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Preface

Preface

The Nuclear Weapons Databook is meant o ba a cur-
rent and accurate encyclopedia of information about
nuclear weapons It should assist the many people who
are actively working on the problems of the nuclear arms
race Today thers iz no greater threat to the human envi-
ronment than a nuclear holocaust Bacausa of the obvi-
ous and terrifyving conssquences of the wse of nuclear
waapnns, the Natural Resources Defense Council (NRIDC)
has followed every aspect of nuclear developmant for
over @ decade MNEDC hasz long believed that accurate
information is critical in understanding the imperativa
for and implicetions of arms control Information about
nuclear weapons, policy, plans, and implications
remalns shrovded in secrecy Informed public decisions
on nuclear arms questions can occur if better and more
information on the subject is available The purpose of
this Datnbook is to help overcome this barriar

Since 1980, NRDC has sponsored the research

zseveral volomes on—aft— Four describes the misstons and-fonctoms of major civil=

aspacts of the production, deployment and potential
employvment of nuclear weapons worldwide Az now
planned the Nuclear Weopans Dotabook will consist of
al lemst mine volumes:

I US Muclear Forces and Capabilities
I US Muclear Warhead Production
I US Muclear Warhead Facility Profiles
IV Soviet Nuclear Weapons
YV  British, French and Chinese Nuclear Weap-
ons and Muclsar Weapons Proliferation
V1 The History of Nuclear Weapons
VII Command and Control of Nuclear Weapons
and Nuclear Stralegy
VI Arms Control
IX Eovironmend, Health and Safety

Volume IT and its companion, Volume II1, ke Vaol-
ume I are based as much as possible on original docu-
mentation, and the source of information is indicated in
the extensive footnotes accompanying the text The
Databook, however, 1s only as useful as the accuracy of
the information presented We therefore strongly
encourage the reader o coniribube to this effor-—to
advise us of errors and new information Please advise us
wlso af other subject areas that should be included in
future editions and any changes that could improve the
format We would like to hear from expertz willing to
serve as contributors or reviewers of the varios sections

v  Muclear Weapons Datebook, Volume 1l

of the Databook, particularly in subject areas not now
covered

Please address all correspondence to the authors at
the Matural Hespurces Defense Council, 1350 Mew York
Avenus, N W Suite 300, Washington, D C , 20005 [202f
TH3-TH0)

Volumes 1T and 1T of the Dotabook series describe
the research, testing, and manufacture of U S nuclear
warheads, focusing on the complex of facilities and the
activities they perform Volume [1 is comprised of five
chapters Chapter One provides an historical overview of
the forty-year evolution of the U S ouclear warhead
stockpile, noting its size, cost, growth, and diversity
Chapler Two reviews the major leboratories, material
production facilities, component production facilities,
and test gites Chapter Three discusses the production of
nuclear materials, estimates their inventories, and
surveys initiatives underway to increase them Chapler

ian and military officlels who decide upon the acqusition
of nuclear warheads Chapter Five reviews the major
technologies and processes used to produce nuclear
materials

Volume Il is comprised of profiles of thirty-four
facilities where warhead research and development, test-
ing, and production take place

These valumes of the Daotabook are designed primar-
ily for those who need basic facts about U 5 nuclear war-
head production It is meant for both layman and
speecialist Chaplers 1 11, and IV of Volume 11 give a gen-
eral introduction to warhead development and produc-
tion Chapters Il and V, and the Appendices, entail more
technical examinations of the nuclear fuel cycle, noting
the types and quantities of material produced, and the
technologies and processes involved Each facility pro-
file in Volume HI provides details on the facility’s his-
tory, weapon and nop-weapon activibes, mansgement,
budgats, and personnel The Table of Contents, pa
headings, and index should enable any user to guickly
find any informaticn needed A detailed glossary and list
of abbreviations and acronyms is provided in Volume 11
Mumerous tables and figures are vsed throughout the
books to help ilustrate the difficult technical material

Wany gaps in data reflect the fact that we have been
unable to get all the details about the history and activi-
ties of the warhead complex We hope that what is pro-
vided will be useful
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Warhead Custody and Responsibility

Chapter One

The Warhead Production Complex:

An Overview

The United States has been engaged in the design,
testing and manufacture of nuclear warheads since 1940
Four agencies or departments have overseen thess activi-
tins—Manhattan Enginecr Dhsirict [1942-46), Atomic
Energy Commission [1947-74), Energy Ressarch and
Development Administration [1975-77], Department of
Energy (1877- | Together, they have gpenl approxi-
mately S84 billion [$230 billion in FY 1986 dollars) (Seae
Table 1 1 and Figure 1 1 ] Meanwhile, the Department of
Dofonse [DOD] has spent an estimated 5700 billion
[$1 85 trillion in FY 1986 dollars) on the nuclear delivery
systems [aircrail, missiles, ships] and other suppor
cogls !

Since the inceplion of the Alomic Energy Commis-
sion [AEC) in 1947, U S policy has been io separate the
developer and producer of nuclear warheads from the
military forces that would employ them This saparation
still exists The relationship betweean the “producer” and
the “consumer” has changed, however In the early days
the ARC was a coequal, if not predominant. influence on
warhead policy The AEC had physical custody of the
weapons, even at deployment sites Only if the weapons
were to be used would costody be elinguished 1o the
military Ower the years the AEC lost its physical custody
over deployved warheads; its status diminished and its
responsibilities were redefined

Custody and the Division of Responsibili

The battle over the custody of deployed war g
was fought over the acrimonious issue of civilian versus
military control Technology and geopolitics favored the
latter Already by the 19508 nuclear systems so parme.

7 Pl e ool Loy oo it b aeling Nhs imethiond ologs In The Def'miss Maniar XIT 7 1
wilh Tahlsc A 4 8 5 &1 in Gfie nf the Amivan: Secestany o Defene (Caspimlsy]
Kailsnai Deferne Bodget Exfineries for FY 1UES e 1eEs
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ated acquisition, deployment, and employment palicy
that it was only a matter of time before the military wou'd
eain control of the warheads 2 Thouwgh the military even-
tually won it did so only in stages over & pericd from
1947 to 1967 The AEC srudgingly transferred, first, non-
nuclear componants, then nuclear componants and coms-
plete warheads These were followed by low yield [under
&00 kilotons) warheads, then high vield warheads, and
finally a reserve 3

The first step was taken on 14 June 1950 when Presi-
dent Truman approved the transfer of ninety Mk-4 non-
nuclear asgemblies for training purposes o Armed
Forces Special Weapons Project bomb assembly tsams
In July 1950, several weeks after the outbreak of the
Korean War, President Truman “directed the AEC on a
case by case basis to transfer the costody of bomb cap-
sules [minua their nuclear explosives) to the Air Force
and Mavy for deployment to selected overseas loca-
tions " In the spring of 1951 Truman directed the AEC to
deliver to the DOD a small guantity of nuclear compo-
nents to be positioned on Guam * In the following vear
the military quest for custody intensified, under pressure
from the Joint Chiefs and with support of the Secretary of
Defense This eventually lad to presidential approval on
10 September 1952 of certein concepls conceming
atomic weapons The most important of these was that
the Department of Defense should have custodial respon-
gibility for stocks of atomic weapons outside the conti-
nental United States and for such numbers inside the
United States as "may be needed to assure operational
flexihility and military readiness ™  while the AEC
should maintain custodial responsibility for the remain-
dar &
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Warhead Custody and Respansibility
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The introduction of thermonuclear weapons into the
stockpile brought! new issues and procedures In 1955
President Eia-anu.h'nwer_ suthorized that thermonuclear

to DOD Those over that amount {even those dispersed to
military units] would continue to remain in AEC cus-
iody In 1959 Eisenhower directed the transfer of custody
to the DOD of all weapons dispersed (o the DOD This
included, for the first time, those with vields in excess of
800 Kt The total number of weapons transferred to the

The M0 works in unison with the Department of
Energy (DOE) on every aspect of the life cyvcle of a nuclear
warhead Each |=-au-Lgl:|ud ma-timt rcswnsihi]ltim In 'lhe

because of the limited warhead types available, their
ahility to produce them, extreme compartmentalization
and secracy, and their custody of the weapons Today,
aven with its ability 1o design a nuclear warhead for vir-
tually any kind of system and its huge production com-
plex, DOE’s role has bean reduced to that of providing

