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PREFACE

This report is one in a CNSS series that surveyvs the development of nuclear weapons
over the past forty-five years. The unifying themes throughout the series are the technical
advances and failures associated with new weapon systems. and the creation of the
stockpile. \
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A SHORT HISTORY OF THE U.S. NUCLEAR STOCKPILE:
1945-1985 (U)

Raymond Pollock

ABSTRACT (U)

This report, one in a series concerned with the history of nuclear-
weapons research and development, examines the evolution of the U. S.

nuclear weapons stockpile.

The report distinguishes between weapon

requirements resulting from strategic and operational demands and re-

quirements created by technological advances.

The acquisition of nu-

clear weapons through four distinct, evolutionary phases is also re-

viewed.

INTRODUCTION

The purpose of this report is to identify the
possible causes of significant change in the
U.S. nuclear-weapons stockpile as it evolved
between 1945 and 1985. While we will
be concerned with the relationship between
stockpile characteristics and national security
policy, we concentrate on qualitative changes
rather than on inventories. Our principal in-
terest is to distinguish between weapon re-
quirements generated by strategic and opera-
tional demands and those resulting primarily
from opportunities created by the advance of
technology.

As a first step, we examine the diver-
sity of the U.S. nuclear-weapons stockpile,
or more particularly, its variation over time.
Figure 1 shows the total number of distinct
weapon systems (as distinguished by mark

~ number), both strategic and tactical (non-

strategic) weapons. The bar charts of Fig. 2

indicate, for the strategic category, system

entries and retirements; the net of these de-

termines the data points of Fig. 1. Fig-
ure 3 shows entries and retirements for non-
strategic systems. Examination of these fig-
ures leads to the conclusion that between
1945 and 1985 the U.S. nuclear-weapons ac-
quisition process proceeded in four distinct
phases.

In the early postwar phase (1945-1950),
the stockpile remained based on the wartime
Fat Man and Little Boy designs. Air Force
heavy bombers provided the only delivery
vehicles, and the “atomic” bomb was clearly
seen as solely a strategic weapon of awesome
power.

During the second phase (1950-1955), the
variety of stockpiled systems grew quite
rapidly, as the results of postwar R&D al-
lowed lighter, more efficient fission bombs
to be developed. New, heavier bombers
made possible the entry into stockpile of the
first huge, high-yield, “emergency capabil-
ity” thermonuclear weapons. And the first
weapons developed especially for tactical ap-
plications made their appearance.

“D
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Fig. 1. Nuclear weapons stockpile census.
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" Fig. 2. Strategic systems—yearly changes.
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Fig. 3. Nonstrategic systems—yearly changes.

The third phase, extending from about
1955 to 1965, was characterized by mas-
sive growth and turnover. The develop-
ment of practical thermonuclear weapons
coupled with the introduction of ballistic-
missile delivery systems led to the entry
of 16 new strategic systems into the stock-
pile, while at the same time’ 10 weapon
systems were retired. Delivery platforms
were developed and deployed that estab-
lished all three legs of the current Triad,
and the strategic planning process was re-

_ fined into the Single Integrated Opera-

tional Plan (SIOP). Equally impressive is
the surge experienced in tactical/theater
weapon systems—17 introduced and only
3 retired. Toward the end of this period,
the stockpile reached its all-time high in
terms.of total number of weapons deployed
and included a number of different weapon
systems (33) that has only recently been
exceeded. o

The fourth phase, extending from 1965 to

1985, appears to be a period of relative sta-
bility. The total number of active systems
remained relatively constant, with the rate
of new introductions matched by an equal
rate of retirements and with neither rate ap-
proaching anywhere near the hectic pace
of 1955-1965. The number of individual
weapons stockpiled has declined markedly
from the peak, and the total megatonnage
dropped even more rapidly as moderate-
yield systems replaced earlier thermonu-
clear weapons for bombers and for the
second-generation missile forces.

From this, one might draw the con-
clusion that nuclear-weapons technology—
or demand—reached essential maturity ap-
proximately 20 years ago and has been
largely in a state of refinement ever since.
An examination in some detail of the actual
circumstances dictating the complexion of
today’s stockpile should reveal the degree
to which this is correct. In carrying out
this investigation, our major concentration

UNCLASSIFIED
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will be on the years following the intro-
duction of thermonuclear weapons and the
development of the first SIOP. i.e.. the mid-
to-late 1950s on. We will deal only lightly
with the opening decade of the nuclear era.

which is already the subject of an exten- -

sive literature. There is little question that
in this early phase of nuclear development.
technology drove policy almost without ex-
ception.

DEVELOPMENTS TO 1965
Phases I and II: The First Decade

The opening of the nuclear age at Alam-
ogordo in July 1945 demonstrated that man
now had the ability to release explosive en-
ergy on a hitherto inconceivable scale and
fundamentally changed perceptions of war-
fare, probably for all time. With this suc-
cess, the scientists and engineers of the
Manhattan District wrote an indelible fin-
ish to the extraordinary surge in technology
that characterized World War 1I. For the
foreseeable future, technology would dom-
inate military science, and it appeared that
nuclear-weapon technologists would dom-
inate technology. The implosion device
tested at Alamogordo was the prototype of
the Fat Man weapon used August 9, 1945,
to destroy Nagasaki and to end World
War II. The gun-type Little Boy dropped
over Hiroshima on August 6 had no prior
test, so confident were its designers. Thus.
by the close of the war the two distinct pat-
terns of fission-weapon that have formed
the functional basis for the U. S. nuclear-
weapons stockpile ever since were estab-
lished and demonstrated. But there was
room for improvement.

In the immediate postwar years, efforts to
better understand the destructive potential
of nuclear weapons took priority, leading
to the Bikini Able and Baker tests of Op-
eration Crossroads to determine the effects

- of air and underwater bursts on ships. The |
i major force shaping the U. S. stockpile was '
i i ials | JAN, approved in December 1948, called
jfor 133 nuclear weapons on 70 cities. In:

*The Mk-IV(or B4} entered the stockéiie ;

in early 1949.

To this point. the strategic bomber was
the only platform that ever had—or could
have—delivered a nuclear weapon. Army
B-29s delivered the Hiroshima and Na-
gasaki bombs and the air-dropped tests in
the Pacific. Only specially modified B-29s
could carry the heavy, bulky Fat Man;
through most of 1948, the Strategic Air
Command (SAC) had 30 such airplanes.
The nuclear-capable B-50 entered service
in 1948, and SAC finished the year with a
total of 60 nuclear-capable aircraft.

