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ERRATA

P. 20, photograph: “mechanical assembly had a monorail and hoist to move weapons from the building to trucks”
should read “mechanical testing had a monorail and hoist to move weapon parts, inert weapons, and prototypes.”

P. 56, photograph: Tom Fox is seated at the console and Marty Snyderman is in the left background.

P. 57, line 12: “IBM 604, Elecom 125, CDC 3600, and IBM 7090” should read “IBM 604, Elecom 125, IBM 704,
CDC 1604, CDC 3600, and IBM 7090.”

P. 69, photograph: the individuals in the cold chamber are Wesley Haig and Charles Grassham.

P. 84, photograph: first sentence of caption should read “Kingfish launch during Operation Fishbowl of the Dominic
test series.”

P. 98, bottom photograph: caption should read “Carl Murphy uses a commercial laser to develop nondestructive
testing techniques using holographic interferometry.”

P. 111, bottom photograph: “the room-size IBM computers” should read “analog computers.” The seated individual
is Lowell Watkins.

P. 163, bottom photograph: image should be rotated 90 degrees to the right.
P. 243, top photograph: the engineers are John Smelser, Carl Curtis, and Hovey Corbin.

P. 295, photograph: caption should read “Launch of a two-stage, Sprint-powered, reverse ballistic rocket sled built
for impact testing of the W87/Mk21 mock weapon development unit at Sandia's 10,000-ft. Sled Track." (February
15, 1986)
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- . . . Foreword

Foreword

Although most of my early career was spent at Los Alamos, 1 often worked with the
men and women of our sister laboratory — Sandia National Laboratories. Early on I
came to value and respect their dedication to the mission of safeguarding our nation's
security, and [ was particularly impressed by how focused Sandia's people were in
harnessing outstanding science and technology to meet national needs. From the
earliest days of the Cold War to the more diverse threats we face today, after the
collapse of the Soviet Union, Sandia proved superior to all others in the speed at which
technology could be applied to counter the present and emerging threats.

Since [ joined Sandia in 1990, and especially when [ became Sandia's President in August of
1995, I have come to appreciate at a much deeper level the commitment that indjvidual
Sandians give to the phrase “exceptional service in the national interest.” I see it as the
driving force for our motivations, our ethics, and our legendary “devotion to duty.”

Sandia National Laboratories faces institutional challenges today that closely parallel
the confusion at national levels. As the nation's leaders wrestle with the changes,
particularly defense downsizing, which has been occurring since the end of the Cold
War, Sandia has downsized and reengineered itself as a leaner, more agile laboratory.
But at the same time we are motivated to attempt even higher levels of contributions
to the nation by the realization that there are other threats arising, as well as new
opportunities, as a result of the global emergence of many other nations.

One thing remains clear: we will continue to be one of the primary providers of the
science, engineering, and technology needs to ensure the security of the United States.
This will include our historic role in creating and designing the major portions of the
nation's stockpile of nuclear weapons and our responsibility for system safety, security,
and control for these weapons systems. Our science and technology base, built for the
weapons missions, will continue to provide us the skills to solve important national
problems in many other areas: energy and environment, counterterrorism, arms control,
nonproliferation, and nuclear waste storage. These supporting missions will continue to
make Sandia one of the most interesting research institutions in the free world.

As we approach the fiftieth anniversary of the founding of Sandia as a separate
laboratory, there are almost no workers who have been with the Laboratory for its
complete history. The torch has indeed been passed to a new generation of engineers,
scientists, and support staff. [t is for us here now to carry forward within us the spirit
of that history of great and small accomplishnients that have made the Sandia
National Laboratories among the nation’s greatest treasures. This volume will help us
in that remembrance.

Paul Robinson



Foreword o S

On the eve of the 21st century, Sandia National Laboratories is in a great state of flux.
It, along with the rest of the nuclear deterrent complex, is being buffeted by changes
resulting from the end of the Cold War, the dissolution of the Soviet Union, and a
major event in fiscal policy — the imperative to balance the budget.

I look forward to a new and exciting mission in the 21st century for Sandia and the
other national labs. This mission will be science-based stockpile stewardship tied
tightly to their capabilities and the defense needs of the nation. For the next 20 to 30
years they will have responsibility for monitoring, maintaining, and assuring the safety,
reliability, and effectiveness of 4,000 to 5,000 nuclear weapons.

This mission is a continuation of the historic role Sandia assumed right after the
Second World War. The dedication and exceptional service in the national interest of
Sandians past and present was a major factor in the ending of the Cold War.

This history of Sandia Labs comes at a crucial juncture — on the eve of its 50th
anniversary in 1999, which will launch the Labs into the challenges of the 21st
century. In the words of Sandia’s history program: “It's hard to know where you're
going if you don’t know where you are and how you got there.” It is imperative for
current and future employees as well as the public at large to be aware of Sandia’s
history so they can be prepared for a challenging future.

Senator Pete Domenici



Foreword

Man is slightly nearer to the atom than to the star ... From his central position man
can survey the grandest works of Nature with the astronomer, or the minutest works
with the physicist.

Sir Arthur Stanley Eddington

Born with the atomic age, Sandia's history is one with the atom and the star; its legacy
is the stuff of quietly spectacular progress. This volume is devoted to the work done
here, and the people who built such an enviable reputation of excellence at this
outstanding national laboratory.

Sandia is poised to move into the next century, prepared to continue its leadership role
in meeting the defense and economic challenges of our nation. This book offers a look
at its valuable past, and a glimpse into its invaluable future.

Senator Jeff Bingaman
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Foreword . .

As a representative of New Mexico’s First Congressional District, I know what an
important role Sandia National Laboratories plays in our community. ] am also acutely
aware of Sandia Labs’ vital role, historically was well as for the present and future, in
our national defense. It is important to ensure that the history of lab success in its
national security mission is carried forward into the future for the continued benefit of
the nation and New Mexico.

So a general history of Sandia is a highly welcome publication. It not only places into
focus the Labs’ major role in regional development, but also its unique engineering
support for the other two major nuclear weapons laboratories — Los Alamos and
Lawrence Livermore.

As we approach the end of the millennium, the roles of the national labs are
undergoing close scrutiny, and balancing the federal budget while maintaining such
national treasures as Sandia will not be easy. But I anticipate that this History of Sandia
will contribute to a better understanding of just how crucial our labs have been and
must continue to be. That will, in turn, contribute to a better-informed discussion on
behalf of our national security future and the future of Sandia National Laboratories.

Sandia is to be commended both for the excellent and unique technical expertise it
provides, and for supporting a history program such as this, which will educate both

this generation and the next about the nature of Sandia’s work and its continuing
importance as America moves into the 21st century.

Representative Steve Schiff
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FROM Z TO A CORPORATION

You have here an opportunity to render an exceptional service in the national interest.

How should nuclear weapons be managed?
This question challenged leaders of the
Manhattan Project and of Z-division of Los
Alamos Laboratory at Sandia Base in 1945, as
it would the nation throughout the rest of the
20th century. Answers to this question were
as varied as the number of agencies and
people involved. Some thought nuclear
weapons unique and deserving of strong
civilian control; others considered them
merely powerful conventional weapons that
should be in military custody. Army engineers
of the Manhattan Engineer District thought
they should remain in charge of weapon
development, while the Navy and Air Force
sought roles in the program, and civilian
scientists opted for university management.
Fundamental answers to the question were
forged during the tumultuous postwar years
as the United States put World War II behind
it and entered a longer Cold War.

Shifting political responses to the
fundamental question of how to manage
nuclear weapons generated turmoil throughout
the formative years of the nuclear ordnance
laboratory at Sandia. First, it was commanded
by the Manhattan Engineer District and then
managed by the University of California.
Finally, after many alternatives were
considered and rejected, “Ma Bell,” the
American Telephone and Telegraph Company
(AT&T), assumed responsibility for the contract
with the civilian Atomic Energy Commission
(AEC). These transitions resulted in a
management pattern that prevailed
throughout the Cold War and endowed Sandia
with a corporate culture of enduring value.

Harry Truman

MILITARY MANAGEMENT

General Leslie Groves and Colonel
Kenneth Nichols, leaders of the wartime
Manhattan Project, selected the future site of
Sandia National Laboratories in 1945 after
Groves and J. Robert Oppenheimer agreed
that engineering for nuclear weapons should
be transferred from Los Alamos. Los Alamos
suffered from shortages of housing and utility
services, and transporting materials and
equipment to and from the airfield in
Albuquerque or the rail depot in Lamy was
slow and costly.

During June 1945, the Manhattan District
sent Lieutenant Colonel Robert Lockridge and
officers from detachments at Los Alamos and
Wendover airfield in Utah to examine
potential sites for a field testing and weapon
assembly operation. These officers surveyed
Kirtland Field, an army staging and training
facility near Albuquerque. Kirtland, formerly
Albuquerque Army Air Base, was renamed in
1942 in honor of military aviation pioneer
Colonel Roy C. Kirtland. Kirtland Field was
much closer to Los Alamos than the
headquarters of the 509th Composite Group
at Wendover, Utah or other airfields used for
bomb ballistics testing. Isolated on a mesa east
of the Rio Grande, Kirtland was also several
miles from Albuquerque, the nearest town.

Then home to 65,000 people, Albuquerque
served as a railroad shipping center for
ranchers and farmers. Travelers on the Santa Fe
Railway or TransWorld Airlines knew the town
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Army officers he met at Sandia Base. However,
after he reported to President Truman that he
could count the number of ready nuclear
weapons on the fingers of one hand, an
investigation into ways to multiply that
number was launched.

As part of this investigation, John Manley
of the AEC General Advisory Committee
looked into the delays experienced at Sandia’s
Z-division. “One must realize,” Manley
reported, “that the wartime development
yielded nothing more than a laboratory
version of everything: weapons, test units, field
kits, drawings, manuals. Any operation was
very strongly dependent on technical
knowledge of individuals; there was no time to
write down more than an absolute minimum.”
Labeling Z-division a “shoestring operation,”
he attributed its survival under Army
management to “the sense of national
responsibility on the part of some individuals.”
Manley urged swift reorganization to
standardize improved weapons, components,
and test equipment; to prepare standardized
drawings and manuals; to attend closely to
production and procurement; to initiate
adequate training programs; and to institute
long-range development and testing. These, he
reported, could only be accomplished by first
alleviating personnel and facility shortages at
Sandia Base.

To undertake this reorganization, Paul
Larsen was appointed Sandia’s director in late
1947. Born in Denmark, Larsen started his
career early in the century with the Marconi
Wireless Company and went on to
distinguish himself in the proximity fuze
project during the war. Working for the Navy
and the Applied Physics Laboratory of Johns
Hopkins University, Larsen pressed
development of the fuze from research to its
production by the millions before the war’s
end. Richard Bice, then Sandia’s director of
engineering, said Larsen walked into a
difficult situation at Sandia. “We came out of
the R&D end of the game — to go into large-
scale manufacturing, that was foreign to us,”
admitted Bice. “It grew rather slowly and
people were somewhat upset in the higher
levels with the speed to which it wasn’t being
done.” Larsen’s experience was highly
relevant to the Sandia situation.

LARSEN’S ENTERPRISE

Aptly described as a man of enterprise,
Larsen received full support from the fledgling
AEC, which arranged with Los Alamos to
elevate Z-division to laboratory status. Larsen
thus became the director of Sandia Laboratory,
a branch of Los Alamos still managed under
the University of California contract with the
AEC. Larsen initiated rapid expansion of
Sandia’s work force and facilities. A $25
million construction effort began in 1948 to
build permanent structures to replace the
mobilization-type, tar-paper and frame
buildings erected by the Manhattan District.
Larsen wanted the Army post engineer,
Captain Luther Heilman, to manage this
building program, but encountered difficulty
getting Heilman discharged from the service.
Larsen often surmounted such challenges by
going directly to the top, and when General
Omar Bradley toured Sandia, Larsen personally
requested Heilman’s transfer. Two days later,
Heilman began a thirty-five year career at
Sandia. The first permanent brick structure,
Building 800, opened at Sandia’s main
entrance in 1949, and other substantial
buildings of the Larsen program entered
service in 1950.

Larsen and his personnel manager, Ray
Powell, initiated vigorous recruiting,
especially from the wartime proximity-fuze
project. Some came to Sandia from the New
Mexico School of Mines fuze-testing program,
and Larsen persuaded the AEC to purchase
the School of Mines buildings after the school
moved to Socorro. Located off Gibson
Boulevard two miles west of the Sandia
technical area, the school buildings became
the West Lab, home to Sandia’s first
contingent of scientists and managed by
Robert Petersen, a former colleague of Larsen
in proximity-fuze research.

For expedited weapon production, Larsen
created a “Road” department headed by Frank
Longyear. “Road,” a code name perhaps
emanating from the expression “get the show
on the road,” expanded from 20 to a total of
300 personnel within the year, increasing the
rate of production to about two bombs a
month. This rate seemed likely to provide the
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disinterest in production and purchasing
obligations. He urged the AEC to quickly select
another manager — not another university,
not an independent corporation (as Larsen
proposed), and not the AEC directly with civil
setvice employees. Sandia should be managed
by a large industrial firm with considerable
experience in defense programs.

Although Kelly refused to specify a firm,
by May the AEC had settled on AT&T as its
primary candidate. Sensing reluctance from
AT&T, Lilienthal discussed the situation with
President Truman, and on May 13 the
President dispatched an appeal to the
patriotism of the president of AT&T, Leroy
Wilson. Sandia’s work was critical to national
defense, Truman stated, adding, “you have
here an opportunity to render an exceptional
service in the national interest.” “Exceptional
service in the national interest” has since
become Sandia’s rubric.

When Wilson replied that he would think
it over, Lilienthal and his assistants spent
Memorial Day of 1949 at Wilson’s home,
pressing their case. Wilson protested that
AT&T had more than enough defense
contracts underway, notably development of
the Nike missile guidance and control system.
Moreover, AT&T was defending itself against a
federal anti-trust lawsuit, and Wilson thought
it ironic that one branch of government
demanded AT&T’s services while another
branch sought to dismantle its valuable
research and industrial capabilities.

Lilienthal explained to Wilson that
“laboratory” inadequately described Sandia,
which performed “many tasks beyond those
normal to a laboratory.” Its principal
laboratory function included supporting the
design and development of weapons and the
equipment for handling and testing them. In
addition, Sandia was responsible for
purchasing and producing weapon parts; for
completing drawings and specifications needed
for manufacturing the parts; for scheduling
deliveries and assuring product quality; and for
monitoring weapon quality throughout
stockpile life. It also operated the Salton Sea
test range, wrote maintenance and operations
manuals, and trained the armed forces teams
who deployed weapons in the field.
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Pointing out that Sandia had 1400
employees and an annual budget of more
than $10 million, Lilienthal told Wilson that
AT&T would be expected to take the entire
package, including the test range and the
housekeeping work then done by the 160-
member staff of the AEC Santa Fe office. “It is
of the highest importance to the atomic
weapons program,” Lilienthal stressed, “that
the organization at Sandia be the strongest
organization that it is possible to obtain.”

As a follow-up, McCormack met with
Wilson in June at AT&T headquarters in New
York. Within the Bell system, AT&T and its
subsidiary Western Electric shared ownership
of Bell Laboratories. Wilson assigned the
Sandia contract negotiation and management
to Stanley Bracken, president, and Walter
Brown, vice president and general counsel, of
Western Electric. A Western Electric team took
charge of the project and toured Los Alamos
and Sandia during July. After they visited Los
Alamos, Norris Bradbury told the University
of California regents that action would be
swift. “The boys have had their marching
orders...,” Bradbury said, “to take on this
project and make a success of it.”

Intentionally or not, AT&T had achieved
an enviable position. Because the AEC had
insisted over the corporation’s objections,
AT&T could dictate the contract terms and
name its price. But AT&T did not press this
advantage, insisting instead on a no-profit, no-
loss contract, not even asking for an account
to cover overhead. Although some AEC staff
urged that AT&T should be required to accept
a profit, to give the government leverage in
performance assessment, the AEC accepted
this unique contract arrangement. Over time,
it saved the taxpayers hundreds of millions of
dollars, and absolved AT&T of the “merchants
of death” accusations that plagued defense
contractors during and after the world wars.
When AEC counsel prepared a detailed
contract, Western rejected it and proposed a
brief, single-page contract requiring that
Sandia be managed according to good
industrial practices. Although longer than one
page, the final contract signed in October
1949 was indeed brief and essentially required
management of Sandia in accordance with
AT&T industrial standards.









As expected by the AEC, Landry brought a
top Western Electric management team with
him and inserted it atop the existing
organization. To the surprise of veteran
Sandians, Landry’s executive team of four
included only a single Bell Laboratories
representative, Robert Poole, who transferred
from the Nike missile program to become
Sandia’s director of research and
development. Earlier, Poole had formed Bell’s
Whippany laboratory for military electronics.
This new management encountered
resentment from some of the employees.

Landry met resentment from the greater
Albuquerque community as well. Sandia was
largely a “company town.” Not everyone had
automobiles for commuting, and the AEC
housing area had waiting lists. Separated
geographically from the city, Sandians used
military base facilities and flocked to the
Coronado Club, a restaurant and social center
opened in 1950. Sandia’s personnel director,
Ray Powell, observed that some people in
Albuquerque considered Sandians to be
“intruders on the mesa.” As the contract
specified, Landry and Sandia Corporation
replaced the AEC as the landlord for this
community, along with the housing at Salton
Sea, the motor pool, and the security forces.
This freed the AEC from the headaches of
facilities maintenance such as planting the
grounds, repairing utility services, and cleaning
dormitories. It was to be another decade before
Sandians no longer needed the housing area
and amalgamated into greater Albuquerque,

In an effort to ameliorate some of these
difficulties, Landry formed a public relations
department under Ted Sherwin. To better
inform employees, Sherwin began publication
of a newsletter, replacing a mimeographed
bulletin distributed in Larsen’s days. It
disconcerted Sherwin when Landry personally
reviewed and revised each issue. Landry
apparently subscribed to the philosophy that
the best public relations year is one in which
the firm is not mentioned in the newspapers.
If so, he must have been pleased in 1950.
Although the New York Times noted the
existence of Sandia in 1948 and 1949, in 1950
it did not mention Sandia at all. For improved
community relations locally, however,
Sherwin and Ray Powell established liaison
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with Albuquerque leaders, and Sandians soon
became involved in civic affairs. Sandia vice
president and first general manager, Tim
Shea, became chairman of Albuquerque’s
United Way campaign in 1951.

The University of California had managed
purchasing for Sandia out of its Los Angeles
business office, and Landry had to create a
new purchasing organization at Sandia. Hardy
Ross and William Dietrich led the group of
three dozen purchasing officers imported
from Western Electric to centralize purchasing
at Sandia. This organization soon was placing
3,000 orders monthly with manufacturers
throughout the nation.

Landry also reorganized and augmented
the Road department in the Western Electric
style, with distinct lines of management
headed by superintendents. Walter Pagenkopf
and Lyle Biskner were placed in charge of this
new production engineering organization.
This involved fundamental changes for the
design engineers, accustomed to working
directly with the craftsmen in translating the
designs into production. Before Western took
charge, responsibilities had been fuzzy. “In
many cases, we had craftsmen who had more
experience with mechanical or electronic
design than some of the engineers,” said
Corry McDonald. “We had some of the
engineers actually doing some of the drafting;
when they finished the initial phase, they'd
take their drawings to the shop and get it
built.” Landry ended this cooperative
interaction, and not all Sandians approved.

EMERGENCY CAPABILITY
FISSION BOMBS

Volume production often forces breaks
with the past, and Landry faced volume
requirements soon after his arrival. In August
1949 the Soviet Union had detonated its first
nuclear device. [ts monopoly ended, the
United States felt vulnerable, and national
defenise interests demanded expedited
production from Sandia and the growing AEC
weapons production complex. Then, barely
had Landry settled in his office when the
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Chapter 1

ASSEMBLY AND STORAGE

To assemble the high explosives for
implosion-type bombs, Sandia in 1948
constructed an area south of and some
distance from its original technical area. With
buildings constructed to confine accidental
blasts, this part of Sandia became known as
Technical Area II, to distinguish it from the
original site, now designated Technical Area I.

Work on emergency capability weapons
gave rise to another challenge, code named
Project Water Supply. During the late 1940s,
the Army Corps of Engineers had begun the
design and construction of underground
storage sites for nuclear weapons. For site
design, Richard Bice served as Sandia’s
project engineer and Jerry Jercinovic as
liaison with the Corps of Engineers. By 1949,
these sites began to open for service, and the
AEC assigned weapon surveillance activities
at these facilities to Sandia. Until 1960,
Sandia stationed staff at the storage sites to
monitor, maintain, and assemble the
weapons. To ready a weapon for use, major
components were tested and assembled with
the assistance of military personnel. The
weapons and nuclear cores remained in the
custody of the AEC until the President of the
United States authorized release of the
weapon to the military. As many as two
dozen Sandians worked at each of the storage
sites opened at military bases across the
nation. Intense security precautions required
that they not mention where or for whom
they worked, causing them considerable
difficulty when, for example, they sought to
open bank accounts.

WARHEADS FOR ROCKETS
AND GUIDED MISSILES

As if the Korean War pressures were not
enough, Sandia received additional challenges
in 1950. Thanks to interactions with the
German scientists who developed the wartime
V-1 buzzbomb technology and were brought
to White Sands at the end of the war, the
armed forces had developed their own rockets
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and guided missiles, including air-breathing
drones with turbojet engines that could
penetrate to targets without endangering
pilots or crews. By 1950, guided missiles such
as the Matador and Regulus were being tested
in the United States, and the military services
wanted to arm them with nuclear warheads.

Although Sandia had become responsible
for designing the components and casing
surrounding the physics packages of nuclear
bombs, that was not the case with missiles.
Missiles supplanted and supplemented aircraft
as delivery systems, and the military services
asserted design responsibility for these just as
they did for aircraft. Los Alamos would
continue designing the nuclear package for
either bombs or missile warheads, but
Sandia’s responsibilities were not so clear.
Where did the design for a warhead end and
the military design for the missile begin? A
high-level debate of this question continued
until 1953 when the AEC and DoD spelled
out the division of their responsibilities.

While the debate was in progress, Sandia
created a warhead engineering department
managed initially by Lou Hopkins and
undertook to identify a standard warhead
design for all guided missiles. It used existing
bomb packages as the warhead, and
developed adaption kits to marry the warhead
to different kinds of missiles. The warhead
program moved quickly from the study stage
in 1950 to design engineering in 1951, and
by the end of that year it had begun to rival
in size the bomb design programs at Sandia.
New challenges in weapon design were
heralded in November of 1952 by the U.S.
detonation of Mike, the first large
thermonuclear device, in the Pacific. During
Landry’s tenure, Sandia’s yearly weapon
design projects increased from two or three to
ten or more.

FIRST REIMBURSABLE

Sandia initiated its fitst reimbursable
program in 1950 when it accepted, with AEC
permission, funding from the Defense
department for a study of nuclear weapon















ANSWERING THE QUESTION

How should nuclear weapons be
managed? After six turbulent, formative years
Sandia had its answer: by creating and
applying innovative but sound engineering to
the major programs of systems development,
component development, and field testing. In
addition, it was recognized that high
standards of performance for applied research
and the supporting tasks of engineering for
production, quality assurance, and
surveillance were critical. This approach was
instrumental in the process of equipping the
military services with nuclear bombs that
would provide the degree of effectiveness,
readiness, and flexibility consistent with high
levels of reliability and safety.

At the same time, the burdensome tasks
of maintenance, assembly, and training
during peacetime were reduced appreciably by
innovative design measures, Transformed
from a handful of nuclear weapons for a
single type of bomber after World War I, the
stockpile offered both strategic and tactical
bombs capable of being delivered by a variety
of aircraft, some operating at transonic
speeds. To do this, the Los Alamos-Sandia
team was able to reduce weapon size and
weight by large fractions, both done at
militarily useful nuclear yields.

In this process, Sandia set in motion a
number of technological specializations that
over the years would yield payoffs in
enhanced weapon capabilities, as well as
contribute significantly to other national
security programs. The expedient approaches
to problem-solving that had characterized the
weapon program during World War II, such as
cut-and-try, trial and error, overkill, extreme
redundancy, small-scale model tests, and
overlapping designs gave way to an
increasingly orderly, measured development
cycle. The process also effectively met a series
of “emetrgency capability” needs to provide a
small number of prototype weapons that
could fill immediate national defense needs.

Roger Warner described the production
and assembly of the early Mark models as an
“occult art.” Later, Sandian Del Olson
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referred to it as “black magic engineering.”
Although the general public may have
thought there was something mystical about
atomic weaponeering, that was not what
Warner and Olson meant. They implied
nothing mystical, but referred to the
empirical cut-and-try engineering inherited
from the Manhattan Project.

While the development of nuclear
explosives at Los Alamos certainly was science
based, weapons engineering at Sandia during
its formative years generally was not. This was
one reason why the University of California
withdrew from Sandia’s management. And
while the military services and Defense
department often funded such research
projects as the proximity-fuze program, their
intense interest in advanced engineering
came only on the heels of Sputnik in 1957,
when the Advanced Research Projects Agency
began pumping funding into research.

Landry and Western Electric’s
management of Sandia Corporation from
1949 to 1952 aimed at organizing and
increasing Sandia’s production capabilities.
But in the rush to meet emergency military
demands, quality was necessarily secondary
to output.

The election of Mervin Kelly of Bell
Laboratories to Sandia’s corporate board in
1952 marked a turning point in Sandia’s
history. Although he never served as Sandia’s
president, he gave the facility personal
attention for the remainder of his career. Even
later, while serving as president of Bell
Laboratories, he continually commuted from
New York to spend one week out of six at
Sandia. His objective at Sandia was to make
organizational changes that would allow the
engineering groups to concentrate on the
weapon development phase. [l

47

































Chapter 2

In early designs, nuclear weapon
maintenance resenmbled that for aircraft on
standby — planes were regularly taken out of
storage, tested, and the engines started.
Arthur Machen and his liaison office trained
servicemen to perform maintenance testing,
and Sandia assigned personnel to assist each
weapons storage site. In addition to sending
personnel, Sandia designed the sophisticated
and expensive testing equipment needed at
each site. Moreover, experience revealed that
the testing process could itself produce
defects in components. In brief, maintenance
proved costly in equipment, personnel,
reliability, and readiness. The military
services were anxious to reduce these,
especially the time needed to ready a
weapon, and Sandia shared their concerns.

