs imust be
used to obtain quantitative cstimates of risk—in direct opposition 1o DOE’s long-staading
pusition thal behavior of the weapon system hardware was unpredictable and therefore not
amenable 1o such quantification. The results of the W69/SRAM-A study, discussed in 2 broader
context earlier here. supported the DOE's concems that safety was inadequate.
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NOTE: For the W69/SRAM-A issue, the DoD/ATSD{AE} in 1989-90 essentially
controlled the agendas of the high-level S’°C management groups. Bob Barker
was Exccutive Secretary to the NWCSC. He was also co-chair of its Weapon
Safety Committee. Barker's former colleague for LLNL's full-scale nuclear
testing program, Troy E. Wade II, was then Acting DOB/Assistant Secretary for
Defense Programs, a roughly parallel level at DOE.

Review of attendance lists for NWCWSC meetings shows a trend toward lower and lower levels
of agency management involvements. Indead, the modus operandi’ essentially became that of
“action officer"—a long-standing DoD/Pentagon practice. Sandia’s representation wes lowered
two levels when newly appointed director Richard L. (Dick) Schwoebel replaced Orval Jones
and his technical advisor level dropped when Stan Spray replaced Jim Ney as principal support.
Neither Schwoebel nor Spray had experience in nuclear safety policy issues. In the latter several
years, Sandia representation tended to be handled by & Sandian living in the Washington, D.C.
area on a special assignment other than safety. In brief, the NWCWSC did not enjoy consensus
as to need at “working levels,” being seen as a policy decision imposed by the Sccretaries of
Defense and Energy.

NOTE: My opinion on this reorganization and ensuing changes is that the S°C
management review process took a tum toward becoming seriously ineffective.
The concepts, of independence in view and decp immersion in S°C technologies
became essentially missing at the table, as history tells us wili be the trend when
S°C concems are mixed with and made subordinate 10 other seemingly urgent and
compelling tasks in the overall weapons program. Operator and programmatic
dominance was inevitable. [ronically, one of the U.S. Army action officers for the
nuclear safety committee activities of the NWC was the same Joe Luger who had
been most ohirusive and vehement in his opposition to DOE roles in safety some
1§ years earlier (see page 125).

The combination of commitrees accurred in mid-1994.

7.18 DoD/DOE Joint Policy Statement on Nuclear Weapons Surety,
1991

Several months afler resolulion of the WG69/SRAM-A safety issue, the Secretaries of Defense and
Encrgy that had been dircetly involved, Dick Cheney and James Watkins, cosigned the joint
policy statement on $°C given below. This statement fulfilied the first half of Recommendation
7 of the Drell Panel. “The Sccrelarics ... should issue a joint policy directive emphasizing the
importance of safety and security dimensions of our nuclear weapon systems in the new post-
Cold-War world, and formulating an appropriate srategy for redressing safety concerns in the
existing stockpile in a timely manner by combination of reticements, unprovements, and
development of new weapon systems.”
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Joint Poiicy Statement on
Nuclear Weapons Surety

The policy of the Depariment of Defense and Energy is to support the
national security of the United States through developing and malntaining
an effective nuclear deterrent. Nuclear weapons and nuclear weapon
systems require special conslderation bacause of their policy implications
and military importanca, their destruclive power, as well as the potential
consequences of an accident or unauthorized act. Therefore, safety,
security, control, and effectiveness of nuclear weapons are of paramount
importance to the security of the United Stales.

In developing and maintaining the nuclear deterrent, the Departments of
Defense and Energy will joinlly preserve the public trust by protecting the
public health, safety, and the environmant. Therefore, nuclear weapon
system safety, security, control, and the sffectiveness will conlinue to be
avaluated throughout the entirety of each nuclear weapon system's life
cycle. Our Departments remain dedicated lo protecting the securily of the
Nation in a manner consistent wilh health, safety, and environmental

needs.
1 e CL yy Sl
2 Cntrgm ::.mcﬂﬂ-q

w32 BY

Source: Ref. 138.

NOTE: In April 1991, Robert L. {Bab) Peurifoy, Jr., Vice President Facilities
7000, retired (age 60).