Planning for nuclear war was similarly
limited. World War II experience had
shown that attacks on specific functions
were more damaging to the enemy’s war-
making capacity than was the indiscrimi-
nate bombing of urban areas. But Russia
was a vast and largely undefined target.
When serious planning for nuclear strikes
began, the small inventory of weapons
did not allow for precision destruction of
significant military capability: war plan
BROILER in 1947 called for 34 weapons
to be used on 24 cities. But as the stockpile
'expanded, so did the target list. Plan TRO-

s
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- May 1949, a study headed by Air Force

~ vances in Western Europe.

Lt. General H. R. Harmon reported that
even if all 133 weapons detonated on tar-
get the Soviet leadership would not be crit-
ically weakened, Soviet military ability to
take selected areas of Western Europe and
of the Middle East and Far East would not
be seriously impaired, and Soviet industrial
capacity would not be sufficiently reduced
to prevent recovery. The resulting reassess-
ment of targeting requirements led to a
substantial increase in nuclear production.
And in the fall of 1949, the Joint Chiefs of
Staff (JCS), in conjunction with the North
Atlantic Treaty committing the U. S. to Eu-
ropean defense, tasked the Strategic Air
Command with “retardation of Sovier ad-
]

With General Curtis LeMay as SAC
commander, and freed by the results of
Sandstone from the constraints of weapons
scarcity, the 60 nuclear-capable aircraft
available at the end of 1948 grew to 250 by
June 1950. The giant B-36 came on line in
1949, and the all-jet B-47 medium bomber
would arrive in 1951. The October 1949
target annex for war plan OFFTACKLE
called for attacks on 104 urban targets us-
ing 204 weapons, with 72 bombs to be
held in reserve.2 The prime objective was
still disruption of the Soviet will to fight,
but a number of “retardation” targets were

- included. By August 1950, concemn over

growing Soviet nuclear strength led to a
further re-prioritization to assign first pri-
ority to targets supporting Soviet nuclear-
delivery capability. The mission of retard-
ing a Soviet attack in Europe was assigned
second priority, and disruption of Soviet
war-making capacity by attacks on electric
power, atomic energy industries and lig-

_ uid fuel- facilities was assigned third pri-
* ority. This war-fighting allocation system
% persisted in U. S. targeting doctrine for the

_next 10 years.
~"“The move away from simple urban tar—»

getmg to a more elaborate military tar-
i geting doctrine designed to meet specxﬁc'
military objectives was to a large degree

{ made possible by the increasing avallabl_l:

IHFIED

ity of nuclear weapons. and this move, in
turn, stimulated the need for new weapons.

ror tne kuropean retardation mis-
Vion. which needed to deal with some-
what transitory targets, the relatively light-
weight BS tactical bomb entered stockpile
in 1952. This was followed in shor or-
der by a series of new tactical weapons,
including development of the Mk-9. 280-
mm artillery shell; adaptation of the BS
as the W35 warhead. for the Navy's Reg-
ulus and. Air Force Matador cruise mis-

siles; and development of the W7. as both -

bomb and warhead for the
P short-range mis-
siles, and as the first atomic demolition
munition (ADM). All of these were im-
plosion weapons, with the exception of
the 280-mm artillery-fired atomic projectile
(AFAP). which was gun-assembled. Inter-
estingly, the gun-assembled B8 bomb (“Im-
proved Little Boy™) also entered stockpile
in 1952 and remained for nearly 6 vears.
Tuming again to the strategic arena,
a growing perception that many critical
Soviet targets were harder than previously
expected, and often covered a large area
or were grouped such that “bonus” dam-
age could be achieved with a large enough
weapon, drove the quest for higher yields.
Boosting was first tested in the Item shot
in the 1951 Greenhouse series, and it ap-
peared clear that megaton-yield, boosted
fission weapons of reasonable weight and
size could be developed. But it was also
apparent that the thermonuclear weapon,
first considered by Edward Teller and oth-
ers in a 1942 meeting in Berkeley, would
offer an economical route to very high
yields if it could be made to work. And the
boosted fission explosive offered the possi-

. bllxty of an energy source small and hot

enough to provide an ideal primary stage
‘for the practical thermonuclear concept de-
veloped by Teller and Stanislaw Ulam. __

Dok

(5) ()

~~'The controversy surrounding President

Harry Truman’s decision to go forward

11
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with a vigorous effort on the Super is a

well-documented story and will not be re-
peated here. The first thermonuclear de-
vice. the liquid-deuterium-fueled 1vy Mike,
was tested at a yield of 10 Mt in October

added for the growing SAC bomber fleet.
which. with the introduction of the B-52 in
June 1955. attained 1,000 nuclear-delivery
aircraft. The nuclear stockpile grew in par-
allel with the growth of nuclear-delivery ca-

1952 at Eniwetok.|

A y the end of 1955

the total mega-
tonnage in the stockpile began to climb
rapidly.

Phase III: 1955 to 1965

At the start of the second Eisenhower ad-

' ministration, the “New Look” strategy of

massive retaliation had placed the Strate-

gic Air Command (SAC) in control of U. S.

nuclear targeting strategy and had guaran-
teed the Air Force the lion’s share of de-

- fense budgets. Between 1955 and 1960, the
‘total megatonnage in stockpile grew enor-

mously as multimegaton warheads were

pability, both in quantity "and quality: by the
end of 1959, the majority of the weapons
intended for SAC delivery would be of the
modern, sealed-pit design.

The last years of the 1950s were not to-
cused solely on strategic needs, however.
During this same period, a number of new
warheads for tactical systems were devel-
oped. including the first instances of up-
grading existing carriers such as Honest

lohp_ﬂgnd Regulus with better nuclear tips.

\ ] 115 weas @ vaves s .
of service needs—safety of the launch plat-
form for close-in engagements—driving
technology.

The strategic arena, however, provided
the major focus of attention. By 1956 the
list of targets for SAC had grown to
and was still expanding rapidly. Nuclear
counterforce targets (including defense sup-
pression targets required to ensure penetra-
tion by SAC bombers) continued to receive

top priority, and their number grew with ev-

ery new intelligence assessment. Although
the Navy forcefully argued the strategic
role of its carrier-based aircraft and tar-
geted these quite independently, the U. S.
strategic punch resided almost entirely in
the SAC bombers—a “monad.” But the
situation was changing rapidly.

o ‘ !

“To exploit this new capability, the Air

.Force and Army were developing ballistic

missiles—the Air Force the intercontinental
Atlas and Titan and intermediate-range

Thor, and the Army the 1ntermed1ate-range

JASSIFLE
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Jupiter. Perhaps even more significant.
the feasibility of solid-fueled missiles made
the submarine a practical ballistic-missile-
delivery platform, and in 1956 the Navy
committed to developing Polaris.