Recognizing all of these desires, Sheldon
Dike and Walter Wood of Sandia’s systems
analysis group articulated the “wooden
bomb” concept. The goal was not only to
design and produce weapons that minimized
the necessity for military personnel to test
and monitor weapons during stockpile
storage, but also to meet the new array of
stringent military characteristics. The
wooden bomb would be a nuclear weapon
that would lie in storage for twenty or more
years without major maintenance, yet could
be pulled from the stockpile and used at a
moment’s notice. Bob Peurifoy noted the
concept was “scary, like parking your car in a
garage for years and expecting it to start
when you first turn the key.”

A further impetus came from a 1eport by
George Edwards of Bell Laboratories,
employed by James McRae as a quality
control consultant. Edwards visited storage
sites in early 1954 and told McRae that,
before weapons could be used, the detonators
and cables had to be installed and correctly
connected, various components had to be
installed, the batteries charged, and the fins
bolted on. “One doesn't expect his
automobile to be delivered to him,” Edwards
said, “with the fenders separate to be bolted
on when he gets ready to drive it.” Clearly,
Edwards reported, Sandia should strive for
improved readiness capabilities.
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ZIPPERS

In the early nuclear weapon designs, an
initiator inside the pit released a neutron
burst to initiate the chain reaction. Weapon
maintenance included frequent replacement
of these limited-life internal initiators, which
required extensive disassembly. As an
alternative to initiators, Los Alamos in the
early 1950s conceived of using a miniature
betatron to accelerate electrons into a
beryllium target as a neutron generator that
could be installed outside the pit, easing the
regular replacement maintenance. Almost in
parallel, a small electronic device, using
tritium ions accelerated onto deuterium to
produce neutrons, was conceived at the
University of California at Berkeley. At the
request of Los Alamos, Sandia undertook the
engineering development of both devices
and contracted with the General Electric
Research Laboratory at Schenectady for a
program of development that resulted in
selecting the electronic neutron source for
first application.

Zipper was selected as a code name for
the classified device by the Zipper Steering
Committee after it was allocated the letter Z
following the use of x-unit for weapon fiting
sets. The Zipper Steering Committee was
composed of representatives from Los
Alamos, Sandia, the University of California
at Berkeley, and later from Lawrence
Livermore Laboratory. Glenn Fowler, director
of electronics, somewhat facetiously
indicated that the word Zipper teferred to
their ease of replacement: their location
external to the pit and high explosive
assembly made it possible to open the side of
a weapon, replace the neutron source, and
“zip it back up.” No longer was it necessary
to return the nuclear systems to their
production site for disassembly and initiator
replacement.

Sandia’s Zipper investigations began in
Building 802, upstairs from James McRae's
office, and he often stopped in to see the
work of Wesley Carnahan, Ted Church, and
the team testing a 235-pound betatron and
later the 20-pound experimental neutron
source. McRae took a personal interest in the
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forming an electrolyte and generating either
a high or low voltage to power a2 weapon
firing set for a limited time. Because thermal
batteries could not be tested individually
before use, several taken at random from
each production lot were ignited in
simulated use-environments to statistically
estimate the reliability of the rest of the
batteries in that production lot. More than
ninety-nine percent of all the batteries tested
performed as designed. Thus began Sandia’s
power supply research that steadily improved
thermal and other type batteries, eventually
earning Sandia national recognition as a
leader in battery research and development.

Electromagnetic relays used in arming,
fuzing, and firing systems in early weapons
were adapted from telephone-type relays.
Although these relays met the requirements
at the time, they did not meet the more
stringent requirements for use in wooden
bombs having full-fuzing options,
particularly the need for increased reliability,
smaller size, and ruggedness. Sandia’s relay
and switch development group initiated the
adaptation of a small and rugged one-shot
explosive switch developed by the Naval
Ordnance Laboratory. When triggered by a
small pulse of electrical energy, a tiny
explosive charge produced a gas, which
quickly pushed a piston carrying a cylindrical
contact that opened one pair of electrical
contacts and closed another pair. Universal
Match Corporation set up a manufacturing
plant to produce the switch in large
quantities and their chemists helped
Sandians characterize the explosives. With
Sandia guidance, Universal Match also
established a quality control program to help
produce this high-reliability one-shot
component. Jay Grear observed that to help
assure that the high reliability requirements
were met, many thousands of switches were
produced in a pre-production run; most of
these were test fired in a wide range of
simulated normal-use environments with no
failures encountered.

In addition to switches, many other one-
shot components incorporated explosives:
valves, mechanical pistons, and firing sets are
examples. For some of the early one-shot
explosive devices, development proceeded by
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the Edisonian cut-and-try method. Sandian
Del Olson observed that production of the
explosive actuators initially was more art than
science, “you need a pinch of this and a stir of
that and it worked, and you built thousands
and tested hundreds and if the hundreds
worked you put the others in the stockpile.
We don't like doing that, but it works.”

As supervisor of experimental research,
Richard Claassen employed many
professionals who made their marks at
Sandia. Among them were George Anderson
and Frank Neilson, who were assigned to
analyze firing sets and detonator circuits. Out
of their studies came design improvements,
notably Neilson’s exploration of explosive-to-
electric transducers, both ferroelectric and
ferromagnetic types. Polarized ceramics used
in these devices, when shocked by a small
explosive or some other mechanical stress,
released the remnant polarization in the
form of a high-voltage discharge. Sandia used
the discharges from these one-shot devices to
initiate weapon components, and it took a
leadership role in ferroelectric and
ferromagnetic sciences that has continued to
the present. Neilson's ferromagnetic
breakthrough came “because Frank really
understood what was going on,” Claassen
later asserted. “Other people had failed
because they hadn’t understood the physics
involved.”

Claassen also initiated fundamental
investigations on piezoelectric crystals that
when crushed or mechanically stressed
discharged an electric current, and identified
one that could serve as a contact fuze. Placed
in the nose of a nuclear bomb, a contact fuze
using piezoelectric crystals can operate in two
modes to produce an electrical output: either
by being crushed from one end (potentially
unreliable because the electrical wiring may
be destroyed first) or, preferably, by
responding to ultrasonic energy that travels
rapidly along the weapon case from the point
of weapon impact to the contact fuze before
either the contact fuze or the wiring is
damaged. The eiectrical output closes a
switch to initiate the detonation of the
nuclear physics package. These one-shot
contact fuzes, destroyed during their
function, helped Sandia to design nuclear







































to prevent electrical signals from reaching the
warhead connector unintentionally. For
bombs and warheads, devices were developed
that would block power until they sensed
differential altitude, velocity, and/or launch
acceleration. Since none of these
environments applied to atomic demolition
munitions like the B34 that had no trajectory
or environment to sense, specialized locking
devices were developed and advanced
development was initiated on pulse-train
switches, early precursors to modern use-
control devices.

The first trajectory sensors, commonly
referred to as environmental sensing devices
(ESDs), were relatively large, originally
designed to detect parachute deployment in
bombs. These were adapted for use in the W49
warhead used in Atlas, Thor, and Jupiter
missiles. However, because it was preferred
that the stockpile have a single device
compatible with all the warhead programs and
because these devices were relatively large, an
inertial switch, jokingly referred to by some as
the first “goofproofer,” was developed. This
switch consisted of a tiny piston enclosed so
tightly in a cylinder that it could not move far
enough until the rocket or missile carrying it
attained high acceleration and/or deceleration
and sustained it. Just as a jackrabbit start in an
automobile torces its passengers back against
their seats, the rocket acceleration forced the
piston down its cylinder to close electrical
contacts and arm the warhead.

Reflecting the tension inherent in trying
to meet the requirements of both weapon
safety and operational readiness, the military
services at first objected to the addition of the
ESDs because they considered them contrary
to the division of labor specified in the 1953
AFEC-DoD agreement regarding missiles and
rockets. However, satety concerns prevailed
and the devices were installed.

Inertial switch design required extremely
close machining tolerances to allow proper
metering of the air; that is, the piston could
not slide through its cylinder until it sensed
the specified acceleration. The millionths-of-
an-inch clearance between the piston and its
cylinder pushed the envelope of the
machining art, and Sandia formed its first
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production task force to join with the
production contractor’s engineers in
advancing the technology. Sandia tested the
switches in centrifuges spun with rockets to
achieve acceleration. Robert Stromberg took
one to Cape Canaveral for testing and
installed it on the NASA rocket system that
propelled monkeys into orbit in preparation
for John Glenn’s Mercury flight. Douglas
Ballard, known to the public as an artist
rather than as an engineer, headed the Sandia
task force that successfully produced an
inertial switch that achieved ninety-nine
percent reliability over a production run of
several thousand units.

THE SPUTNIK SHOCK

Coupled with Soviet development of
fusion weapons, the steady electronic
transmission from the Soviet Sputnik orbiting
the earth in 1957 shocked the United States,
especially its scientists and military leaders.
Apparently, the Soviets had achieved the
capability to launch ballistic missiles. James
McRae pointed out that prior to 1957 the
United States, with strategic bombers and
“those watermelons that the Watermelon
Corporation helps to design,” had a massive
retaliation capability the Soviets lacked. With
its Sputnik success, the Soviet Union was on
its way toward a similar capability.

In response to the chill of Sputnik, the
Strategic Air Command dispersed its bombers
and maintained a status of “quick reaction
alert.” Schedules for deployment of the Atlas
and Titan intercontinental-range ballistic
missiles, the Jupiter and Thor intermediate-
range missiles, and the submarine-launched
Polaris missiles moved ahead on a crash basis.

For Sandia, the most immediate
technological challenge was development of
the W49 thermonuclear warhead for the
missiles on a 10-month time-scale. This
system, which remained in the stockpile for
17 years with a zero failure record, was
developed under the full set of
weaponization criteria with no limits placed
on its operational capabilities. Because of
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FROM MORATORIUM TO
TEST BAN TREATY

Weapons and striking power will never settle anything, but a recognized superiority in
this area will give our statesmen the maximum amount of time to achieve a lasting
peace. The long term future is completely in their hands; we can only buy thermn time.

Responding to worldwide concerns about
radionuclide fallout from atmospheric
testing, the United States and the Soviet
Union agteed in the summer of 1958 to
suspend nuclear testing by November 1,
reserving the right to resume when other
nations did. Both accelerated their testing
schedules during 1958 to obtain as much
weapon data as possible before the
moratorium. Then, in 1961, both began to
consider a resumption of testing.

Once the testing moratorium began, the
AEC recommended maintaining its three
weapons laboratories as “vigorous and broad
research and development institutions,” but
dismantled the testing task force in the
Pacific and reduced Nevada Test Site (NTS)
activities to a minimum. As the moratorium
extended into the 1960s, Sandia’s rapid
expansion of the 1950s ceased; by 1961 it
faced its first reduction-in-force.

Efforts by Sandia’s senior management to
keep its work force challenged and busy
during the moratorium bore fruit far
exceeding expectations, beginning with
participation in a significant non-weapons
project — the VELA program for nuclear burst
detection. Its research expanded into new
fields, its exploratory programs produced
revolutionary weapons designs, and some of
its technology began to spin off from weapon
development into the private sector.

Robert Henderson

When the Soviet Union resumed nuclear
testing in 1961, the United States found itself
unprepared to start testing again immediately.
In response, Congress demanded safeguards
to maintain the readiness of the U.S. nuclear
weapon research and development program
in all of its facets.

ANTICIPATING THE
MORATORIUM

Before the test moratorium began in
November 1958, the United States rushed to
complete weapon development, weapon
effects, and safety tests conducted in the
atmosphere, at high altitudes, and
underground. These included the Hardtack |
atmospheric and high-altitude test series in
the Pacific from May into August of 1958,
the Argus tests in the South Atlantic in
August and September of 1958, and the
Hardtack IT tests at NTS in September and
October of 1958. Qut of these tests came
several new Sandia capabilities.

Don Shuster, a native New Mexican,
became commander of the scientific task
group for the 1958 Hardtack 1 task force,
including 150 Sandians, that conducted the
thirty-five nuclear tests in the Pacific. The
scientific deputy to the task force
commander was William Ogle of Los Alamos.
After Hardtack, Shuster managed Sandia’s full
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scale test unit until 1961 when he became
director of field test. In 1962, he served as
associate scientific deputy for the Dominic
Fishbowl high-altitude test series. He later
directed aerospace programs, exploratory
development, advanced systems
development, and energy initiatives.
Considered a genius by his contemporaries, it
hecame a truism that wise managers at
Sandia should “hire people like Shuster and
leave them alone.”

For the high-altitude Hardtack I tests,
Shuster and Glenn Fowler initiated an
expanded rocket testing program to
supplement the aircraft carrying diagnostic
instruments that flew near the mushroom
clouds. Sandia had designed its first rockets in
1957 to test warhead fuzes and formed a rocket
aecrodynamics group fed by Harold Vaughn, To
collect data on weapon radiation, blast, radio
frequency, and electromagnetic effects during
Hardtack’s high-altitude tests, Sandia designed
more rockets to carry instrumented telemetry
aloft from Johnston Island. Launched at the
same time as missiles camrying the warheads,
rocket-borne instruments provided data on
device performance and output and on the
interaction of these with the natural
environment.

After launching 130 rockets in
connection with Hardrack 1, Sandia
continued experimenting with diagnostic
rockets, in time becoming a leader in small,
unguided rocket design and testing under the
leadership of Morgan Kramm, John Eckhart,
and Dick Eno. It used rockets for exploratory
weapon development in testing the designs
of parachutes, reentry vehicles, and earth
penetrators. Including experiments it
performed for Los Alamos, Lawrence
Livermore, the Air Force, NASA, and other
agencies, Sandia eventually conducted
approximately 1,500 rocket launches at sites
around the world, although most were done
at its own launch facilities at the Tonapah,
Nevada and Kauai, Hawaii test ranges.

When Sandia supported the Navy for the
Argus tests scheduled for September 1558,
John Ford, Bill Myre, James Leonard, and
Don Cotter headed the Sandia teams
designing and testing arming, fuzing, and
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Launch of Starfish Prime dusing Hardtack |in the Pacific, This
photograph shows the Thor’s wack to the right and the
instrymentation rocket paths o the lefl.

firtng systems ro be mated with warheads on
the Lockheed-built missiles. The schedule
allowed six weeks to design equipment,
fabricate test units, adapt devices 1o the
missiles, create the telemetry, assemble and
ship the test units, and perform preflight
checks ashore and at sea. According to Ford,
after “great strain and many frustrations”
Sandia met its schedule.

Oscar Fligner and other Sandians
accompanied a Navy task force to the South
Atlantic for the Argus tests. These tests
explored a theory that charged particles
emitted by fission fragments generated by a
high-altitude detonation would be trapped
by the earth’s magnetic field and form
artificial aurocae. The concern was that this
shell might be intense enough to cause
severe damage or even destroy a missile
passing through it. In the first and last ship-
launched rocket-borne nuclear tests by the
United States, Argus indicated that nuclear
bursts did release electrons into the earth’s
magnetic field, but not enough to damage
incoming missiles. They also caused radar
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While Vortman and Perret studied
cratering, Sandia meteorologist Jack Reed led a
group conducting air blast studies. Concerned
with blast safety prediction, the group
designed experiments to examine and
determine the potential long-range air blast
damage from a nuclear explosion. Propagation
mechanisms were studied in a long series of
upper air meteorology observations conducted
at Battery McKenzie near the Atlantic entrance
to the Panama Canal.

The Plowshare program involved several
tests of nuclear explosives. Dean
Thornbrough and Wendell Weart led the
Sandia team at the 1961 Gnome shot in an
underground salt dome near Carlsbad, New
Mexico, This multipurpose experiment
examined the use of heat left in the
explosion’s cavity to power turboelectric
generators, the recovery of radioisotopes
from the cavity for medical and industrial
applications, determination of neutron cross
sections for heavy metals, and the effects of
nuclear blasts on salt formations.

In 1962, the second Plowshare test,
named Sedan, explored the feasibility of
nuclear excavation with an underground
device that moved about twelve million tons
of earth, leaving an impressive crater at NTS.
Similar excavation experiments with both
high explosives and nuclear devices
continued throughout the 1960s with
Vortman and Reed as advisors. Project Buggy,
for example, involved the simultaneous
detonation of a row of five nuclear devices at
NTS that produced a 900-foot long by 80-foot
deep trench resembling a canal section.

Project Buggy should not be confused
with Project Gasbuggy, a 1967 test east of
Farmington, New Mexico. A government-
industry partnership including the AEC, the
Bureau of Mines, and the El Paso Natural Gas
Company sponsored the Gasbuggy study of
how nuclear explosives might be used to
stimulate the recovery of natural gas from
sandstone formations. Similar tests of
recovery from gas-bearing sandstone, Projects
Rulison and Rio Blanco, occurred in 1969
near Grand Junction, Colorado. Perret
directed Sandia’s ground motion studies on
all of these tests.
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Although early Plowshare test results
appeared promising, public concerns about
the environmental effects both of nuclear
excavation and of the potential transter of
flora and fauna through a sea level canal
increased, and funding for the program
slowly declined. Sandia’s role in this peaceful
research remained small, as did its role in
non-weapons research for Los Alamos.
Together, these projects involved fewer than
one hundred Sandians, and Molnar was not
satisfied. “We need forward-looking
peacetime activities if we are to maintain a
vigorous staff,” he said. “Such activities will
also enable us to care for peak loads in
weapons programs.”

TONOPAH TEST RANGE

The 1958 testing moratorium did not
extend to the testing of non-nuclear
ordnarnce, and Sandia continued its
engineering design tests by opening a
permanent test range in 1960 near Tonopah,
Nevada. Because encroaching commercial air
traffic and limited land-target area
constrained use of the Salton Sea range,
Sandia tested bomb contact fuzes during the
mid-1950s at Yucca Flats in the Nevada Test
Site. Full-scale nuclear testing there, however,
had interfered with Sandia’s tests. Needing a
concrete target to test laydown bombs, it
used an abandoned aircraft runway near
Dalhart, Texas, for the purpose. At the same
time, Sandia joined the Air Force and Navy
in efforts to find a site for a joint ballistics
testing range and identified a promising
location near Winslow, Arizona, but this site
included part of the Navajo reservation and
would have required relocation of some of
the population.

While working at Yucca Flats, Howard
Austin, Bobby G. “B. G.” Edwards, Ben
Benjamin, and Don Beatson found a
promising test range site in the northwestern
corner of the Las Vegas bombing range.
Known as Cactus Flats, this high, barren
desert valley afforded easy approaches for
low-level aircraft test drops and also had
several dry lakebeds that could serve





















From Moratorium to Test Ban Treaty

1965, Hermes became the world’s largest flash
x-ray machine in terms of output, providing
Sandia its first role in pulsed-power sciences.

The Sandia Engineering Reactor Facility
began operation in 1962, but construction
delays prevented it from becoming Sandia’s
first operational reactor. The Sandia Pulsed
Reactor, a fast-burst reactor similar to the
“unclad” Godiva reactor at Los Alamos, began
producing neutron and gamma-ray pulses in
1961 for studies of radiation effects on
materials ranging from transistors to entire
missiles. D. Maxwell Ellett provided conceptual
design and Vernon Kerr served as project
engineer for the pulsed reactor, which, except
for its nuclear core, was built in Sandia’s
development shops and installed in a domed
igloo near the engineering research reactor.

The Sandia Engineering Reactor Facility
was dismantled in 1969, when it was
supplanted by the Annular Core Research
Reactor that operated more economically in
either a steady-state or pulsed mode. Sandia
Pulsed Reactor II, followed by 111, replaced
the first pulsed reactor, and saw heavy use in
studies of weapon vulnerability to neutron
damage. In addition to Sandia’s research,
these reactors served Defense agencies and
missile component contractors. Sandia’s
expertise in reactor safety brought new
customers when the AEC space power and
reactor groups requested assistance.

The significance of radiation effects on
solid-state systems was reemphasized to both
Bell Laboratories and Sandia in 1962 when
the Telstar I satellite was disabled by the effect
of the newly discovered Van Allen radiation
belts on its power system and transistors.
Although a major engineering effort managed
to restore Telstar’s operational capability, the
lessons of radiation vulnerability were clear.

The ability of computers to model
weapon effects interested Sandia as well. Don
Morrison and the computer mathematics
group pressed for greater computing
capabilities, and by 1962 Sandia used its first
computer simulation model for analyzing
VELA satellite components. Although Sandia
multiplied its computer capacity a hundred
fold during the 1960s, it lagged behind its

partner laboratories and even private
corporations until the 1980s.

Computer models of the effects of x-rays on
weapons became a major Sandia concern
during the moratorium. Earlier missiles, such as
the Nike series, had relied on neutron and blast
damage to destroy incoming aircraft and
missiles, but during the late 1950s the national
defense community was concerned that above
the atmosphere, x-rays from nuclear
detonations in space might damage both
missiles and space satellites. A program was
started to measure and analyze x-ray effects and
devise methods for protecting, or hardening,
weapons, especially their electronics, against
radiation damage. Carter Broyles, supervisor of
the weapons effects department, received a
personal citation from the White House for his
radiation effects research.

In 1964, Walt Herrmann of MIT, formerly
a consultant to Don Lundergan’s shock
dynamics group, was hired to start a new
division to develop computer programs to aid
in this analysis. He adapted his Wondy
(1Dimensional) and Toody (2Dimensional)
software programs into standard tools for
analyzing radiation effects and developing
hardening schermes.

The opportunity to conduct field
experiments wherein a nuclear device was
detonated to produce the desired nuclear
radiation and blast environments to simulate
enemy countermeasures was restored in 1962,
following the 1961 Soviet break-out from the
testing moratorium. Sandia’s scientists and
engineers became major players in full-scale
atmospheric nuclear tests. Thus, weaponization
engineers such as Vic Roh suddenly faced new,
compelling testing challenges with essentially
no warning or preparatory projects, and field
test engineers became the critical coordinators
of field operations for nuclear tests. Engineers
in the weaponization project and systems
groups designed, fabricated, and deployed a
multitude of experiments at NTS that would
expose weapon structures, components, and
subsystems. Sensors coupled to the hardware
being tested provided electrical signals to the
telemetry instrumentation recording systems
designed and installed by Sandia’s field test
engineers.
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Del Olson, and other Sandians to the military
services initially were not well received. The
military services considered the links another
complication that might reduce readiness.
Again, dual agency responsibility for nuclear
weapons was essential because, despite these
setbacks, Sandia pressed ahead with
development of an electromechanical link. It
focused on the concept of a switch that could
be installed inside a weapon and remotely
operated from a controller, making bypassing
it difficult. This concept had its origin in the
environmental sensing device (ESD) effort,
where it was recognized that atomic
demolition munitions encountered no unique
or sensible environment. Thus, a “unique
environment” was artificially created by the
unique train of pulses that would activate the
switch. With this design, a nuclear weapon
could not be detonated until the President’s
order passed through command channels to
an officer controlling the weapon system,
who then ordered the code entered.

A Sandia task force under Leon Smith
undertook expedited design and production
of the first electromechanical PAL, a motor-
driven device with wheels aligning in
response to electrical signals from its
controller. When the wheels aligned,
electrical contacts were closed to allow the
transmission of an arming signal. Charlie
Winter described this design as equivalent
electrically to that of a dial telephone: if the
right numbers were not dialed in, it would
not ring the weapon’s arming system. The
first PAL hardware was delivered to the Air
Force in 1961 for installation in the
W49/Jupiter system after a seven-month
“crash” development program.

The Kennedy administration issued a
memorandum in June 1962 mandating PALs
for land-based nuclear weapons in Europe
and authorizing continued research at
Sandia. Working with the manufacturer, U.S.
Gauge, Sandia delivered its first PALs to
Europe in September 1962. In the meantime,
Sandia created an organization to study ways
to “hotwire” around, or defeat, the PAL. Gus
Simmons became part of this first “blackhat”
division at Sandia, which picked designs
apart to find weak points, then shipped them
back for redesign.
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During the following decades, Sandia
improved its PAL designs in several
categories, changing from electromechanical
to solid-state electronics and undertaking
cryptographic research in conjunction with
the National Security Agency for verifying
code authenticity. “These have guaranteed
that U.S. weapons could only be used under
proper authartity,” declared component
developer John Ford, proudly adding that the
PAL became one of Sandia’s “major
contributions to worldwide security.”

TECHNOLOGY SPINOFEFES

From technology developments such as
the environmental sensing device program
came two of Sandia’s best known early efforts
to extend the benefits of its technology to
private industry. One, the laminar airflow
clean room, became an immediate and
enduring success. The other, the rolamite,
proved less useful to the private sector
initially, although it found civilian
applications years later.

“We had no idea of its significance at the
beginning,” said Willis Whitfield, speaking of
the laminar airflow clean room he invented
in 1960. At the time, he worked in Sandia’s
advanced manufacturing group, which
included Claude Marsh, James Mashburn, Bill
Neitzel, Longinos Trujillo, and others who
sought means of removing dust from the air
that might contaminate the close-tolerance
parts required for the early piston-activated
ESDs. An improvement on clean rooms then
in use, Whitfield’s clean room used a uniform
flow of filtered air from the ceiling to the
floor grates, or wall to wall, to remove dust
from the air. Filters in the air stream not only
stopped dust, they removed bacteria and
fungi as well.

When Whitfield revealed his ultra-clean
room development at a 1962 professional
meeting, he was inundated by requests for
information from industry and from Randy
Lovelace, who adopted the clean room at his
Albuquerque medical center for the
protection of surgical patients. “It was a





















program, while Cook and Clarence Mehl
served as program scientists. Johnston Island
became the Dominic operations base with
Barber’s Point on Oahu as an airdrop staging
area. Sandia acquired part of the Barking
Sands site on Kauai Island for launching
diagnostic rockets.

Two of Sandia’s main tasks in support of
the air-drop portion of Operation Dominic
were to provide instrumentation and data
recording for the 29 missions and to provide
the bomb-shaped vehicles containing the
nuclear test devices, provided by either Los
Alamos or Lawrence Livermore, to be
delivered to the target by the specially
configured B-52 aircraft. Because Sandia was
involved in three major bomb design projects
— the B43, the B53, and the B57 — it could
draw on these programs to fill the needs of
Operation Dominic. Assembly, test, and
loading operations for the twenty-four air
drops at Christmas Island and the five air
drops at Johnston Island were staged from
Barber’s Point Naval Air Station near
Honoluly, and began a mere six months after
planning for Dominic was initiated. After air-
drop testing was completed, a practical
concern drove Sandia’s efforts during
Dominic’s high-altitude tests — testing the
effectiveness of antiballistic missiles by
obtaining data on weapon outputs and
effects at different burst heights.