— DO at that time constitated approximately 82 percent of
the stockpile By the mid-1960s the AEC retained only a
small reserve of warheads For fiscal year 1966 this con-
stituted 1800 warheads, or about 6 percent of the stock-
pile Since these warheads were already at eight DD
sluruga sites, a cost saving |:-.1ull:l be Bl::hm'.'ad I:I!.I allmlnul-

!I:l-EI!'II ]nhnnnn dIrartElrI lha AEC dphw-r thh Emﬂl
reserve o the DOD With this accomplished, DOD
achieved complete custody of deploved warheads

ture, assembly, iu:Ld mtlmmun!. oxf wa‘ﬁ‘hl*ﬂl'f.'t It pmduf'ﬂ
the “special nuclear material™ (uraniom, plutonivm, tri-
tium} and warhead components, certifies the technical

ENginecring supparl o m

tary services and commands, with IJIDD approval, astnb-

lish the military characteristics (e g , dimension, weight,

vield] and requirements for nuclear warheads The DOD

develops and produces delivery vehicles and support

puipment, Elnd trains a.ud deploys I'un:&s fl:lﬂ‘ thFIJ‘ usa
= T i .
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Warhead Budgets (1840-80]
T

Table 1 1
Atomic Energy Defense Activities: 1940-30
Current dallars Comatant FY 1986 dollnrs
FY Tir il i = {im millioms)
18940 NORC= 08 48
18947 & 1942 15 135
18943 Frs B78
1564 Fab 234
1845 B5s [=tal= i
1546 am6L 2458
1847 (MED Fartl 188 1284
1847 IAELD Parch 53] 483
16448 475 =a27
1549 SB6 =255
THE0 ABa cETS
18951 B7E 2570
1982 1828 el
1953 1682 TEI
TG4 1.1 Frar
1955 171 TESB
1956 1478 G764
1957 1765 FB18
1958 1573 8123
13958 2100 8635
1550 2118 B2a7
1585 2114 HELE
185D 2074 o102
1863 2041 Fa=0
1564 a0 Faca
THED 1Ee0 HHAE
1860 14BE 3076
1967 1277 4280
1888 1338 4286
1865 1388 4185
1970 1415 210 ]
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1874 1486 3287
18948 160E 2981
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1577 1835 A310
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1973 OOE 2541 3818
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189H3 511 S7TEE
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19485 Foag Faga
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Overview of Facilibies

gquality of the stockpile through constant monitoring
Both DO and DOE review safety standards and Togistic
procedures

Numbers and Types

From 1945 to 1986 the nuclear weapon production
complex has manufactured approximately &0,000 war-
heads of 71 types for 116 kinds of weapons systems
Forty-two types have been fully retired, leaving twenty-
ning in the current stockpile Of the spventv-une war-
head tvpes deploved the Air Force used forty-three, the
Wavy/Marines thirty-four, and the Army twentyv-one
Table 1 2 and Figure 1 2 summarize the production and
retirement history of each of the seventy-one warhead
types Twenty-nine “candidate™ warhead tvpes were
cancelled before completing development An unknown
number of warheads, probably several dozen, mever
advanced beyond Phase 1 or 2 “paper studies " Over #20
{to 31 December 1985) devices heve bean exploded in
tasls ¥

The Complex

The warheads are designed, tested, and manufac-
tured ina U S government owned-contractor operated
[GOCO| complex The complex spresds over thirtean
states, covers a lamd area of 3900 sguarse miles and

listed in Table 1 3 Appendix A lists the principal corpo-
rations, industrial firms, research organizations, and umni-
versilies involved as DOE contractors, subcontractors, or
in program suppaort related to the ressarch, development,
production, and testing af nuclear wespony

The warhead complex conducts four basic activities:
weapons research and design, nuclear materials produoc-
tion, warhead component production, and warhead test-
ing Two laboratories—Los Alamos National Laboratory
ILANL] in New Mexico, and Lawrence Livermore
National Laboratory [LLNL) in  California-—design
nuclear warheads and conduct basic research on weap-
ons svstems and military applications of atomic energy
and advanced sciences A ihird laboratory—Sandia
Mational Laboratory [SNL] in Mew Mexico—provides
engineering support 10 Los Alames and Livermora for the
design of non-neclear warhead components Army,
Navy, and Alr Force laboratories supplement the DOE
laboratories They conduct research on delivery tech-
nigques, nuclear effects, and safety

Much of the work in the complax is devoted 1o the
production of nuclear materials for warheads—namely,
fissionable plutonium and uranium, and the fusion mate-
pials dewterium, tritiom, and lithium Large stocks of
these materials had been produced by the mid-1960s,
when the stockpile of U S warheads peaked Only pluto-
nium and tritium are in production today (One nuclear

T FM e e siiieles o Siioalioed W OF wlach La b)) Sk e biil L 5 UK ERe
[ssa Appenidis B

B e O deltiee cotngabes e w opmomeiclal mdeairy 11wl dank e are ol e o
0 G ikes copmtryy HASC Y T8k DOE 5 1 Fror addiared detalle an {be Indystry s

production resctor al the Hanford Reservetion in Wash-
ington makes plutonium while four operating reactors at
the Savannah River Plamt (SRP) in Aiken, South Caro-
lina, are designed o produce plutonivm and tritium The
four reactors dedicated to plutoninm, one at Hanford and
three at SEP, currently produce approximately two mat-
ric toms [MT) of plutoniom annually This is plutonium
sugmentad by stocks and recovery from retired warheads
and scrap The Inventory of weapon grade plotonium
primarily in warheads (otals some 93 MT

The tritinm stockpile is estimated to be 70 kilograms
kgl With one reactor al SRP dedicated to tritium pre-
duction approximately 11 kg of tritium are currently pro-
duced annually  Since 55 percent of the tritium
inventnry decavs radioactively each vear, new produc-
tior currently contributes a net of abowt 7 kg per year

Highly enriched uranium (93 5 percent U-235] metal
for waspons (often called oratloy) has not been produced
by the United States since 1964 The oralloy stockpile
has been declining since that time as small quantities
have been uzed as fuel for production and research reac-
tors, and in test explosions Currently some 500 MT of
oralloy is in or reserved for warheads This stockpile will
incrense in FY 19688 when DOE plans to resume oralloy
production for warheads and fuel
Production of deuterium ceased in 1982 with the

larly, there has been no enriched lithivm production at
the Oak Ridge Y-12 Plant since the early 19608 The
requirements for these two materials have in recent yoars
been mel using material recovered from retired warheads
and from existing stocks

The nuclear warhead components are manufactured
at seven DOE-owned facilities The Rocky Flats Plant in
Golden, Colorado processes plutonium and assembles
“pits," containing the plutonium and enriched wranium
cores These are wsed in fission weapons end as Fission
primaries in thermonuclear weapons The Y-12 Plant in
Oak Ridge, Tennessee manufactures uraninm compo
nents for the primary stage and the principal nuclear
com ponents in secondary stages of thermonuclear weap-
ong The components in secondary stages are [abricated
from lithivm deuteride and uranium The Savannah
River Plant in Aiken, South Carolina manufactures tri
tium and loads it into metal reservoirs (botiles) for incor-
poration inlo warheads The Mound Facility in
Miamisburg, Obio makes the detonators and various
parts of the firing circuits Tha Pipellas Plant in 5t
Pelersburg, Florida mamsfactures newtron generalors
And the Kansas City Plant in Kansas City, Missouri
manufactures electropic, plastic, rubber, and other non-
nuclear parts All of these components are shipped to the
Pantex Plant near Amarillo, Texas Pantex manufactures
the chemical high explosive components and assembles

Woraneih A Nariedh sed Linds % Shoa, The Mo Waspesns ity Liveealie Bespoi
slbdlliy Rasmsrch Cemier Wagkinglon D 1384; ord Linde 8 Shaw [ultiey W Knopf
ang Kennete & Sertech Sisciciag ke Azmanl- A Gaide ro e Mutban @ Top Mililes Son
imgoiere st Asgpors|bility Brorerh Cenier Wobingon DE 1088
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Warhead Production [1345-85)
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Warhead Production [18245-85]
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Warhead Production (1345—85)
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Warhead Production (1945-85]
e T T —