7.19 Formation of Sandia's Nuclear Surety Directorate/Center, 1991

In latc 1991, less than three years after he returned from years at Bell Telephone Laborztories to
hecome President of SNL, Al Narath decreed a sweeping organizational change that even today
remains in place, but appears to have csseniially no visible support. This change was to
eliminate one of Sandia’s six levels of technical supervision—a move that in concept that long
had been seen as needed and prudent. Narath, however. apparently personally overruled counsef
to climinate the fevel of Director that was intermediate between Depariment and Vice President
in thie hictarchiy of Division, Depmunent, Director, Vice President, Executive Vice Fresident and
President. Instead, he climinated Department Manager.

NOTE: Since 1969, Sandia's program managerient and financial accounting case
systemn had been built around the role of Department Manager. 1 devoted severzl
years ta the conception and implementation of the case system and knew the
details firsthand. Fortunately in my view, the end of the Cold War and
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subsequent cessation of development of new weapons precluded a management
disaster that would have seriously endangered the future of Sandia—and perhaps
all of the laboratorics.

Jim Ney, who had replaced me in 1985 as Manager, Nuclear Safety Department, had his nuclear
safety specialization ended when Narath chose an existing Director to head a new organization to
be called the Surety Assessment Center 300. In order to contipue in safety, Jim was demoted and
became a Division Supervisor (renamed Department Manager!). Ph.D. scientist Richard L.
{Dick) Schwoebel was assigned to lead the Center, perhaps in recognition of his splendid
performance in leading Sandia’s investigation of the probable cause of the high-explosive shell
premature detonation accident aboard the U.S. Towa battleship in 1989. Dick had no weapon
development or other safety experience, having been a scientist in materials research most of his
career.

NOTE: I was astonished upon observing that the Surety Assessment Center was a
fiat organization with some 16 departments reporting to the Director, Surely, that
defied concepts of span-of-control in technical management.

7.20 “Unfettered” Studies of the Elements of S’C, 1990-1934

Concurrently with the generation of proposals for revising DOE and DoD nuclear S'C standards
discussed below, Sandia conducted a set of intemal studies on each of the elements of S’C. All
were undertaken under Dick Brodie’s leadership with this notion of taking an “unfettered”
{unrestrained) view of what requirement statements might develve from a high-level goal. The
study encouraged mermbers to do “brainstorming,” “inmovative” and “out-of-the-box™ thinking.
To me, the positive resulls indicate that this was a wise choice. The downward cascading
devolution would lead to end-requirements from which the enabling technologies would be
idcntified. The loop would be closed by demonstration that the concepts implemented would
meet the requirements. The goai was to make the unintended event (e.g. a nuclear detonation) be
“virtually impossible.”” The first unfettered study was on command and control. It was
sponsored by Sandia’s Surcty Guild and was completed on Scptember 30, 1991. The second
such study was on nuclear safety and was completed on October 28, 1992, The third such study
on physical security was under way in spring 1993, but I have no further documentation. The
final study, to consalidate the threc into a single, integrated set of requirements, is outlined in
files of Dick Brodic that | obtained only recently (Ref 125). All studies featured the two-
part/combination standard concep! that I describe nexi.

7.21 Proposals fotr Revisions to DOE and DoD Nuclear Safety
Standards, 1990-Date

The events described here lor proposing revisions to the govemning DOE and DoD standards for
the nuclear weapon system safety cvaluation processes began in late-1990 in afiermat of the
WG9/SRAM-A episede described carfier. The dilemma arose over the tradeoffs benween the
DOLE's design-safety featurcs preseni in a particular nuclear weapon or weapon system and the
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DoD's operational deployment configuration that could impose severe environments on the
nuclear weapon entitics. [ was not involved in any way, but became aware (hat studies had been
under way before June 1994 when [ became a consultant for Dick Schwoebel, Director of Surety
Assessment 300. This account is drawn from files of Dick Brodie and Clyde Layne that [
recently obtained and have incorporated into the Nuclear Safety Information Center files.

‘The reasons to revise standards were identified by Dick Brodie as:

= Military expressed unhappincss that stringent accident prevention and accident mitigation
measures, ¢ic., don’t contnibuic to meeting standards.

* Not all undesirable events seem to be addressed n the current standards.

s Interpretation of current standards vary by group and by individuals within a group.

s Systems ‘‘passcd” by safety groups were later judged to be unacceptable.

He then identified what revised standard should do as;

* Be unambiguous in their meaning and intent.

Be explainable and understandable to a wide audience (including those inside and cutside
the weapons surety community).