The high-altitude Dominic tests, called the
Fishbowl series, proved frustrating. When
malfunctions forced the destruction of DoD
missiles in flight and one on its launch pad,
Starbird asked Shuster and Glenn Fowler to
rush Sandia’s development of a new rocket to
carry warheads to the required height. Since
Sandia had developed rockets powerful enough
to lift heavy diagnostic packages, and had
designed the warhead hardware for the earlier
test launches, it accepted Starbird’s challenge.

According to George Dacey, then vice
president of research, Sandia named its new
rocket the Strypi, referring to the striped tail
of a tiger and implying that in accepting
Starbird’s challenge, Sandia had taken “a tiger
by the tail.” With thousands of personnel in
the Pacific awaiting the next test launch,
Sandia’s development of the Strypi became
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urgent. Fowler said the schedule was “nearly
impossible” and required working eighteen-
hour days to meet; but, he pointed out with
pride, his team designed, built, tested, and
successfully fired the new rocket in less than
two months. It carried a Los Alamos device
to the required high altitude for detonation
on schedule. The Strypi rocket proved so
robust and reliable that it became a
workhorse in Sandia’s rocket research
program, although it never again carried a
nuclear warhead into space.

KENNEDY VISITS SANDIA

As the Dominic tests progressed, the
Cuban missile crisis of October 1962 brought
the world frighteningly close to a nuclear
exchange. Sandia went on alert, coding its
outgoing messages and overloading the
coding facilities it then had. That month,
Monk Schwartz visited Washington to report
to Presidential science advisor Jerome Wiesner
and the White House staff on the status of
PAL development and overseas deployment.

Two months later, after tours of Strategic
Air Command headquarters and Los Alamos,
President Kennedy, accompanied by Wiesner,
AEC chairman Glenn Seaborg, and a large
official party, came to Albuquerque to visit
Sandia. Arriving just after the end of the work
day, the President received a rousing welcome
from Sandians lining the motorcade route.
While Schwartz gave the President a forty-five
minute briefing on Sandia's weapons, PAL,
and satellite verification projects, Robert
Henderson and Glenn Fowler described
Sandia’s programs to others in the official
party and the press. The most impressive
event of the briefing, in Robert Stromberg’s
opinion, was the President holding and
intently examining a PAL device, because
“there stood the man who had the authority
to unlock that coded switch.”

In 1963 the United States and the Soviet
Union completed negotiations for a limited
test ban treaty suspending nuclear testing in
the atmosphere, in space, and in the seas,
thereby restricting fallout by confining
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IV

A DIVERSIFIED LABORATORY

Remember three things. We are spending hard-earned tax dollars that come not out of
an inexhaustible tax treasury but out of the pockets of the American people; the fate of
a nation may depend upon the excellence of the work of our team; the effectiveness of
our team depends on our outside reputation.

The nuclear test moratorium of 1958 and
increasing involvement in Southeast Asia led
to new national security concerns for Sandia
and the nation. Advanced development
weapon programs generated capabilities that
would pace weapon development and
provide diversified program work through
the 1970s.

President Kennedy and Secretary of
Defense Robert McNamara tightly controlled
new weapon delivery systems development,
As Andy Lieber of Sandia later reflected, “Tt
was an era of cost-effectiveness studies in the
Pentagon, and the most cost-effective buy
often was determined to be zero.” As the
number of phase 3 engineering development
programs fell in concert with national
security policies, Monk Schwartz and Sandia
initiated efforts to acquire challenging
assignments in special and reimbursable
programs outside of nuclear weapons. With
approval from the AEC, Sandia acquired new
assignments in support of the NASA space
mission and in conventional weapons
technology. In support of the troops in
Vietnam, for example, Sandia designed
sensors for a proposed electronic fence
between North and South Vietnam called
“McNamara’s Wall.”

In a larger sense, the statutory safeguards
attendant to the 1963 Limited Test Ban
Treaty (LTBT) guided Sandia’s activities
during the 1960s. These safeguards were:

Siegmund “Monk” Schwartz

aggressive underground testing of nuclear
weapons; maintaining “laboratory facilities
and programs in theoretical and exploratory
nuclear technology which will attract, retain,
and insure the continued application of our
human scientific resources”; readiness to
resume atmospheric testing on short notice;
and developing surveillance systems to detect
nuclear testing anywhere in the world. This
effort was assisted, in part, by the AEC’s
continuation of level-of-effort funding at its
laboratories.

Sandia’s programs fulfilling these
safeguards and its efforts to assure the safety
of nuclear weapons and of power sources for
space exploration brought it new expertise
and increased public attention. By the end of
the 1960s, it became officially known as
Sandia Laboratories, although still labeled by
Popular Mechanics as the “Super Lab that
Nobody Knows.”

UNDERGROUND TESTING
SAFEGUARD

The first LTBT safeguard called for
“comprehensive, aggressive, and continuing
underground nuclear test programs designed
to add to our knowledge and improve our
weapons in all areas of significance to our
military posture for the future.” Responding
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became the first humans to walk on the moon.
The astronauts deployed SNAP units on the
moon with Sandia-designed seismic detectors
to monitor moonquakes, adding substantially
to knowledge of lunar geology.

Schwartz also created an advanced
systems studies directorate led by Don Cotter
to perform initial studies of promising future
areas of research and development, This
directorate was administered differently from
the rest of the line organizations at Sandia so
that its mission of creativity and innovation
would be supported. The director reported
directly to Schwartz and the directorate,
purposely kept small and select, consisted of
staff members, section supervisors, division
supervisors, and other managers, each person
reporting directly to Cotter himself. This
organization was successful at initiating new
programs in small, hardened reentry vehicles;
advanced use control hardware; and code
management concepts. In addition, it was
instrumental in the acquisition of the Mk 3
reentry body/Poseidon arming and fuzing
system design and the planetary quarantine
and Joint Task Force-2 projects.

The Planetary Quarantine Program had
been suggested by the National Academy of
Sciences in 1958 as a way to assure the
ecological preservation of planets and natural
satellites other than earth during the
exploration of space. Sandia’s clean room
expertise was applied by Cotter’s group to
gain an assignment from the Planetary
Quarantine Department of NASA
Headquarters in 1966. The resulting Sandia
study set the pattern by which international
standards of planetary quarantine were
established. Willis Whitfield, along with Jacek
“Jack” Sivinski, Virgil Dugan, Marcel
Reynolds, Charles Trauth, and other Sandians,
took part in this planetary quarantine study
aimed at sterilizing spacecraft before their
launch and again upon their return from
space. Dugan developed a vacuum probe
sampler that could assay microbiological
surface contamination, and the team learned
that sterilization of space vehicles could be
best accomplished through a combination of
dry heat and irradiation. Thermoradiation,
they observed, might be effective as well for
the sterile production of pharmaceuticals,

medical products, cosmetics, and foods, and
a decade later they received funding from the
Environmental Protection Agency for studies
applying thermoradiation to sewage sludge.

The laboratory capability safeguard was
further supported by a 1960 AEC decision to
fund the laboratories on a level-of-effort,
rather than a program-by-program, basis. The
commission noted that “discontinuities
[caused by] sudden elimination or the drastic
curtailment of a single activity can have
serious effects on apparently remote programs
since frequently the value of a staff group is
not confined to the activity which provides
its principal support.” The decision to
implement level-of-effort funding introduced
a stability into the program that facilitated
orderly movement from one program to
another. At the same time, the laboratory
maintained its ability to quickly shitt
sufficient resources to high-profile “quick
starts,” such as test resumption in Operation
Dominic. The Lab’s budget usually was not
increased when a new program was added.

THE READINESS SAFEGUARD

Drawing a concrete historical lesson from
the 1958-1961 moratorium, Congress in 1963
mandated that the nation should stand ready
to promptly resume testing in the prohibited
environments when national security
required. Responding to this specific
safeguard, the Air Force formed a special unit
at Kirtland with aircraft ready for nuclear
testing at any time. Part of Sandia’s readiness
role involved modifying three aircraft to
serve as diagnostic platforms, designing test
vehicles to carry the devices and telemetry
for nuclear tests, and participating in
readiness practice missions, often in
connection with scientific research projects.

Working with its partner laboratories and
the Air Force, Sandia enlisted the aid of
several contractors and prepared
instrumentation to be installed in three C-135
aircraft, thereafter designated as NC-135s.
Each of the aircraft was devoted to one of the
three weapons laboratories. Los Alamos was
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Purchasing has been responsible for
meeting some tight deadlines on crucial
projects in addition to supplying the day-to-
day operations of the Labs. For example,
when the Soviet Union began nuclear testing
again in 1961 after a 3-year moratorium,
Sandia was plunged back into active field
testing. Like everyone else at the Labs,
Purchasing was stretched to the limit. Ed
Herrity, who was the Division Supervisor of
the group buying for full-scale testing, depicts
a hectic, but successful scramble to get
everything done:

And we went all out and did get all the
equipment on time ... I devised a system of
rewatds and penalties. If you delivered early you
[the supplier] got more money. If you delivered
late, you were penalized so much a day and
during that period people were in airplanes
putting the things together flying into Sandia to
deliver on time. But it was very hectic, lots of fun.
We worked 60, 70, 75 hours a week with 8 hours
overtime paid.

After the success of the first full-scale test,
Purchasing’s effort was recognized in letters of
commendation from Vice President of Field
Test Glenn Fowler and Sandia President Monk
Schwartz.

The mass of paperwork required to sustain
a successful Purchasing operation was done
manually until the late 1960s. At that point, a
new typing pool was formed under the
supervision of Oleta Morris to centralize the
paperwork effort. The women worked with
Western Electric teletype machines that
allowed them to use templates for the
different types of supplies ordered. This
increase in efficiency was further bolstered in
the early 1970s when Purchasing shifted to a
computerized operation.

Different approaches have been taken to
ordering and providing supplies to Sandians
over the years. One of the biggest changes in
this area occurred in the mid-1980s when
Sandia completely altered its purchasing
philosophy, moving from commodity to
organizational buying. In 1949, Sandia had
set up an in-house storage facility known as
General Stores to carry an inventory of
stocked items in addition to a large number

of non-stock items purchased for particular
jobs. This system worked very well over the
years, but eventually began to show the
strains of maintaining a centralized system for
a large, diversified workforce. The inventory
was large and often out of date, orders for
new and specialized items were slow to be
delivered, and there were complaints about
product quality.

In 1983, Purchasing division supervisor
Katherine Danforth chaired a committee to
analyze the overall procurement situation. The
committee concluded that efficiency and
customer satisfaction could be increased by
moving to systems contracting, in which
Sandia would agree to buy a line of items
exclusively from one vendor in exchange for
the vendor’s guarantee that the items would be
stocked and delivered as needed. Authorized in
1984 and known as Just-in-Time, this
purchasing system allows procurement to
focus on the needs of the individual
organizations, going beyond an exclusive
concern with the lowest price to an emphasis
on finding the best product for the job.
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checkout, and operational capabilities at
Kauai and Johnston Island were expanded
and upgraded. Test launches of the
instrumentation and device carrier rockets
were regularly conducted at Johnston Island,
while instrumentation rockets were launched
from Kauai. Eventually, coordinated efforts
were conducted at both sites to incorporate
Joint Task Force command, control, and
communications activities and to validate
other AEC laboratories’ involvemnent.

As development of these capabilities
matured, new missions were sought to
challenge and exercise the assigned
personnel. Solar x-ray experiments were
flown for Los Alamos and stellar x-ray
experiments for Lawrence Livermore, The
Strypi rocket family was expanded to include
three-stage versions for test of reentry vehicle
systems and subsystems, and was
instrumental in Sandia’s ability to develop
and demonstrate maneuvering reentry
vehicles and the recovery of high beta
reentry vehicle nose tips and heat shields.

These readiness projects continued for
nearly a decade. Staunch weapon program
advocates in Congress eventually turned to
more pressing matters, however, and
readiness lost most of its funding. In 1975,
the readiness program was redefined to a
narrower scope and further reduced in size.

SURVEILLANCE SAFEGUARD

In order to meet the mandate for
“developing surveillance systems to detect
nuclear testing anywhere in the world,” work
on the satellite-based and seismic monitoring
systems, discussed in the previous chapter,
was confinued and expanded. Work on the
VELA satellites was devoted to improving the
components. The satellites were launched in
pairs and separated once they were in space.
In all, six pairs were launched. For the last
three pairs, Sandia developed optical sensors
to enable VELA to detect nuclear detonations
within the atmosphere as well as in space.
The last pair of satellites was launched in
1970 and finally turned off in 1984.
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Sandia’s 1963 plan for unmanned seismic observatories,
used for verification of underground nuclear testing.

In addition to VELA Hotel, the satellite
program, the Advanced Research Projects
Agency (ARPA) also sponsored VELA
Uniform, a program to detect underground
nuclear detonations by identifying their
seismic signals. The electronic techniques
initially developed for the VELA satellite
program were also adapted for use in the
Unmanned Seismic Observatory (USO). In
1964, ARPA authorized Sandia to begin a
program to design, construct, test, and
evaluate a prototype USO. The USO was
designed as an aid in detecting, locating, and
identifying seismic events. Capable of
operating unattended for up to 120 days, the
USO continually recorded seismic data to be
retrieved and studied later.

Under the supervision of Chatles Scott
and then Brick Dumas, Sandia’s seismic
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planning; and John Miller handled site
engineering and maintenance.

Less than three months after accepting
this mission, Sandia’s team had fielded the
instrumentation pods to be carried by the
test aircraft, the tracking and data collection
equipment for aircraft monitoring the
telemetry, and the computer programs for
data reduction and analysis. By May 1965,
low-level sotties had begun at the Tonopah
Test Range. “We were trying to duplicate the
Vietnam war in real time,” recalled Orville
Howard of the low-level flight test program,
“and trying to understand from a scientific
standpoint what was going on and how you
could deal with certain problems.”

Ray Brin and the Tonopah range crew
laid out a zigzag course for the aircraft to
follow over terrain ranging from flat to
mountainous, marking it plainly with orange
barrels. By July, crews of eight different
aircraft types from all the services had flown
450 sorties, some flying so low that they
clipped the barrels. Using 70-millimeter film,
Sandia built a flight simulator for pilot
training, projecting film taken during test
flights onto a 160-degree screen. Pilots
trained in 2 mock cockpit in the middle of
the screen, with their reactions to changing
terrain recorded for evaluation.

Each aircraft flying the course carried an
instrument pod that transmitted signals for
tracking. Aircraft overhead and ground
equipment received the signals, and the
recorded data went into computers to create
a complete profile of each test run. At the
end of each day, these reports were sent to
the task force headquarters at Sandia.
“Interestingly enough,” Glenn Fowler later
commented, “we found that success
depended less on which delivery system was
used than on the training and skill of the
delivery crew.”

Sandia’s subsequent development and
fielding of mobile instrumentation freed the
low-level test program from the test ranges,
allowing more realistic testing over varied
terrains. The tests moved in 1966 to rugged
terrain in the Ozarks. In 1967 and 1968,
hundreds of test flights continued over

136

Arkansas, Louisiana, California, and
Oklahoma, with Sandians maintaining and
operating the instrumentation. The original
task force plans called for continuing testing
into the 1970s, but Vietnam provided a more
realistic testing ground.

SUPPORT FOR VIETNAM

As early as 1962, Air Force scientific
advisors told Monk Schwartz that, in addition
to nuclear weapon engineering, Sandia should
be prepared to initiate research on the tools
needed in limited wars such as that beginning
in Vietnam. Schwartz received no specific
requests for assistance, however, before
President Johnson committed ground troops
to Vietnam in 1965. In that same year, Sandia
received its first assignments for technological
support of the troops in Vietnam.

When testing a prototype of Sandia’s
unmanned seismic observatory for detecting
underground nuclear detonations, Pat
Patterson found that it also registered the
vibrations from passing trucks and even the
footsteps of a passerby, an annoying clutter
interfering with seismic analysis. But when
Richard Sproull of ARPA visited Sandia to
check on the progress of the unmanned
seismic observatory and, in passing,
described some of the problems faced by the
military services in Vietnam, Patterson and
his colleagues recognized that the seismic
annoyances might be used to detect the
passage of convoys or troops along the Ho
Chi Minh Trail and they obtained seed
money from Sproull in 1965 for expanded
research on seismic sensors. “Now it was
necessary,” said Patterson, “to define more
subtle seismic waves, ranging, perhaps, from
those caused by an elephant stamping
through the underbrush to a coconut falling
off a tree in a high wind.”

When General Starbird became
commander of the Defense Communications
Planning Group charged with producing
innovative technology for use in Southeast
Asia in 1966, he called on Sandia for
assistance. Tom Sellers, Tom McConnell, and
other Sandians transferred to Washington to
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as an oxidizer. As a rule of thumb, 1,000
pounds of fuel can create a lethal overpressure
equivalent to 10,000 pounds of TNT, sufficient
to destroy people and materials even if they
are hidden in underground tunnels.

An explosive cutter in the Pave Pat bomb
split it open at impact, releasing the fuel to
mix with air and form an explosive cloud,
which a small explosive trigger detonated.
The major design challenge involved delaying
trigger detonation until the cloud had
expanded sufficiently to mix with the air. If
ignited prematurely, the cloud burned with
little or no blast overpressures. When Sandia
air-dropped early Pave Pat prototypes at
Tonopah Test Range, for example, they
burned rather than exploded due to improper
cloud formation and mixing. To create a
controlled test environment, Dave Bickel and
Sandia’s testing team in 1968 stretched cables
between two peaks in the Manzano hills.
Rockets were added to pull prototypes of a
smaller, free-fall version named Garlic down
the cables at the velocities required for
realistic testing. Using an ingenious technique
employed previously by other military
branches, the test crew placed empty beverage
cans around the drop area. If the bomb
created a blast, it crushed the cans; if it only
burned, the cans remained intact. Testing of
the smaller, free-fall version named Garlic
achieved descent velocities of 800 feet per
second before Sandia delivered the device to
the Air Force for further development.

The first prototypes of Pave Pat were sent
to Vietnam in 1968 accompanied by
Hoagland, Richard Beasley, John Weber, and
Rex Steele as technical representatives to
orient servicemen in their use. In 1971 Beasley
and Paul Langdon, among other Sandians,
made the trip with the second group of Pave
Pats. Later that year, Beasley and Langdon
received shrapnel injuries, and, since these
were not critical, the two were returned to
Albuquerque in time for Christmas.

Sandia conducted other interesting
exploratory programs during the Vietnam
era. Handaxe, as the code name implied,
involved designing a weapon that could
chop down vegetation to open a helicopter
landing zone. In this case, an explosive
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charge propelled spinning rods at sufficient
velocity to clear an area of jungle. Another
example, Rumpler, blocked vehicular traffic
by firing earth penetrators into roadways
where underground detonations could
produce craters. Detonation of a demolition
explosive near ground surface would produce
merely a shallow crater; burial below the
surface beforehand could open deep barriers
to traffic.

The Rumpler studies entailed a joint
effort by Sandia and the Army’s Picatinny
Arsenal. Max Newsom, Wayne Young, Larry
Seamons, and other Sandians employed a
Davis gun — a large recoilless rifle open at
both muzzle and breech — for firing earth-
penetrator weapons into various soils and
rock formations. By sandwiching propellant
between the penetrator and a reaction mass,
the Davis gun could fire projectiles weighing
up to 400 pounds at up to 3,000 feet per
second (compared to only 1,400 feet per
second for aircraft drops), providing the high
velocities needed to duplicate the impacts
and penetrations of supersonic weapons into
geologic media.

To use both the Davis gun and aircraft
drops for terradynamics studies, Sandia opened
a temporary test range twenty miles east of
Albuquerque at Edgewood in 1968. In the
spacious Fstancia valley, Sandia leased range
land, installed utility lines and an airstrip, and
added an irrigation system to saturate the soils
into rice-paddy-like consistencies. Most test
drops at Edgewood came from an old
observation aircraft modified by Sandia with
bomb-release racks and electronics as a
substitute for more expensive military aircraft
and helicopters. Sandia’s use of the Edgewood
range for terradynamics research continued for
a decade.

Another conventional weapons program
involved the development of the Murine
radar, so named because it was tested on a
Redeye missile. Field experience indicated
that the Soviet-made, heat-seeking, surface-
to-air missiles used by North Vietnam could
bring down helicopters and small aircraft.
Studies also showed that high-intensity flares
could decoy the infrared-guided missiles
away from the helicopters, if early detection













































The Multiprogram Transition

THE MULTIPROGRAM TRANSITION

The weapons laboratories represent a combination of trained manpower and physical
resources that is available nowhere else in the West. The laboratories also make a
major contribution to U.S. energy programs and to basic scientific research in
general. It would be extremely difficult if not impossible to reassemble this complex

in a crisis situation.

Although it worked in such related fields as
satellite and seismic detection of nuclear
testing, Sandia had remained essentially a
single-mission laboratory since it was
established in 1949. This situation ended
during the early 1970s, when it experienced
three personnel reductions, shrinking its staff
by twenty-two percent from more than 8,000
to 6,500. At this critical juncture, Sandia’s
management led mission expansion into new
research and development arenas where it
enjoyed considerable success.

While navigating this period of profound
change, Sandia undertook major nuclear
weaporn design projects and continued
exploring advanced weapons. In addition to
traditional weapon programs, the national
interest turned to needs for improved nuclear
reactor safety assessment and greater physical
security. And when national priorities
emphasized energy during the 1973 oil
embargo, Sandia stepped up its explorations
of energy technology. As a result, by the time
of the national bicentennial in 1976, Sandia
had become a multiprogram laboratory of
the Energy Research and Development
Administration (ERDA).

TAILORED WEAPONS

As Sandia’s weapon development entered
the 1970s, the earlier emphasis on quickly
increasing the size or yield of the nuclear

Edward Giller

stockpile abated. “From high-yield weapons,”
observed Bill Spencer, “we went to weapons
tailored to a particular job or to weapons
suitable for use in a variety of operational
situations.” Moreover, this new phase
coincided with the end of the antiballistic
missile program. When the basic Safeguard
antiballistic missile system was completed in
1974, Congress terminated its production
and operation.

“Miniaturization and flexibility — in the
nuclear weapons business, the two go
together,” observed Glen Otey, commenting
on the new approaches to nuclear weapon
design. For example, the arming, fuzing, and
firing package completed in 1970 for the
Navy’s Mark 3 reentry body set new
standards for miniaturization. Using
microelectronics and clever packaging, the
Sandia design team produced small radars,
neutron generators, power supplies, and
firing systems with all the capabilities of
larger systems and with far greater protection
— hardening — against defensive
countermeasures. So small was Sandia’s
package for the Poseidon warhead that it fit
into the nosetip of the reentry body, moving
the center of gravity forward and improving
the reentry body’s stability.

Successful completion of designs for the
Poseidon (W68) and Safeguard (W66 and
W71) warheads brought those programs to
an end, and in 1973 Sandia also ended
development of two artillery-fired atomic
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Interest in achieving improved delivery
accuracy for exploratory projects such as
TIGER encouraged further research on
guidance systems at Sandia. During the 1960s,
defense contractors had adopted a terrain-
scanning radar for use in cruise missiles. This
system stored the terrain contours — a map
— of a flight path, then periodically located
itself by comparing radar profiles of terrain
along its path with the stored map to correct
its course. Between checks against the map, it
navigated inertially. Studies of better guidance
systems proceeded in systems groups
managed by Tom Edrington and Ron Andreas
during the 1970s, culminating with the
development in 1975 by Larry Hostetler and
associates of the Sandia Inertial Terrain-Aided
Navigator (SITAN).

Rather than providing periodic position
checks as in earlier systems, SITAN operated
continuously, guiding a weapon all the way
to its target. Using Hostetler’s computer
algorithms, it continuously combined inertial
and altimeter data to obtain the vehicle’s
position along with its velocity and altitude
to determine course corrections. Sandia
successfully tested SITAN at the Edgewood
test range in 1975, and continued its research
with Air Force cooperation, finding
applications for the system on aircraft,
helicopters, and land vehicles.

FUNDING AND STAFF
RETRENCHMENTS

When President Richard Nixon
orchestrated a national belt-tightening in
1970, budgetary restrictions for the AEC
forced Sandia to implement its first
significant reduction in force in a decade.
Although described merely as a “trimming,” it
worried the Albuquerque community, which
had grown accustomed to expansion or
stability at Sandia. “If it continues for two or
three years, it will have significant impact,”
Sandia vice president Ray Powell admitted to
reporters. New Mexico Senator Clinton
Anderson, of the Joint Cominittee on Atomic
Energy, responded with a warning that the
1963 LTBT safeguards mandated vigorous

The Multiprogram Transition

programs at Sandia and its partner
laboratories and further reductions “could
jeopardize the safeguards.”

From 1970 to 1974, national budgets for
research and development declined by
nearly a third. These reductions were passed
on to the national laboratories. However,
during this same period, Sandia’s
engineering development projects remained
virtually constant, and many of its budget
reductions therefore fell on its exploratory
and advanced development programs. After
the 1970 layoff and another significant
personnel reduction in 1971, Sandia leaders
became increasingly concerned about the
future and became interested in pursuing
opportunities outside the nuclear weapons
program. Two events in 1972 gave urgency
to such work: the commercial nuclear
reactor emergency core cooling systems
hearings and the massacre of Israeli athletes
at the Olympics in Munich.

In response to public criticism of interim
safety standards for commercial nuclear
reactors, AEC Chairman James Schlesinger
convened hearings on these standards in 1972.
These hearings continued throughout the year.
As they progressed, Schlesinger and his
deputies concluded that increased knowledge
of reactor design safety was needed.

Although Sandia had designed and built
nuclear reactors for its own materials and
weapon effects testing, it had not
participated in the design or promotion of
commercial power reactors. It had broad
experience in weapon safety design and
evaluation, nevertheless, and had performed
safety assessments for the SNAP space power
systems, AEC officials and consultants such
as Norman Rasmussen visited Sandia in 1972
to examine facilities and capabilities that
might be used for an independent
examination of nuclear reactor safety issues.

Bob Peurifoy agreed on the importance of
such a mission, because “the possibility of a
serious accident with a nuclear power reactor
was perhaps almost as catastrophic as an
accidental nuclear detonation.” A group,
including Peurifoy, Bill Nickell, Don
Lundergan, and others, reported favorably on
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Sehematic of Cascaded System
A 1874 schematic illusirates the early “solar total energy”
concept for using the sun's heat Lo provide communrities
with electricity, heating, and cooling.

John Holmes concluded that much was
learned from Solar One, which used a simple
water boiler as its receiver to prodoce stearn
to drive a turbine-generator. Through research
and experimentation, Sandia identified
improvements in receivers and heliostats that
lowered their costs while increasing their
efficiency, and methods for storage of energy
to be used at night. Reducing the costs of
solar thermal energy into the range of costs
associated with foss] and nuclear energy
plants became a primary goal for this
program, and Holmes asserted that “the
technology for the next plant promises to
produce electricity competitively.”