But while the strategic forces grew and
diversified, SAC doctrine of massive retal-
iation and emphasis on counterforce target-
ing, with its apparently unlimited require-
ments for weapons, came under steadyv at-
tack within the Joint Chiefs of Staff (JCS).
In the spring of 1958. a JCS majority under
the leadership of Army Chief of Staff Gen-
eral Maxwell Taylor argued for the need
to prepare for limited war. Secretary of
State John Foster Dulles agreed that, with
the Soviets now a major nuclear power. the
doctrine of massive retaliation had outlived
its usefulness. President Dwight Eisen-
hower, however, felt that an increase in
conventional forces could be bought only at
the cost of increased defense expenditures,
which he would not accept, or of weakened
strategic (air) forces, which he could not
accept without further study. He tasked the
National Security Council (NSC) to give
high priority to a careful analysis of the
minimum requirements for deterrence and
retaliation.

In July 1958, Admiral Arleigh Burke
weighed in with the Navy’s strategy to ex-
ploit the flexibility and invulnerability of
the coming Polaris force. Burke argued
that, while it had once made sense for the
U. S. to deploy sufficient force to disarm
the Soviet Union, the growing Soviet in-
tercontinental ballistic missile (ICBM) de-
ployment made this “blunting” or disarm-
ing mission now unworkable. In addition,
the Soviets could now put at risk all U. S.
land-based forces; their vulnerability in-
vited surprise attack. The alternative was to
secure the U. S. strike force by mobility and

" concealment, eliminating the pressure to

preempt and allowing the U. S. to respond
selectively in order to apply political coer-
cion. This strategy of “finite deterrence”
would require a small submarine-launched
ballistic missile (SLBM) force sized for de-
terrence alone (i.e., the ability to destroy

January 2, 1991

major urban areas).

Recognizing the Navy threat, SAC in
November 1958 proposed that a U. S. Strate-
gic Command embracing all strategic forces,
liccluding Polaris. should be formed, with
the Air Force in charge. SAC would then
be abolished. Burke admired the idea of
dismantling SAC, but rejected the notion
that anyone but sailors could operate Po-
laris submarines in conjunction with other
naval forces. He also saw no need for
any new coordination structure since Po-
laris would use its missiles against a (Navy-
determined) target system that was gener-
ally stable.. ‘

Despite Admiral Burke’s assurances, the
problem of controlling and coordinating
U. S. nuclear retaliation was growing more
serious—even in the absence of Polaris.
Thoughtful Air Force leaders believed that
an overhaul of “atomic coordination ma-
chinery” was overdue. In March 1959,
JCS Chairman General Nathan Twining

wrote a memo to Secretary of Defense

Neil McElroy addressing “Target Coordi-
nation and Associated Problems.” This
memo triggered no immediate action but
laid the groundwork for the later formation
of the Joint Strategic Target Planning Staff
(JSTPS).3

In the last year of the Eisenhower ad-
ministration, the divergence of strategic
planning combined with the above con-
siderations to create a situation that de-
manded resolution. President Eisenhower
had grown increasingly dubious about the
seemingly endless growth in Soviet tar-
gets, but, in the absence of any alterna-
tive, had acceded to SAC demands for
additional weapon platforms and nuclear-
weapons production. In March 1960, the
Air Force Intelligence Directorate (AFID)
identified

this total would grow to| by 1965 as

the Soviets added offensive and defensive -
‘missiles. Highest priority was assigned to *
suppressing Soviet air defenses and stop-

ping Soviet nuclear attack on the U. S.
and its allies. Halting Soviet land and

sea operations (the retardation mission) re-

targets and_projected that :

O
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ceived a lower priority and was assigned
to tactical air forces. The last and smallest
group of targets involved the disruption of
the war support and recuperation capabil-
ity of Soviet industry. The explicit empha-
sis on counterforce targeting fit SAC doc-
trine but was at odds with Army and Navy
positions.4 _
‘At about the same time. the Hickey Com-
mittee proposed an “optimum mix™ tar-
geting strategy composed of a combina-
tion of counterforce targets, control cen-
ters. war-supporting installations. and pop-
ulation centers. The Hickey target list
projected for 1962 endorsed basic SAC
strategy but included total tar-
gets. some 40 percent fewer than the AFID
list presented for 1960. With General
Twining’s support. Eisenhower endorsed
the Hickey Committee recommendation as
the point of departure for all future JCS
planning. At the same time, Eisenhower re-
jected Air Force pleas for the B-70 aircraft
on the grounds that its intended second-
strike counterforce mission was not sensi-
ble. He also decided that Polaris would be
used to clear the way for SAC bombers by
knocking out organized defenses and dis-
missed Navy arguments for Polaris as a ve-
hicle for selective, controlled response.5 -
The festering issue of target planning and

nuclear strike coordination came to a head.

at a stormy White House meeting of the
Joint Chiefs and top defense officials on
August 11, 1960. This meeting is described

in detail by Rosenberg. Secretary of De-
fense Thomas Gates proposed that the SAC

commander-in-chief be designated “Direc-
tor of Strategic Target Planning” with au-
thority to develop, on behalf of the JCS, a
National Strategic Target List (NSTL) and
an SIOP. Gates argued that the advent of
ballistic missiles, especially SLBMs, cre-
ated an urgent demand to replace the cur-
rent system of joint target guidance and
separate operational commands.
strong Navy objections, Eisenhower, con-
vinced of the need to utilize both the Navy
‘and the Air Force’s capabilities simuita-
neously in any retaliatory strike, endorsed

| with some

Despite

Gate’s proposal.®

On December 2. 1960, the JCS approved
SIOP-62. The NSTL selected: tar-
gets out of a target data base of 4.100.
lumped into designated ground ze-
roes (DGZs), including'  urban-industrial
targets. With sufficient warning, the U. S.
would launch its entire strategic force car-
rving 3.500 nuclear weapons against this
target set. At the very least. an “alert force”™
of 880 bombers and missiles would attack
weapons total-
“ing up to' __ The target list devel-
oped by JSTPS was 29 percent greater than
the Hickey list. and any restraints on larget
selection had been negated by requirements
for overlapping laydowns. Eisenhower left
behind an impressive and rapidly expand-
ing nuclear deterrent capability. SAC had
538 B-52s, 1,292 B-47s. 19 _B-58s. and
1.094 tanker aircraft | !

“Construction of 650 ad-
ditional Atlas, Titan, and Minuteman mis-
siles was authorized. along with 14 Polaris
boats. The first Polaris had gone on station
in November.’