Taaole 71 &
U. 5. Muclear Warhead Production 1945—85
E— . L L.
Plaws ¥ P d P b Prami & Pama T
Dairdrty Doy

Warkna Sqwsiaprari  Pepdincime  Firwi Pgdechen Preferioe Bwireeesi Bireess Hamher
(1% Bk LAk a3 -] 1A o] ) =
LB Ty LAML [T R 5] B 1681 L 5
M A By LA End5 a7 L] 350 126 i)
il AR Rord LAML [ 251 ] L] TS 550 L]
iy Sl o LAKL ] oy TED -2 HED L]
W S0 FELLLE | LAHL EL L] =5 [ 7] bl | i | k]
A0S -]
Wil BRI ek [F1°8 151 Te&il LT LY 1:81 (1]
Vi ¥ET e ] [E N 1160 By L] Hagr BET 4m
W T LAML 1140 ey L] M ST 0
SETTY Dali 30 Depsh Bramid 225
BI4A Bora =
HOMERT N 30
A 50
W, BREET By Ui, el LAy A P b L7 BT a
A B LEML 5D arcaliod 55 a
bk HPGT [~ ] i 1ES Lo 1153 LT wr 3]
1A Homd G Berwt Bl LARL 563 Carced in Fasor o ATE 152 =]
Ml TTIEYET Possd ey WRE1D LARL DO L] T Coegnisd 1 it ] ]
W TAEnd Honk LAt 5/R2 125 5T TEH L - =0
b TETALE] AL EADRT LANL 13 o e e F vt oF WER0 141583 a
oamE bore Lowtal. B Caremiied i8 Fwor of B8 50 o
TEAWIT  FRSC NI LA, AT =l B0 @
BC1a™a P Bl LAt B ] dina 1] 10 3
M IRE e T Bl L, 1 L) -2 Lol AT ey
A 1SW1SET SRAREDETOHE LAML e Lol vy Frar il 'WEFD AL ] a
EGIG™ Th B (Lt e B el A At ]
B 11d Bl LM i | o] e e 11754 3
M THET*®  TH B LA e TS 110 Ve HE? L]
W TEHTE S Oralkon Bl LEML B A 258 158 &5 L]
g PR Pt L AR R 43 B Canceled L] (] Tl
20 TH Bty [ELIE ¥ Carvaiinl w1 Firvar of 85 (] a
{154 TH Harsty LA, EET] 1. L Rl B 11087 i
B TR Bl Lk a5 Caonind i Favar of B30 454 i
= 15 inch ool | AN 15 a] e ] n [+f =] 1 [ 1]
ECE Y Bl ¥ 10753 ana 0 14 1154 10
e ™ Rant L [’ 10 1158 RER T3 1]
E[2E D L 1A - ] 186 a7 -1 il
s M L, 11 1258 557 =l Ol 1744 JUS0
™ Léta. el Caritsidid ins P o B o
[ SH T ik IVE %271 (L] -] 57 118 N " Tild i ]
Wi PEGLLLE & LLML ] BaE a4 EES BED 15 25
A T Bierrb ¥ My Vi 172 LKL &5l 147 S L= ] Tl [Ty 'L yn]
W R D Lk, B FE? B63 5] Tkl B0
WAL 100
-5 Th Bgen LA 3 Camoind in Favor T15506 [-5-5] ]
WIEH AL Ll 458 ZE7 | == AL I k1)
Talka am
wal HOREST SOy Ll s paT e ] ] L b ] D
HE HFRTIAFS wir o
m
B Dl feE LT Carbelied i Faperr o WA L] i}
o B ok howstue- 15 LH 1.3 EARY i S
s Lol LTV "0 g trm LARE. Ll ] 57 ahd 25 Pl i Fooiif
HOTPOINT i 105 barsbd [5)]
AETCER TS oorpeaind [}
WE Aanag LedvL Tisy Caradied v Faver o W T n

TITAM a

THOR [x]

el 2l a
Ths Bierrit LAkKL Ay L] (5] L ] WE1 iR N
war RIKE s ES [ AT it @ F i off Wi 1055 i}
Wi ATLAZEF LLkL 25 11Ma 1 123 T L L] L]
TRKI ha]
B35 T Bl LA BES 58 T b 162 1186 O
win A LAML B W Lis ] ] EBE S 30
ROz TE 2]
L H L LA e B o ‘1462 g3 18 =D
ARG L]
B T Hork LIS T nw 50w ARE Rk ] el | B
i Lroarwves 12T [TF LRl =2 Tl Ty [
L HENE L1101 T . o) (= i
BTN 0
SRR i
EARE 0
= k] TH Emerm By B 1150 [FLUS 1 bt &n1 VRS 127 e {00
W ATHOC AN 1406 . Belri E ] BT e =
Wl WAL el 2 Lk 115 =1 ] W (A d ET P e i)
LITILE HE =00
TERWEA TR
PR E oo 1]
G H Rty LML b Cmacwind m Fgwe f 33 15E o
] TN LML T .. Catirhind o F v of W35 1084 a
FLAT PILARIG i1 LLEN By Ll S R0 [ )
At POLRAIS & a2 BT 118 L] pE=r) FET f A g
W " Bl e LR, 197 1 B[i1 Fa] =t | S BT 1060

18 Muclear Weapons Datebook, Volums 1



1

Warhead Production (13945-85)

ey o il Wi
oy P b P 1

Dusniity  Seawvuty
Warko sl Produnispts,  Fosl  Prodailien Peabeilian Belivresl Sellbail Mambar
Desgnmueer  BelerySymss  Lhewsey Gaghseng Dgleeing Prakeie  Gegsd  compleisl  BegeF  kospieisl Cosoried el
W LAML 47 =R L] Ei] FER ] i ]
x
ALaan ja ]
L PIREHRAG | LA BE i 28] TNES 473 i o 1]
wal ﬁuﬁlﬂl" TheL k=l Covplad i Fasr of 804 LT E
w2 EFRCEeNT LAKL T e A i Lp] ] m
B33 A B LAKL E25R 10 BEE 45 e i ]
(=] B LT LAKL T LT ]| e 2 ] ik ] et 1]
W Laka ] e e 285 TE? At i)
by cniceET 4m
B S A0 LA Bal B e BES FelT et BHD
WA L LML 270 1181 L 44 EVIE =t el ]
Wi A TERIRN A LML 1280 957 3 s =] i a0l
=7 AR Dapes Hordeliomd LML LD BT L. -] AT7 BT ke fo i 1]
LA P AR AT LLIFL BEl (RLr] Gl LT 558 S 4300
L= RAPLITEMAH | LANL 1260 ran L.+ T -] BTH =l
[ S TN LLKL & Carvisied b 0
BRI O Y TriBorsh LANL El m e . o &1 wciwe Fooi ]
BN 2 TH Bawry L BTl L ] A7 1iT? e
Bl 3 TH Barrh L& LT 12m 5T ] ]
B & TH B Lt LT 1278 579 a7 i
B % ™H Borb LAML [ -] BTY BTT e nm i
8O B ™ Bowsks LR difas
B&i ¥ T Bt i dacibed 11 11 LEML =TH k2] L= ] 1] i
BB & T Bownts L& L]
W iU TERN N W 1 (T8 LT T Fm ¥ B ARG 177
Wi LiNCE LA T Covased @ Fasir & WD 1168 L]
WES LAKCE LAHRL T8 Cawebed o oy of ST B ]
Wi BRI (18 ] Cavuted v Fasir o BBE 168 ]
Wi R SawT L&KL ] 177 Lirl | 074 7 FrRd L] bye]
WL WIPTERAN 11 LAKL b 1] i E? 4]
Ll Tl ] ]
L] RIEEIIN LML L L] Y0 1N B L [ ] Ll
[t L3 7] Lak LT 1 H oL ] = = B3 P 1
WIDE  LARCE LA Ay £ -] b mn T i o
WIO JERT  LAMCE LML am A =8 Felrl Y PR D
BT Sl TR LWL Jeai g el ia Fr 4 Hr | P e sl a5
T WALLEVE LAM, il WA Lo+ Lo a2 W e ]
CTE] CIROOR (L Ee:- ] Caniaiiand Lo el B
L L] 15 e s e LA *m Canrmied wTa 1}
LI B it Pl e LLKL BT Larvaiud B3 a
] TRICHNT | L, 57 Ty [ kT e AE]
o TH Barsl Ll Gra Lavuled 1T a
W WIHUTERAN 01 B 178 LM, T AT (1] Elrd] feh: ) ] L]
W IR B i IvarLEe LitL 1 - T 14t "oaE iy b -]
W s ER B inch hewit e LN A L] ]
Na0 0 B LEfd ETH Jaz TAEd L acinn e 1]
W T HLLM LR B 1:™8 E] 2 e kel
wa Lera Wy i}
W I Vo ot AL mm Gaueied 1067 o
B s BRI 1 Dl el LLh * 5] i}
Bl ™ Raré M, 178 R L] [=3:] A [ E ]
i Dl [ FL £ 1) ] Tive 2] i i 1]
WIEL MLTE PERSHIRG R LAkl TR Rl L] &Hl [ B2l
Wi EF FERHrAl b L am T8 Carceird -9.1] o
WHT MILPE AL CRFETEA LM Fis TEa 43 il 1]
wHe n LA 54 S e i}
Wi
jnji '8 LT
4 G ey A e e g
- Prnmmm TS rl Crrgegl TPU S Bgemirgae 108 prad Bl 254
1 Wearbade] bars e ik e giar P Funr O s b | Gty FR i0ld davowd et Ald wad Pascospead 84 BLTEOL wan po
RS P ey L o R e ol L kv [E g L 3 N nBEA The sscoed