The distributed receiver concept evolved
out of Sandia’s work on the solar total energy
concept. Solar total energy research began in
1972 with funding from the National Science
Foundation. In 1977, Sandia was named
technical project rmanager of the national
Solar Total Energy Program. The concept

A variely of distinct test facilities make op the National Solar Thermal Test Facility at Sandiz New Mexico. ldentifiable here in
1993 are, lar f2ft background, the Parabolic Trough area; behind ihe frotgh areo, the Engine Text Facility; left background, the
Distributed Recefver Test Fadility; right bockground, the Administration Buildmg with control tower, white buiding on for right,
the 164w Solar Furnace; fareground, the Central Test Raceiver Facility, known as the Power Tower.
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including magma, and assembled an advisory
group of government, industry, and university
participants to guide the research. Early
experiments included the use of terradynamics
and weapon detonators to assess geothermal
potential in Alaska. This research led to
successful drilling of well bores into subsurface
molten rock at 1000° C at Kilauea Iki, Hawaii,
followed by successful heat extraction
experiments designed by Hardee. Subsequent
review of all the program results by a
geoscience panel concluded that the tapping
of magma bodies was scientifically feasible.
The emphasis of the program was then shifted
from determining scientific feasibility to
evaluating engineering feasibility.

Directly tapping into magma for energy
recovery would require drilling miles of
boreholes through hard rock, and Don
Shuster asked Max Newsom to investigate
drilling technology. “I headed an exploratory
development group working on theater
nuclear weapons,” Newsom remembered,
“Don Shuster, who foresaw the energy crunch
long before it happened in 1973, introduced
us to drilling; he considered it a key
technology for a number of energy areas.”

Having no expertise in drilling, Newsom
went directly to the oil industry for help
“since we knew if we did anything worthwhile
related to drilling, it had to be picked up by
industry to have any value.” Newsom received
excellent cooperation from industry, and he
formed an industrial committee for technical
review of Sandia’s research. “One thing
became clear early on,” he said, “all our
geothermal advances — especially in drilling
mechanics — had to have applications in oil
and gas activities; otherwise, private industry
wouldn’t pay much attention.”

Drilling constituted a major cost for oil and
gas explorations, and Newsom learned that the
oil and gas drilling industries still relied on a
rotary rock-cutting drill bit invented in 1908 by
Howard Hughes, Sr. Because these bits became
dull and had to be changed frequently, the
drillers had to pull the entire drill stem from
the borehole to switch the bit, a slow and
costly process in deep drilling. Newsom saw
that Sandia could advance drilling technology

by designing bits that could drill faster, last
longer, and stay down in the boreholes. “We
are the ungquestionied leader in fireset
technology,” Newsom declared. “We have built
reliable hardware that functioned in more
extreme environments than the bottom of an
oil well. We have the people and the
experience to analyze shock interaction for
optimum rock fracturing.”

Securing funding from the ERDA
geothermal division, Sandia’s investigations
focused initially on innovative drill bit
designs. Taking their cue from Sandia’s
terradynamics research, Newsom and Bob
Alvis invented a “terradrill,” in which bullet-
like projectiles were fired down through the
bit to break the rock ahead of the drill. Bob
Fox and Neil Botsford conceived of a chain
bit, which could rotate new cutting surfaces
onto a bit face without pulling the bit from its
borehole. Sandia also investigated the Russian
spark drill that used high-voltage electric
sparks at the drill head, which created shock
waves in the drilling fluid to break the rock.

Working closely with drilling companies,
Newsom learned that “in the end, economics
drives the drill,” and the cost of adopting
Sandia’s more innovative drilling concepts
proved too high for the industry. Greater
success came from Sandia’s improvements to
a drag bit with cutters made of synthetic
diamond originally developed by General
Electric in 1955. “It was clear they had a lot
of potential,” said Newsom, but the cutters
often broke loose from the bits, and Sandia
set to identifying the causes and remedies for
this defect. Using ultrasonic testing, Ed
Hoover and Charles Huff found that the
bond between the diamond cutters and the
drill head needed improvement, and Jim
Jellison proposed diffusion bonding to lock
the cutters to the drill head.

Sam Varnado and James Kelsey followed
Newsom as leaders of Sandia’s drilling
research, with David Glowka managing
continued research on the synthetic diamond
cutters. As Sandia improved the diamond-
tipped cutters, private firms marketed them
for wide application in the petroleum
industry; within a few years, these bits were
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VDIA AT THE GALACTIC CENTER |

Gamma Ray Astronomy

The nature of the center of our galaxy is
a prime mystery in astronomy. Located in the
constellation Sagittarius, it cannot be seen by
ordinary telescopes because dust clouds in
the Milky Way block light from the galaxy’s
core. Developing detectors for gamma-rays,
or high energy photons, in 1975, Sandia and
Bell Laboratories opened a new window into
the galaxy’s center.

Seldom can the origin of a science be so
closely pinpointed as that of gammma-ray
astronomy. It began near dawn on May 19,
1976, near Alamogordo, New Mexico, when a
Sandia balloon hoisted skyward a gamma-ray
detector package designed by Sandia and Bell
Laboratories. Marvin Leventhal of Bell
conceived of using large germanium crystals
to measure gamma-ray energies and sending
these crystal detectors aboard balloons above
the atmosphere to reduce gamma-ray
attenuation. Crawford MacCallum, Al Watts,
Paul Stang, and a Sandia team designed a
gamma-ray telescope to aim the crystals at:
the stars, collect the data, and return it to
earth, along with huge polyethylene balloons
to carry the package 25 miles above ground.
They hoped to obtain data on nucleo-
synthesis, the creation of heavy elements in
the stars, and thereby leam something of the
formation of the universe,

The 1976 flight focused on the Crab
Nebula and other supemovas, beginning the
systematic analysis of gamma radiation from
space. Also observed was a gamma-ray spike
coming from the vicinity of the galactlc
center, and in 1977 Sandia and Bell
Laboratories launched another balloon
package at Alice Springs, Australia,
specifically to measure gamma-ray enetgies
from the galactic source. Crawford
MacCallum was amazed by the intense
gamma-1ays coming af a specific energy from
the galactic core. These data suggested the
existence of some exotic object. Others
speculated on the nature of this object,
postulating that it might be a “black hole”
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emitting gamma rays when it annihilated
electrons.

In 1979, a Jet Propulsion Laboratories’
satellite equipped with a gamma-ray detector
confirmed what Sandia’s balloon flight had
observed, but in 1980 the satellite could not
find the gamma-ray spike again. Sandia
launched another balloon package in
Austrahia in 1981 and learned also that the
gamma-1ay emissions had ceased. This ruled
out several speculations on the source of the
gamma rays, and MacCallum said, “The only
thing that could tum off that quickly is a
black hole.”

Sandia joined Bell Laboratories and the
Goddard Space Flight Center in seeking
funding for the design of more sensitive
gamma-ray telescopes and for satellites to
carry them into space. in 1988 they sent their
new Gamma Ray Imaging Spectrometer (GRIS)
up via balloon to examine a new superncva,
and, to their surprise, they learned that the
gamma-ray energy spike from the galaxy’s
center had returned. A 1989 University of
Califomnia balloon observation, however, saw
that the spike had turned off. Astrophysicists
asserted the erratic waxing and waning of the
gamma rays perhaps resulted from changes in
the rate at which matter was drawn into a
black hole. When matter entered a black hole
and its electrons were annihilated, it emitted
gamma rays; a hiatus in the flow of matter
ended the gamma-ray emissions until more
matter arrived,

Although the nature of the galactic
center is far from resolved, Sandians and
gamma-ray astronomers have continuing
interest in this mystery. Even after retiring,
Sandia’s “astronomer by appointment,”
Crawford MacCallum, maintained a
professional role in the investigations.
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controlled thermonuclear (fusion) reaction
through inertial confinement.

Efforts to achieve a reaction releasing
fusion energy began in the United States in
1951 as Project Sherwood. Under AEC
management, it became a large and well-
funded program because it promised an
abundant and relatively clean energy source.
Deuterium, a hydrogen isotope, is found
naturally in seawater, while tritium, another
hydrogen isotope, can be made in a nuclear
fission or fusion reactor from plentiful
lithium. If these isotopes could be fused, the
oceans could become an almost
inexhaustible energy source. “If we can do
it,” one official proclaimed, “that’s the
foundation for a civilization.”

Early fusion research at Los Alamos, OQak
Ridge, and other laboratories concentrated
on magnetic fusion by using huge magnets
to confine cloud-like plasmas of deuterium
within metal containers that often had the
toroidal shape of a doughnut. The main
problem was to maintain the plasma in a
stable configuration long enough for fusion
to occur, Since inertial confinement fusion
requires a considerably shorter confinement
time, Yonas proposed in 1973 that Sandia
join in studies of this new approach using
electron beams.

Inertial confinement fusion relies on the
fuel’s inertia (the tendency of matter to resist
changes in its motion) to maintain a
compressed state long enough for a fusion
reaction to occur. When fired at fuel pellets
the size of a BB, electron or photon beams
drive or compress the pellet inward, creating
an extremely hot and dense core where a
fusion reaction might occur.

To achieve a controlled reaction
producing fusion energy, several conditions
must be met. The nuclei of the fuel
(deuterium and tritium) must speed toward
each other fast enough to overcome the
repulsive electrostatic forces. Thus, the fuel’s
temperature must reach about 100 million
degrees, and the fuel must hold together long
enough for the nuclei to collide and fuse.

In 1973, the AEC fusion research division
first funded Sandia’s efforts to overcome the
formidable challenges required for fusion
energy. Yonas noted that Sandia’s proposal
received a boost from the 1973
announcement by the Soviet Kurchatov
Institute that it intended to pursue fusion
through use of electron beams. Over the
following years experiments and
collaborations with the Soviets continued to
be important.

Initially, Sandia’s research emphasized the
physics of electron beam focusing and energy
absorption in solids. “A major problem,”
Yonas said, “is that of coordination — to
combine the scientific, engineering, and
systems approaches optimally.” Leading the
studies were John Freeman’s plasma theory
group, Al Toepfer’s electron beam staff, and
Tom Martin’s pulsed power group. Early work
also included a four-beam laser developed by
Eric Jones and Jim Gerardo for both weapons
effects simulation and fusion research — the
first U.S. system that could focus more than
two beams on a target pellet. In 1975, Robert
Gerber, Edward Patterson, and associates
designed a new hydrogen-fluoride laser, the
most energetic pulse laser then existing.
However, Yonas shifted the emphasis from
lasers to electron beams to take advantage of
Sandia’s unique capabilities in pulsed power.

The first Sandia accelerators designed
specifically for fusion research were Proto I
(Prototype), which began operation in 1974,
and Proto II (1977). However, when Sandia
proposed the Electron Beam Fusion
Accelerator (EBFA), obtaining the funding
proved difficult until in 1976 the Soviet
scientist Leonid I. Rudakov revealed that the
Kurchatov Institute had used electron beams
to create fusion neutrons. Yonas credits
Senator Joseph Montoya with pushing the
EBFA funding through Congress with strong
support from Al Narath and Morgan Sparks.

While EBFA was under construction, it
became apparent that ions, rather than
electrons, would be more effective in
coupling energy into targets, and Martin
managed the conversion of the EBFA into the
Particle Beam Fusion Accelerator (PBFA).
Despite this change, Martin pointed out
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Sandia’s accomplishments in its historical
functions during the early 1970s included
completion of a revolutionary integrated,
miniaturized, and radiation-hardened arming,
fuzing, and firing design for the Poseidon
missile warhead and radiation-hardened
designs for the Sprint and Spartan warheads
of the Safeguard system. In view of the
constrained budgets, Sandia tailored weapons
for specific operational scenarios by using the
B61 bomb design as the building block for
depth bombs, Pershing missiles, and for such
exploratory programs as the TIGER extended-
range bomb. Through studies such as Allspice
and Jigsaw, Sandia emphasized
maneuverability and precision with
increasingly accurate guidance and control.

With the end of the Vietnam war and
growing concern about Soviet weapons
expansion, Congress augmented FRDA
defense programs funding. Announcing
Sandia’s first significant hiring program in
years, Sparks declared in 1976: “We all know
that money is much tighter than in the ‘60s,
but then we've learned these last few years
how to manage under this constraint. I think
we've come a long way since the dark days of
the layofts — just consider the diversity of
our efforts. And while weapons are the
mainstream activity, Sandia has succeeded in
staking out a significant portion of the
energy business.”

There were Sandians, however, who
thought the distinction drawn between
detense and energy programs too shatp.
Virgil Dugan, for example, argued that
energy programs enhanced “the nation’s
security by making it more self-sufficient and
less dependent on foreign energy sources.”
No nation could long survive without
adequate energy sources, he pointed out, nor
could motorized armed forces function
without energy supplies. “An army marches
on its stomach,” said Napoleon, but modern
armies must have gasoline and oil.

In its new solar, wind, photovoltaic,
geothermal, combustion, and drilling
technology ventures, Sandia learned that its
reputation rested not entirely on innovative
technology, but on technology that industry
could apply quickly at prices competitive
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with older technology. “It has become clear
that the fundamental consideration in the
energy field is economic,” Sparks
summarized. “Our principal job is to so
design these systems that the energy
produced is less — or at least no more —
expensive than that available from
conventional sources.”

Giving primary consideration to
economics marked a significant trangition in
the thinking of Sandia’s engineers. In 1952 at
Sandia, during the urgent weapons
development era, Bob Peurifoy observed that
“cost was of little consequence.” During the
leaner 1960s, Monk Schwartz and John
Hornbeck devoted close attention to cost
control and case system management; but
during the retrenchment of the early 1970s
Sparks and his staff lived with the tightest
constraints, Cost became a significant
consideration in weapon development, but
reliability and safety always had higher
priority. It was in the early energy programs,
however, that Sandians faced up to the
informal professional definition: “An engineer
is a person who can build for one dollar what
anyone can build for ten.”

An important lesson drawn from Sandia’s
energy initiatives — early involvement of
industry in development processes — became
important to research and design and to
technology transfer. Sandians
institutionalized this lesson in their energy
programs, and ERDA further encouraged
close contacts with industries by naming
Sandia as the center for technical
administration of industrial research
contracts in such fields as solar thermal and
photovoltaic energy.

Adding energy research and safety
assessment to Sandia’s traditional defense
programs, ERDA in 1975 named Sandia as
one of eight “multiprogram laboratories.” @)









The National Laboratories

VI

THE NATIONAL LABORATORIES

Since World War II, while we have not had peace, neither have we had the prophesied
nuclear war. And some people think the reason the large nations, the world powers,
haven't gone to war, is because of the reality of the great destructive threat posed by

nuclear weapons.

Sandia’s weapon programs entered a new
phase during the late 1970s, dominated by
safety and use control improvements as well
as schedule and performance. Sandia
designed warhead subsystems for
Minuteman, Poseidon, and Pershing missiles,
for new types of cruise missiles, for nuclear
artillery shells, and for strategic bombs. The
demands of these projects returned Sandia’s
staffing to pre-1970 levels.

As proposed by Presidents Gerald Ford
and Jimmy Carter, Congress created the
Department of Energy (DOE) in 1977,
consolidating the Energy Research and
Development Administration, the Federal
Energy Administration, and the Federal
Power Commission in a single cabinet-level
agency. This top-level transition had few
immediate effects on Sandia’s programs,
although its energy and environment
programs moved in new directions. In
addition to continuing its weapon,
verification, and energy programs, Sandia
expanded into new areas of technical
research. It explored subsurface coal
gasification and oil shale energy resources; it
advanced deep drilling and downhole steam
technology; it searched beneath the seas and
the earth’s crust for suitable sites to isolate
nuclear wastes and store petroleum reserves;
and it continued studies of penetrator
weapons that could get at deeply buried and
hardened targets.

Motgan Sparks

As the 1970s closed, Sandia’s involve-
ment in international arms control and test
ban negotiations increased because its
advancing sensor technology contributed
toward assurance that treaty violations would
not go undetected. Although the Soviet
invasion of Afghanistan and the Iranian
revolution and oil embargo disrupted
international affairs and test-ban
negotiations in 1979, Sandia’s verification
research suffered no hiatus. During the
disruptions of that year, Congress designated
Sandia and its partners, Los Alamos and
Lawrence Livermore laboratories, as
Department of Energy National Laboratories,
responsible for many programs in addition to
their traditional weapons tasks.

DEPARTMENT OF ENERGY
CREATED

In January 1977, during one of the
coldest winters of the century, President
Carter declared the energy emergency to be
the “moral equivalent of war.” On his desk in
the Oval Office, Carter found President
Gerald Ford’s recommendation for the
creation of a Cabinet-level Department of
Energy. Carter accepted this proposal and
Congress approved it in August 1977,
establishing a Department of Energy (DOE)
that inherited the Energy Research and
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in G-Tunnel at the Nevada Test Site. To assure
containment of these tests, Lynn Tyler
conducted small-scale fracture tests to obtain
stress and related data. At the same time,
Halliburton and other oil field service
companies developed hydrauiic fracturing
technology to stimulate the flow of oil and
gas from deep wells. Northrop recognized
that G-Tunnel offered a unique opportunity
— the chance to create fractures under
realistic geologic conditions and then mine
back through them to directly observe their
behavior. Even though Halliburton engineers
had created tens of thousands of fractures in
the oil patch, they actually saw their first
hydraulic fracture at G-Tunnel.

Several years of experiments conducted by
Norm Warpinski uncovered many
phenomena associated with deep wells, a
notable achievement being the
demonstration that earth stresses control
hydraulic fracture behavior. Rich Schmidt,
Jerry Cuderman, and Warpinski also showed
the feasibility of multiple radial fracturing
from a well by controlled pressurization of
the wellbore. These were unique experiments.
As Northrop told hundreds of industry
visitors between 1976 and 1988, “a picture is
worth ten thousand words, but a visit to G-
Tunnel is worth ten thousand pictures.”

The diagnostic and mineback efforts
came together in 1980-1988 when Sandia
managed DOE’s Multiwell Experiment — an
eight-year, $35 million field laboratory for
recovery of gas from low-permeability
reservoirs typical of the Rocky Mountain
states. Northrop, Warpinski, John Lorenz,
and Allan Sattler were the core of a Sandia
effort that worked together with CER
Corporation and a host of other contractors.
They performed studies between 4,500 and
8,500 feet depth in three close-spaced wells
in the Mesa Verde formation. Key tindings
included the importance of natural fractures,
earth stresses, reservoir geometry, and
stimulation methods for gas production from
these reservoirs. The wealth of results and
insights have been transferred to many
companies that are economically exploiting
this resource today.

The National Laboratories

STRATEGIC RESERVES

As a hedge against future shortages,
Congress after the 1973 oil embargo
approved plans to establish a strategic
petroleum reserve, using cavities in salt
domes along the Texas and lLouisiana coast as
huge storage chambers. Although not
initially involved, Sandia received an
assignment in the program after an accident
and fire at one of the storage caverns in
1978. On receiving a request for an
independent technical assessment of the
program, Jack Howard and Jim Scott over a
weekend formed a team led by Jim Ney that
went to Louisiana immediately and began a
three-month investigation. When DOE
accepted Sandia’s recommendations and
requested continuing studies, Sandia formed
a group under Ney's management to
undertake studies of the geological,
geographical, and hydrological features of
salt domes, perform analysis of dome
interiors, develop models to assess cavern
stability, and consider improved excavation
techniques for the storage reservoirs. “The
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In 1979, Sandia participated in the design of oil storage
cavities in salt domes, as shown in this diagram, for the
Strategic Petroleumn Reserve program.
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Chapter 6 ____

this site. Wendell Weart of Sandia’s
underground physics division took charge of
the WIPP project, initiating drilling and
geologic investigations near Carlsbad. When
full-scale studjes of the Waste Isolation Pilot
Plant were approved in 1977, Sandia made
Orval Jones manager of a group responsible
for technical support of DOE planning for
underground depositories. Among these were
both WIPP and the proposed Yucca
Mountain project in Nevada. “WIPP is like a
new phase 3,” Jones remarked, explaining,
“This is a technical project of major
proportions which will fully exercise our
systems engineering capabilities.”

Sandia continued its geological studies at
the site and began testing transportation and
storage equipment in Albuquerque. In 1980
Congress enacted legislation authorizing
construction funds for WIPP as a defense
project. President Carter signed the bhill, then
declared that he would not support
construction at the WIPP site until at least
two other sites were examined. Morgan
Sparks lamented: “We're in the middle of a
controversy between the Congress and the
President and will have to ride it out until a
single position is achieved. It makes for
difficult planning and working.” As anyone
who tracked the serpentine course of WIPP
through Congress, the courts, and regulatory
agencies could attest, it proved to be
“difficult planning and working,” indeed.

No less controversial was the Yucca
Mountain project, although this controversy
lagged a decade behind that at WIPP. The
search for sites suitable for isolating high-level
nuclear waste began in 1976, and Sandia’s early
research under Dick Lynch examined argillite,
volcanic tuff, and other rocks characteristic of
the Nevada Test Site. Al Lappin and colleagues
in Sandia’s geological group sought to
determine whether the thermal and
mechanical properties of these rocks made
them suitable as a disposal medium. Not until
Congress enacted the Nuclear Waste Policy Act
in 1982 and the number of potential storage
sites was reduced to nine, then three, and
finally to the tuff of Yucca Mountain did the
controversy grow to WIPP proportions. In the
1570s, however, Sparks expressed optimism
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about nuclear waste management. “It is a
difficult problem, requiring a lot of work and
quite a bit of money,” he admitted, “but it is
not insoluble, and I think it can be done in a
safe way.”

TECHNOLOGY SPINOFFS

In addition to applications of its weapon-
based expertise to energy and environmental
waste management solutions, Sandia
undertook renewed efforts aimed at making
this technology available commercially. Corry
McDonald managed Sandia’s industrial
cooperation and technology utilization
program during the 1970s, with assistance
from Patrick Quigley, Gene Emerson, and
others. Although these early efforts at
technology transfer were hampered by a lack
of funding, they had a few successes. The
media took great interest, for example, in the
application of weapon technology to
biomedical engineering.

Although Sandia had never specialized in
life sciences, university medical schools during
the late 1970s requested its assistance in
developing equipment that might be used in
cancer and diabetes therapy. Request for
assistance with cancer research came, for
example, from a Texas A&M executive who had
used a Sandia-furnished neutron generator in
experiments and said, “That first neutron
generator was the only piece of equipment 1
ever bought that worked exactly the way it was
supposed to the first time I turned it on.” On
his recommendation, the National Cancer
Institute in 1976 sought Sandia’s help with the
development of a portable, intense neutron
source. Frank Bacon and a Sandia team sought
to redesign neutron generators, Zippers, from
weapons as portable sources for neutron
therapy. These generators, used to initiate
nuclear reactions, were tiny particle
accelerators. They accelerated a beam of
deuterium and tritium ions against a metal
target loaded with deuterium or tritium, and
the resulting collisions caused atoms of these
isotopes to fuse, generating neutrons that could
be used for cancer therapy or other purposes.









of tracking pollution because it can drift with
the air without disturbing it or adding any
pollution of its own.

The project was proposed by Vera
Simons, an artist and balloonist who took
her idea to Rudolf Engelmann at the AEC in
the early 1970s. Da Vinci became a joint
project of ERDA, the Environmental
Protection Agency (EPA), the National
Oceanic and Atmospheric Administration,
and the National Geographic Society. Sandia
engineered the scientific payload for Da Vinci |,
a short flight in the relatively pollution-free
air of New Mexico in November of 1974. For
Da Vinci II and 111, Sandia agreed to direct
the project, with Keith Smith and Bernard
Zak serving as project director and project
scientist, respectively. These flights were
launched in 1976 from Arrowhead Airfield,
just outside of St. Louis. St. Louis was chosen
because it already was the site of the EPA’s
Regional Air Pollution Study, allowing
scientists to compare information obtained
by the balloons with that from the existing
monitoring stations. In the end, the flights
indicated that smog does not dissipate as it
floats away from its source. Instead, it stays
together and often gets more toxic as it
travels. Although the Da Vinci Project ended
after three flights, Sandia remained involved
in using unmanned balloons for pollution
studies under Zak’s guidance.

INTERNATIONAL ARMS
CONTROL

Since the early days of the VELA
program, Sandia had designed sensors to
support verification of international arms
control agreements. Paul Stokes and a Sandia
task force acted as technical consultants to
the U.S. delegation to the arms control
negotiations leading to the 1972 strategic
arms limitation treaty (SALT I). In 1973 the
U.S. Arms Control and Disarmament Agency
funded Sandia’s development of unmanned
seismic observatories, a technology
important in reassuring treaty signatories
that nuclear test restrictions could not be
violated without detection. The first seismic

stations that Sandia deployed during the
1960s recorded data on magnetic tape that
had to be retrieved every four months.
Sandia’s goal during the second phase was to
design seismic observatories that could
transmit data to satellites in orbit. In 1978,
the satellite design group installed a
prototype seismic station in Tennessee to
collect ground motion data and transimit it
via satellite to receivers in Albuquerque.
Further development of these seismic
detectors continued into the 1990s.

The Threshold Test Ban Treaty of 1974,
limiting the yield of underground tests to
150 kilotons, and the adjunct Peaceful
Nuclear Explosion Treaty of 1976 added
impetus to Sandia’s verification research.
Because the terms of the latter treaty allowed
on-site monitoring of peaceful nuclear
explosions to ensure treaty compliance,
Sandia, Los Alamos, and Lawrence Livermore
worked with ERDA's Nevada Operations
Office to develop yield measutement and
seismic systems. The laboratories developed
portable seismic sensors and versions of the
SLIFER diagnostic system; prepared recording
trailers and field instrumentation; and
certified the equipment’s capabilities during
the REDMUD event at NTS. Although not
deployed to the Soviet Union, this
equipment was used on other NTS events to
maintain operational readiness.

Under the Nuclear Non-Proliferation
Treaty, the UN’s International Atomic Energy
Agency (IAEA), headquartered at Vienna,
Austria became responsible for detecting
nuclear capabilities that were in violation of
the treaty, and the TAEA asked for Sandia’s
assistance. Among the tasks assigned to Sandia
were the design of special seals that could
reveal tampering with nuclear containers,
devices to detect the movement of nuclear fuel
bundles, and sophisticated tamper-resistant
surveillance equipment. ]Jim Ney, who
managed this effort, explained that it
monitored activities by using “unattended
instruments which continuously collect
operational data and monitor areas of
infrequent activity or hard-to-get-to locations.”