Address all undesirable surety events,

Be reasonably aligned with expectations of those in high decision-making positions.
Allow consistent and repeatable application.

Be achievable by cxisting weapons/weapon systems.

The above was followed by this sentence:

*(Differences between DOE and DoD standards should be based on common sense and be
explainable).”

Sametime in 1990, Dick Brodie conceptually formulated a novel and brilliant simplifying notion
that promised o resolve the problem areas in nuclear weapon system S’C. He would replace the
existing single-part standards that addressed only prevention of prescribed unintended events
{¢.g., a nuclear yicld) with two-part standards that addressed both prevention and mitigation of
severity of the actions that could cause the prescribed unintended event to occur and the event
itself in the same way as for the existing standard. He explained the rationale for the two pan

approach as follows:

« Align the standards as close to the real decision-making process as possible.

s [n general, il the decision-making process 1inds that current design/usage ot a
weapoin weapon system is acceptable for continued operation, then the evaluation pracess
using the stundards shiould reflect that the weapon:weapon system meets the standards
{Note: this may require an “as currently being deployed” or other gualifiers.)
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» Ifa weapon/weapon system is found to be deficient in one part of a stundard but has
sutficient compensating attributes in the other part to offset the deficiency, then the
wcapon/weapon system would meet the standard.

* 1f a weapon/weapon system is found (o he deficient in one part of a standard but is found
to meet the standard through compcnsating attributes in the other part, there should be
provisions in the implementing dircclive requiring a plan/program o address the
deficiencies. (Note: this provision should be kept completely separate from the
evaluation process.)

" NOTE: The material in the paragraphs marked by a square above are [rom visual
aids of Dick Brodie dated February 23, 1993,

As has been developed earlier in this report, the most effective ways of influencing conduct of
DoD operations has proved to be by fixing corresponding DOE operations (e.g., weapon
transportation) and by encouraging DoD to adapt similar incasures.

On June 23, 1992, the DOE/Defense Program's S°C Committee tasked a working group to
propose S°C standards that would apply to DOE orders and then modify them as needed for
proposal for those DoD operations considered by joint DOE/DoD agreements. The working
group was chaired by the newly created DOE Weapons Safety office at headquarters (DP20.1)
and members were appointed for DOE/AL, DOE/NV, DOE/SAN and from the weapons
laboratories. Dick Schwoebel was the Sandia member, with direct support from Dick Brodie and

Clvde Layne.

By carly 1993, two conflicting positions had developed and hardenced to the point of becoming
irreconciluble by further working group negotiations. DOE/HQ and SNL proposed a version
bused on two-part standards and implementing guidance. DOE/Field Offices (AL, NV, and SN),
LLNL and LANL proposed a version based on single-part standards, cach of which must be met
(no combination of parts) and on a narrow definition of use control (includes only intended mode
use). Furthcrmore, the DOE/AL member, Ben Corley, and others asserted that the DOE/HQ-
SNL. proposal “will shut dowi the (weapons) complex.” Both proposals were presented by
DOE/HQ for resolution by the $°C Committee. After inaetion, Dick Schwoebel, by a letter dated
April 14, 1994, to DOE/DP20.1 Dr. James M, Turner, DoD/DASMA Weapons Surety Office
(DP-20-1) proposed re-opening consideration of that proposal. Dick Brodie passed away on
March 29, 1994, and Dick Schwocbel retired on October 3, 1995,

NOTE: This expericnce seems to aftirm the observation that 1 made in May 1985
just prior to retirement that the S°C Committee was *...devolving from high-level
management membership to middle-level representation,” leaving a void for the
former (Ref. 193).

tn 1983, Congress created the Defense Nuclear Facilities Salety Board (DNFSE) to provide
wversiyht external to the DOE for the DOE s defense nuclear facilities (2.3, nuclear materials
processing plants such as Savannah River). The impetus was the “increasing number of public

._
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health and safety issues that accumulated at aging defense nuclear facilities’ especially at Rocky
Flats. The DNFSB as an independent organization was placed within the Executive Branch to
provide advice and recommendations to the Secretary of Energy and an annual report to the
Congress. By summer 1989, the President had nominated and the Senate confirmed five
members:

}. John T. Conway (Chairman), engineer and attorney, JCAE Staff (*56-'68), Con. Ed. Co.
(*70-'78). :