The nuclear-weapon stockpile had grown
even more rapidly. President Eisenhower
had steadily endorsed increases in produc-
tion of all categories of nuclear weapons.
Although the strategic questions occupied
most of his attention, he was commit-
ted to tactical nuclear weapons as an eco-
nomic means of augmenting conventional
strength.  Accordingly, tactical weapons
and air defense warheads were stockpiled
and dispersed in large numbers. By the
end of his administration, the stockpile was
growing rapidly (Rosenberg claims that it
tripled—from 6,000 to nearly 18,000 total
weapons—in the 2 years 1958-19608).
At the end of the Eisenhower adminis-
tration, U. S. nuclear posture had taken the

" shape it has held ever since. The strategic

Triad, though not yet fully implemented,
had been designed and was in procurement.
Nuclear strike planning, after much strain,

NCLASSIFIED
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had been consolidated into the JSTPS, and
the first SIOP was in effect. Nuclear sup-
port for the North Atlantic Treaty Organi-
zation (NATO) in the theater had been pre-
pared and the weapons to implement NATO
MC 14/2 were in procurement. The list
of strategic weapons that entered stockpile
during the last 5 years of the Eisenhower
administration attests to the vigor of the nu-
clear production complex:

B28 (thermonuclear bomb)

B36 (thermonuclear bomb)

B39 (thermonuclear bomb)

B41 (thermonuclear bomb)

W28 (thermonuclear warhead: Hound
Dog, Mace)

W39 (thermonuclear warhead:
Bomarc)

W47 (thermonuclear warhead: Polaris
Al, A2)

W49 (thermonuclear warhead: Thor.
Jupiter, Atlas, Titan I).

The list of tactical weapons is equally
impressive:

W25 (fission weapon: Genie air-to-air
defense missile)

W27 (thermonuclear warhead:
Regulus II)

W30 (fission warhead: Navy Talos,
TADM missiles)

W31 (fission weapon: ADM.

W33 (gun-assembled fission weapon:
8-in. artillery shell)
W34 (multipurpose fission warhead:
Hotpoint).

The momentum built up during the
Eisenhower years carried over into the .

Kennedy Administration, even though De-
fense Secretary Robert McNamara found

_ SIOP-62 too rigid and apparently lacking in

strategic rationale. The new administration
initiated a rethinking of strategy and doc-

trine and introduced flexible options into :
the SIOP, but did not slow the entry of new
weapons into stockpile. As a result, by the

end of 1965 the following additional nu-
clear systems had become operational:

January 2, 1991

Strategic:

W38 (thermonuclear warhead:
Atlas, Titan D)

B43 (thermonuclear bomb)

W53 (thermenuclear warhead:
Titan II)

W56 (thermonuclear warhead:
Minuteman II)

W58 (thermonuclear warhead:
Polaris A3)

W59 (thermonuclear warhead:
Minuteman I).

Tactical:

W44 (fission weapon: ASROC)

W45 (fission weapon: MADM,
Little John, Terrier. Bullpup)

W48 (fission weapon: 155-mm
artillery shell)

W50 (thermonuciear warhead:
Pershing 1)

W52 (thermonuclear warhead:
Sergeant)

W54 (fission weapon: Falcon, Davy
Crockett, SADM)

W55 (thermonuclear warhead:
SUBROC)

B57 (multipurpose fission bomb).

[ Except for the

had been firmly established.

gun-assembled W33, which required exten-
sive field assembly before firing, all stock-
piled weapons were now sealed-pit designs.
While there was much innovative detail,

and a few really new wrinkles yet to be -
worked out, the major inventions had been -
made and heavily exploited, and the ba- -

sic patterns of nuclear-weapons technology

e
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THE STOCKPILE FROM 1965

Since 1965, the growth in the nuclear-
weapons stockpile has shown a character
entirely different from that of the first two
decades. . Referring once again to Figs. |
and 2, we see that only 23 new systems en-
tered stockpile in the 20 years 19661985
and that 15 systems were retired during
this period. The functional makeup of the
stockpile, that is, the proportions dedicated
to strategic and nonstrategic missions, re-
mains steady at the pattern established by
1965. This pattern is consistent with a view
that little change in fundamental U. S. nu-
clear strategy has taken place over the last
20 years. Apparently, no nuclear innova-
tion during this period has been sufficiently
dramatic to once more induce sea changes
like those of the 1940s and 1950s. To a
large extent, turnovers in the stockpile ap-
pear designed to make more effective use
of the technologies first developed in the
1950s in order to match weapon systems
to military requirements.

This is not to say that the art and sci-
ence of nuclear weaponry has not advanced
during the modern era. Steady progress
in basic weapon technology and a few
major technical innovations have substan-
tially enhanced the operational and logisti-
cal utility of nuclear weapons. To examine
this in detail, we shall in the balancei of
this report adopt an organization centered
on distinguishing weapons by the opera-
tional requirements they are designed to fill.
Specifically, we shall develop the history of

the stockpile in seven different categories:

Strategic offensive: land-based
ballistic missiles

Strategic offensive: sea-based ballistic
missiles

Gravity bombs

Air-to-surface missiles

Tactical missiles

Defensive weapons

Miscellaneous tactical weapons.

Before a chronological survey of stock-
pile development is resumed, the more im-

16
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portant advances of the past 20 vears will
first be described.

Basic Knowledge

While not an identifiable single technol-
ogy. increased knowledge of basic weapon
physics, materials properties and behav-
ior. electronics. and computing technol-
ogy have resulted in substantial steady
improvements in nuclear-weapons design
and construction. Weapons designers have
been able to use their understanding of
the physics of weapon function, plus the
marked improvement in their ability to
model weapon behavior, to eliminate un-
necessary weight and fit a given yield into a
smaller envelope. At the same time. minia-
turjzation of weapon electronics and the de-
velopment of new structural materials have
made it possible to use more of the to-
tal warhead volume for the nuclear physics
package. The result has been a steady
improvement over the years in the yield-
to-weight ratio. reductions in warhead di-
ameter and size, and the ability to tailor
weapons to particular delivery modes.