Responsibility for international
safeguards was added to Bill Myre’s security
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and energy conservation installations. Finally,
the legislation authorized the President to
begin filling the Strategic Petroleum Reserve.
These energy conservation and related
measures had some impact: in 1980, U.S.
petroleum use decreased and its total energy
consumption actually declined by four
percent compared with 1979.

A NATIONAL LABORATORY

During the coldest days of the 1979
energy crisis, Sandia acquired national
laboratory status. Quietly included in
legislation Congress enacted during the
December 1979 holiday season, the name
change to Sandia National Laboratories
surprised most Sandians.

The Atomic Energy Commission in 1946
and 1947 had established the first national
laboratories at Argonne, Brookhaven, and
Oak Ridge. These were managed by
universities or associations of universities,
and national laboratory status indicated that
they engaged in broad, multiprogram
research in close association with the
universities. Congress subsequently added
the Idaho National Engineering Laboratory,
the National Renewable Energy Laboratory,
and others to the list. Although Los Alamos
and Lawrence Livermore laboratories were
managed by the University of California,
they did not officially become national
laboratories until 1979, when they received
that status in the same legislation as Sandia.

Considerable political pressure in early
1979 urged the University of California to end
its management of the two nuclear weapon
laboratories, and Governor Edmund “Jerry”
Brown called for the University to divest itself
of Los Alamos management entirely while
diverting Lawrence Livermore into non-
weapon programs. John Deutch, the
Undersecretary of Energy, expressed concern
about Brown'’s proposal, and Senator Henry
“Scoop” Jackson was so disturbed that he
supported legislation directing DOE to consider
hiring new contractors for laboratories’
management. “These Jaboratories are a

national asset — they do not belong to a
university, a state, or a region,” Jackson
declared, arguing that they were the
cornerstone on which national security rested.
"Since the early 1950s, Los Alamos, Lawrence
Livermore, and Sandia Laboratories have kept
this country well out in front of its potential
adversaries,” Jackson asserted.

When bills in the House and Senate were
drawn to confer national laboratory status on
Los Alamos and Lawrence Livermore,
Leonard Jacobvitz and James Stout from the
DOE Albuquerque office insisted that Sandia
also be designated a national laboratory.
When Congress enacted the bill naming the
three as national laboratories at the end of
December 1979, the change proceeded with
little fanfare at Sandia. Morgan Sparks
pointed out, however, that Sandia had
become not only a national laboratory, but
with 7,700 employees on the last day of the
1970s it became the largest national
Jaboratory as well.

Asked how Sandia National Laboratories
could best serve the nation during the coming
decade, Sparks responded: “The nation is
entering the ‘80s with much apprehension.
Beyond the state of the economy, the two
biggest problems we face are the adequacy of
our national defense and our energy supply.
We at Sandia have a marvelous opportunity to
contribute to both of these challenges. What
more could we ask for?” ()
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VII

STRATEGIC DEFENSE

Peace in this world, especially in the nuclear age, is beyond price and must be

maintained.

Policy changes implemented by President
Ronald Reagan in 1981 affected Sandia
significantly. Funding cuts for energy
research forced program curtailments, while
expanded defense funding bolstered Sandia’s
weapon programs. The President’s 1983
strategic defense initiative (SDI) and the 1984
decision to apply Sandia’s nuclear weapon
design expertise to the improvement of
conventional weapons, added additional
funding sources for Sandia.

During the 1980s, the nation and world
moved into a new era of mobile missiles,
stealth bombers, and smart weapons.
National defense policies shifted from
offensive to defensive strategies, from nuclear
to advanced conventional weapons, and
these sbifts were mirrored in Sandia’s
activities. With increasing demands for its
expertise and services, Sandia prospered,
developing its own programmatic triad:
nuclear weapons, energy and envitonment,
and reimbursable work-for-others.

When George Dacey became Sandia’s
president in 1981, it was rushing to meet the
Defense department’s schedules for the design
and production of three new nuclear weapons:
the B83 strategic bomb and the warheads for
both cruise and tactical missiles. This presented
strenuous challenges, and success in meeting
the requirements brought credit not only to
Sandia, but contributed as well to international
progress in arms control negotiations.

George Dacey

At first, SDI concentrated on
development of directed-energy weapons,
and this program, coupled with existing
weapon effects and fusion research efforts,
stimulated major advances in Sandia's
pulsed-power research. With additional
funding, Sandia designed and built huge
particle accelerators for the generation of
x-1ays as well as electron and ion beams.

In both nuclear and conventional
designs, Sandia sought to create “smart”
weapons able to find and identify targets and
strike them with precision. Dacey described
this initiative as a campaign to give weapons
an “artificial intelligence,” using sensors and
computers that added decision-making
capabilities to the weapons. This concept also
found applications in improved weapon use
control, in treaty verification technology, and
even in commercial manufacturing.

REAGAN AND DACEY

Declaring that the Department of Energy
had never produced a gquart of oil or a lump
of coal, Ronald Reagan advocated abolishing
it. A week after taking office in 1981,
insisting that energy shortages resulted from
federal interference in the marketplace, he
lifted fuel-price controls and rescinded the
building temperature restrictions imposed in
1979. Reagan’s energy plan emphasized the
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Chapter 7 _ —_

little flexibility. If a change in functions was
required, it was necessary to rebuild the logic
boards. The advent of microprocessors added
flexibility by accommodating changes simply
by changing the software. Packed with
advanced microprocessors, SANDAC was first
used in Sandia’s TIGER program of the 1970s,
described in an earlier chapter.

Developed largely under the management
of Jack Wirth, Ed Barsis, Charlie Blaine, and
associates, SANDAC concentrated the power of
a very-high-speed, parallel-process computer
capable of carrying out millions of instructions
per second into a modular package. At the
recommendation of research vice president Bill
Brinkman, Dacey in 1985 established a
computer science directorate to pursue further
development of SANDAC, aiming ultimately to
put the entire system on a single microchip.

In the late 1980s, the SWERVE project
merged into the Defense department’s
hypersonic weapon technology program,
exploring the development of a missile
capable of traveling at Mach 5 or faster. This
new approach to air defense differed radically
from existing systems. An air-launched rocket
would carry an interceptor to the upper
atmosphere, then the interceptor would race
toward its target, gliding along the upper
atmosphere like SWERVE, to its destination,
where it would dive at the target with radar
and infrared sensors guiding its final
approach. Such maneuverable hypersonic
interceptors posed many technical
challenges: at hypersonic speeds, for
example, improperly designed or fabricated
flight-control surfaces can burn off. Sandia
became responsible for designing test
vehicles able to meet such challenges.

Sandia also built on its communications
and sensor capabilities for contributions to the
ongoing Modular Building-Block (MBB)
program. Many branches of the Department of
Defense required command, control,
communications, and intelligence systems for
use in the field. However, not all users required
the same capabilities. Furthermore, it was not
uncommon for acquisitions to take ten years
from conception to initial operational ability
and the resulting systems were often outdated
before they were used. In recognition of this,
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in 1983 the Defense Communications Agency
(DCA) sponsored a study of technology
solutions for both acquiring and retrofitting
systems. Sandia and the MITRE Corporation,
along with several contractors and consultants,
worked with DCA and proposed the MBB
concept. In this concept the system interfaces
are standardized and components are packaged
to be reliable, sturdy, environmentally-
hardened, and suitable for a variety of users.
Much like commercially available computer
software, components that meet a particular
user’s needs can be plugged into a central
architecture that multiplexes all data and
control signals for the system. The resulting
syster is based on a central data bus and
appropriate off-the-shelf components.
Subsystems are assembled with simplified
wiring into rugged, portable trailers with muiti-
level security and a single-operator remote
control capability. Sandia’s effort was led by
Tom Sellers, Mike Eaton, and Ron Glaser,
whose application of the system engineering
approach and flexible project management
contributed to the system’s success and
resulted in considerable savings in time and
money for DoD.

BLUE RIBBON TASK GROUP

In 1984, Senators Sam Nunn and John
Warner proposed moving budgeting for
nuclear weapon production to DoD, with
DOE performing its customary design,
development, and production activities on a
reimbursable basis. The Senators expected
this to impose better cost discipline on
warhead procurement. Senator Pete
Domenici, however, proposed study of these
issues, and Congress established a blue
tibbon task group to review nuclear weapon
programs and recommend improvements.
Managed by Judge William Clark, who was
assisted by Sandian-on-leave Ted Gold, this
study in effect was an update of the 1975
Transfer Study and the 1980 Starbird Study.

When it completed its investigations in
1985, the group endorsed the existing dual
agency system of program management and
recommended continuation of the dual


































































Human Resources

Sandia’s Human Resources Division deals
with the people side of Sandia. Good
personnel practices have been fundamental
in establishing Sandia’s outstanding work
force and integral to Sandia’s success. Human
Resources representatives are usually the first
official contact a new employee has with
Sandia and the last upon his or her
terrmination or retirement. The Human
Resources organization has been responsible
for employment, employee records,
education and training, labor relations,
benefits, wage and salary administration,
diversity, and equal employment
opportunity. Whitley C. Scrivner, Personnel
Director in 1962, said, “Once employee
requirements for the year are outlined, we try
to fill them with the best candidates
avzilable.” From the beginning, Sandia's
hiring standards were high, echoing those at
Bell Laboratories: only the top 10 percent of
graduating classes from university
engineering schools were hired,

In 1962, Sandia’s ernployee population
totaled 7,940, including 136 Ph.D.s, 558
Master’s degrees, and 1,805 Bachelor’s
degrees. By 1996, there were 8,450
employees, including 1,445 Ph.D.s, 2,215
Master’s degrees, and 1,001 Bachelor’s
degrees. The Ph.D. hiring momentum began
in the early sixties as a result of the strategic
decision to pursue science-based engineering.

In the 1960s recruiters spread out across
the country visiting selected colleges and
universities and at least 20 technical
institutes to deliver their nessage of exciting
career opportunities at Sandia, ensuring an
infusion of personnel in the latest technical
and management sciences. Sandia sent out
technical staff members as recruiters, instead
of professional recruiters. For BS and MS$
candidates, Sandia recruiters usually
accompanied teams from Western Electric,
AT&T, Southwest Bell, and Bell Labs — of
these, only Bell Labs also used technical
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people to recruit, Sandia conducted its own
campus Ph.D. recruiting program. 5o few
women completed technical degrees then
that a 1962 Lab News article thought it worth
noting that three women were hired as
engineering technicians as part of the influx
of qualified employees trained in the fields of
electrical, mechanical and chemical
engineering, drafting, photography,
chemistry, and health physics.

By 1962, a computer database recorded
personnel actions and tracked the diverse
skills of employees. Personnel representatives
helped organizations locate qualified people
for placement as openings occurred and
encouraged employees to broaden their skills
and abilities to fill better jobs. Staff applied
for intemal job openings via a posting and
bidding process.

Sandia assumed a commitment to equal
employment opporttunity (EEQ) with the first
contractual agreement with the Atomic
Energy Commission and Western Electric in
1949. After John Kennedy’s Executive Order
in 1961 establishing a Presldential
Committee on EEOQ, Sandia incorporated an
Affirmative Action plan in hiring practices.
As minority hiring was implemented, Sandia
worked to improve skills of disadvantaged
employees to improve hiring in professional
areas. A Women’s Program Council was
appointed in 1972 to emphasize recruitment
and promotion of women; in the mid-1970s,
additional affirmnative action programs were
initiated to address age, Vietnam veterans,
disabled veterans, and handicapped persons.
In 1979, several targeted outreach
committees were initiated to support
employees and assist in minority recruiting.
By 1992, Sandia nad created a Diversity
Leadership and Education Cutreach
Directorate that included all Equal
Employment and Affirmative Action
programs.















At the Threshold

VIII

AT THE THRESHOLD

We bring something unique to our work ... We have people who have built these

things, measured them, and understand them physically, and they understand the
Physics involved. So when we make an analysis, it’s not based solely on paper, it's
based on experience as well. That’s unique. It truly is. We're not just a think tank.

Swift and at times surprising twists marked
Ronald Reagan'’s second term. His
administration’s emphasis on national
defense, the strategic defense initiative (SDI),
and advanced conventional weapons meant
continued growth in these programs at
Sandia. Negotiations on arms control and
test bans seemed at an impasse until the
1986 meeting of Reagan and Soviet leader
Mikhail Gorbachev in Reykjavik, Iceland, one
of the pivotal events leading toward an end
to the forty-year Cold War. In the
negotiations for the Intermediate-range
Nuclear Forces treaty of 1987 and the Joint
Verification Experiments of 1988, Sandia
provided critical technical support, both to
the negotiators in Geneva, Switzerland and
in the technological research field. By 1989,
the United States and the world had arrived
at the threshold of a new era.

During the late 1980s, Sandia continued its
traditional weaponization for the nuclear
arsenal and conducted exploratory research for
SDI and the development of improved
conventional weapons. For applications in
these programs and others, Sandia joined in
urgent scientific races to develop high-
temperature superconductors, photonics
applications, materials improved by ion
implantation, and conductive and piezoelectric
polymers. For their winning research in these
races Sandia’s scientists earned the Department
of Energy’s highest commendations.

Trwin Welber

It is important to note that Sandia’s
emphasis on transferring its technology to the
private sector began in 1986, preceding the
Cold War thaw. Its technology transfer
programs expanded in response to mandates
from President Reagan and Congress that it
seek to assist strategic industries supplying
technology vital to national defense. Under
the rubric of fostering economic
competitiveness in global markets, Sandia
sought to aid the national semiconductor,
specialty metals, and other strategic industries
in efforts to maintain the world leadership
deemed imperative to defense objectives.
Technology transfer therefore meshed well
with Sandia’s traditional programs.

WELBER’S CHALLENGES

When George Dacey retired in January
1986, his successor had been on the job
several months, learning what was required
of a Sandia president. Although he had
served Bell Laboratories for thirty-five years,
Irwin Welber knew little of Sandia before his
arrival. He was aware that Sandia employed
an expert technical staff, but if asked exactly
what they did, all he could say was “weapon
systems.” This is why he reported to Sandia
months in advance of Dacey’s departure.
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chemistry, and others — who provide a basic
understanding of how things work and why.”
Sandians plumbing these and related
disciplines provided many innovations in
weapon components and designs.

When IBM researchers stunned the
scientific world in 1986 by identifying
ceramic-like substances that became
superconducting at higher temperatures than
metal superconductors, it spawned a
worldwide race to find more of these
substances, understand them, and refine
them for applications. Having the potential
for transmitting electricity far more
efficiently and generating intense magnetic
fields, superconductors proffered
opportunities for creating incredibly fast
computers, magnetically levitated (maglev)
trains, and exquisitely sensitive medical
scanners. Sandians saw that superconductors
might in time revolutionize electrical
engineering, as ball bearings earlier had
transformed mechanical engineering.

Discovered in 1911, superconductors are
metals or ceramics that when frozen to near
absolute zero lose all resistance to electric
currents, making them ideal for the
transmission or storage of electricity. Because
early superconductors required costly liquid
helium as a refrigerant, however, their
applications were limited. The 1986
discovery of substances that became
superconductors at higher temperatures
permitted the use of liquid nitrogen, a
cheaper refrigerant, perhaps making
superconductors economically feasible. “It’s
easily the biggest breakthrough in any area of
science I've worked on in my 25 years at
Sandia,” said Jim Schirber.

Because the dark side of a space satellite
becomes quite cold, superconductors seemed
potentially useful for energy storage in
space, perhaps powering strategic defense
weapons. Recognizing this and other
possible applications, President Reagan in
1987 approved a national superconductor
research initiative.

Charged with developing new weapons
and with defending the United States against
technological surprises, Sandia joined the
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search for materials that became
superconductors at higher temperatures. “The
purpose of our program is to develop a
fundamental understanding of the physics of
superconductivity in oxides and the processes
required to form them,” explained Irwin
Welber, “and to apply that knowledge to the
development of novel prototypic devices.”

Sandia’s superconductor research
proceeded at an around-the-clock clip during
late 1986 and 1987. By combining cuprate
oxides, Sandia created materials that steadily
raised the superconductivity threshold. Fred
Vook stressed the significance of these
advances, “What most scientists would have
considered pie in the sky a few months ago is
now a reality.”

David Ginley of Sandia’s supercon-
ductivity team emphasized keen scientific
competition as an additional motivation for
urgent research. “You were at hammer and
tong with the rest of the world to see if you
could get there first.” The discovety of each
new superconducting material prompted
efforts at Sandia and elsewhere to grow crystals
of the material, draw it into wires, or deposit it
as thin, uniform films for use in electronics.

In 1988, when the University of Arkansas
reported success in making thallium-based,
high-temperature superconductors, Sandia
focused on the thallium system. Richard
Baughman, Ginley, and colleagues made the
first superconducting thin film of this material
that lost all resistance to electricity at minus
285" F — thirteen degrees warmer than earlier
thin-film superconductors. Working from this
advance, Sandia joined with University of
Wisconsin researchers to produce
superconducting flux-flow transistors that
perhaps could be used in improved radar-
signal processors. “We're not sure yet,” said
Paul Peercy, “but it could be the building
block for a whole new family of electronics.”

As urgency waned and science settled into
a more sedate pace, Jim Schirber, George
Samara, Roger Assink, Douglas Loy, and their
associates turned their attention to
buckyballs, a third major form of carbon
(diamonds and graphite are the others)
discovered in 1985 that had unique resilience,
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Owyoung, Paul Gourley, Richard Schneider,
and associates designed semiconductors for
use in optically pumped lasers, meaning that
the light from one laser powered another.
They made a tiny laser capable of generating
a vertical and visible light beam. “It’s the first
laser of its type to produce visible light,”
declared Owyoung. “With further
development we foresee numerous
applications for these devices.” They might
be used, for example, in new plastic fiber
communications and optical printers.

As this research proceeded, Sandia’s project
teams applied more light to weapon designs.
They adopted optical coupling across the
exclusion region barrier for enhanced safety in
one of their warhead studies. And in 1987 they
began the still extant direct optical initiation
progtam, an effort to design a firing set that
used lasers to trigger weapon detonators.

In the 1980s, Sandians also achieved
significant advances in ion implantation, a
means of altering the characteristics of metal
alloys and other materials. William Shockley,
co-inventor of the transistor at Bell
Laboratories in 1948, discovered ion
implantation in 1954, Used initially to zap
silicon with the atoms of other elements to
create integrated circuits that had thousands
of transistors on a single microchip, ion
implantation ushered in the era of electronic
watches and pocket calculators. Beginning in
the mid-1970s, scientists at Sandia were using
ion implantation to alter metals and ceramics
ornie atom at a time to create supertough,
corrosion-resistant alloys and materials. In
1985, Tom Picraux declared, “The next few
years will tell the tale on ion implantation.”

Sandia built the Particle Beam Fusion
Accelerator I (PBFA 1), the most powerful
ion-beam accelerator in the world, during
the 1980s to conduct fusion energy
research. Sandia also acquired ten smaller
ion-beam accelerators for ion-implantation
research. In vacuum chambers, beams of
charged ions implanted such elements as
nitrogen and carbon into the target
materials, creating a thin layer of an alloy
with properties different from the rest of the
material. The target surface material was
hardened but not distorted, and, unlike

coatings, the new layer would not crack off.
“You mix things that nature doesn’t like
normally,” explained Picraux, comparing
ion implantation to successfully mixing oil
and water.

According to Picraux, Sandia’s most
significant innovations in the use of ions for
materials analysis included hydrogen profiling
by helium-elastic recoil detection, using ion
channeling for materials analysis, ion beam
analysis of components, and heavy ion
backscattering spectrometry. Sandia became a
world leader in ion beam analysis — hitting a
material with an ion beam, causing reactions
within the material to generate a variety of
particles that could be detected and analyzed
when they emerged from the material. This
technology was useful for materials design
and could even be used to identify materials
as evidence in criminal investigations. Tom
Picraux received the 1990 E. O. Lawrence
Award for his pioneering research in the use
of ion beams for materials analysis.

Using ion implantation, Sandians fired
oxygen ions into aluminum, producing a
stronger metal that was less subject to wear
than common aluminum alloys and might
be used to fabricate lightweight aircraft,
spacecraft, or ground transportation. lon
implantation might also harden ball
bearings, or produce artificial hip and knee
joints sufficiently durable to outlast the
patients in whom they were implanted.

Because thin films must be prepared one
layer at a time, for microelectronics as well as
for other “tailored materials” applications,
scientists need an understanding of the
mechanisms by which atoms spread out after
deposition on a surface. This compelling
issue was addressed by Sandia theorist Peter
Feibelman through the use of a unique
computational approach and the laboratory’s
supercomputing capabilities. An important
result of his work was the prediction that on
certain metal surfaces, atoms would not hop
over ridges from site to site, but rather would
incorporate themselves into the underlying
metal while pushing a metal atom out onto
the surface. In short order, this prediction was
verified by field ion microscopist Gary
Kellogg. Feibelman and Kellogg’s results have
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This hypermagnetic power technology
led to reimbursable studies of its use in firing
conventional artillery shells and, during the
1990s, to interest in using it to propel fast
trains on railroads. Called SERAPHIM
(segmented-rail phased-induction motors)
this system was promoted by Bob Turman
and Barry Marder as an alternative to the
better known magnetic-levitation technology
based upon superconducting magnets.
Sandia’s studies indicated its coil gun
induction motors could pull trains along at
300 miles per hour, limited only by the
condition of the rail tracks and air resistance,
while providing passengers with a more
comfortable ride as well.

By 1988, Roger Hagengruber of
exploratory systems explained that the SDI
thrust had shifted from long-range directed-
energy research and space-based weaponry to
a ground-launched system defending U.S.
forces against accidental missile launches, or
even surprise launches by a non-superpower.
By that year, Sandia’s SDI support
concentrated on the experimental test
launches called Starmate, and later on the
strategic target system (STARS) sponsored
through the Army Space and Strategic
Defense Command.

In support of STARS, Sandia utilized
surplus Polaris A3 missile assets to design a
new three-stage missile configuration to
deliver targets (reentry vehicles) from the
Kauai Test Facility to the Kwajalein Missile
Range, an intermediate-range ballistic missile
distance, with ICBM reentry velocity. A new
third stage motor was developed and
combined with state-of-the-art guidance,
control, sequencing and monitoring systems
to provide enhanced performance, safety, and
reliability. The modified Polaris missiles used
Sandia’s small SANDAC V supercomputer
coupled with inertial navigation systems for
guidance and flight control. Eric Schindwolf,
manager of Sandia’s STARS program, noted
that the first STARS launch carrying both
American and British experiments deliberately
damaged the heat shield of the reentry
vehicle to determine its survival abilities
during reentry. If funding permitted, up to
forty additional STARS launches were planned
during the 1990s and beyond.
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Disturbed by bitter divisions among
scientists and in Congress over the SDI
programs, Hagengruber worried that pressure
for early, tangible results might warp SDI
experimentation. The polarizing debate
among scientists seemed also to threaten
public faith in science, Hagengruber warned,
adding, “When we go to war over technology
in national defense, the first casualty for the
scientific community is credibility.”

To Gerold Yonas, who returned to Sandia
in 1989 after service with SDIO and in the
private sector, it seemed that many people
misunderstood the fundamental value of SDI
research. “The knowledge base is the real
commodity, not the weapon,” he said. “People
miss the point when they emphasize widgets.”

TRUST BUT VERIFY

Whatever the point of SDI, it gave Soviet
leaders additional incentives to return to the
bargaining table with serious proposals for
arms control. Providing technical advice in
Geneva and Washington during these
negotiations were Sandians such as Clyde
Layne and Stan Fraley. Their efforts
contributed to successful negotiations leading
to the Intermediate-range Nuclear Forces
(INF) treaty signed in late 1987.

When signing the INF treaty, President
Reagan declared it the first in history to “rid
the world of an entire class of nuclear
weapons” and pledged it would be only the
first step in a quest to end the nuclear arms
race. The treaty specified the destruction of
intermediate-range missiles deployed in
Europe. This included the Pershing
intermediate-range missiles armed with the
W85 and the ground-launched cruise missiles
armed with the W84, which were two of the
most modern and safest of nuclear warheads
in the arsenal. The INF treaty also had
unprecedented provisions for verification,
such as on-site inspections of plants that

manufactured the prohibited missiles. “Trust

but verify” became President Reagan’s
watchwords for future negotiations, and to
support verification efforts he and Congress















joint verification tests, Sandia had a broad
spectrum of research on verification and
control technologies underway. Senator John
Glenn and Presidential science advisor
William Graham visited Sandia in 1988 to
review its research, chiefly its studies of
“tagging” — affixing indelible “fingerprint”
identifications on weapons. Welber said the
visitors went away satisfied that Sandia had
developed exceptional tagging capabilities.

The tagging concept espoused by Don
Bauder envisioned placing unique and
unalterable tags on treaty-limited equipment
for comparison with tags found during
subsequent on-site inspections. Sandia
produced two types of tags: reflective-particle
tags and electronic tags. The reflective-
particle tag consisted of clear plastic and
crystalline particles painted onto an item.
The random distribution of the particles
created unique patterns that could be
recorded and verified at later dates. The
electronic tag consisted of a small integrated
circuit bonded to a weapon, providing a
license number that could not be altered or
reproduced. When interrogated, this tag
responded with a self-identification. It could
also be interrogated remotely, allowing
distant monitoring of the whereabouts of
treaty-limited items.

By the end of the decade, Sandia had the
largest verification and control research
program in the nation. About six percent of
its technical staff had been assigned to the
program, and an increasingly demanding
workload was expected because the President
had committed to accelerated negotiations at
the strategic arms reduction talks (START).
Welber saw this initiative as a sharp turn from
the past that “will have profound effect on
Sandia and on the stockpile.” He predicted
the resulting changes would demand greater
flexibility of the Laboratories in the future.

WISDOM OF SOLOMON

“Technology transfer, sponsored and paid
for by government funds and transferred to
industry, is a paradox,” Welber observed in
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1986. “To be effective it must be proprietary
and transferred to a specific company. That

means you’ve got to exercise the wisdom of
Solomon in picking out that company.”

Sandia’s efforts to transfer its technology
to industry and business for commercial-
ization had begun during the 1960s under
Corry McDonald’s management, succeeded in
the 1980s by Bob Stromberg and later by
Glenn Kuswa, Dan Arvizu, and Warren
Siemens. Growing emphasis on technology
transfer at Sandia during the 1980s originated
not from the long-standing confrontation
with the Soviet Union, but rather from
national perceptions that economic
challenges from elsewhere should concern
the government. “The U.S. is seeing
increasing industrial competitiveness from
overseas,” explained Kuswa in 1986, and
“people are worried that our technological
edge might be eroding.”