2. John W. Crawford, Ir. (Member), no information on background.

3.  Joscph J. DiNunno (Member), engineer, naval nuclear power reactors, AEC, SNAP.

4.  I. Egpebberger (Vice Chairman), nuclear reactor and fuel cycle, earthquake
engineering,

5.  Herbert John Cecil Kouts (Member), nuclear reactor safety research, including AEC
and NRC.

Notably, none of the five had any prior involvement in weapon development or production,
cither conventional or nuclear. “Nuclear safety” experience cited in official bibliographies really
meant nuclear reactors or nuclear firel cycle safety. :

By means of Recommendation 93/1 of January 27, 1993, the DNFSB four years later in effect
expanded its charter to include “nuclear explosive safety,” i.e,, by including facilities that
assemble, disassemble and test nuclear weapons (notably the Pantex Plant). In particular, the
DNFSB focused on the DOE orders for nuclear safety and quality assurance at these facilities,
especially DOE Order 5610.10. Apparently, the DNFSB's criterion would be 1o ensure that
operational safety of Pantex would be “commensurate with” that of nuclear materials facilities
such as Savannah River. With this event, the attempts over the years within the ERDA/DOE to
replace the nuclear weapon systems safety practices described in this report with practices that |
attribute to nuclear fuel cycle interests, to include the Nuclear Regulatory Commission and the
National Research Council of the National Academy of Science, may have become moot. Time

will tell.

7.22 Revisions of DOE Nuclear Explosive Surety Standards,
1995-1996

As [ view Lhe record, the DNFSB's Recommendation 93-1 applied pressure 10 DOE
organizations to break the 1992 stalemate on revision of its nuclear safety orders that I have
discussed. 1n July 1995, DOE/AL reissued its AL SD 5610.10&11 to include a versior. ot the
two-part surcty standarls that had been debated before the DOE/DP’s §°C group in 1993. On
April 29, 1996, DOE/DP followed with replacement of its orders DOE 5610.10 with DOE

0 452.1 that included two-point surety standards sitnilar (but not identical?) to DOE/AL's. DOE
0 452.1, which contains thesc standards.

L]
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Nuclear Explosive Surety Standards. All DOE nuclear explosive operations sk.all meet

the following qualitative surety standards to prevent unintended nuclear detonztion,
fissile material dispersal from the pit, or loss of control.

There shall be positive measures to:

1. Minimize the possibility of accidents, inadvertent acts, or authorized activizies
that could lead to fire, high explosive deflagration, or unintended high
explosive detonation.

2. Minimize the possibility of fire, high-explosive de!'lagrauon, or high cxplosive

detonation, given accidents or inadvcrtent acts.

Minimize the possibility of deliberate unauthorized acts that could lead to high

explosive deflagration or high explosive detonation.

Ensure adequate security of nuclear explosives,

. Minimize the possibility of or delay unauthorized nuclear detonation.

Several observations from these experiences are relevant to this report

Brodie’s two-part/combination standards concept, in essence, is an expression of the
Probabilistic Model/Positive Measures methodology that Dick Smith, Bob Luna; and 1
developed for the 1973-1977 study of ERDAJAL's nuclcar weapon transportation
operations (page 105), only without the trappings of probabilily assignments.

The contest to adopt them was abandoned at a relatively low level of Sandia and DOE
management, There Is no record of Sardia support beyond Director Dick Schwoebel,
although Vice President Roger Hagengruber was kept infonmed of progress and
endorscd Bredie's concept.

The DOE’s arders covering nuclear safety now include standards on all elements of
S*C, but the DoD’s standards remain essentially as conceived in 1960.

NOTE: The DOE’s fifth standard on plutonium dispersal ndoplcd in 1990 is
essentm]ly the one that | had suggested to an AEC study group in 1969 (page 103)
and Dick Brodie and 1 had suggested to Glen Otey for inclusion in DoD standards

in 1984 (page [ 51).