Safety

It is noteworthy that, over the span of
more than 40 years, there has never been an
accidental detonation of a nuclear weapon
that produced a nuclear yield. However,
there have been accidents with nuclear
weapons, and there have been accidental
detonations of high explosive (HE) in nu-
clear weapons. Requirements for one-point
safety adopted and enforced many years
ago have ensured that, even in the event
of an accident sufficiently severe to deto-
nate the HE of a nuclear weapon, no sig-
nificant nuclear yield will result. How-
ever, explosion and fire can still result in
the dispersal of weapons materials—most
notably plutonium—that still present a sig-
nificant hazard to' indigenous populations
and cleanup personnel. The most notewor-
thy such event occurred in 1966 near Palo-
mares, Spam, when a B-52 carrying four

LASSIFIED
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bombs collided with a tanker during
“aerial refueling and dropped its bombs. Al-
though three were recovered at sea, the HE
of one detonated over the Spanish country-
side, resulting in a massive effort to scrapc
up and dispose of contaminated soil.

To avoid further such incidents. thewl

weapons laboratories have introduced sev-
eral techniques for mitigating the results
of any accidental fire or explosion. Some
of these involve mechanically isolating the
plutonium pit from the HE until the time

comes to arm the weapon—a modern ver- -

sion of the original Fat Man. The most
widely used method, however, employs in-
sensitive high explosive (IHE, commonly
a formulation designated as PBX9502),
which combines energetic explosive mate-
rial with an inert binder in such a way as
to make accidental detonation virtually im-
possible. Only a precision detonator de-
signed to produce an extraordinarily strong
shock can explode IHE.

Weapons designed with IHE tend to be
somewhat larger and heavier than they
would have to be if a more sensitive ex-
plosive (PBX9404) were used. For this rea-
son, the use of IHE has become routine in

.
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This logistic advantage has continued to
drive interest in selectable yields for m

if not_most, nuclear warheads.,

s, FE1UILL

time to time, interest in precision strate-
gic warfare surfaces and leads to arguments
about the need for low-yield missile op-
tions, but so far this complication has not _
crept into the SIOP. -

weapons subject to handling, such as air-

carried weapons and tactical systems, but
it has not become routine until recently in
strategic missile warheads. However, with
mobile basing of ICBMs now on the hori-
zon, the W87 MX warhead will incorpo-
rate [HE, and it is likely that most future
weapon designs will do so.

Selectable Yields

- ——————,

,!
i
\
‘;
l
i

[ a tactical antipersonnel warhead,

Enhanced Radiation

“‘neutron bomb” ignited much controversy ;
(when it was originally proposed for NATO .
E:xclear artillery in -the 1970s—controversy ;

that now has somewhat subsided but has
- | hot disappeared.ﬂ] ~

\

|

the
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accuracy MK-12A reentry vehicle, and the

\v{}")k W78 warhead to be carried by this vehi-
E - cle entered Phase 3. The Advanced Ballis-
A FUNCTIONAL CHRONOLOGY tic Reentry Vehicle (ABRV) program, ded-
OF THE MODERN STOCKPILE icated to maximizing accuracy achievable
with small reentry vehicles, was begun in
Land-Based Strategic Ballistic Missiles 1975. In July 1976, Minuteman III was
flight-tested with the more accurate INS-20
As recounted earlier, by the end of 1965 inertial guidance set.
the single-warhead Titan 1I, Minuteman 1, The original specifications for the W78
and Minuteman II ICBMs were all opera- Mk-12A illuminate the progress made in
tional. Growing concern over the possible strategic warhead technology in the decade
need to cope with Soviet missile defenses, since the predecessor W62 entered Phase 3.
an increasing list of hardened Soviet tar- |
gets, and continued decrease in warhead ' NoE
size and weight came together to spark in- (b)@)
terest in MIRV technology. Development
of the first multiple integrated reentry ve-
hicle (MIRV) warhead for land-based U. S. | 1ne miuliary justifncation ror this
missiles began formally with the entry of me need to compensate for contin-
the W62 into Phase 3 in June 1964. By ual hardening of Soviet strategic targets.
mid-1967, the 1,000th single-warhead Min- '
uteman missile had gone on strategic alert,
with 550 Minuteman I and 450 Minute-
man II missiles deployed. The first flight y
test of Minuteman III took place in Au- Yo te
gust 1968, and the three-warhead MIRVed | 6 (27
missile became operational in December —
1970. o
s ’ )
| - —
"“As it turned out, the W78 Mk-12A al-
most met all specifications, but was slightly
overweight. By 1988, deployment of 300 -
< Minuteman [lIs carrying the Mk-12A was |
e completed. ! Dok
e | - rm (o)(2)

. &SI was a IRV system:

~ with hlgﬁ accuracy that could place at risk:

. a growing number of Soviet missile silos

and other hard targets./ Between 1970 and '
. 1975, 550 Minuteman III missiles replaced
\ an equal number of single-warhead Minute-!
«..man I ICBMs in the strategic alert force....)
Even before deployment of Minuteman ITI
. was completed, however, efforts were un-
* “der way to improve the hard-target capa-
bility of U. S. ICBMs. In 1974, a con-
- tract was issued’to develop the improved-

work on the latest U. S. ICBM—the MX
Peacekeeper—began formally in 1971 and
entered advanced development in 1974. As
a completely new weapon system rather
than a -derivative of Minuteman. or any
other earlier missile, the MX incorporates
advanced technology in all components, in-
cluding the Mk-21 reentry vehlcle (out of

the ABRV program). .
L ASSIFIED

\




LA-11401

UNC!

While controversy over MX basing has
clouded the program almost from its begin-
ning—and is not yet completely settled—
the process of choosing a warhead for MX

was also not serene._]

Segments of the Air Force strongly op-

posed this. however, arguing that Soviet
construction of a new generation of “'super-
hard” missile silos, control centers,
leadership bunkers made it imperative that
the MX be used to improve U. S. hard-
target kill capability. The March 1976
imposition of a 150-kt limit on nuclear
test yields by the Limited Test Ban Treaty
(LTBT) complicated the decision process.
This meant that a new high-yield warhead
for MX would have to be fielded with-
out ever undergoing tests in its complete
design configuration. Advocates of hard-
target kill won the day fairly early on. but

_ the specifics of the warhead remained un-

certain for some time; for an extended pe-
riod the W78 Mk-12A was carried as the
baseline MX warhead. However, in early
1982 the Department of Defense (DoD)
chose a new warhead, the W87, to be mated

and

January 2, 1991

Sea-Based Strategic Ballistic Missiles

October 1965 saw the last ballistic-
missile nuclear submarine (SSBN) patrol of
ihe Polaris Al missile and the start of de-
velopment of the Poseidon C3 missile for
the new Poseidon boats. Only 5 years af-
ter the first Polaris SSBN had gone on sta-
tion. the Navy was retiring the earliest el-
ements of its first-generation SLBM force
and was entering development of a second._

MIRVed generation. .
~RVe

L

Neither of the Polaris versions offered
very good delivery accuracy, nor would
this be a requirement on the yet-10-be-
developed Poseidon C3. The primary mis-
sion of the SLBM force seemed to be to
provide a secure retaliatory force, either
to meet the requirements for finite deter-
rence, spelled out 10 years earlier by Ar-
leigh Burke, or to pave the way for SAC
bombers by knocking out defenses, as stip-
ulated by President Eisenhower. In any
case, the SLBM force was clearly designed
for soft targets.