National concerns about enhancing
American competitiveness in global markets
by transferring the government’s scientific
and technological capabilities to industry
focused initially on assisting industries
thought strategically valuable for national
security. Among these were the
semiconductor manufacturing and specialty
metals industries that produced materials
vital for weapon and space applications. “A
healthy, competitive semiconductor industry
is vital to the United States’ national security
in the broadest sense,” said research vice
president Venkatesh Narayanamurti,
explaining to Welber why Sandia should
become involved. “A principal problem
afflicting the U.S. semiconductor industry is
its failure to translate research initiatives into
manufacturing advantages. This is an area
where Sandia can help.”

In 1986 the National Academy of
Sciences urged Sandia along with Oak Ridge,
Brookhaven, and Lawrence Berkeley
laboratories to initiate research in
cooperation with the domestic semiconductor
industry. In 1987 President Reagan issued an
executive order for the laboratories to respond
to national concerns about the position of the
United States in international markets.
Reacting to this, Secretary of Energy John
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It is noteworthy that the impressive
growth of Sandia’s technology transfer
programs duting the 1980s came largely as a
result of national efforts to shore up strategic
industries thought vital to national defense.
Conversion of this program into a broader
vehicle transporting Sandia’s weapons
expertise into the peacetime marketplace
came during the 1990s, largely in response to
the National Competitiveness Technology
Transfer Act of 1989 sponsored by Senators
Domenici and Bingaman.

A GENERATIONAL
THRESHOLD

“Our laurels will only support us one year
at a time,” Orval Jones warned neat the end
of the 1980s. To which Irwin Welber retorted,
“Our purpose is to serve national needs, not
preserve ourselves.”

Sandia had served many national needs
during the decade. It engineered safer nuclear
weapons with greater delivery flexibility for
the armed services and provided significant
support for Strategic Defense Initiative
research, development, and experimentation.
The technologies developed at Sandia for
these programs also proved applicable to
innovative designs for safer and more reliable
conventional weapons as well as unconven-
tional mobile robotic weapons and
reconnaissance craft.

Its scientific acumen, especially its ability
to apply science directly to tangible products,
brought it national recognition and
positioned it to respond to the public
perception that strategic industries deserved
assistance in economic competition through
technology transfer. Its capabilities proved
technically critical as well in the international
negotiations leading to arms control and
testing verification agreements — to ending
the Cold War.

Perhaps Welber’s biggest regrets lay in the
energy arena. Funding for Sandia’s energy
research during the 1980s dropped by half,
from thirty percent down to fifteen percent
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of Sandia’s total budget. “I think we have an
excellent weapon program, and our national
security is protected well,” Welber asserted in
his farewell address, “but we really don't
have an energy policy in this country.”

Observing that some of the most modern
nuclear weapons had been eliminated by the
INF treaty and that more would go under the
proposed START treaty, Welber focused on the
national need for ensuring the reliability of a
stockpile containing many weapons
introduced a quarter of a century earlier.
Achieving understanding of the aging
processes posed a difficult challenge for
Sandia in the future, especially as the veteran
engineers who had designed them and
monitored their condition in the stockpile
reached retirement age.

“A new generation of Americans, a
generation that was not seasoned by World
War II and the Cold War, a generation that
has been trained to ask questions, is now
poised to assume leadership roles at Sandia
and elsewhere,” Welber observed. “If
members of that generation are to perform
their vital roles in the nation’s defense, they
must be more than intelligent and educated,”
he concluded, “they must be better informed
about what we do, how we do it, and —
most important — why we do it.”





















team focus their search on impact ignition.
‘Their experiments indicated that pellets in
the last layer of the powder bags might
fracture when rammed into the seated shells,
producing burning sparks capable of igniting
the adjacent black powder bags. To test this
theory, the Navy began full-scale
experiments. Just hours before Schwoebel
presented Sandia’s findings before a
nationally televised Senate committee
hearing, the Navy’s full-scale test produced
an explosion similar to Sandia’s theory.

The Iowa investigation was, Narath
declared, “a great example of Sandia’s ability to
quickly assemble a multidisciplinary
engineering and scientific team from many
areas and get a job done efficiently.” Although
they did not prove the cause of the explosion
aboard the Jowa, Sandia’s findings suggested it
might have been accidental rather than
sabotage. The Navy responded by suspending
the firing of sixteen-inch guns on its
battleships, reopening its own investigation of
the Iowa disaster. Subsequently Admiral Kelso,
the Chief of Naval Operations, retracted the
Navy’s earlier accusation that the explosion
was a deliberate, intentional act by a member
of the crew and acknowledged that it could
have been an accident.

The Navy later called on Sandia for other
investigations. When mines damaged the USS
Princeton in the Persian Gulf, for example, the
Navy asked for studies useful to the future
design of ships. Using computer codes to
model structural dynamics, Sandia completed
these studies in 1991, the first ever done for an
entire ship.

Sandia’s support of conventional weapon
development by the Army brought it an
assignment in 1992 from the Strategic
Technologies for the Army in the 21st Century
(STAR 21) study managed by the National
Research Council. The Army wanted an
independent evaluation to determine whether
it had overlooked some technology valuable to
its future research. “The Army could have
asked anybody to review this study, and they
chose us, said Max Newsom, “It shows that the
Army has some real confidence in us.” Having
but two months for the review, Newsom
marshaled thirty Sandia experts in fields such

The Competitive Edge

as propulsion, explosives, and sensors, and also
formed a panel including Gerold Yonas, Jim
Jacobs, and Andy Lieber. Sandia’s final review
added a few technologies needing more
research to the report and subtracted
technologies that were mature, thereby
allowing the Army to concentrate its
constrained budget on the most promising
research initiatives.

TIGER TEAMS

Secretary James D. Watkins, a retired Chief
of Naval Operations, took pride in Sandia’s
work for the Navy as well as In its
contributions to the successful conclusion of
the Cold War. “The peace through strength
concept has carried the day,” he asserted
during a visit to Sandia. “You should take great
pride here in this Laboratory and raise the
victory flag because you've done it.” Watkins
was far less proud, however, of DOE'’s record in
environment, safety, and health programs.
Declaring that “the chickens have finally come
home to roost,” Watkins mandated sweeping
reforms to remedy years of inattention,
forming an Office of Environmental
Management and boosting the budget until
DOF had the largest environmental restoration
and waste management program in the world.
To assure full compliance with environment,
safety, and health laws and regulations,
Watkins created independent “tiger teams” to
audit DOE installations.

Because Sandia designed weapon
ordnance, rather than nuclear explosives, it
had had little opportunity to accumulate
radioactive substances or pollute the
environment with them. Yet it operated
nuclear reactors and particle accelerators,
worked with toxic substances and explosives,
and used heavy equipment and high-power
machinery. A 1989 DOE report identified nine
significant environmental problems at Sandia,
including diesel fuel leaks, contaminated
landfills, photographic chemical discharges,
and a contaminated site at Tonopah Test Range
used for plutonium dispersal research in 1963.
Sandian Ron Detry predicted in 1989 that
environmental cleanup would become a major
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electric power; the search for forty percent
efficiency continued. Sandia helped expand
markets for commercial photovoltaic power in
Honduras, Guatemala, Mexico, and other
nations with abundant sunlight that could be
harnessed to pump water, provide
refrigeration, and power communications. In
1992, following Hurricane Andrew, Sandia
helped provide photovoltaic power at relief
shelters in Florida to serve during commercial
power outages, and continued furnishing this
service during subsequent natural disasters,
notably after 1995’s Hurricane Marilyn in the
Virgin Islands. And in 1995, Sandia joined
with the nonprofit Solar Electric Light Fund to
install solar photovoltaic systems at rural
villages in Vietnam.

Not so well known as photovoltaics, dish-
Stirling technology had been under
development since the 1970s. Sandia worked
with Solar Kinetics, Inc., during the 1980s to
replace heavy glass heliostats (mirrors) with
lightweight stretched membranes coated with
shiny polymer as the reflective surface. Less
expensive than glass, stretched-membrane
dishes could concentrate solar energy at their
focal point to intensities a thousand times that
of normal sunlight. Inside the receiver, heat
from the sunlight vaporized sodium metal,
which heated helium gas inside the Stirling
heat engine. Alternately heating and cooling
helium in the engine drove a piston connected
to an alternator to make electricity.

Rich Diver and Tom Mancini worked with
Cummins Power Generation, Science
Applications, and other firms to commercialize
dish-Stirling technology during the 1990s. Able
to produce electricity at lower rates per
kilowatt-hour than diesel-generated electricity
and to be placed where the power was needed,
with no power transmission lines required, this
versatile system could also be operated by
heating the engine with natural gas or oil
when clouds blocked the sunlight. Sandia had
high hopes for this system'’s future, especially
as stand-alone power sources in equatorial
rural regions. “If you lived far away from a
power grid,” explained Diver, “it would
probably be a lot cheaper to install something
like this than to pay for running an electric
line to your property.”
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COMPETITIVE FUSION

“Thermonuclear fusion is surely the Grail of
all energy research programs in the world,” said
Don Cook, declaring that success could make
fossil fuel energy as obsolete as tallow candles.
Although the search for fusion energy involved
scientific cooperation on a global scale, it also
was marked by intense competition, especially
during the constrained budgeting of the 1990s.
Sandia’s ion beam approach to inertial
confinement fusion (ICF) competed primarily
with laser beam fusion research at Lawrence
Livermore National Laboratory.

The Particle Beam Fusion Accelerator II
(PBFA 1I) achieved a record power level of five
terawatts (five trillion watts) of power per
square centimeter of target in 1989.
Experiments continued on this machine
during the 1990s, passing several critical
reviews by panels from DOE and the National
Academy of Sciences. In 1996 a record-
breaking output of 85 terawatts was achieved
~ more than 50 times the output of the U.S.
utility grid. A 1995 review approved upgrading
PBFA II for continued experimentation, in
order to contribute to the 21st century design
of a Laboratory Microfusion Facility useful for
both aboveground weapon effects testing and
fusion research.

Sandia contributed to both inertial and
magnetic fusion studies. For the magnetic
fusion machines, called tokamaks, Sandia
investigated the interaction of fusion plasma
with the “first wall” materials, and designed
and fabricated components able to function in
harsh fusion plasmas. Under the management
of Wil Gauster, Sandians performed
diagnostics, tritium assessments, and materials
studies for the Princeton Tokamak Fusion Test
Reactor and for experimental tokamaks in
Germany, France, and Japan. When the United
States, Japan, Russia, and the European
Community agreed in 1992 to joint design of
the International Thermonuclear Experimental
Reactor (ITER), Sandia undertook research that
was incorporated into the design of several
reactor components. Ongoing ITER research is
conducted at sites in Germany, Japan, and the
United States, with the four participants each
supplying about 50 scientists. As part of this
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effort, Gauster left in early 1993 for a three-
year assignment as Deputy Head of the
Garching Joint Work Site of the ITER project in
Garching, Germany, where the work on the in-
vessel components is done.

Magnetic confinement fusion received a
boost in 1994 when the tokamak at Princeton
Laboratory generated 10.7 megawatts of fusion
powet, a promising milestone in the drive
toward the break-even point. Advocates of
inertial confinement fusion, however, still
claimed Sandia was forging the cheapest and
most direct path toward achieving fusion
energy production.

During the 1990s, Sandia in cooperation
with Cornell University developed repetitive
high-energy pulsed power (RHEPP) accelerators
that provided a broad, rather than focused
beam of particles. These robust accelerators
could be used by industry to kill bacteria in
meat, harden steel, or make water safe to
drink. RHEPP drew media attention because it
offered a way of killing the E. coli bacteria that
was contaminating mass-processed meat and
had caused fatalities among consumers. The
metals industry, meanwhile, took an interest in
the use of RHEPP to melt the surfaces of
metals, hardening them against wear and
corrosion and obviating the need for using
hazardous metal-plating chemicals.

COMPETITIVE TECHNOLOGY

“While the Cold War was an economic
victory — the other side saw that it could not
afford to continue — the economic contest is
actually intensifying,” Al Narath observed. “It
has political and social dimensions, certainly,
but the technological dimension is central. To
be competitive, our nation must keep pace
technologically. And that’s where we fit in.”

As noted earlier, Sandia’s ventures into
technology transfer began on a small scale
during the 1960s and intensified during the
1980s with strong support from industry and
Congress. The rationale was perhaps phrased
best by Robert Noyce, a founder of Intel
Corporation. “The economic threat to America
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is greater than the threat posed by Soviet
missiles,” he declared, “so we must change the
focus of research to address the economic
threat.” Following this reasoning and
concerned by growing trade deficits, Congress
encouraged national laboratories to use their
technologies to help shore up faltering
industries deemed vital to economic defense,
and in 1989 Senators Domenici and Bingaman
sponsored the bipartisan National
Competitiveness Technology Transfer Act. It
approved technology transfer as a program
with national significance and provided
guidelines for Sandia and other laboratories to
enter into partnerships known as cooperative
research and development agreements
(CRADAs) with industries and universities.

Technology transfer is a contact sport.
Conducting it successfully meant moving
mozie often from behind Sandia’s fence to
mingle with industrial and university
managers, and to attend professional and trade
association conferences. In brief, Sandians had
to market their abilities, a novel experience for
managers not involved in the energy and
work-for-others programs. Narath pointed to
Sandia’s energy programs as models for how
technology transfer should be done. Solar
thermal, photovoltaics, drilling, and oil
tecovery programs had invited industrial
participation from the beginning, and in some
cases actually fostered new industries and jobs.
Although this might require a cultural change,
Narath thought it well worth the effort. “AT&T
had to go to Japan to buy products based on a
number of Bell Labs inventions — that’s
embarrassing,” he lamented.

After Narath and Bruce Twining of DOE's
Albuquerque office signed an agreement in
January 1991 formally recognizing technology
transfer as a Sandia responsibility and defining
procedures, Sandia embarked on major efforts to
enter into research partnerships with industries
large and small. Sandia’s microelectronics center
inked the first CRADA with Signetics of
Albuquerque, for reliability testing and failure
analysis. Clint Anderson of Signetics
commented, “Sandia’s testing capabilities are
not exceeded anywhere in the world.”

Those capabilities were applied in another
CRADA when Sandia helped Interstate Glass



Distributors (IGD), a small Albuquerque auto
glass distributing company, to develop the
“crate” — a lightweight, stackable, collapsible,
reusable, recyclable container made of recycled
plastic, meant to hold some thirty egg-fragile
automobile windshields during cross-country
shipping. Breakage of auto glass during
shipping amounts to $15 million annually.
IGD president Dago Ruiz had drawn up plans
for the crate in early 1993, built a prototype,
and subjected it to rigorous testing by loading
it onto a pickup truck and going “four-
wheeling” on Albuquerque’s West Mesa. But
significant design improvements could only be
made with hard, quantified data about the
crate’s ability to withstand realistic shipping
conditions. Eventually, IGD approached Sandia
and an eight-month CRADA was arranged.
Sandia’s contribution was proffered through
the technical assistance of Dave Harding of the
Transportation Technology Department who
quantified design constraints and performed
stress analyses on the IGD crate. In the end,
Sandia recommended optimal configurations
and sizes for certain high-stress structural
elements, such as hinges and joints, that led to
a sturdier final design. IGD applied for a patent
in 1995. “Without Sandia’s technical expertise
and the credibility it has given us in dealing
with manufacturers, I'm not sure we could
have proceeded with this process,” said Ruiz.
“It was surprisingly easy to work with Sandia.”

In 1991, CRADA competition among DOE
multiprogram laboratories became fierce.
Within a year, however, Sandia had entered into
100 CRADAs, and the total soon exceeded 200,
mote than any of the other DOE multiprogram
laboratories, signaling success for Sandia’s
technology transfer initiatives. Recounting the
truismn that science is the pursuit of truth and
engineering is the pursuit of results, Lee Bray
observed that nationally the pendulum had
swung in the direction of results, “People want
to see evidence of payback.”

In addition to CRADAs, Sandia’s
technology transfer program embraced
personnel exchanges, patent licensing, user
facilities, cost-shared contracts, technical
assistance, and simple information
distribution. Sandia provided direct technical
advice and assistance for hundreds of small
businesses that could not atford or await
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CRADAs. One case in 1992 that got media
attention involved an Albuquerque business
making paper sacks for fast-food restaurants.
When the sacks came apart at the seams and
customers lost their lunches, the firm's owner
requested Sandia’s assistance. Sandia sent Pete
Stromberg to Jook at the local paper-bag
production line. He leamed the company had
recently begun using recycled paper in the
bags, and this paper absorbed the glue applied
to hold the seams together. At his
recommendation, the company installed glue
sensors and a logic controller on the
production line to measure glue application. “I
think this project is a good example of what
Sandia can do to help small businesses,”
Stromberg said afterwards.

After honing its technology transfer
initiative by maximizing small CRADAs with
individual companies, Sandia focused on
teamwork with clusters of companies in
consortia and alliances that joined laboratories,
industry, and universities in broad, industry-
driven and pre-competitive research and
development. Partners joining in these larger
CRADAs shared both the costs and benefits
alike, eliminating the difficulty of selecting
partners from among several competitots.

Sandia’s partnership with the SEMATECH
consortium on enhancing microelectronics
fabrication, improving microelectronics
quality, and developing environmentally
conscious production methods for integrated
circuits biossomed during the 1990s. It
included mote than thirty projects aimed at
keeping the U.S. semiconductor industry at the
forefront of global competition. SEMATECH
president Bill Spencer, a former Sandian,
asserted that the computer modeling expertise
developed by Sandia in its nuclear weapon
programs proved highly useful in reducing
semiconductor research time and costs.

Metallurgist Frank Zanner fostered the
formation of the Specialty Metals Processing
Consortium in 1990, The consortium consisted
of a dozen small companies and supported
research on high-strength metals used in jet
engines, high-speed drills, nuclear reactors, and
applications critical to defense. “The approach
that made the most sense economically was for
them to support research together and to share
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In recognition of the recommendations
of the Galvin Commission in February 1995,
that the national laboratory system
“concentrate on fulfilling its traditional
assignments in national security, energy, the
environment, and fundamental science,
while seeking industrial agreements that are
part of the traditional cope of work,” Sandia
focused its partnerships with industry toward
primary mission responsibilities. Paul
Robinson’s testimony before the Senate
Armed Services Committee in March 1996
noted that “the technology bases for
government and commercial needs are
rapidly converging; ... collaboration with
industry and universities is essential for the
DOE laboratories’ mission success, Sandia’s
progress in establishing mutually beneficial
relationships with the private sector is
evidence of substantial congruence between
its essential core competencies and those of
industry.” The partnership of Sandia’s
weapon parachute designers with Precision
Fabrics Group, Inc., which jointly developed
a revolutionary automotive airbag that
reduced weight and volume by sixty percent
while strengthening Sandia’s capabilities in
developing and packaging high-performance
lightweight parachutes for defense missions,
is a classic example of these synergistic
partnerships. In 1996 Sandia established as
one of eight corporate objectives, “strategic
partnerships with industry segments that are
critical to |its] missions,” because experience
indicated that both the Labs and its private
sector partners receive significant leveraged
benetit from working together on common
technology challenges.

COMPETITIVE PRESIDENTIAL
VISITS

Although toured by Vice Presidents
Hubert Humphrey in 1966 and Walter
Mondale in 1978, Sandia had not enjoyed a
presidential visit since John Kennedy looked
at its permissive-action link development in
1962. During the 1992 election campaign,
Sandia welcomed both President George Bush
and candidate Bill Clinton.
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President Bush, accompanied by Secretary
Watkins, came to Sandia on September 15 to
examine some of its technology transfer
achievements. He saw Sandia innovations
such as the noninvasive glucose sensor for
diabetics, a robotic vehicle for cleaning
contaminated areas, a robotic edge finisher
for precision manufacturing, and a swing-free
gantry crane. Al Narath gave him a model of
a farm plow created by Arizona sculptor
Doug Weigel and inscribed with the legend
“Swords to Plowshares.” Inlaid in its wooden
base was a piece of weapon casing bearing
the serial number of a B61 nuclear bomb
dismantled in accord with the President’s
orders in 1992,

After his tour, Bush took the podium
outside Sandia’s Building 800. Thousands of
Sandians in the audience cheered when he
said, “T stand before this wonderfully
productive and patriotic audience and say
something no President has ever said before:
the Cold War is over and freedom finished
first.” In Bush's opinion, the “defining
challenge” of the future was to win the
economic competition, to assure that
America remained both a military and
economic superpower in the 21st century. He
announced major additional funding for
nuclear non-proliferation programs to further
this goal.

Three days later, Presidential candidate
Bill Clinton arrived at Sandia, where he
toured the Microelectronics Development
Laboratory before speaking at a colloquium
in the Technology Transfer Center. As
governor of a state with industries struggling
to compete in tough global markets, Clinton
thought it “absolutely imperative that we
have a national economic strategy which
includes a technology policy that permits us
to take advantage of every resource we have
in this country, especially the national
treasure represented by our labs.” Offering
his personal advice to Sandians, he said, “You
have to be at the core of not only
maintaining our national defense but
promating our national economy.”









installations had withdrawn during the 1980s.
Like AT&T in the case of Sandia, the DuPont
company had accepted President Truman's
patriotic challenge to build and operate the
Savannah River plant as a public service, and
like AT&T it had refused to accept a profit on
the task. When DuPont withdrew from
Savannah River’s management in 1989, AT&T
became the sole remaining no fee, no profit
contract operator in the DOE system.

Several sound business reasons lay behind
AT&T’s decision to withdraw. As a vertically
integrated regulated monopoly in 1949, AT&T
had been one of the few firms capable of
managing an enterprise such as Sandia, and
accepted the challenge as a public service. As a
result of divestiture during the 1980s, AT&T
was no longer vertically integrated, nor a
regulated monopoly, and other firms had
demonstrated abilities to manage DOE
installations. Moreover, during the 1980s
Congress repeatedly considered making DOE
contract operators legaily liable for damages,
and questioned why AT&T should risk losses
for a nonprofit service.

In October 1992, DOE advertised open
competition for all qualified bidders wishing to
make proposals for managing Sandia. More
than seventy firms, universities, and institutes
expressed interest in what the media dubbed
the “Sandia Sweepstakes,” and in January 1993
seven submitted formal proposals. After DOE
winnowed these, it requested best and final
offers from two candidates, Battelle Memorial
Institute and Martin Marietta Corporation.
Battelle, a nonprofit research institute,
managed DOE's Pacific Northwest National
Laboratory, and Martin Marietta, a defense
aerospace fitm, managed DOE facilities in Oak
Ridge, Tennessee and Paducah, Kentucky.

Denny Krenz of DOF. Albuquerque
Operations chaired the DOE source evaluation
board that selected Martin Marietta as Sandia’s
new contract operator in July 1993. Unlike
previous contracts with AT&T, the contract
with Martin Marietta included a variable profit,
estimated by the media at up to $10 million
yearly. As had been the case with AT&T, the
contract was renewable at five-year intervals.

The Competitive Edge

By merger with General Electric Aerospace
in 1993, Martin Marietta became the largest
aerospace and defense electronics company in
the nation. Founded by Glen Martin in 1909,
the company built aircraft during its early
years, notably the famous China Clipper and,
as part of its World War II license to build
Boeing-designed planes, the Enola Gay. It
merged in 1961 with American Marietta to
form Martin Marietta, headquartered in
Bethesda, Maryland and built the Pershing,
Sprint, and Titan missiles, in addition to
rockets that carried the Gemini astronauts into
space. Its Hellfire and Patriot missiles saw
service during the Persian Gulf War. In 1984, it
received the contract for managing DOE
facilities at Oak Ridge, later adding DOE plants
in Paducah, Kentucky, Portsmouth, Ohio, and
Pinellas, Florida, and eaming recognition for
transferring technologies developed at DOE
installations to the private sector.

Immediately after winning the contract,
Martin Marietta’s chief executives, Norm
Augustine and Tom Young, who had worked
with Sandia on defense projects early in their
careers, visited Sandia to start the transition
and to reassure Sandians about their future
under new management. Because Martin
Marietta’s basic business supported national
defense, Augustine told Sandians he and
corporate management expected to take
greater interest in Sandia’s activities than had
AT&T.

Lec Bray and Jack Hickman headed the
Sandia team that worked to ease the transition
in management. After forty-four years of public
service, from President Truman to President
Clinton, through hot wars in Korea, Vietniam,
and the Persian Gulf and throughout a
dangerous Cold War, AT&T left Sandia on the
last day of September 1993. The followitig
morning, Al Narath and Bruce Twining,
manager of the DOE Albuquerque office,
formally signed the new contract and raised
the Martin Marietta flag in front of Sandia.
“Today,” Narath observed, “we close a chapter
in Sandia’s history.” (@
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THE AGILE LABORATORIES

We feel that agile response with comprehensive capabilities is indicative of Sandia’s
outstanding characteristic — a passion to serve the nation.

How should nuclear weapons be managed?
This question challenged the nation and
Sandia National Laboratories no less after the
Cold War than it did after World War [i. With
an end during the 1990s of new weapons
development and nuclear testing, how should
the smaller stockpile of existing weapons best
be certified and maintained? If Sandia was no
longer to perform its traditional weaponization
mission, what should be its missions? Indeed,
some in Congress questioned the need for
nuclear weapon laboratories and for the
Department of Energy itself.

The pace of international change during
the 1990s was historic as communist rulers in
eastern Europe lost their control, as the Soviet
Union disintegrated into a commonwealth of
independent states, and as the competitive
hostility of the Cold War diminished. These
sweeping changes were not without dangers.
Norm Augustine, chief executive of Martin
Marietta, told the Albuquerque Chamber of
Commerce in 1994 that, although the end of
the Cold War made the world safer, in some
sense it seemed to make the world safer for
small wars as well. “There are 27 wars going
on as we sit here right now,” he counted,
“this is still a dangerous world.”

During the mid-1990s, attention turned
from controlling the nuclear arms of the two
superpowers toward the fate of the nuclear
weapons and technology possessed by the
independent republics of the former Soviet
Union and the dangers of nuclear
proliferation and terrorism everywhere. To the
great and pleasant surprise of Sandians, they
found themselves assisting Russians with safe
weapons dismantlement and hosting former

Al Narath

adversaries hoping to establish cooperative
technology transfer programs.