FdTE (Fiily B B MR o b 0 WRSTEIER welT SO Bl
iy ooy or s LR desgraior. & Proew e |Gy e
i e CRE e e darige g m e Takia
s Tl 'For LI For LITTLE B0 TR or & S e ot (B
curcelind werbeady "IC bor Drerpecy Cooslbis ond 7 for worw momse e

i
|
i
;
5
|
|

FoF cpaely R W AR B ) My rrlliane D e st 4 i B
SR TP TR AT PSR T LN BLAS |3 AT R Rre
bl

P bg @17
Pyplsces by 17
Hergpra 1 AR e 3T e Depr s 5958

- -

i
Phrurser d gt boari s o i sy, "5 77, Pharsar 5 kg 307 et Mo |- g T
P el s L Lpd

Cogansiy g Pross B S ] Woreessn SET o S rmaa 108

Mraws i ErreTs: Wy WA » BV e ombsind = 1000

Fari T pillodinin;, msbrr o Pl w1 1 B Peeil] O 0 T T S ol L
o o T T

L

s wlak T Do et w0 b | e s
L [T T g e
Degnaiy boger Pross Eor BT aruierws B0 and rewccapied 18770
Lermigergsd P, o Ther WER Bl ogrd Froplinfr (sl feg f el el i, i
1 T g . T carvignid Piraieil 1o, § 10 il il i i | /0
& rermEed o T
Fopriuiae cievpibled e WG 2 (uber o e rwd i (4] 1 dmpsifi avat
Foriat e et P D R el WP s A ) e 1T
W e 1 Ao 1070
Pegmn 3 deon ~morwri ot i ondy
Pone & s b aabeeued T waerrwied 50 e rescdbeeged 0P
Pl Sl e e W Ll WD H aird st W0 Sedanaber TRTT
e e | Revardar 1008

G (K Ralde f Corgladrer Hesliny ol Wearers Progewes Wi Selek il fere Spwes 37 [ieserbar 17940 Tabe 0 mmﬂmat:-rqrh
S A g e e el 1 [t | GRS Ltas P (ol Vergel 01 Kaagihn [HOE () Hoi ol Mbchry deiec sl L Rt 5 Rl (' FBDH e | i

Nuclear Weapons Datebook, Volume |

11



1

List of Facilities

Table 1 3
Research, Test, and Production
Facilities
LABDRATORIES

Liog Alarnos Mabonsl Laboratory ILAMNLY
L= Alpsrmoes, Mersy Wiaxion

Livarimice Lvermirs Matansl Laboralory (LLNLY
L weremore, Califormia

Sandin Matonal Leboratoriss [SKL)
Albupueroue. MNew Mexico

MATERIALS PRODUCTION RACILITIES
Faed Meterals Production Centar IFMFIGI
Famald, {ihip
Ashiabals Plart
Bshisbuls, Oiug

¥-12 Plant
Oak Hitige. Tenneboees

Haniord Heservaton
Richiand, Washington

Sevannah Fesar Flant
filleen. Soutn Carolina

|daha Matione Engmeering Labaratory [INEL]
|diaha Fala, idaho
Clak Fidge Gaseows Diffusion Plant
DOak Ridge, Tennessee
Paducah Caseous Oiffusion Plank
Paducah, enbuchy
Porrsmouth Seseous Dl luswon Pl
MEELan, Do

WEAPONS PPRODUCTION FACILITIES
Fnzky Flazs Plant

Goden, Colorado
=12 Fiant

Oek Fdlga, Temmesoes
Suyannah Bheer Plant

Adcen, South Cardling
Mimund Facility

Miomighwrg, Chio
Piielias Flars

5% Peiersiurg. Florde
Kansas City Plant

Kenmsas Dity, Mosous
Pantrx Flank

Amariln, Texas

TEET SITES
Fsmends Test Site
Fyve Coumty, Mesvada
Tonopah Test Range
Mye County, Newada

Bource  Adapbad from HASS FY OV OOF g 57

1 A reeslil or mrdification sy ey panlal o complese disssem |y snd Pameraly
which may b s mrach ca drzhis the worklzar of B e 2 sos weilieal ur reteeg an
aldens HASC, FY 1976 DN p 4864 The Daisbosk volwmey e it b iy bl e
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all the components into finished warheads These are
then delivered to the Department of Defense

Currently U5 [and UK] nuclear explosive devices
and finishad warheady are tested &t the Mevads Test Site
The nearby Tonopah Test Range is used to test mock war-
heod performance such as bomb drops with parachutes
and the ballistics of artillery shells and rockets Supple-
menting these facilites are the DOD-operated Eastern and
Western Test Ranges in Florida and California and the
White Sands Missile Range in New Mexico

The DOE and DOD divide the life cycle of a warhead
into seven distinct phases Phases 1 and 2 are sarly war-
head conception and feasibility studies that explore
intarest in 4 new weapon and define military characieris-
tics Phase 2A provides more exact cost and design data
Then a laboratory design team is selected Initiation of
Phase 3—development engineering—means that DOD
has approved the design A "B” or “W" oumber (s
assigned, and guantities and timetables are set Az the
warhead reaches Phase 4 special machines and facilities
are built throughowt the warhead component complex,
and with Phase 5 the First Production Unit (FPL] is
made If final checks are positive the warhead moves into
Phase & This entails its mass production period and its
time in the stockpile Phase 7 begins when a coordinated
program of physical removal of warcheads irom the stock-
pile is initiated and ends when warheads are returned 1o
DOE for dissssembly When Phase 7 is completed all
warheads of a given type have been memoved from the
stockpile A warhead Lype may romain in Phase 7 for a
brief or extended period of time This depends on
whaether forces are rapldly or gradually drawn down, or
the rate al which modified warheads replace or augment
the originals [see Figure 1 3)

The stockpile is constanlly in flux, with warheads
being produced, retired, or modified every day The
capacily of the complex and the tempo of the sctivity
have varisd greatly over the past four decades The cur
rent capacity to produce, retire, or moed ify—each activity
i% approximately sguivalent in terms of labor, space, and
time—is 3500 1o 4000 units (warheads) per vear® To
accomplish this the DOE was granted a budget for FY
1986 of $7 2 billion and has requested $36 billion for the
following four vears These budgets (even in current dol-
lars) exceed those of the Manhattan Project and approach
the peak spending vears in the late 19508 and early
15R{g \‘u"h[}:’rhe budgets are al near record highs the pro-
duction rates are not In the early 19608 the rate [and the
capacity of the complex) was aboul 6,000 units per year,
mostly in new production By contrast only a [ew hun-
dred warheads a vear were produced durilzﬁ 1977-78

The level of activity is also reflected in the number of
different warhead types being produced at any one time
Between June and December 1967, near the peak of the
stockpile size, saventesn differant types of warheads [for

citing Congressional broringe Commeson Fiecal Ve Dsparioe o o Agpropecation Bl
Part o
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Early History [1845-55)
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Figure 1 3 DOF Werhagad Pha=ss

twenty-three kinds of weapon systems) were heing pro-
duced simultaneously By contrast during maost of 1977
and part of 1978 only one warhead type [the Bi1 bomb)
was being produced