. with the new Mk-21 reentry vehicle.
The W87 began the modemn era of treaty-
‘constrained development of hj l'ugh yield war-_

“heads. |

bcé.

u(b)(-'

Dok
)3

. ST P .
" The Trident program began as ULMS—
Undersea Long-Range Missile System—in

I- 1969 as a result of the STRAT-X studies.

. As a follow-on to Polaris/Poseidon, Trident

-3 was envisioned as a quieter submarine; car-

\ rying missiles that could be launched at

_intercontinental range The need for Tn-
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dent was driven by two primary consider-
ations: a replacement for Poseidon would
be needed before the end of its projected
service life of 20 to 25 years, and the re-
placement submarines should operate over
a wider range of ocean in order to en-
sure survivability against a growing Soviet
surveillance and ASW capability. Devel-
opment of the Trident 1 C4 missile and
the Ohio-class Trident boat was approved
by the Secretary of Defense in Septem-
ber 1971.

The Trident I missile was sized to allow

retrofit into the smaller Poseidon SSBNs—

a later Trident II missile will fit only the
larger Trident boats. By the time the W76
warhead for the C4 was selected in 1973,
the Navy had become more interested in

in all its variants. The B61, which entered
Phase 3 development in January 1963, is a
multipurpose modern tactical bomb, weigh-
ing approximately 700 lb, which now ex-
ists in eight models designed for air de-
livery by both strategic and tactical forces.
Because the B61 is a truly multipurpose
weapon, carried by a wide variety of U. S.
and Allied aircraft dispersed all over the
world, the development and refinement of
B61 mods has been heavily influenced by
requirements for safety and security. All
B61 variants but one carry Permissive Ac-
tion Link (PAL) arming systems, and some
of the earlier mods that predated the in-
troduction of IHE are now being replaced
by versions employing an IHE primary and
more elaborate safetv and securitv svstems.

missile range than in any further fraction- .

ation of payloads..

Tiver its full load of elght ‘W76 warheads
“to ranges greater than those attainable by
an off-loaded Poseidon C3. Although the
accuracy of thel

Sy

The W76 is the latest SLBM warhead ta

! enter_stacknile. |

YOU o vl

- complete the Navy’s conversion from con-; |

centration solely on soft targets..

*'The story of gravity bombs since 1965 is
to a large extent the story of the B61 bomb

gory

code to arm the weapon. The Mod 1 does
not have the PAL (it is intended for Navy
use); otherwise, it is identical to the Mod O.

Both of these early v 404
,, HE.|

his version also incor-
porates command disable, which will de-
stroy critical components of the warhead

on coded command. The B61 Mod 3 is the_

last of the non-IHE versions. |

egmmng with the Mod 3, THE has e~ -

/come standard equipment for B61s, along
with weak link/strong link and unique stg-
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nal generator svstems. | Air-to-Surface Missiles

Modern (i.e., post-Snark) interest in air-

N2 to-surface missiles originates from con-
\\30"_.0 ' cerns over the ability of aging SAC-
UQV Air Force B52s to penetrate Soviet air
he Mod 7 1s space with sufficiently low attrition to al-

~a retronit of Mod U and Mod | models to low delivery of gravity bombs on target.

incorporate 1HE and Category D PALs. Two air-to-surface missiles—the AGM-

The history of the B61 program presenisa 69 SRAM (Short-Range Attack Missile)

clear case of technical innovation’s creating and the AGM-86B ALCM (Air-Launched

military opportunities, which. as they are Cruise Missile)—are now in the stockpile.

exploited, go on to generate further elabo-  The W69 warhead for the SRAM en-

Jrations_as military requirements. tered Phase 3 development in 1967 and

full production in 1972. The SRAM is a
supersonic missile with a range of about
200 km and an accurate inertial guidance
system, carried on B-52G/H and FB-111.

aircrgn,,’

i
i

1 |

L here are now plans toTe-

T 4 \ure the SRAM in favor of a more advanced
missile in the early 1990s.
[ i "~ The AGM-66B ALCM, initially deployed
N i an 1982, carries the W80 Mod 1 warhead. .

} 7 _
' - ) : (b

E ! Fhe W80 1s of con-"’

' ! - +ventional thermonuclear pattern, designed

" Only one other gravity bomb has entered_ to fit the physical envelope and operational

’ environment presented by the small cruise

“missile airframe and external stowage for
extended periods on high-altitude B-52G/H
‘weapon platforms. In other words, military
requirements drove the W80.

e ——e

o~

= >.
“an

~J

__Stockpile since 1965.

KTactical Missiles =~ | -

i _.,r.'Five warheads for tactical missile sys-
'. . temns have entered the stockpile since 1965:

CASST

*TED

-
?b)“‘)
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the W70-1/2 for the MGM-52 Lance short-
range Army ballistic missile; the W70-
3 enhanced radiation version for Lance;
the W80 warhead for the Tomahawk Sea-
Launched Cruise Missile (SLCM); the W84
warhead for the Ground-Launched Cruise
Missile (GLCM); and the W85 warhead for
the Pershing II intermediate-range ballistic
missile.

The W70 Lance warhead entered Phase 3
development 1n 1969 and full production

BREHED

(0

I‘DO'L ~(3)

Lm'ééfnply y with the 1987 INF treaty. the

W84 and W8S are no longer part of the

.deploved stockpile.