7.23 Nuclear Weapon Safety Files in the Nuclear Safety Information

Center, 1993

In mid-1993 as consultant to Glen Otcy, I began a project to tocate and index the documents on
S°C that [ had written or had filed, at the time that the Aling system was being converted from the
several systems maintained hy department seeretaries to the centralized Nuclear Safety
Information Center conceived by Stan Spray. This effort produced suggestions for cross-
indexing such that users can easily find documents that they recall only by sume key words, buzz
words or pet phrases and to provide enhanced continuity as more and more users retire (Refs. 139

174
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and 140). Additionally, I compiled a list of the documents that 1 had originated, contributed to,
or otherwise considered important in the Nuclear Safety Information Center (NSIC) collection
(Ref. 141). Finally, I prepared a memo that listed the documents (13 in number) that | would
recommend for persons seeking to better understand the nuclear weapon and weapon system
safety discipline and pracesses (Ref. 142). Dick Brodic's treatise was the first on that list, 1 later
collected the timelines and related graphics on S’C, which I had nsed over the years, into a single
document (Ref. 153).

NOTE: A few years later, 1 received a telephone call from someone in the
Secrctary of Energy's office inquiring if I knew anything about the involvement
of the Danish government in the Thule nuclear weapon accident of 1968. |
described the Nuclear Safety Information Center (NSIC) files, knowing that therc
were reports on Thule filed there, and suggested they contact the Nuclear Safety
Information Center (NSIC) asset that they in essence owned. Later, ] was told
that the report needed was quickly identified and acquired in Washington—
precluding the need to set in motion an expensive investigation.

1 consider the matter of these suggestions as incomplete at this writing.

7.24 Use of Probabilistic Risk Assessment (PRA) Techniques in
Nuclear Weapon Safety, 1994

During one of my visits to Sandia for consultation with Glen Otey inmid-1934, a staff member
in the Surety Assessment Center 12300 who had worked in my department over a decade earlier
expressed concerns about a document on nuclear weapon safety that was being circulated for
comments as a draft, with final publication imminent. The document was the report of the
Surety 2000 Safety Working Group, some 36 individuals within the DOE (17), SNL (9), LANL
(2), LLNL (2). DoD/DNA (1) some other organizations that [ didn’t recognize (5). and its two
principals: Captain U.S. Navy David Olson, DOE/DP-20.1 Chairman; and David Carison, SNL,
assigned to DOE/DP-20.1.

NOTE: 1do nct mince words here in order to best express my reaction to the
Surety 2000 report (Ref. [43), in the context of the totality of this report. The first
draft was another blatant end-run around the §°C assessment process that was
evolved at SNL. over the years in an attermpt 10 have the author’s prefcrence
advanced. In this cuse, the preference was for Probabilistic Risk Assessment
techniques used in the nuclear (uel cycle field, to replace the SNL techniques
based on first principles, positive measures, ete. The proposal could luave tesubied
in technical direction being imposed on the wezpon luboratories by DOE
headquarters stafl. It would make “defensibility” in “pcer” reviews the nain
thrust of assessments, to replace in part SNL's reliance on “independent”
assessments by technical stafl deeply immersed in the relevant technologies.
There are, of course. other points of view extant on Surcty 2000 and the value of
PRA that can be accessed in Directorate 12300,

~OFFICIALYSEONLY 175



1 was insulted by the statement that | knew to be false: “... while probabilistic risk assessment
and other techniques for quantitative asscssment have been developed and applied for many
years in other fields, their application to nuclear weapons is relatively new.” With Glen Otey's
support, [ drafled a set of presentation aids (transparencies) and annotated notes to document the
use of quantitative risk assessment techniques in the nuclear weapons program from 1955 to
1985 (my retirement yesr). ] reviewed, but did not address in my presentation aids, the intemal
SNL decision by SNL President Al Narath in December 1989 to conduct a six-month review of
the applicability of PRA to nuclear weapon system safety (Ref. 144) and the reports on that
work. [ met with Glen Otey, Dave Carlson, and Dick Schwoebel in Glen's office to express my
views. Later. [ made a presentation using the aids to a staff audience, which included invitee
Dave Olson (who by then had retired and was on-roll at SNL) (Ref. 145).

7.25 SNL's Input to the Annual Report to the President on Nuclear
Weapon Surety, 1994

In a consultation session with Surety Assessment Center Director Dick Schwoebel, I detected a
sense of frustration about the decreasing value of the Annual Surety Report to the President in
informing senior governmental officials on the state of S’C in the national stockpile. The process
of coordinating the preparation of SNL's input had become to me an essential way of focusing
SNL rechnical management at least once a year on S*C issues and of advancing the issues that
survived intemal review to DOE Headquarters for review, adoption or revision and coordination
with the DoD agencies 1o produce a joint agency report. Jim Ney had continued the process and
seems to have made it cven more inclusive within Sandia. Figure 26 summarizes evolution of

this process.