Current Decisionmaking

Policy gquestions invalving the purchazse of nuclear
weapons, thelr deplovment, emplovmeant, and control
are important responsibilities of a relatively amall group
gt the highest levals of the 'S government The prasi-
demt, his advisers within the executive office and, certain
department secretaries make up the core group, sup-
ported by deputy, under and assistant secretaries

Kev documents prapared by offices primarily within
the Department of Defense establish requirements for
nuclear weapons The most important acguisition policy
document is the Muclear Weapons Steckpile Memoran-
dum [NWSM] Approved cach year, the NWSM autho-
rizes precise numbers of warheads 1o be built, modified,
and retirod It also specifies nuclear material regquine-
menis over short-, middle-, and long-runge periods

From Laboratory to Assembly Line

Building the Infrastructure

During the period 1945-1955 the US government
reorganized and expanded the process and infrastructure
devated to nuclear warhead development and produc-
tion Legal responsibilities and relationships  wers
spelled ont in several key laws These Inr.ﬁlde the
Atomic Energy Acts of 1946 and 1954, the MNatlonal
Security Act of 1947, and the 1953 AECDOND Agresmeant
to develop and produce atomic weapons As a result varl-
ous civilian and military bureancracies were formed, the
most important being the Atomic Energy Commission,
the Congressional Joint Committee on Atomic Energy,
the Military Lisison Committee of DO and the AEC, and
the Armed Forces Special Weapons Project of DOD

For some time after World War Il nuclear materiala
warg in limited supply Building more warheads

W Thes chebrys in crvmibng ihn AL candriboond) despite {he hast afiors of Generl S o,
agnd oeMErg b the deipation s the Soghly moloed stalhs tnoobe BEDD prapss Sooes
szen ity svicroed) fr campeoey ol b2 iodusley or privets reeeanchh | Themomls
al Ui pemaining ofien warkcing (v Baczingee 2! Los Alsmos s Hanfood (hat wes

v o i wid undermaadailp podd The wars®e o o0 20U Sahid e
and T sitart bl Been ne

required more oralloy and plutonivm  Government
incentives stimulsted exploration for uranium ome Pro-
duction expansion cocurred in two phases, the first asso-
clated with expansion of the atomic warhead stockpile,
and the second with thermonuclear warhead production
To the original three Manhattan Project reaclors at Han-
ford (B, D, F| were added five more [H, DR, C, KW, KE]
between October 1949 wod April 1955 In January 1950,
President Truman decidaed to proceed with the hydrogen
bomb and to supply the huge amounts of tritium then
thought 1o be needed The Savannah River Plant was
built in responge, adding five more reaciors (R, P, L. K. C)
belween December 1953 and March 1955 Uranium
enrichment at Oak Ridge was expanded and supple-
maenited by two more gaseous diffusion plants at Padu-
coh, Keotucky (1854 and Portsmouth, Ohio [1956)
Uranium processing facilities were added at Ashtabula
(1952) and Fernald, Ohio [1953]

When the Atomic Energy Commission was creatad
there wera three facilities in the nuclear warhead pro-
doction complex: Los Alamos Scientific Laboratory for
resagrch, 8 Sandia branch of Los Alamos al Albuguesques
for ordnance design, development, and testing, and the
Rock lsland Arsenal that produced mechanical bomb
ciHnponents

For several yoars afller the war, activitly st Los
Alamos was greatly reduced 0 This was {ollowed by a
period of sustained growth in lsboratory and warhead
[acilities The Loz Alamos ordnance division at Albu-
guerque was reorganized into the Sandia laboratory in
1949 A second design laboratory at Livermore, Califor-
nia was established in 1952 Facilities to mass produce
nuclear and non-nuclear warbead components were
buitlt i the late 19405 and early 19505 at the Mound facil-
ity in Miamisburg, Dhio [1848), the Kansas City Flant
(19449], and the Rocky Flats Plant in Golden, Coloradn
[1950] Two final assembly plants—in Burlington, Towa;
and one near Amarillo, Texas—wers built in 1947 and
1951 During this period growth in expenditures and
employment was dramatic, driven by an infensifving
Cold War [soe Tables 1 1 and 1 4)

Seorvmnt B Wil fr with Zan collebrsfion ul S L Bachinn  Tha bivss s
Apmgree Hiph-Lesved Docleion and the Soviss Amaican Stnleglc Acoe Uenjediton S48
e (CHlma of 0G0 Hettman, Domofer v338) pp G652
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Early Warheads
S T e T L T o PO | P s e e L o 1 |
Tabla 1 4
AEC Employment for Warhead Production
Eonstruction

_Fhﬂlm {Emill Total AEC ﬂ'-ﬁh‘ Contractor :-Iﬂ-:_Er
1848 B2,524 A578 ae 253 18,688
18950 B3, 738 frl=t | 38.0=8 18,703
1851 59,126 5545 a7 745 45, 735
1852 148,371 GEGE HH. 101 B4, 508
1853 148, FI5 EH 1,778 0,130
1354 147,245 6183 Fa.ai2 gz 514
1855 112 5585 B013 82,956 23,606
1856 10,187 BEIT =20,258 13,328
1957 1194985 &810 S8.176G 14,358
15958 121088 7107 103,250 10,662
1558 121.588 BESS 106,156 9,678
180 122, 118 BE Y T E1E 11.128
1861 122 9848 E24E 103313 12,830
1862 126,623 Ee63 06,388 13,366
1863 136,278 12 15012 13,148
1864 136,620 T26H 117267 12.085
1H65 133,912 P 114,783 11.800
1966 133,580 7403 112,000 14 150
1867 133, 185= Fh50 112 (0 13835
13668 132, 826 a0 112000 13.925*
1965 132467 ragy 111 000 14,000
= Tec. =g Fodag TOGIOa0 3000
1871 115,008 Farg a8, 000 BELO

Gowrce AEC Samisnm and Ancanl Riparts i Cangress

*Author rmamirter vebun

Early Warheads

After LITTLE BOY and FAT MAN weare dropped on
Hiroshima and Nagasaki presumably only two additional
wiarheads were added to the stockpile by the end of 1945
|sa Tahle 15] " These wera literally custom-built.
experimental laboratory products, ool only designed but
largely fatricated and assembled by the scientists who
coneeived them at Los Alamos

Thraugh 1947 the stockpile grew slowly as sach war-
head continued to be hand-azsembled Using the FAT
hAMN design for the first bombs, the immediate chjective
was to reengineer it for easier production Certain critical

11} Thee Uniinl Suites pasmsyssild on Algeed B aller tie sevinid gl beoml had ot
dropped on e city of Nepeoukd o ferther siecks of zuclorr wespons om hard Par
darr borhe were liksly in beoome svsilshis oely Sy the aed of the yesr

HI Sfmsn  Tha Decision o Us the Anmic Bomh Marpers Mapezise  Febemay
112

iy e panit day, [10 Amgost 1945] remeny el impendap [epaness secrens
Frensd syt on Tinlen Wi contired in pregans B fae] Weaspai (e
Ay buf & I Le bduy devs v Pornidimt Teuman san slvises
i m Pmniwrﬁdlln'-.j akens ba reueived speciiic neroce

Bermand [ 02 Keels Meclens P svlagss [Boston. Hmgiian Sifflin Cnmpany |923) p 502
i) Ernde ke dnalicobed that b dioems pmy! inerew whetber | e s e coee Doe the Gaind seeapus
wan =i Tiram ot thel Beme Hemand | O Ceede. priveie commeinicsiion @ Téiomes B
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components were in short supply, particularly high-
explosive castings and initiators Acceptable caslings
finally became available in April 1947 They were incor-
porated into the MARK 11, the first production model
FAT MAM that entered the stockpile the same month By

rthe end of June 1947 there were thirteen warheads in the

stockpile, including at lesst nine FAT MAN models
(stockpiled through 30 June 1946), and as many as four
MAREK Ills [See Table 1 5] But the MARK M1 was judged
to be deficient as an operational weapon It was too large
and too beavy, an awkward shape, too complex in fuzing
and firing mechanisms, had lengthy assembly proce-