Defensive Weapons

The surge in demand for defensive air-to-
air and surface-to-air weapons experienced
in the i955~1960 period has not been sus-
tained. In fact, the only two defensive war-

. heads to enter stockpile since 1965 were for

the defunct Safeguard/Spartan ABM sys-

. tem: one of these warheads has now been

in_June 1973.°
P . ;
e In Apnl 1976, as a consequence
of successes in demonstrating the tactical
value of enhanced radiation (ER) warheads.
a Phase 3 program was initiated to develop
an ER version of the W70, which entered .
~ _stockpile in 1981 as the W70-3.,
5 G’ i
DACYE
W0
o
VA
\\\ I J
‘ Phase 3 for the W84 GLCM warhead was
initiated in September 1978, and the war-
+head ¢ ull production in September
1 11983 i
DoE .
FENEN

Ofther de-
"sxgn Teatures include those becommg com-
' “mon for all weapons requiring ready access
by operational crews: IHE, command dlS-

Je. and Category F PAL s xstems.. pog

put in special reserve and the other has
been retired and dismantled. Both war-
heads were technically very innovative, yet
both appear to have led to dead ends.
The W66 warhead for the Sprint terminal

\interceptor entered Phase 3 in January 1968

and full production in late 1974. The ABM
terminal defense mission presented con-
'ﬂicting requirements—a nuclear warhead
to kill the incoming weapon at a range of
1100 m or more, limited by defensive mis-

| sile guidance and agility constraints, and

the need to minimize the radar blackout
produced by nuclear fireballs,

January 2, 1991
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and deployment. Currently, the W79 is be-
ing stockpiled only in the United States.
without the ER component.

o

It is this feature that has produced™ "

the controversy that has kept the warhead
out of production.

SUMMARY

The small num-

i ER Teature provi

Ber of W7Ts eventually built are now in
reserve and may soon be dismantled.

Miscellaneous Tactical Weapons

Only two weapon systems have entered
or have been scheduled to enter stockpile

since 1965. |

The W79 replacement for the ancient

+ W33 8-in. shell entered Phase 3 in January
+ 1975 and full production ip 1981.
““a'modern, one-point-safe 1mploslon design
. incorporating a Category D PAL in the war-

It ts+

head and command disable in the shipping
container. Unlike the W33, the W79 re-
quires no field assembly and is a ballistic
match to the conventinr~! *'E round. |

& source Tor contro- |

dent Jimmy Carter’s 1979 decision to re-

: scind his earlier approval for production:;
Sperm——— 7 .k‘ ‘_f‘"’"‘

The evolution of the U. S. nuclear stock-
pile over some 40 years has been shaped
by the interplay of technical, military-
operational, and political forces. Our ex-
amination of the stockpile history indicates
that the development and acquisition of

U. S. nuclear forces has occurred in four

distinct phases.
In the first phase, ending about 1950, the

* stockpile remained based on the wartime

Fat Man and Little Boy designs, while
weapons research concentrated on nuclear
effects and on means to mitigate short-
ages of fissile material., During the second
phase, from 1950 to 1955, the variety of
stockpiled systems grew rapidly as lighter,
more efficient fission weapons were devel-
oped and the first thermonuclear weapons

", were introduced. There can be little doubt

' that, throughout this first decade, the com-
position and capabilities of U. S. nuclear
forces were determined virtually entirely
by the rapidly changing state of nuclear-

- weapons technology.

-~ The third phase, coveﬁng roughly the
years 1955-1965, was in many ways the
. most mterestmg Revolutionary innova-

§"versy in Europe in 1977 and led to Pres1-; i tions in: delivery vehicles were coupled
- with the rapid advance of nuclear-weapon
technology to underwrite massive growth

Aok

(bY(s)
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in the strategic stockpile. Simultaneously,
the intensified Soviet threat to Europe and
the consolidation of U. S. nuclear strategy
led to the introduction of large numbers of
weapons designed for tactical/theater ap-
plications. During this period, the three
legs of the strategic triad were estab-
lished and the first SIOP was developed.
While progress in nuclear-weapon technol-
ogy continued to play a major role, techni-
cal advance across a broader front, includ-
ing electronics and ballistic-missile tech-
nology, became very important. This era,
perhaps more than any other, displays the
symbiosis of nuclear and nonnuclear tech-
nologies in both prodding and responding
to military requirements.

The fourth phase, extending from about
1965 to 1985, might be characterized as
largely a period of refinement. While the
total number of stockpiled weapons has
varied over these years, the number of

distinct types—mark numbers—has stayed
relatively constant until the recent Rea-

-r-wfﬂ

fNCLASSIEL

gan administration bunldup Second- or
even third-generation warheads have re-
placed earlier systems, offering quantitative
improvements in performance and opera-
tional characteristics. Technical advance in
the state of the art in nuclear weaponry has
continued, but military requirements have
become the dominant force in determining
the shape of the stockpile.

REFERENCES

1. David Alan Rosenberg, “The Origins
of Overkill—Nuclear Weapons and
American Strategy, 1945-1960,” In-
ternational Security VII, No. 4 (Spring
1983), pp. 15-16.

2. Ibid., p. 16.
3..Ibid., p. 61.

4. ‘Ibid.

5. Ibid., pp. 62-63.
6. Ibid., pp. 4-5.
7. Ibid., pp. 65-66.
8. Ibid., p. 66.

January 2, 1991



LA-11401

January 2, 1991

LA-11401 DISTRIBUTION
Address ) Copv No.

U.S. Department of Energy .

Library, MA-442, Room G-042 (GTN) (3 copies) 1A-3A
Atutn: Transfer Accountability Station

Washington, DC 20545

For: Department of Energy Washington. Washington. DC 4A
Assistant Secretary for Defense Programs. DP-1. 4A-014/FORS 5A
Deputy Assistant Secretary for Military Application, DP-20. A-367/GTN 6A
Director, Office of Weapons Research. Development, and Testing, DP-24, A-368/GTN 7A
Director. Weapons Research Division. DP-242, A-386/GTN 8A
Director, Advanced Concepts Division. DP-241. B-314/GTN 9A
Director, Inertial Fusion Division. DP-243, C-417/GTN ' 10A
Associate Director for Weapons Program Safety. DP-20.1. C-417/GTN 11A
Office of Weapons Safety and Operations. DP-22. C-420/GTN 12A
Office of Weapons Production. DP-23. A-483/GTN 13A
Office of Planning and Project Management. DP-25. A-467/GTN 14A
Deputy Assistant Secretary for Security Affairs. DP-30. 4C-024/FORS 15A
Office of Classification and Technoiogy Policy. DP-32, C-379/GTN 16A
Deputy Assistant Secretary for Security Affairs. DP-30, 4C-024/FORS 17A
Office of Classification and Technology Policy. DP-32. C-379/GTN 18A
Deputy Assistant Secretary for Nuclear Materials. DP-10. 4A-043/FORS 19A
Director. Office of Nuclear Materials Production. DP-13, A-302/GTN L 20A
Director, Office of Arms Control, DP-5, 4B-014/FORS 21A
U.S. Department of Energy 22A
Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831
Attn: Weapon Data Index

U.S. Department of Energy

Albuquerque Operations Office .