Substantial changes in the U.S. nuclear
posture followed these historic events, and in
1992, for the first time since 1942, the
United States had no new nuclear weapons
under development. In an era of shrinking
defense budgets and nuclear arms reduction,
Sandia’s ability to respond to changing
national needs became critical. It needed to
support an aging stockpile, provide
increasing support for arms control and
treaty monitoring, assist with weapons
dismantlement both at home and in the
former Soviet Union, and pursue production
assignments as part of the smaller, more agile
complex planned by the Department of
Energy for the 21st century.

AGILE MANAGEMENT

During the contract management
transition from AT&T to Martin Marietta,
most of Sandia’s corporate leaders returned to
AT&T or retired, giving Martin Marietta the
option of appointing new leadership. Al
Narath remained as president with Jim
Tegnelia, chief of the Martin Marietta
transition team, becoming the deputy
laboratory director. Tegnelia served in the
Defense department during the Reagan
administration before becoming Martin
Marietta’s vice president of engineering and
business development. With this change in
contract managers, Sandia executives Lee
Bray and Orval Jones retired. At his
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John Crawford predicted, however, that the
Sandia weapon mission after 1992 would
become increasingly critical as the nuclear
stockpile aged and needed to be improved
with safer, modern designs to meet “more
demanding accountability, survivability, and
quality assurance standards.”

“If the future stockpile is to shrink in size
and cost, but still be capable of providing
deterrence against a rapidly changing threat,”
Al Narath observed, “modularity may
become a priority.” As an example, he
mentioned the B61. Designed during the
1960s, the B61 was not intended to serve as a
building block for a family of modular
weapons, but Sandia during the 1970s had
demonstrated in the TIGER program that, by
adding a new nose and rocket-motor tail, the
B61 might be transformed into an air-to-
surface standoff weapon. During the early
1990s, Sandia’s W61 studies demonstrated
that components of the B61 could be used in
an earth-penetrating weapon. Such a flexible
design might well satisfy potential future
mission requirements of larger bombs that
were scheduled for retirement. What larger
bombs could accomplish through higher
yields, the W61 could do through
penetration. “Modularity,” Narath explained
to the Senate Armed Services committee, “is
extrapolation of the concept of
standardization and reuse toward the goal of
maximizing flexibility.”

A major concern about the effects of
aging on nuclear weapons was a reduction in
yield, but precision delivery could render the
magnitude of yield less important. The later-
canceled phase 3 for the engineering
development of a W61 earth penetrator
began in late 1991. For it, Sandia used
existing components of the B61 to reduce the
development time, costs, and technical risks.
The project’s principal challenges involved
designing a high-strength casing with
modified components capable of
withstanding the deceleration of driving into
soils and hardened targets. A related Sandia
exploratory project involved designing
weapon casings made of composite materials
that were stronger and lighter in weight than
stainless stee] casings, and these casings
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performed as designed during their injtial
tests. Another project involved modifying the
B61 design to provide a standoff capability to
make its delivery safer for aircraft and crew.

The smaller and aging stockpile carried
stringent demands for reliability and for
safety, security, and use control as well.
Sandia and Los Alamos teams from the
canceled W91 project joined in a warhead
engineering effort called Multi-Application
Surety Technology (MAST), focused on
providing the latest nuclear surety
technology for a smaller enduring stockpile.
Stressing concurrent engineering, component
production, and quality development tools,
MAST concentrated on providing common
electrical components and explosive packages
for a family of warheads that could survive
both laydown stresses and missile
environments. Working with Lawrence
Livermore, Sandia also participated in the
design of the Pit Reuse Enhanced Safety and
Security warhead, which incorporated
advanced nuclear detonation safety and use
control systems in a design that utilized pits
reclaimed from retired weapons.

“At Sandia,” Roger Hagengruber observed
in 1995, “we have formidable and enduring
responsibilities to assure that the policy
options of the United States are never limited
by the technology or condition of the
stockpile in this period of change. We take
those responsibilities very seriously.”

AGILE PRODUCTION

With no ongoing development of new
nuclear weapons, the Department of Energy
planned to consolidate its aging production
complex to meet smaller demand. It began
closure of its Pinellas plant and Mound
Laboratory and consolidated non-nuclear
component production largely at Kansas City
and Sandia. Increased manufacture of non-
nuclear components by private industry
figured in these plans as well, and DOE
assigned Sandia a role in this “privatization.”
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During the early 1990s, Sandia
reestablished a manufacturing engineering
group managed by Harry Saxton to
demonstrate the production of non-nuclear
components by the commercial private
sector. Sandia identified qualified vendors
and transferred to them the technology
needed to produce the desired components.
This assignment further expanded with
closure of the Mound and Pinellas plants.
After a successful demonstration in 1993,
DOE tasked Sandia to provide all
microelectronics, frequency and magnetic
devices, pyrotechnic devices, thermal and
chemical batteries, capacitors, explosive-to-
electronic transducers, and ceramics for
nuclear weapons,

For the production complex, Sandia
conducted a program managed by Joan
Woodard to develop environmentally
conscious manufacturing technology. Its
emphasis was on reducing the use of hazardous
solvents, reducing waste disposal costs, and
protecting worker health. Sandia’s Center for
Solder Science, for example, devised
manufacturing processes that would permit
phasing out the use of chlorinated and
tfluorinated solvents as required by the 1990
Clean Air Act while at the same time improving
the reliability of soldered joints used by private
industry as well as in weapon production.

Heinz Schmitt managed Sandia’s
participation in a national effort called Agile
Manufacturing to encourage the rapid
production of small lots. Sandia explored the
use of intelligent machines and robotics,
concurrent engineering, real-time
communications, and rapid prototyping;
techniques that were useful to the
production complex as well as in the private
manufacturing arena. A four-building
complex at Sandia California, first designed
to test SDI systems, became in 1992 an
integrated manufacturing technologies
laboratory. Its purpose was to demonstrate
and prototype agile manufacturing, the
ability to switch rapidly from the production
of one product to another while maintaining
low cost and high quality. Roger Hagengruber
described this as a tremendous opportunity
to serve the national interest. Sandia would
develop techniques for flexible, low-cost,
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rapid product cycles for small-lot fabrication,
and quality control methods along with
improved worker safety, rapid information
exchange, and fully integrated research-to-
manufacture capabilities.

Because the smaller complex could not
afford the overhead costs of eatlier years, DOE
made Sandia responsible for prototyping and
small-lot fabrication of various components,
such as the neutron generators formerly
manufactured at the Pinellas plant in Florida.
These devices, which provide the neutron
pulse needed to initiate a nuclear explosion,
must be replaced periodically in existing
weapons, and Sandia would produce the few
hundred needed each year to maintain the
stockpile. For this assignment, Sandia in 1995
created a production group managed by Gary
Beeler, absorbed some of the personnel from
the closed Pinellas plant, and began
modifying a building for the first actual
production, excepting microelectronic
devices, at Sandia since the end of the Road
department in 1952.

Al Narath also announced in 1995 that
Sandia was considering the production of
medical radioisotopes at its annular core
research reactor, formerly used for weapons
testing. [f approved, the reactor would be
used to ensure the supply of molybdenum-
99. One of the most widely used tools for
health diagnostics, the sole North American
source of this medical isotope was an aging
Canadian nuclear reactor.

DIFFICULT VICTORY

“Any time a radical change of direction
takes place, like the one we've seen with the
cessation of testing, you can expect significant
impact on the people,” commented Narath in
1994, “and they are people who have
dedicated much of their careers to that work. [
feel very badly for them. Sometimes victory is
more difficult to take than the battle.”

President Clinton in 1993 and again in
1995 extended the moratorium on nuclear
testing begun by Congress. This directly
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Using innovative mathematical methods
and algorithms, Sandia during the 1990s set
new world records with parallel processing.
This provided a computer-simulation
capability that was especially important for
assessing the safety and reliability of the aging
weapons in the stockpile. Moreover, it could
accommodate Sandia’s complex hydro-
dynamic codes that earned wide acclaim in
1994 by modeling the impacts of the comet
fragments that struck the planet Jupiter.

By 1995, Sandia was using the Intel
Paragon XP/S, the world’s most powerful
production supercomputer, for weapon testing
simulation. The Labs entered into an
agreement with the Intel Corporation for
development of a computer ten times more
powerful than the fastest one operating in
19935, Designed to surpass teraflop speeds (a
trillion floating-point operations per second),
this computer was the early keystone in the
DOE accelerated strategic computing initiative
aimed at transforming nuclear design from
actual tests to virtual simulation. To be located
at Sandia, it would be used chiefly to simulate
nuclear testing and ensure the safety and
reliability of the stockpile. “It is a very
important step,” said Paul Robinson, “in
shifting from a test-centered program to a
computational-centered program.”
Recognizing the intimate relationship between
simulation and testing, Sandia in 1995 merged
its testing and computational simulation
groups into a single information research and

technology division managed by Gerold Yonas.

Sandia’s powerful supercomputers found
commercial applications as well. Sandians
Paul Hommert and Bill Camp pointed out
that they could be used for petroleum
exploration. The petroleum industry had
ships surveying with seismic and other
instruments the potential sites of offshore oil
reserves. These instruments generated
terabytes of data that required months of
analysis by most computers. Results on
Sandia’s Paragon demonstrated that this
computer could accomplish the analysis in a
day, allowing the ships to resurvey promising
sites before leaving an area.

Taking their cue from the three-
dimensional virtual reality games popular at
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video arcades, Sandians described computer
simulation of nuclear tests as “virtual
testing.” This found an echo in the 1995
Galvin Commission report on the future of
the national laboratories. It suggested
networking computer systems among the ten
multiprogram laboratories managed by DOE
to create “virtual laboratories,” which could
share research data to reduce facilities costs.

STOCKPILE STEWARDSHIP

Sandia had served as a steward of the
national nuclear weapon stockpile from its
earliest days. In cooperation with its partner
laboratories and the military services, Sandia
quality assurance experts randomly withdrew
weapons from the stockpile on a regular basis
and evaluated their components in detail.
This was a tool used to assess reliability,
stockpile life, and to determine where
improvements were needed. [t constituted
part of the “cradle-to-grave” responsibility in
which Sandians took pride.

After shepherding nuclear weapons from
their conceptual design (phase 1) through
first production (phase 3), Sandia undertook
stockpile evaluation (phase 6) to ensure
through stockpile sampling and laboratory
and flight testing that the weapons
continued to meet their requirements. If the
evaluations revealed deficiencies, Sandia
provided specific solutions. “We've found
cracked plastics, a silicon lubricant that was
harming polyethylene cables, discovered
some problems involving outgassing and
corrosion — and a number of other
difficulties,” said Frank Muller of Sandia’s
stockpile evaluation group. “These were
taken care of expeditiously with repair,
retrofits, or new designs.”

Sandia’s initial stockpile quality efforts of
the 1940s included inspection, audit, sample
evaluation, and first production inspection.
The introduction of sealed-pit nuclear
packages, of environmentally sealed
warheads, and of one-shot components
reduced the need for field maintenance but
precluded field testing of many components









discovered in these initial cycles were related
to design and production. With the prospect
of nearly 20 new weapon types entering the
stockpile, the decision was made in 1959 to
sample and test newly produced units to
reduce the time before discovery of design
and production defects. A weapon system
was subjected to three different sampling
rates for evaluation during its stockpile
lifetime. The highest rate was during the first
six months of production, followed by a
combination of new material and stockpile
samples for the remainder of production, and
finally just the stockpile samples until two
years before retirement when samphng
ceased.

In 1963, DoD agreed to a Sandia-
originated AEC proposal to include flight
testing to address saome aspects of the
performance of the entire weapon system. At
this time the evaluation program was also
broadened to consider all of the conditions
in which weapons in the stockpile were
expected to function.

Concern over possible problems due to
weapon aging was addressed beginning in
1970 when Accelerated Aging Units were first
selected from production and subjected to
accelerated thermal cycling patterns. This
form of testing provided an early opportunity
to discover material compatibility problems
that escaped detection during development,
production, and new material testing.

More recently, with no weapons in’
production, only the stockpile portion of the
Stockpile Evaluation Program has remained -
-active. Typically, eleven samples of each -
weapon type are randomly taken from the
stockpile each year. These samples are
subjected to some disassembly and
inspection prior to testing, and the non--
nuclear components are then assembled into
a laboratory test bed for system level testing
or into 4 Joint Test Assembly’ for flight -
testing. Although there are variations, in
general the nuclear explosive package from
one sample per year per weapon type is
destructively examined for dimension and
material composition changes by either Los
Alamos or Lawrence Livermore. This sample .
is then retired from the stockpile. For the -

remaining ten samples, the non-nuclear
components, which have not been destroyed
during these tests, are reassembled into the
weapon along with replacement parts (made
during production for this purpose) and new

. nuclear packages and then the weapons are

returned to the stockpile.

Sandia’s mission to continually assess the
nuclear stockpile’s reliability has never

‘changed. However, the methods for

achieving that mission have been modified
in response to changing national policy and
evolving technological 'capabihjﬁies‘
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disassembly, just as it had for manufacture,
‘and it participated in the dismantlement of

* thousands of nuclear weapons under

- stringent new environment, safety, and
health standards. Paul Longmire became
Sandia’s manager for dismantlement,
establishing a field office to work closely with
partners at the Pantex plant in Amarillo.
Issues of safety, transport, storage, safeguards,
personnel safety, and hazardous wastes had to
be resolved rapidly to comply with treaties.

It was necessary to find a faster way of
dealing with the hundreds of nuclear weapon
parts that contained hazardous materials
with strict controls on their storage and
disposal. In 1993, Sandia developed a system
to speed weapon dismantlement by using
radiography to determine the precise location
of interior hazardous materials and an
abrasive water jet to remove them through
precision cutting. Typically, this system could
remove hazardous materials in less than two
minutes.

Sandia performed quality evaluations for
each weapon to be disassembiled and applied
its technology to resolve the challenges. It
developed an automated robotic system to
replace manual operations at Pantex, thereby
reducing worker exposure to radiation. It
found a method to remove explosive charges
from the parachutes taken from laydown
bombs and thereby permit commercial
recycling of the materials.

In the spring of 1995, after a four-year
effort, Jim Harrison’s team, working with
Pantex and Los Alamos teams, disassembled
the last B37, the nuclear depth bomb fielded
by the Navy in 1963. This milestone
completed the first large-scale dismantlement
project. In May, after disassembling as many
as ninety warheads per month, the last W68
was also removed from the stockpile.

But retirement and dismantlement did
not mean the weapons had reached their
graves. Opening burial sites for defense and
civilian reactor wastes became one of the
most controversial challenges in the history
of DOE and of Sandia. Bob Peurifoy aptly
described this challenge as a “thankless job
that must be done.”
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WASTE ISOLATION

Sandia had begun its technical geoscience
studies for DOE at the Waste Isolation Pilot
Plant (WIPP) in 197§, expecting to open it
during the late 1980s to store low-level nuclear
wastes from weapon projects. Delays occurred
during the late 1970s, when President Carter
proposed storing civilian reactor wastes at the
site in addition to defense wastes. Funding was
held up while Congress debated this proposal,
finally deciding that WIPP would store defense
wastes only.

Shaft drilling into the saltbeds began
during the Reagan administration, and in
1983 underground test rooms were opened,
enabling Sandia to conduct full-scale studies
of salt creep, fluid flow, and simulated waste
interactions with the salt. The site was ready
to accept waste by the end of the Reagan
administration, but in 1989 Secretary of
Energy Watkins suspended the opening
pending further safety studies.

While reviews of WIPP by the National
Academy of Sciences, the New Mexico
Environmental Evaluation Group, and other
agencies continued during the early 1990s,
Sandia conducted large-scale brine inflow tests,
instrumenting a room in the saltbed to
measure closure of the room, crack
development, humidity, brine inflow, and pore
pressures, thereby improving the analytical
ability to predict the creep closure and brine
seepage into the underground rooms. Sandia
participated in the checkout testing of 1991
that resulted in readiness certification for the
first shipment of waste to the site.

Although WIPP received readiness
certification in 1991, litigation by the State
of New Mexico over transferring the site from
the Department of Interior to DOE delayed
its opening. After Congress enacted the
necessary land withdrawal bill, DOE decided
not to send wastes to WIPP for any purpose
until EPA certified that the site met
applicable standards. As a result, Sandia’s
main role was to complete its experiments
and prepare a 10,000-year performance
assessment as part of a DOE compliance
application. “The focus is on how safe is it









routes of underground water. They examined
waste decomposition that created gases such as
hydrogen and CO2, looking for safety hazards.
They checked the rate at which brine corroded
metal drums and looked at its effects on glass
and ceramics. Among the findings was the
surprisingly rapid rate of salt creep or
movement into underground chambers, which
Weart declared to be favorable because it
would seal off the wastes faster.

Accuracy in calculating how the salt beds
would react to mining and the heat produced
by radioactive wastes became critical in
predicting the project’s success over the long-
term — 10,000 years or more. Because the
isolation of the wastes could be breached by
drilling into the salt formation, a significant
challenge is to warn future generations of the
existence of the repository. Monuments will
have to be placed on the surface to wam future
generations of the repository’s presence and
potential hazards.

Because he managed Sandia’s studies of
storing nuclear wastes in deep underground
salt beds, Wendell Weart was dubbed the
“Sultan of Salt,” although it is unclear where
the designation originated, whether from the
press or someone at DOE. Whatever the origin,
Weart’s superiors evidently agreed with the
sobriquet: in 1992 he was named DOE Project
Manager of the Year and in 1995 Secretary of
Energy Hazel O’Leary commended him for his
excellent work.

Weart’s oddly cyclic career as a Sandia
geophysicist began at the Nevada Test Site in
1959. For twenty years, he studied the ground
motion and seismic signatures of underground
nuclear blasts — information useful in
detecting secret testing in violation of test-ban
treaties — and the Nevada Test Site geology to
assure that it could contain the radioactivity
from underground tests. These responsibilities
took him to sites outside Nevada where
underground tests investigated the peaceful
uses of nuclear explosives. Among these were
the 1961 GNOMTE test near Carlsbad and the
present WIPP project. During the GNOME
experiment, Weart investigated the ground
motion produced by the nuclear detonation in
the nearby salt beds.

Weart returned to Carisbad in 1974 when
serving on the Governor of New Mexico's
committee reviewing plans for a nuclear waste
repository. In 1975 he managed the Sandia
team that identified unpredictable geologic
problems at the original site and moved the
location about six miles to a site with stable
geology. From studies of blast effects timed in
milliseconds, Weart moved to studies of
geologic stability during coming millennia.

After intensive geotechnical and
hydrological studies, Weart and Sandia in 1980
recommended the WIPP site to the DOE for
continuing investigations. In the following
years, Sandia’s WIPP team became, Weart said,
“the recognized authorities in sait rock
mechanics.” In underground test rooms mined
in the subterranean salt formation in 1983-84,
Sandia’s instruments recorded salt rock
mechanics at various temperatures and
explored such phenomena as salt creep and
the interactions of salt with wastes. This
information was vital to meet the
requirements of regulatory reviews and to
demonstrate that the repository can safely
contain nuclear wastes for a minimum of
10,000 years, although Weart reports that
Sandia’s investigations indicate the WIPP site
will survive for millions of years.

After twenty years as WIPP project
manager, Weart became Sandia’s senior science
advisor for nuclear waste management, and his
purview extended to the Yucca Mountain
Project, a repository for high-level commercial
reactor wastes, proposed at the Nevada Test
Site where Weart’s career began a third of a
century earlier. Perhaps “a man for all ages”
will replace “sultan of salt” as his press
sobriquet.
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when you walk away from this facility,” noted
Lynn Tyler. “How do we contain radioactive
wastes and keep them from entering the
biosphere in 10,000 years?”

Shifting its efforts from experiments to
regulatory compliance, Sandia in 1995 opened
its WIPP operations center in Carlsbad for
what began to appear to be a continuing
assignment. Sandia’s efforts in 1996 focused on
incorporating 20 years of scientific
investigations into a massive performance
assessment of WIPP’s behavior over 10,000
years, culminating in a Compliance
Application to the EPA in October 1996.
Vigorous adversarial debates in the media,
courts, and Congress, in the meantime,
continued over WIPP’s opening. Calling the
project delays ridiculous, Congressman Joe
Skeen sponsored a bill in 1995 to open WIPP
for storage in 1997, and Secretary of Energy
Hazel O'Leary likewise announced her
determination to open the project. “Until
acceptable solutions are found — not just
technically, but politically acceptable — [ don't
see much opportunity for growth,” observed
Narath at Sandia. “We play an important
technical role in the Waste Isolation Pilot Plant
project at Carlsbad and we have a similar role
in the Yucca Mountain high-level commercial
waste repository program.”

Known originally as the Nevada Nuclear
Waste Site Investigations Project and later as
the Yucca Mountain Site Characterization
Project, this project evaluated commercial
reactor waste storage under a bone-dry ridge
at the western edge of the Nevada Test Site. If
opposition to WIPP was vigorous, adversaries
to storage at Yucca Mountain were
vehement, but this controversy lagged
behind that at WIPP by a decade. Although
Dick Lynch and a Sandia team initiated
studies of the thermal, mechanical, and
hydrological properties of tuff rock at the
Yucca site during the late 1970s, it was not
until 1987 that Congress, in a surprising cost-
reduction initiative, assigned Yucca
Mountain top priority as a potential storage
site for high-level nuclear reactor waste.

Many Nevadans opposed storing reactor
wastes in their state, and the state of Nevada
raised legal obstacles to the Yucca Mountain

site studies that went to the U.S. Supreme
Court in 1991. A historian of Nye County,
where the Yucca site was located, analyzed the
political disagreements as follows: project
supporters thought the Yucca Mountain site a
sound choice given the area’s desert climate
and small population, along with the need to
restrict access to the area for many years as a
result of nuclear testing at the Nevada Test Site.
Opponents emphasized the difference between
the low levels of radioactivity from nuclear
testing, compared to the high levels of the
reactor waste to be stored at Yucca Mountain.
They pointed out that most commercial
reactor waste came from the Eastern United
States and contended that Nevada, with the
nuclear testing site and many military
installations, had already contributed more
than its fair share to the nation.

Tom Hunter managed Sandia’s studies in
support of the DOE Nevada operations office
that investigated the Yucca Mountain site
during the 1980s and early 1990s. These
studies produced two large reports, the Site
Characterization plan and the Conceptual
Design report completed in the Sandia groups
managed initially by Leo Scully, and later by
Al Stevens and Joe Tillerson. Hunter asserted
that the plans were to tailor the repository to
conditions at the site, allowing for its geologic
and hydrologic character. Rather than a
vertical shaft as at WIPP, access to the storage
area would be through a tunnel into the
mountain. As Hunter described the plan, the
tunnel would lead to underground chambers
where the wastes would be stored in holes in
the floors and walls. Remote-controlled robots
would handle the wastes and retain the
ability to retrieve them until permanent
closure of the site about fifty years after waste
emplacement began.

Working with DOE and its partner
laboratories, Sandia had major roles in
characterizing rock properties, modeling the
site facilities, and producing conceptual
designs for the exploratory studies facility
under construction at Yucca Mountain in
1995. Sandians took special pride in their
contributions to project performance
assessment far into the future. When DOE in
1993 awarded contract management for the
Yucca project to a consortium led by TRW,
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NATIONAL TUG OF WAR

President Clinton also had a study
underway on the future of national
laboratories, managed by Jack Gibbons, his
science advisor. After reviewing the subject,
the President in late 1995 announced that
“the continued vitality of all three DOE
nuclear weapons laboratories will be
essential,” and that his office would resist
efforts to cut back the national laboratory
system.

Congressman Steve Schiff of New Mexico
explained that Sandia and other national
laboratories were caught in a Congressional
“tug of war” over their future. Some members
of Congress advocated the formation of a
Department of Science to include the
laboratories. Others called for eliminating the
Department of Energy and creating a
national lahoratories closure commission,
and still others proposed transferring Sandia
and its partner laboratories to the
Department of Defense.

Amidst this sometimes confusing
national debate, Sandia continued to change
and seemed to prosper. Facilities manager
Neil Hartwigsen reported in late 19985 that
Sandia had more construction underway
than at any time in its history. “It’s huge,” he
exclaimed, describing the replacement of
structures dating back to the 1940s with
modern buildings to provide Sandia’s
infrastructure for the 21st century. He listed
seven major structures under construction
during 1995, each of them specifically
approved by Congress as a capital line item
in the budget, plus more general plant
projects in progress than ever before. Clearly,
Sandia would have a much improved
physical plant as it entered the 21st century.

As national defense funding declined
during the 1990s, a series of mergers among
detense contractors ensued. In 1995 Martin
Marietta merged with Lockheed Corporation,
an aerospace defense firm famous for
developing Stealth aircraft. As a result of this
merger, the name of Sandia’s contract
manager became Lockheed Martin. President
Al Narath and deputy director Jim Tegnelia

___The Agile Laboratories

left Sandia in August 1995 to hecome
directors of Lockheed Martin’s Energy and
Environment sector with offices in
Albuquerque. By this transfer, they accepted
responsibility for strategic management not
only of Sandia, but also of Oak Ridge, the
Idaho National Engineering Laboratory, and
other DOE facilities under Lockheed Martin’s
purview. “We've had a wonderful past, and
the future is in everyone’s hands,” said
Narath as he left Sandia. “Aim high!”

RENAISSANCE
LABORATORIES

The successors to Narath and Tegnelia at
Sandia in late 1995 were C. Paul Robinson
and John Crawford. After earning degrees
from Phillips and Kansas State University,
Crawford joined Sandia in 1962, working in
solid-state electronics and weapon programs
until he became manager of Sandia
California in 1987. Robinson earned degrees
from Christian Brothers College and Florida
State University and joined Los Alamos
National Laboratory in 1967, working in its
nuclear testing and advanced concepts
groups. After directing the Los Alamos
defense programs, he became senior vice
president and principal scientist for Ebasco
Services. He then was appointed U.S.
Ambassador to lead negotiations of protocols
to the Threshold Test Ban and Peaceful
Nuclear Explosions treaties.

Robinson came to Sandia in 1990 as
systems analysis director and subsequently
became vice president for laboratory
development. He perceived Sandia’s internal
operations as far too complex and unwieldy,
yet he admitted, “When it works right, it is
beautiful to behold.”

In line with the recommendations of
DOE and the Galvin Commission, along with
the trend apparent in Congress, Robinson
continued the efforts begun by Narath to
streamline Sandia. He sought to renew
Sandia’s focus on the defense and energy-
environment programs sponsored by its
principal customer, the Department of
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Notes on Sources

Due to the nature of Sandia’s work, many of the sources used in writing this history arc classified or
limited in distribution and thus inaccessible to researchers without appropriate clearances. The following
discussion is meant to serve only as a guide to further reading for those interested in knowing more
about a particular topic.