After review of SNL's correspondence with DOE Headquarters on this subject, I drafted a set of
presentation aids (transparencics) and annotated notes to document the history of Sandia’s
involvements in the annual report from 1976 to 1994. The 33-page document is Ref. 146.

NOTE: Ihad made the annual report process & personal crusade to involve SNL
management in S$’C by drafting the initial input and circulating it within SNL,
DOE/AL and DOE/OMA, with iterative drafts and cover letters that addressed the
comments received. When 1 took stock of the success of this venture (Ref. 150). 1
treated it as 2 failure, except for interest and involvement on the part of a few:
Bill Myre, Boh Peurifoy and Orval Jones at SNLA and Don Gregson at SNLL.

Another iniciative was to make quadrennial reports in years coincidental with Presidential
cicetions be a melded (inter-labs and DoD/DOE) statement. Tt failcd duc to lack of support. It
could have become counterproductiz e, at the DOE/DOE action officer level anyhow. Former
influcntial member of the Air Foree's Directorate of Nuclear Safety at Kirtland AFB and an
acquainiance of mine, Colonel Jim Greening, then at ATSD{AE), saw our draft as a “*big brother™
approach. 1 suggested that the 1988 annual report could reinstitute this approach if it, by then,
could have $°C Committee suppornt
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7.26 The Drell/Peurifoy Paper on Technical Issues of a Nuclear Test
Ban, 1994

Just as the Drell Panel Report of 1990 (Ref. 134) effectively described the national process for
nuclear safety, the Drell/Peurifoy paper of 1994 (Ref. 147) describes the technical aspects of
nuclear weapon safety, reliability and verification in lhe context of proposals for a
comprehensive ban on nuclcar weapon testing. [ was honored to review in late drafl the sections
on nuclear safety and note that my summary af nuclear weapons accidents was included as
Table [

I will not speculate or comment on the impact that the paper has had already in national-level
debates and Presidential decisions on nuclear testing—or may have in the upcoming debates on a
Comprehensive Test Ban Treaty. History may record that the paper was the cornerstone of
evolution of the concept of “stockpile stewardship” that became the justification for support of
the national nuclear wzapons program after the Cold War. [ believe this will happen.

7.27 Sandia's Surety Heritage Report, 1995-1997

| learned about this project to conduct two-hour interviews with 17 “senior statesmen and curent
surety leaders” with the goal “to understand the essential element of Sandia’s surety heritage and
its implications for future surety programs™ almost by accident. In late 1995, Bob Peurifoy
agreed to participate in this project that apparently had been initiated by Dr, Laura R. Gilliom,
who had been assigned program management and funding functions for surety-related work at
Sandia. After being interviewed and responding to a set of structural questions, Bob apparently
suggested that I be included in the list of interviewees and so informed Laura. That inclusion
didn't happen. By mid-1996, | had extended my consultant arrangement at Sandia to have
periodic liaison sessions with William C. (Bill) Nickell, the recently appointed Dircctor of the
Surety Assessment Center 12300, Bill showed me a notice [or a seminar to present a synthesis of
the findings of the group that had conducted the interviews. Bill was astonished that I had not
been contacted and remedied that situation promptly. The seminar was postponed and five
interviewees were added to the list—including Jim Ney and me. 1was then immersed in the
process of reviewing drafts of the Sandia General History book, but took this interview as higher

priority—the two projzcts being somewhat complementary, however.

1 provided a handwritten 29-page response to the set of questions and much later had these typed
and ducumented (Ref. 148). [ especially enjoyed the exercise of identifying 31 major events and
issues in $°C thut [ believe were mnost nnpottant—and the individuals who were the main
contributors.

| was most pleased with the report on the project (Ref 149), which [ received late in 1997 and
read as 1 finished the first draft of this report. I commend all who contributed.
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7.28 Review of S2C Sections of Draft Chapters, Sandia General
History Project, 1995-1996