Attn: TA Station 23A
P.O. Box 5400

Albuquerque, NM 87115

Sandia National Laboratories .
Attn; Mail Services Section

P.O. Box 5800
Albuquerque, NM 87185
For: Technical Library 24A

University of California
Lawrence Livermore National Laboratory
Aun: Technical Information Department
P.O. Box 808 ‘
Livermore, CA 94550
For: Library, Reports Section (2 copies) : 25A-27A
John H. Nuckolls, Director

Director

Defense Nuclear Agency

Atn: SSAB (2 copies) 28A, 29A
6801 Telegraph Rd. ‘
Alexandria, VA 22310-3398




LA-11401 January 2, 1991

Address Copy No.

FCDNA/FCSAC

Attn: Bettye J. Garbutt (2 copies) . 30A, 31A

Kirtland AFB, NM  87115-5000

PL/SUL

Kirtland AFB, NM  87117-6008 32A

Los Alamos National Laboratory

Attn: Report Library (2 copies) 33A, 34A

Mail Station 5000

P.O. Box 1663

Los Alamos, NM 87545

For: S. S. Hecker, DIR, MS A150 ' 35A

T. P. Seitz, NWT-WP, MS F633 36A
J. F. Jackson, DIR OFC, MS A 101 37A
J. C. Browne, ADDRA, MS All0 38A
J. C. Hopkins, ADAL-CNSS, MS A112 39A
J. D. Immele, ADNWT, MS A105 40A
F. A. Morse, ADR, MS All4 . 41A
E. M. Wewerka, ADCM, MS A102 42A
J. T. Whetten, ADET, MS A107 43A
J. C. Porter, M-DO, MS P915 44A
C. A. Fenstermacher, NWT/AGEX, MS P916 45A
Stephen M. Younger, NWT/ICF, MS E527 46A
D. W. Watkins, NWT/PD, MS B218 47A
P. T. Cunningham, CM/NM, MS F628 48A
L. W. Madsen, ADNWT, MS F633 49A
R. E. Kelley, ADNWT, MS F633 50A
Turner J. Trapp, ADDRA, MS A110 51A
Richard J. Beckman, A-DO, MS F600 52A
J. Wiley Davidson, A-3, MS F607 53A
Richard Mah, CM/WCR, MS G753 54A
Stanley O. Schriber, AT-DO, MS H818 55A
Dennis H. Gill, CLS-DO, MS 1563 56A
Harry J. Dewey, CLS-1, MS G740 57A
Harry H. Watanabe, CLS-3, MS 1563 . 58A
Patrick Garrity, CNSS, MS All2 - 59A-62A
Roger A. Meade, CRM-1, MS B270 “ 63A
Rulon K. Linford, ET-NSPO, MS A150 64A
Sidney Singer, DRA-DEST, MS F616 65A
C. L. Edwards, EES-3, MS C335 66A
W. Doyle Evans, ET-AC, MS F650 67A
Robert A. Jeffries, ET-AC, MS F650 68A
Charles F. Keller, ET-IGPP, MS D437 69A
Robert R. Ryan, INC-4, MS C346 70A
Danny B. Stillman, IT-DO, MS B224 T1A
Delbert M. Jones, IT-2, MS B229 T2A
Arvid S. Lundy, IT-3, MS B230 73A
Harald O. Dogliani, IT-4, MS B232 ) 74A
Joel N. Peterson, J-6, MS C925 75A

Jerry N. Beatty, J-7, MS D411 76A




LA-11401 January 2, 1991

IED

Address _ Copy No.
D. J. Erickson. ADNW 1. MS A105 77A
J. Michael Christian. M-4, MS P940 . 78A
Charles E. Mommis. M-6. MS J970 19A
John M. McAfee. M-7, MS P950 80A
James W. Straight, M-8. MS J960 81A
John D. Allen, MEE-4. MS G787 82A
Peter L. Bussolini. ENG-3. MS A150 83A
Donald J. Sandstrom. MST-DO, MS G756 84A
James L. Anderson. MST-3. MS C348 85A
George F. Hurley. MST-4. MS G771 86A
Hugh Casey, ADCM, MS A102 87A
Thomas J. Hirons, N-DO. MS E561 88A
Nicholas Nicholson. N-2. MS ]562 89A .
Delbert R. Harbur. NMT-DO. MS E500 90A
Robert Bruce Matthews, NMT-DO. MS E505 91A
Robert H. Day, P-DO. MS D408 92A
Gotifried T. Schappert. P-DO, MS E545 93A
Thomas F. Stratton, P-DO, MS D408 94A
R. James Trainor. P-1. MS E545 - 95A
John D. Moses. P-3, MS D437 96A
Larry J. Rowton. P-9, MS D408 97A
D. D. Cobb, SST-DO. MS D437 _98A
James N. Johnson. T-1. MS B221 ) 99A
Phillip G. Young, T-2, MS B243 100A
John W. Hopson, T-3, MS B216 101A
James P. Ritchie, T-14, MS B214 ) 102A
G. G. Hill, WX-DO, MS P945 : 103A
Joseph Lynn Parkinson, WX-3, MS C930 104A
Charles B. Banks. WX-5, MS G780 105A
John J. Ruminer, WX-11, MS C931 . 106A
H. P. Newton, X-DO, MS B218 107A
P. C. White, X-DO, B218 108A
R. E. Hunter, X-DO, MS B218 ' 109A
Donald C. Wolkerstorfer, X-DO, MS B218 110A
Douglas C. Wilson, X-1, MS F645 111A
Rodney B. Schultz, X-2, MS B220 112A
Richard A. Krajcik, X4, M8 F664 113A
David A. Poling, M4, MS P940 114A
Robent C. Little, X-6, MS B226 115A
Eldon J. Linnebur, X-7, MS B257 116A
John H. Brownell, X-10, MS B259 117A

Office of the Assistant to the Secretary of Defense (Atomic Energy)
Room 3E1074, The Pentagon
Washington, DC 20301-3050
For: Deputy Undersecretary of Defense Research and Engineering (Atomic Energy) 118A

7 - Defense Intelligence Agency
B e Attn: DT-1B Branch Chief

Bs “Washington, DC 20340-6160 4

For: Charles E. Rowe, LTCOL/USAF 119A

) Joint Atomic Information Exchange Group
6801 Telegraph Rd
Alexandria, VA 22310-3398

120A

NCLASSIFIED

27




LA-11401 January 2, 1991

.U NCL;-‘E.pSIFIED

This page is left blank intentionally.

' _ UNCLASSIFIED




LA-11401 ﬁg%m January 2, 1991

UNCLASCIFIED

This page is left blank intentionally. .




AE Che E&
LA-11401 January 2, 199’1\

NCT_ SSIFTED

° This page is lcft blank intentionaily.

'UNCLASSIFIED