Information about Sandia’s technical programs has been reported in the Sandia Science News, Sandia
Technology, and in the nearly 100,000 official Sandia reports — both unclassified and classified —
produced by the Laboratories since its inception. We have included references to some of the relevant
reports in this discussion. Copies of unclassified reports are avajlable from the National Technical
Information Service.

The names of the cxpert reviewers are included in the sections they reviewed. In addition, Bill Stevens
reviewed the Prologue and the first five chapters in detail, while Orval Jones and Charlie Winter reviewed
the entire manuscript. Including the names of the reviewers in no way implies their endorsement of the
material, but serves to further explain our sources and to express our gratitude to these experts. Any
inaccuracies remaining in the text are the responsibility of the author and editors.

The Sandia National Laboratories Corporate Archives in Albuquerque, NM is referred to as SNL Archives.

PROLOGUE

A great deal has been written about both the structure of the nuclear weapons complex and post-
World War II engineering and science. The Atomic Energy Act and its amendments can be found in U.S.
Congress, Joint Committee on Atomic Energy, Atomic Energy Act of 1946 and Amendments (Washington,
DC: U.S. Government Printing Office, 1971). The early history of atomic weapons and the Atomic Energy
Commission is thoroughly outlined in Richard G. Hewlett and Oscar Anderson, Jr., The New World, 1939-
1956, Vol. 1 of A History of the United States Atomic Energy Commission (University Park: Pennsylvania State
University Press, 1962); Richard Hewlett and Francis Duncan, Atontic Shield, 1947-1952, Vol. 2 of A History
of the United States Atomic Energy Commission (University Park: University of Pennsylvania Press, 1969);
Richard Hewlett and Jack Holl, Atoms for Peace and War, 1953-1961, Vol. 3 of A History of the United States
Atomic Energy Commission (Berkeley: University of California Press, 1989). Daniel J. Kevles, The Physicists:
The History of a Scientific Community in Modern America (New York: Knopf, 1977), and Bruce L. R. Smith,
American Science Policy Since WWII (Washington, DC: The Brookings Institution, 1990) discuss the
changing nature of the relationship between the federal government and the science and engineering
communities. The impact of World War II and the move from war to peace are addressed in the articles
contained in Robert Seidel and Paul Henriksen, eds., The Transfer of Technology from Wartime Los Alamos to
Peacetime (Los Alamos: Los Alamos National Lahoratory, 1992). Technological enthusiasm is discussed in
‘Thomas P. Hughes, American Genesis: A Century of Invention and Technological Enthusiasm, 1870-1970 (INew
York: Viking, 1989). An overview of the Department of Energy (DOE) nuclear weapons research,
development, and testing program, including a summary of the division of responsibilities between DOE
and the Department of Defense {(DoD) can be found in Glen R. Otey, DOE Nuclear Weapon RD&T:
Objectives, Roles, and Responsibilities, SAND89-1243 (Albuquerque: Sandia National Laboratories, 1989).
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CHAPTER 1I: FROM Z TO A CORPORATION

A model for comparative history of government laboratories is provided by Hans Marks and Arnold
Levine, The Management of Research Institutions: A Look at Government Laboratories (Washington, DC: National
Aeronautics and Space Administration, 1984). To compare Sandia’s historical evolution with other
laboratories, consult Robert Crease, “The History of Brookhaven National Laboratory: Part One,” Long Island
Historical Journal 3 (Summer 1991): 167-87, and “The History of Brookhaven National Laboratory: Part
Two,” Long Island Historical Journal 4 (Spring 1992): 138-61; Leonard Greenbaum, A Special Interest: The
Atomic Energy Commission, Argonne National Laboratory, and the Midwestern Universities (Ann Arbor: University
of Michigan Press, 1971); David Hawkins, Edith Truslow, and Ralph Smith, Project Y: The Los Alamos Story
(Los Angeles: Tomash Publishers, 1983); J. L. Heilbron and Robert Seidel, Lawrence and His Laboratory:

A History of the Lawrence Berkeley Laboratory, Vol. 1 (Berkeley: University of California Press, 1989); Leland
Johnson and Daniel Schatfer, Oak Ridge National Laboratory: The First Fifty Years (Knoxville: University of
Tennessee Press, 1994); William Klingaman, APL-Fifty Years of Service to the Nation (Laurel, MD: Applied
Physics Laboratory, 1993); and Lawrence Livermore National Laboratory, Preparing for the 21st Century: 40
Years of Excellence, UCRL-AR-108618 (Livermore, CA: Lawrence Livermore National Laboratory, 1992).

Among the many histories of the Manhattan Project are F. G. Gosling, The Manhattan Project: Making the
Atomic Bomnb, Energy History Series, DOE/HR-0096 (Washington, DC: Department of Energy, 1994);
F. G. Gosling, The Manhattan Project: Science in the Second World War, Energy History Serics, DOE/MA-0417P
{Washington, DC: Department of Energy, 1990); Stephane Groueff, Manhattan Project: The Untold Story of the
Making of the Atomic Bomb (Boston: Little, Brown and Company, 1967); Leslie R. Groves, Now If Can Be Told:
The Story of the Manhattan Project (New York: Harper & Row, 1962); Barton Hacker, The Dragon’s Tail:
Radiation Safety in the Manhattan Project, 1942-1946 (Berkeley: University of California Press, 1987); Hawkins,
Truslow, and Smith, Project Y: Hewlett and Anderson, The New World, 1939-1946; Lillian Hoddeson, Paul
Henriksen, Roger Meade, and Catherine Westfall, Critical Assembly: A Technical History of Los Alamos during
the Oppenheimer Years, 1943-194S (Cambridge: Cambridge University Press, 1993); Vincent Jones, Manhattan:
The Army and the Afomic Bomb, United States Army in World War II series (Washington, DC: Center of
Military History, 1985); John Manley, “Assembling the Wartime Labs,” Bulletin of the Atomic Scientists 30
(May 1974): 42-48; Kenneth Nichols, The Road to Trinity (New Yock: William Morrow and Co., 1987);
Richard Rhodes, The Making of the Atomic Bomb (New York: Simon and Schuster, 1986); James Les Rowe,
Project W-47 (Livermore, CA: Ja A Ro Publishing, 1978); and Henry D. Smyth, Atomic Energy for Military
Purposes: The Official Report on the Development of the Atomic Bomb Under the Auspices of the United States
Government, 1940-1945 (Washington, DC: U.S. Government Printing Office, 1945).

Information about Sandia’s site is found in Don Alberts and Allan Putnam, A History of Kirtland Air
Force Base, 1928-1982 (Albuquerque: Kirtland Air Force Base, 1982); and Kirtland Air Force Base, Through
the Years (Albuquerque: Kirtland Air Force Base, 1991). See also, Ralph Baldwin, The Deadly Fuze: The Secret
Weapon of World War I (San Rafael, CA: Presidio Press, 1980.

Sandia’s formation and early history is described in Frederic Alexander, History of Sandia Corporation
Through Fiscal Year 1963 (Albuquerque: Sandia Corporation, 1963); David Lilienthal, “The Kind of Nation
We Want,” Colliers, 14 June 1952, p. 49; Kimball Prince, Sandia Corporation: History of Formation, February-
October 1949 (Albuquerque: Sandia Office of Counsel, 1960); Rowe, Project W-47; and Necah Furman,
Sandia National Laboratories: The Postwar Decade (Albuquerque: University of New Mexico Press, 1990),
which cites primary sources for Sandia‘s early history. Glenn Fowler served as subject expert for the
sections pertaining to Z-Division activities.

Documents on Z-division can be found in the Los Alamos National Laboratory Archives in
collections 310.1 “Z” 1/47 thru 11/48; 310.1 Z-Div.; and A-84-019, Files 7-3, 36-10, and 49-9.
Correspondence in the SNL Archives relating to Sandia’s formation includes letters to Frederic Alexander
from Leslie R. Groves, 6 June 1961; Robert Oppenheimer, 25 May 1961; Wilbur Schaffer, Jr.,, 10 May 1962;
James McCormack, 5 December 1961; Alvin Graves, 30 June 1961; and Lyle Seeman, S February 1962;
and Mervin Kelly to D. P. Severance, 25 July 1961. Also consult the Sandia Corporation, Annual Report
(classified), first issued in 1950, for pertinent years; copies are held in the SNL Archives.
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Planning, implementation, and results of Operation Crossroads are described in William A. Shurcliff,
Bombs at Bikini: The Official Report of Operation Crossroads (New York: W. H. Wise, 1947); and Jonathan M.
Weisgall, Operation Crossroads: The Atomic Tests at Bikini Atoll (Annapolis: Naval Institute Press, 1994). The
section on Crossroads was reviewed by Glenn Fowler.

For the early history of the Atomic Energy Commission (AEC), consult Corbin Allardice, The Atomic
Energy Commission (Ncw York: Praeger Publishers, 1974); Alice Buck, A History of the Atomnic £nergy Commission,
DOL/ES-0003/1 (Washington, DC: Department of Energy, 1983); Hewlett and Duncan, Atornic Shield, 1947-
1952; Hewlett and Holl, Atoms for Peace and War, 1953-1961; David Lilienthal, The Journals of David E.
Lilienthal, 2 vols. (New York: Harper and Row, 1964); Henry Smyth, “The Role of the National Laboratories in
Atomic Energy Development,” Bulletin of the Atomic Scientists 6 (January 1950): 5-8; and U.S. Congress,
Senate, Report of the United States Atomic Energy Commission, 80th Cong., 2d sess., 1948, S. Doc. 118.

The early history of the AEC Santa Fe and Albuquerque Operations Offices is detailed in Sandia
Bulletin, 22 June 1951, 18 January 1952, 10 October 1952, and 21 November 1952; and in the Sandia
Lab News, 15 January 1954, 16 July 1954, 27 August 19534, 8 October 1954, and 1 July 1955. See also,
Department of Energy, Story of Albuguerque Operations, AL pamphlet 3100-02 (Albuquerque: DOE
Albuquerque Operations Office, 1978); Department of Energy, AL Vistas (Albuquerque: DOE Albuquerque
Operations Office, 1985); and Department of Energy, DOE THIS MONTH, October 1995, pp. 8-11.

Early weapons are described in the series of weapon histories written primarily by Frederic Alexander;
see Sandia Corporation, History of the Mark 4 Bomb, SC-M-67-544 (Albuquerque: Sandia Corporation,
1967) (classified); History of the Mark 5 Bomb, SC-M-67-545 (Albuquerque: Sandia Corporation, 1967)
(classified); History of the Mk 5 Warhead, SC-M-67-546 (Albuquerque: Sandia Corporation, 1967)
(classified); and History of the Mk 6 Bomb (Including the TX/XW-13, Mk18 and TX-20), SC-M-67-726
(Albuquerque: Sandia Corporation, 1967) (classified). An overview of Operation Sandstone planning and
organization is presented in Sandia Laboratory Group, Sandstone Report 41: Scientific Director’s Report of
Atomic Weapon Tests at Eniwetok, 1948, Annex 17, Parts [ and 11l (Albuquerque: Sandia Laboratory, 1948).
On the Korean War and the pressure to increase the nuclear stockpile, as well as discussion of several
early weapon systems, see Roger M. Anders, Forging the Atomic Shicld: Excerpts from the Office Diary of
Gordon E. Dean (Chapel Hill: University of North Carolina Press, 1987). Glenn Fowler, Tom Marker, Del
Olson, and Phil Owens reviewed the sections pertaining to early weapon programs, including emergency
capability. Glenn Fowler also reviewed the scctions on weapon effects and reliability. The Greenfruit
section was reviewed by Tom Marker.

Histories of AT&T and Bell Laboratories include John Brooks, Telephone: The First Hundred Years (New
York: Harper & Row, 1976); M. D. Fagen, ed., A History of Engineering and Science in the Bell System:
National Service in War and Peace, 1925-1975 (Murray Hill, NJ: Bell Telephone Laboratories, 1978); and
Prescott Mabon, Mission Communications: The Story of Bell Laboratories (Murray Hill, NJ: Bell Telephone
Laboratorics, 1975).

CHAPTER II: THE EISENHOWER BUILDUP

Among reviews of nuclear weapon policies during the Eisenhower administration are Michael
Armacost, The Politics of Weapons Innovation: The Thor-Jupiter Controversy (New York: Columbia University
Press, 1969); Robert A. Divine, Blowing on the Wind: The Nuclear Test Ban Debate, 1954-1960 (New York:
1978); Robert A. Divine, The Sputnik Challenge (New York and Oxford: Oxford University Press, 1993);
Lawrence Freedman, The Evolution of Nuclear Strategy (New York: St. Martin’s Press, 1983); Fred Kaplan,
The Wizards of Armageddon (New York: Simon and Schuster, 1983); Richard Rhodes, Dark Sun: The Making
of the Hydrogen Bomb (New York: Simon & Schuster, 1995); Matthew Taylor, “Toward a Nuclear Strategy:
Eisenhower and the Challenge of Soviet Power, 1952-1956,” Ph.D. dissertation, Rice University, 1992; and
Herbert York, Making Weapons, Talking Peace: A Physicist’s Odyssey from Hiroshima to Geneva (New York:
Basic Books, Inc., 1987).
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Personal accounts of Eisenhower policy and the arms race include James R. Killian, Sputnik, Scientists,
and Eisenhower: A Memoir of the First Special Assistant to the President for Science and Technology (Cambridge:
MIT Press, 1977); George B. Kistiakowsky, A Scientist at the White House: The Private Diary of President
Eisenhower’s Special Assistant for Science and Technology (Cambridge: Harvard University Press, 1976); Frank
H. Shelton, Reflections of a Nuclear Weaponeer (Colorado Springs, CO: Shelton Enterprises, Inc., 1988);
Herbert York, Race to Oblivion: A Participant’s View of the Arms Race (New York: Simon and Schuster, 1970);
and York, Making Weapons.

Alexander, Sandia Corporation, and Furman, Sandia National Laboratories, review Sandia’s history
during the 1950s. See also, Arch Napier, “Sandia Corporation: On the Frontier of Engineering,” in Sandia
Corporation, Albuquerque, New Mexico, brochure, reprinted from Sun Trails Magazine, 1954. Among primary
sources are Sandia Corporation, Annual Report (classified); Sandia Bulletin; and Lab News. Also useful are
speeches by George Landry, Donald Quarles, James McRae, Robert Henderson, and various staff members
in Collection 76, Speeches by Sandia Management, SNL Archives.

For Sandia’s early production roles, see Sandia Corporation, A Summary of 2100, brochure
(Albuguerque: Sandia Corporation, 1951) held in the SNL Archives.

Information on some early nuclear weapons can be assembled from Don Bohrer, “8100 Directorate:
The First Thirty Years,” internal report (limited), 1987, Collection 69, Livermore History, SNL Archives;
Sandia Corporation, History of the Mk 7 Bomb, SC-M-67-547 (Albuquerque: Sandia Corporation, 1967)
(classified); History of the Mk 7 Warhead, SC-M-67-548 (Albuquerque: Sandia Corporation, 1967)
(classified); History of Gun-Type Bombs and Warheads, Mks 8, 10, and 11, SC-M-67-658 (Albuquerque:
Sandia Corporation, 1967) (classified); History of the Early Thermonuclear Weapons, Mks 14, 15, 16, 17, 24,
and 29, SC-M-67-658 (Albuquerque: Sandia Corporation, 1967) (classified); History of the Mk 25 Warhead,
SC-M-67-663 (Albuquerque: Sandia Corporation, 1967) (classified); History of the Mk 27 Weapon,
SC-M-67-664 (Albuquerque: Sandia Corporation, 1967) (classitied); History of the Mk 28 Weapon, SC-M-67-665
(Albuquerque: Sandia Corporation, 1968) (classified); History of the Mk 30 Warhead, SC-M-67-666 (Albuquerque:
Sandia Corporation, 1967) (classified); History of the Mk 43 Bomb, SC-M-67-675 (Albuquerque: Sandija
Corporation, 1968) (classified); and History of the Mk 54 Weapon, SC-M-67-686 (Albuquerque:

Sandia Corporation, 1968) (classified). Phil Owens reviewed the information pertaining to emergency
fusion bombs.

A short overview of weapon assembly facilities and the Pantex Plant is provided in George T. West,
United States Nuclear Warhead Assembly Facilities (1945-1990) (Amarillo, TX: Mason & Hanger — Silas
Mason Co., Inc., Pantex Plant, 1991).

On laydown bomb development, sce Randy Maydew, “Some Bomb Background,” NAM News 3
(November 1994): 5-6; Sandia Corporation, Hllustrations of Contributions from Research and Technology to
Development of Nuclear Weapons Systems and Subsystems — An AEC Input to Project Hindsight, SC-WD-66-366
(Albuquerque: Sandia Corporation, 1966), unclassified version held in the Sandia Histories Collection,
SNL Archives. On the history of parachute development, see R. C. Maydew and C. W. Peterson, Design
and Testing of High-Performance Parachutes, AGARD-AG-319 (Neuilly-sur-Seine, France: Advisory Group for
Aerospace Research & Development (AGARD), 1991). For a description of aerodynamic test facilities, see
R. C. Maydew, Sandia Laboratory Aerodynamic Test Facilities, SC-4937(M) (Albuquerque: Sandia Laboratoty,
1963). Randy Maydew and Alan Pope served as expert reviewers on parachute development. Ted Church
reviewed the section called “Zippers,” while Jay W. Grear, Jr. and Del Olson served as subject experts for
one-shot components. The discussion of the building block concept was reviewed by Del Olson and Walt
Treibel.

Information on nuclear testing during the 1950s may be obtained from John Banister, Historical
Sketches of Sandia National Laboratories Nuclear Field Testing, SAND93-7054 (Albuquerque: Sandia National
Laboratories, 1994); see also, Everett Cox, “Atomic Bomb Blast Waves,” Scientific American 188 (April
1953): 94-102.
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The creation of Lawrence Livermore National Laboratory is discussed in Lawrence Livermore National
Laboratory, Preparing for the 21st Century; and York, Making Weapons. On the formation of Sandia
Laboratories in California, see reports in Sandia Lab News, 1956-58; sce also, Bohrer, “8100 Directorate.”

Doug Ballard reviewed the section on handling safety devices generally, while Jack Wiesen focused
on quality aspects.

General histories of the Polaris project include James Baar and William Howard, Polaris! (New York:
Harcourt, Brace and Co., 1960); and Harvey Sapolsky, The Polaris System Development: Bureaucratic and
Programmatic Success in Government (Cambridge: Harvard University Press, 1972).

CHAPTER III: FROM MORATORIUM TO TEST BAN TREATY

The history of nuclear testing is summarized in Roger Anders, The United States Nuclear Weapon
Testing Program: A Summary History, DOE/ES-0005 (Washington, DC: Department of Energy, 1986); and
Banister, Historical Sketches. See also, John Weydert, “Fast-Acting Blast Doors Protect Nuclear
Expertiments,” Machine Design, 25 March 1982, pp. 84-85. For analysis of the 1958 moratorium and the
eventual return to testing, see William Ogle, An Account of the Return to Nuclear Weapons Testing by the
United States after the Test Moratorium, 1958-1961 (Las Vegas: DOE Nevada Operations Office, 1985), a
declassified version of this publication is available at DOE/NV Coordination and [nformation Center, Las
Vegas, Nevada, document number NVO291. A comprehensive list of American nuclear tests is contained
in Department of Energy, United States Nuclear Tests, July 1945 through September 1992, DOE/NV-209 (Rev.
14) (Washington, DC: U.S. Government Printing Office, 1995). Film footage of several atmospheric tests
has been collected and restored in Peter Kuran, producer, Trinity and Beyond (Sylmar, CA: VCE, Inc,,
1996). Expert review on nuclear testing was provided by Carter Broyles, Richard Eno, Clarence Mehl, and
Jim Scott.

Views of AEC chairmen during the moratorium are found in Lewis Strauss, “The U.S. Atomic Energy
Program, 1953-1958,” Bulletin of the Atomic Scientists 14 (September 1958): 256-58; Glenn Seaborg,
Kennedy, Khruschev, and the Test Ban (Berkeley: University of California Press, 1981); Glenn Seaborg,
Stemming the Tide: Arms Control in the Johnson Years (Lexington, MA.: D. C. Heath and Co., 1987).
Planning for AEC laboratories in the 1960s is discussed in U.S. Congress, Joint Committee on Atomic
Energy, The Future Role of the Atomic Energy Conmission Laboratories, 86th Cong., 2d Sess., 1960; and
V. Lawrence Parsegian, “On the Role of Government Laboratories,” Bulletin of the Atomic Scientists 22
(September 1966): 35-36.

For Sandia’s general history during the 1950s, consult Furman, Sandia National Laboratories; the
Sandia Lab News; Sandia Corporation, Annual Report (classified); and the speeches of E. G. Given, Max
Howarth, James McRae, Ray Powell, and Siegmund Schwartz in Collection 76, Speeches by Sandia
Management, SNL Archives. Especially useful are articles on Sandia ordnance engineering in Sandia Lab
News, 29 November, 13 December, 27 December 1957; and 10 January, 24 January, and 7 February 1958.
Descriptive as well is the 1958 recruiting film made for Sandia Cotporation, The Sandia Story (Hollywood:
Lookout Mountain, 1958), on videotape in the SNL Archives. Charles Burks and Tom Edrington provided
expert review of Sandia’s weapon programs for this period. Doug Ballard served as expert reviewer of the
discussion of timers, while Ray Schultz reviewed the section on storage sites.

Project Sherwood is discussed in Amasa Bishop, Project Sherwood: The U.S. Program in Controlled Fusion
(Reading, MA: Addison-Wesley Publishing Co., 1958); and Joan L. Bromberg, Fusion: Science, Politics, and
the Invention of a New Energy Source (Cambridge: MIT Press, 1982). The section on diversification was
reviewed by Howard Stump.

On Plowshare studies, see Atomic Energy Commission, Project GNOME, ALO Pamphlet 3100-1
(Albuquerque: DOE Albuquerque Operations Office, 1961); Banister, Historical Sketches; Gerald W. Johnson,
“Excavation with Nuclear Explosives,” Physics Today (November 1963): 38-44; F Kreith and C. B. Wrenn,
Nuclear Impact — A Case Study of the Plowshare Program to Produce Natural Gas by Underground Nuclear
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Stimuylation in the Rocky Mountains (Boulder, CO: Westview Press, 1976); Dan O’Neill, “Project Chariot: How
Alaska Escaped Nuclear Excavation,” Bulletin of the Atomic Scientists (December 1989): 28-37; Proceedings of
the Second Plowshare Symposium, May 13-15, 1959, San Francisco, California; Part II: Excavation, UCRL5676
{(Livermore, CA: University of California Radiation Laboratory); and Luke J. Vortman, “Ten Years of High
Explosive Cratering at Sandia Laboratory,” Nuclear Applications & Technology 7 (September 1969): 269-304.
Byron Murphey, Jack Reed, Dean Thornbrough, Wendell Weart, and Luke Vortman served as subject
expert reviewers for the section on Plowshare.

Sandia’s activities at the Salton Sea Test Base are delineated in Phillip R. Owens, A History of the Salton
Sea Test Base, SC-M-68-429 (limited) {(Albuquerque: Sandia Corporation, 1964). For a history of Tonopah
Test Range see Leland Johnson, Tonopah Test Range: Outpost of Sandia National Laboratories, SAND96-0375
(Albuquerque: Sandia National Laboratories, 1996). An account of testing doie much later at Tonopah is
included in “Tonopah Test Range: Testing of Weapons and Their Delivery Systems,” Sandia Technology
{(October 1983): 10-19. A discussion of Tonopah itself is found in Robert McCracken, Tonopah: The Greatest,
the Richest, and the Best Mining Camp in the World (Tonopah, NV: Nye County Press, 1992), pp. 68-69. Ron
Bentley reviewed the section on Tonopah Test Range.

The history of nuclear reactors and particle accelerators at Sandia is traced in A. Hasenkamp, Final
Hazards Summary for the Sandia Engineering Reactor Facility, SC-4522 (Albuquerque: Sandia Corporation, 1961);
Sandia National Laboratories, Environmental Impact Assessment: Sandia Laboratories, Albuguerque, New Mexico,
EIA/MA 77-1 (Albuquerque: Sandia Laboratories, 1977); and Richard Claassen to Orval Jones, 3 September
1993, in SNL Archives. Department of Energy, Pinellas Plant Facts, MMSC-SP-008 (Pinellas, FL: Martin
Marietta, 1992) briefly outlines this plant’s history. Origins of scientific research at Sandia are discussed in
Glenn Fowler to James McRae, 18 February, 1957, in SNL Archives. See also, Sandia Corporation, Fundamental
and Applied Physical Research at Sandia Laboratory, pamphlet (Albuquerque: Sandia Corporation, 1960).

Origins of Sandia’s earth-penetrator studies are reviewed in T. W. H. Caffey, “Communication with an
Earth Penetrator,” Sandia Technology (June 1976): 29-31; Norman Carlisle, “Probe Earth’s Secrets,” Science
& Mechanics, January 1969; “It’s Terradynarnic,” Newsweek, 25 March 1968, p. 82; “Projectiles Reveal
Subsurface Secrets,” Engineering News-Record, 21 March 1968, p. 68; and P. L. Walter and C. E. Dalton,
“Terradynamics,” Sandia Technology (May 1981): 3-10. Bill Caudle, Pat Patterson, and Alan Pope served as
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Development of the strained-layer superlattice is traced in Gordon Osbourn, “Strained-Layer
Superlattices,” Sandia Technology (October 1986): 2-14; “Prize Honors Originator of Strained-Layer
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conferences on pulsed power, the proceedings of which have been published; see, for example, Proceedings
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Take Expanded Role in Nuclear Weapons Development,” Aviation Week & Space Technology, 29 August
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“Modeling Shock Initiation of Granular Explosives,” Sandia Technology (October 1983); and “The USS lowa
Explosion,” Sandia Technology (1992): 40-41; see also, investigative summaries printed in Sandia Lab News.
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31 October 1988, pp. 35-36. Sandia’s contacts with tiger teams and environment, safety, and health
programs may be traced in Sandia Lab News, 1989-1993, and Nestor Ortiz, “Protecting Environment,
Safety, and Health: Responsibility of Every Sandian,” Sandia Engineering and Science Accomplishments
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For SAR and related technologies, consult Carolyne M. Hart, SAR Applications Testbed: An Experimental
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Government’s Nuclear Arms Research,” Wall Street Journal, 22 October 1982; Elizabeth Cotcoran,
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