Cochrim ™ Jite 17985 -'-lmﬂyiihmn-:lrwm-ﬂlhlhln]l-:rﬂ.l_ld_
i Aogumi | on Timisn Hewereer T hard =oi at of Uk i eV Bl
rim] afthavmghs Tibbwts fpilai of ste Eands Gyl waid eecestly thal i had goom as lar s Call-

frETin D Aesuni 10 Gooves |0 Washingon wperisd 4o Moyl thet the ot Fai
bdan bomb weuld s rascy bor delhvery ow the lioe sobisble westber allar L7 af 16 Adguid
wrooe g o declamsiled doodnessis Than mas e week Pl than aciglsally plesaed

Crowes wiode 'Willer Fliius  Daliates Dorolis Amaeig the Craaton  Waskispion Pae
N july s, poA-1E Cenesal Leslis M Groves saym © Bome of e viial pans for 1o
slblitlaral PAT MEN wein Town vt 1o Tiiao] o two B s dongng s S 500
Wik Badd bosti bl &8 Albmpoessiee eajeacially foe this poipess  Flow B Can e Tokd
e Wati: [eCacps Prema. 1960, ot glnally podlisked 1853) ¢ 141 A pscemt sludy o
* @ thard phnesa e bl (04 DOET and FAT MAN belng fae (L teo] wes ready fon s
o Auaat 24, v weeks aller Jagss o aerende | Feoras konion Saeex The day ibe Sea
[Haes Twicw. The Sovy of e Trintty Siss Npclsar Baplaion faiy 18 1845 |4 Bugesnms
Mew Meslon, Univerally of Mew Mealoo Press 18084] p 453




Table 15
U.5. Nuclear Weapon Stockpile, 1945-50
Muclear Components Fion-Mucicar Cosmpanents
Grackpda as of Gun-type _hliuhl-hm Gan-type Implogian-type
30 Jure 1345 a i) 2|
= June 1846 a s o g
30 June 1847 i 13 | g
aOoE e o = i} =} o ¥
30 June 1548 ? 2 12 )
30 June 1850 ? 7 20 BE0

o Fgores ot for g laoe® debe prissably 39 Décorber 1345

Sournes Eoven L Rosroen The Fonmac Tears 1547 TR5T Hhsory of the DMas of o Secrabiry o Deferos (Wastmighon (D0 Govervnanl Protng 0fFes 15840 p 435 Davel
e Rpmenbery LIS Nuolesr Buocipie 13475 co 1900 The Bulesin oF D s Boanirsis 14y 188201 26

dures, 12 and astonautical and structural weaknesses of
the empennoge

Ag warhead research progressed, an early technalog:
ical l11m:wntir::n Wik thr:u (BT uF figsile n::u:m:s mudu ol a

More El'Fecﬂw use of Ihr pan’rll‘ul and rhenper smrﬂm nI
highly enriched uranium By the end of 1947 these cores
ware stockpiled for use in MARK T bombs 7 Another
technological innovation was the levitated core that
made for greater efficiency ueing the same quantity of fis-
sile material " Levitation and composite cores were

tested in Operotion Sendstone in April and May of 1948
in what were the first tests of new warhead designs since
the Trinily shot almost three years earlier The immedi-
ate military result of using these new designs was to
“make possible within the near future a 63 percent
increase in the tofal number of bombs in the stockpile
bombs "% Both festures wera incorporated in the MARK
IV built from March 1949 o April 1951

The MARK IV was the first mass-produced bomb
Conversion to industrial-scale weapon production was
practically complabed in 1949 8 It required (1) expanded
production facilities for o continuwows flow of compo-

tactical nuclear warheads One was the versatile MARK 7
which served as the warhsad for the Bureay of Ordnance
Atomic Rocket (BDAR) bomb Others were a Navy anti-
submarine dE]:nl.h I:h:lml:r [meramed “Beatty’ ’] 1.|.'IE Arm:.l B

a.m:l th& ﬂrql .|"||.l'nrl'l:lr ]]anlltmn MMumnition M]}M—m
nuclear land ming] This initial flurry of tactical nuclear
weapon development also produced the first atomic
artillery shell, the MARK 9 for the Army’s 85-ton 2B0mm
howitzer

The predominant warhead e during this period
remained the more simple aircraft-delivered bomb
Twelve of the fifteen new warheads introduced from
1947-1955 were bombs, mozst of which went to the Aidr
Force and its Strategic Air Command With a legacy of
strategic bombing and the dropping of atomic bombs on
Hiroshima and Nagasaki, the Air Force and SAC took an

&ﬁ p u1:.? l ﬁm hic ated

production in July 1951, was the principal strategic
bomb until the introduction of thermonuclesr wespons
beginning in 1954 By the end of 18955, 5AC had over
1300 B-36, B-47, and B-52 bombers. and a comparable
number of bombs of five types

— TA¥ir Universily Aol Teios TR p 600

mants, (2] new designg based in part on work done during
the war, (3] improved and standardized component
design, and (4] standard storage and handling proce-
dures 17

In May 1948 Los Alamos began development engi-
neering on the MARK 5, the [irst light weight (3200 Ib)

in May 1952 and wasg II]nwed cimaly yfiwa- diiﬂna[

18 e e 5 s of Beitpelght mresa Feity ehght hsat v asenile oo bimb

13 ED Litila dilory of the Adr Parce Pevlicizotion i e Afsmd Enagy Frogmom 13-
1953 Volume B Pousdeiione of oz Alomic Air Sroce and Operalion Saodslone 1048

New Technologies and the
Proliferation of Missions—mid-1950s

to late 1960s
By the mid-1950s the infrastructure for the produc-

of nuclear warheads had gong from a time-consuming

18 Linle Peiimfidtngd & &0 Atsk Ak Fose B B

16 AFL Roper o lonpess |wnsary (930 p ¥
17 &=t e feb CHEA o B

1 Hair il Gesili iore o sapdrated losm U kigh @ plonee amd e b io o pap The
poed 4 held ai the oomier of g pie by Shin gl cleoenis
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— Thermonuciear Warheads

labaratory exercise to an assembly ling process The naxt
period would see the end of Air Vorce dominance, and
the rivalry among the services to define new a]:l]:ri:n:almns
and misgsiong 1

— aued parallel devrlvpiEn ol TiEsi warlmads with

formed many or maost uf ils comvantional roles and mis-
gions into nuclear ones

Thermonuclear Warheads
Thermonuctear warheads transformed the stockpile
In the early 19504 thie Atomic Enengy Commission pur-

Ulam in Januwery 1951, was haged on rediation implo-
sion # The thermonuclear fuel surrounded by a heavy
tamper [Eg ura:uum—z:iﬂ] would be |mp|n|:la|:l by the

23 jrylin

which the mdiation from the explogion of the fission pri-
mary i channaled, thoereby achieving the thermody-
namic conditions required for rapid thermonuclear burn
A thearetical design based on the Teller-Ulam approach
was completed in June of 1952 1 was tested on 31 Octo-
ber 1952 with the 10 4 Mt Mike shot in Operation Tvy at

yields from 1 to 40 megatons {Mt) The principle of hoost-

ing the yield of fission weapons with small quantities of
deuterinm and tritium was first recognized as early as
November 1945 [see Nucleor Weopons Datobook, Vol-
umel, p 27) A boosted device was first tested on 24 May

EnEWETE THE RS Was i

thermonuclear device, it was not a dellwrnhle wnapnn
Thi device reportedly weighed sixty-five to seventy tons,
due in part to the cryogenic equipment needed to main-
tain its thermonuclear fuel, deuterium, at liguid tempera-
tures Jsoa Nuclear Weapons Databook, Volume [, Figure
2 3]

duced & 45 5 Kt vield Full-scale development of tha B1B,
the highest vield pure fission bomb (500 Kt) to enter the
US stockpile, was initisted ol Los Alamos in Aupgust
1952 It was lested al shot King in Operalion Ivy on 15
November 1952, and the warhead entered the stockpile
in Tuly of l.hc iniinwmg yt.'-ur & These hlgh !.rluld fission

wmqulrklg. n}plu-:{ul by n'n:::ru efficient, muitustugzrthur-
monuclear designs

An extensive literature describes the evenls sur-
rounding the decision to bulld the hydrogen bomb 19 Tt
was first sugpested by Edward Teller in 1942 Less well
known are detuils of the chronology, and specifics of the