As consultant to Glen Otey, 4100, and Bill Nickell, 12300, [ reviewed several versions of drafts
of the chapters of the Sandia General History book and provided detailed comments. The
comments that bear on S’C are contained in References 154 through 157, Additionally, [ drafied
two lengthy volumes on overall SNL history that contain sections on all three elements of $°C:
Reference 151 covering 1956-65 under the title of Develaping the National Nuclear Weapon
Stockpile, and Reference 152 cavering 1996-70 under the title The Level-of-Effort Years. Almost
all of the information on S°C in these two documents is also included as text in this report under
specific topical headings. Also for the history project, 1 collected the unclassified timelines that |
could locate on 8*C and some R&D management topics in one volume, Reference 153, filed in
the Nuclear Safety Information Center (NSIC).
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APPENDIX A

MAY 5 198

Mr. K. F. Hertford, Manager
Albuquerque Operations Of fice
P. O. Box 3400 ;
Albuquerque, Hew Mexica

Rer Safety Analysis of Weapon Systeas with Sealed-Pit Warheads.

Referencess 1. SRD Mewo, Hertford to McRae and Bradbury, dtd
3/10/58, Syms ALP:1ABW, Q-74802, Sawe Subject.

2, SAD Memo, Schomburg, OCD, ta Manager, ALOO, and
Manager, SAN, dtd 2/21/58, Symi' ORDIN, Q-72477,
- Same Subject.

To preface our remarks on the subject of the above references, we
believe some very general comments are in order. Certalnly, you are
aware of the manner in shich the nusber of szafety boards and requests
for safety studies have been mushrooming, We trust you are equally
aware of the drastic and still increasing work load this situation
has imposed on the development organization. ¥e have been striving
to provide full support in all sreas to insure solid technical inputs
in all such deliberstions $n a maxisum attempt to clear the air and
prevent a recurzence of the near panic caused by the AFSWP "Klee
Report™ of last year. We have already passed the point at which
“this outside support is interfering with our internal studiee and
work toward increasing weapon safety.

Whether intentional or not, the i{mplication exists that the ASEC and
specifically the nuclear and engineering laborateries have a legger
{interest and 3 smaller stake in the catter of nuclear weapon safety
than have the DODfand {is various military agencles., 7This, of course,
{e untrus and, {n faci, our stake is perhaps lacger.

The createst difficulty in studying the overall safety problem (and
thic i 2 problem which can not be attacked plecemea] Lf we aze to
aTrive 3t "optimally sofe” designe) is that the various sesgments of
the DOD are uncertain as to what incidents and situations they desice
matt $o be protected agalnst., Ths matier of agreement within the
DOD fs therefore & lost hope wlithout this prerequisite. Thne approach
c! these extra-AZT &ctudies has as 3 consequence been 20 pirpoint some
spesific area of concern and %5 concentrate on influencing design en
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ve, K. F. Hertford, Manager 2=

that poini. There is 8 very real danger here in that such narrow cor—
sideration, if {mplemented, can hamper safety efforts in more iwportant
sreas. We sincerely belleve the Navy preoccupation at the present time
with removablility of a1l or part of an already inert power supply is an
excellent example of this fillacy. In this instance we could provide
better safety with either or both a “burfed goof-proof device” and 2
*locked” warhead connector while st the same time {eproving saboteur/
psychotic resictance, Providing access into the warhead for power
supply removability is contrary to all philocophy for reducing human
error probabllity.

We submit that the greatest service which can be performed by DOD
safety boards in their own and the national interests is a tharough
and tompetent analysis of 31l the operational factors and environments
to which weapons are likely to be subjected and then to arrange the
potential danger polnts in order of importance for each warhead. Thus
apprised of the overall safety picture as seen by the DOD, the AEC
designers can focus full design effort on first things fi=st.

As a cozollary, of course, the DOD eust also declide what they are
willing to pey for increased safety in terms of reliability, flexi-
bility, and operational readiness since we feel certain that the
evolution of present designs has already exhausted whatever reservoir
of "free” safetf:ilght have at any time existed.

Yo comment on the particular request of Reference 2, we feel it {s
highly desirable to have the safety aspects of each particular appli-
cation deliberated in the respective joint committee and working group
functions. As officii] meambers of these bodies, w2 are then in the
best pasition not only to provide sound technical inputs en the warhead
installation but 3lso to participate in a tharough safety review of <he
adaption kit and other DOD contractpr supplied weapon system comsonents.

PRES1DENT
CRC/1261/11w

Diseributiom
1/94 = K. F. Hertford, Manages, ALOO
2/58 = Arlg. General A)fred D. Starbird, DMA
3/9A - H. A. Fidler, Manager, SAN