The Teller-Ulam approach looked so promising.
however, that conceptual designs of deliverable thermao-
nuclear bombs were bagun pricr 1o the Mike shot The
first two deliverable warhead candidates (the EC16 and
EC14)" enterad development engineering in June and
.‘u.ugusl of 1952 rc.-s]:lerlch].r Thl:‘j ::umpnsm:l part of an

and modified B-36 hclmhurs to deliver I;I'mm 25 In Uclnbrr
1953 three other thurmonuclear warheads enlered devel-
opment engineering, the EC17, EU24, and the smaller
B15 Just priar to Bravo, the first test in the Castle series,
the firsl thermonuclear warhead entered the stockpile on

an “emengency” basis In March, April, and May, concur-

actual testing and production of thermonuclear war-
heads themselves

The first zignificant US thermonuclear reaclion
was shot George on & May 1951 in the Greenhouse series
gt Enawetak Atoll in the Pacific George was designed to
test thﬂ tgmlmn u-l th-an:uunur'lm.r fraed us:r.lg a ﬁsﬂinn

Btl\i'EI'_I‘- ﬂII'IH" El.maunt |:|f llqulu:l d.auterium r.nt:lum (D-T]
in close proximity to the fission device 'While vield from
the igmition of the D-T mixture far excesded expecta-
Lions, it contributed only a small amount to the 225 Kt
yield of shot George

The most difficult snd central problem remained —

rent with the Costle secles, the EC16, EC24, and EC17
were also prodecsd in small numbers providing the
planned-for emergency capability

The first two shots of the Costle series, the 15 Mt
Bravo test of an experimental device, and the Romeo test
of the 11 Mt EC14 demonstrated the practicability of lith-

deuterium bomb with a complex cryogenic cooling sys-
tem, was withdrawn from the test series and another
device substituted The Castle series also vielded infor-
mation thet enabled the design of lighter thermonuclear
weapons and significantly reduced the requirements for
tritium production The Caostle test resulis led to several

whalther and under what conditions burming mrght pro-
ceed in thermonuelear fuel 21 The solution fo the “Super
problem,” proposed by Edward Tellor and Stanislaw

devica * s Fowsa Histary o! dhe Air Rores Afomc Esesnpr Volume ' Ths
Dwvelngerant of Werpans [Wasaingian [0 01 S Kir Fones Historics] Diviglon 1Geioey
195 snaiailiod with deleilone Jane 1881 p 72 8 would be an inlerim bomb persling
the deve arsd kpiliag ol ik szhgar ez Bk p 77
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iR 40 Rickerd G Hewloll and Foascin Thtran. Afonic $hichd, 1847088 Veluma il
A Plalany of dee Uoeteed Sl Abonic Ereggr Commumios [Washington 00 U5
fitreniz Energy Commizrios 1973] pp 571 0% Harbesi P Werk Tha ddvisam: Cppene
hl._r Tellei and the Soperboml (S Foumosidi. W 1l Fresomss snd Cunpany 1970]

| Hernaein T e the ruir Mo lisly

decisions: (o produce the 21-ton, ogh yield (13 5 meaga-
ton) B17 and B24 (from October 1954 to November 1955];
to produce the lighter weight [7600 1b), lower vield B15

Wrhwird Taller [hivw Vork P Painam g bome 00mi) ¢ J88

1 Caos Mark 'K Shigi Accrant of Los Alsmrs Theamsios! Weak i Thesweoaas s
Wioapome 1040 e Los Alpinos Scieglilic Laboratery LASos? MS ey 1073, p 2
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Early ICBM/IREM Development

[from April 1955 to Febroary 1957); and to cancel amd
dismantle the EC14 and EC16 and o dismanile the EC17
and BC24

Beginning with the stockpile enfry of the B21 in
December 1955 and the B36 in April 1956, thermonu-
clear warheads were produced in larger numbers
Mepatonnage of the stockpile rose correspondingly Fig-
ure 1 4 and Table 1 6 show the total vield of the stockpile
from 1950 o 1984 Between 1555 and 1980 the megaton-
nage grew enormously, peaking at about 19,000 mega-
lons Approximately ooe ball of the megatonnage was
concentrated in 2 lo 3 percent of the warheads This iz
evidenced by the sudden relirement of B38 bombs
between August 1961 and Janvary 1962, dropping the
total to about 10,000 bt 2¢ The decreaze in megatonnage
reflected a desire to cover more targets and rely on bombs
with a laydown cepability The former was accom-
plished by substituting several smaller bombs for one
large bomb From mid-1961 to mid-1962, whila the stra-
tegic bomber force remained constant, the number of
bombs on alert doubled Over the next two-and-one-half
vears (1962 to mid-1964) the megstonnage rose again by
about 5500 Mt This prowth primarily reflected the pro-
duction of thousands of B28s and W2As and hundreds of
B53s and W51s

Early Development of ICBMs and IRBMs
Balliztic miszile development had almost as much
influence as thermonuclear warheads on military force
structures, war plang, and the composition of the stock-
pile With varying degrees of enthusiasm each service
pursued programs to take advantage of the new technal-

The Air Force ballistic missile program in the eacly
fifties had low priority and was poordy financed The
only available warheads at the time were (oo heavy and
had too low a vield In late 1953 the AEC succesded in
developing the B15, a high vield, “ligh! weight™ thermo-
nuclear warhead which shifted the intercontinental and
intermediate-range ballistic missile program to & higher
level of priority In 1955 President Eisenhower assigned
the highest national priority to developing these mis-
siles

The Army was the first to field a long-range ballistic
miszile with the REDSTOME in 1958 [ntense interser-
vice rivalry led to a 26 November 15956 memorandum by
the Secratary of Defense delineating ballistic missile pro-
gram responsibilities As a result the Army was limited (o
missiles under one hundred miles, effectively removing
thiem as users of ballistic missiles

20 00C
= Feal nowlsar of bormbara 1558 -
15 OO0
1000 —
—
5 000 p—
Feat s raadie s o el =
amkors stockpile i
0 | I l L | |
1345 1850 18585 1860 1860 1870 1875 1080 158%
Eresl of Fita Visae
Sy The urve whowning Bhe reletes gl onveges by yaee woe suppled by DOE Tow vercical sonin wars soded by the mussors by Boning the rdebes v e e ©7 1080 LS
181 (X0 megadans Thi usessrsmisky in B sosing (s eetimrtes & 5 men ehan W00 peroact

Figure 1.4 Total Megatonnage of U 8 Muclaar Waspons Btookpile, 1950-84
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Total Megatonnage [1950-84)

impaosed on the Army the JUPITER was transferred to the
Air Farce which operated squadrons in Italy and Turkey

The ICEM programs Ted o the Strategic Air Com-
mand’s first generation of the ATLAS IVETF and TITAN |

On 31 October 1959 the first American ICBM, an ATLAS
D equip ped with a W49 warhead, was placed on strategic
alert at Vandenberg Air Force Base, California Owerall
thirty ATLAS D, !anurv.wwn ATLAS E, and seventy-

lagt betwran 31 Octo-

ber 1959 and 20 Dacember 1962 They carried the W49
and higher wield W38 375 Mt warheads Fifty-four
TITAN I H2EMs became operational between 200 April
1962 and 16 August 1962 with W38 warheads

The second generation of missiles soon followed
Eight hundred MINUTEMAN [ ICEMs wore deployed

between 11 Uscember 1962 and 15 June 1965, (e (it
150 probably with W59 warheads, the rest with the 1 2
Mt W36 An additional two hundred MINUTEMAN 11
ICBMs deployed betwasn 25 April 1966 and 21 April
1967 brought the MINUTEMARN force to one thousand, a
limit set by Secretary of Defense McMamara on 11

dred more MMIls were added by 27 May 1989 j(and 300
Mk Is withdrawn] bringing the force to 500 of vach kind,
sach with the W56 warhead The other second genera-
tion ICEM was the TITAN I Fifty-four were deploved at
three bases betwesn June and December 19683, all carry-
ing the 9 Mt W33 warhead

from 1955 when recommendations were made o have a
sea-based (and Army land-based] intermediate-range
version 28 Initially the Navy was directed to adapt the
Army's huge liguid-fusled JUPITER IRBM missile for
surface ships and eventually submarines Given the

pyentual prospect of lighter weight warheads and the

The THOR was the first Alr Force ballistic missile
deployed Sixty of the single-stage, liquid-fuel, 1500 nau-
tical mile (nm) missiles were deploved at four sites in the

Teble TG
Total Megatonnage of U.S. Nuclear
Weapons Stockpile, 1950-84
End of FY Yield [Megatans)
1860 )
1951 103
1050 128
1953 1654
1654 386
1885 2813
1956 9152
1957 16,335
1058 16,142
1858 17,764
1960 19,000
1881 10,272
1982 12,203
1953 14.B20
1564 15,758
s IEREY L
1968 13.053
19657 11,856
1968 11,045
1865 10.4925
1870 5114
1871 Fasd
15!3‘ oLt 215
1973 7H16
1974 TE00
19745 T
1976 HA&1
1977 Sl
1978 S3e8
1974 5329
T9R0 5281 prohlems associated
1901 559
1982 50R0
1983 4904
1984 4586
i T
(a0 i 1 5 DN gttt s o B ] o P NSE0 Tha sttty i L
Arefg w o5 bepled 0 be i ihan 10 percail

with ship-basing of the JUUPTTER, a
smaller solid-fuel missile was proposed instead In the
fall of 1956 the ABC certifled that it could deliver to the
Mavy a light enough warhead, with sufficient vield, for a
30,000 |b missile In December the Navy's participation
in the JUPITER program ended and the POLARIS pro-

(Iver the next three years deployment dafes for the
POLARIS Al 5LBM ware rescheduled and advanced In
Movember 1957 [the month following Spuinik), to indi-
cate the high pricrity given the program a directive speci-
fied deployment of the A1X test missile by April 1960 if
gmergency measures wang invoked The AEC gave the

United Kingdom between 22 June 1959 and 22 April
1960 The missiles were lurned over to the Boyal Air
Force while the 1 44 M1 W49 warheads remained in cus-
tody of the Strategic Alr Command 7

The Army developed the JUTPTTER missile to com-
pete with the THOR Because of the range limitation

missile’s warhead {the W47 an “early capability” status,
and a few were in fact ready in April of 1960

The concentraled effort to develop submarines, mis-
siles, warheads, support [acilities, and equipment led to
the doployment of the first Fleet Balllstic Missile subma-
rm&. I_I:m 'I_I'SS Eﬂ'«l}rga Wushrngmn {SSP-N' '-'-ﬂﬂ] an 15

o Tiss THOES n the Uglie] Kimelom woe phated vor arwes 59 MNovasles 10l asd 18
Rt PR & el usnhon of TROE, missl e stk the Was warhesdy wers kgt ueil
WECE i & gerund-based anii-sels it syeom oo [ohasken bland in the Pl

28 Fie price Mavy [abeoel b6 belllallc sad ofelee missides so Borerd Derk Bruipe U5
Provid Buzmlwrdnaes] Misile, 1088194080 & Grody &f the Weapord [nhovaran Fiooss
Fh O dbssration Galumbils University 1981
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Stockpile Stabilization

ried sixteon POLARIS A1 missiles, sach with a W47 war-
head Anp estimated 300 W47 warheads were produced
betweon June 1960 and July 1964 for A1 POLARIS and
the longer range A2 missiles

While the Al and A2 missilos were similar the
POLARIS A3 was 85 percent new with a 2500 om range
It was the first missile able to carry multiple warhsads
The warhead, the W58, was produced betwesn Barch
1964 and June 1967 The POLARIS A3 force peaked
between Chotober 1967 and February 1969 with twenty-
eight S5BMs carrying 448 SLBMs with 1344 Waa war-
heads

Other Missions

Throughout the pericd one of the most significant
influences on the stockpile was the development of
lighter weight, smaller volume warheads All services
took advantage of these inoovations and adapted them to
a variely of tactical missions

The Army deploved nuclear land mines (ADMs),
widely adopted 155mm and 203mm artillery, and sevaral
kinds of short-range nuclear missiles

The Navy developed a series of nuclear anti-subma-
ring wisipons includiog a nuclear torpedo, nuelear depth
bombs, and nuclear anti-submarine missiles

Precipitated by the "bomber gap,” air defense
hecame one of the most expansive areas of nuclear war-
head growth during this period Maost studies focus on
the Alr Force's and SAC's use of the gap to justify more
bombers for themselves An overlooked conseguence
was the enormous growth in nuclear armed air defense
WeAPINE

The first nuclear air defense warhead was the GENIE
air-to-air rocket Its W25 warhead was one of only six
given the emergency capability status, and several were
ready in November 1956 GENIE was followed by the
MIKE-HERCULES surface-to-air missile deployed in
14958, the BOMARC long-range surface-lo-air missiles
deployed in 1958, and the FALCON air-lo-air missiles
deployed in the early 19608 The Navy deploved the
nuclear armed TALDS in 1959 and the TERRIER in 1966
as nuclear surface-to-air missiles

In the United States a huge air defense infrastructure
was built By the early 1060s it included 2612 interceptor
aircraft, 274 NIKE-HERCULES batteries, 439 RBOMARC
misailes, hundreds of radars, manned with 207,000 par.
sonnel #

Comhbined production of warheads for the various
air defense missiles totaled some 7000, & significant per-
centage of the stockpile at that time As early as 1959 the
intelligence community realized that its early estimates
of thousands of Soviet bombers were in error ¥ Nonpethe-

¥ HARC Caadlmendal Alp Dedesse Mesrig & july 1991 § I
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s

13 ACTRA, Decumwnm on Misgrmamesnl (084 pp & V88 68 Eow alio ABLD Rapaol 1o Con
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less the momentum behind the air defense program was
unstoppable

By the late 19505 and early 19608 the warhead pro-
duction complex was operating al peak capacity in more
than twenty facilities Spending peaked in 1960 with
warhead production rates 5000 to G000 a vear betwean
1959-1961 Uranium enrichmeant and plutonium produc-
tion peaked betweesn 1961 and 1963 at some 60 MT of
highly enriched uwranium?® and 7 5 MT of plutoniom
efuivalent {plutonium and tritium) per vear

Early in the Keonedy administration a decision was
made to scale back warhead and material production In
his State of the Union address of January 1964 and again
im April 1964 President Johnson announced & staged cul-
back in the production of highly enriched vranium and
weapon-grade plutonium 32 This led to the initial shut-
down of four reactors between JTune 1964 and April 1965
and an immediate 25 percent reduction in the operation
of the gaseous diffusion plants ¥ The Clarksville Center
in Tennesses and the Medina Center in Texas closed in
late Septamber 1965 and sarly spring 1966 respectively
Their functions were transferred fo the Burlington and
Fantex plants The Weldon Springs feed processing facil-
ity was shut down by the end of 1966 with its functions
transferred to Farmald Seven more reactors shat down
betwesn 26 june 1967 and 28 January 1971 [see Table
1) By 1969 gaseous dilfusion plants bad decreased
their total output by almost 60 percent

Stabilization—late 1960s-1980
Qualitative Developments

After the enormous warhead buildup—the numeri-
cal high was reached in 1967 —the stockpile stabilized in
numbers and underwenl qualitative changes

The most notable feature of this period was the
MIRViIng of most of the ballistic missile force between
1970 and 1978 with almost 7000 WE2 and WE8 war-
heads MIEVing was facilitated by improved warhead
vield-to-weighl ratios and sophisticated reentry vehicle
suidance systems The “need” lor more warheads was
driven by war plans with greater numbers of targets 3 As
ong student of targetiog has said:

It is apparent thet, throwphout the emice peclod since
1945, the numbsar of Sovied Installations which 17 5
target planners bave considared necessary to targat
has excesded the weapons avallable for employroent
against them Indead, there 18 no deubt that. o some
axtent ot least, larget lists have besn generated in
arder to provide an argument for larger strategic
nuclear forces =

1Y AK. Hepor o Cangress |[armary oo, @ 73
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Production Increase

MNonetheles: MIEVE were miionalized ot the tme
biscause of cost effectivensss and the necessary ability to
overwhelm a future Soviet anti-ballistic missile sys-

one of growing international tension between the United
States and the Soviet Union The waning of detente, the
imvasion of istan, the faflure to ratify SALT 1T, and

tem 36

Inn the plan to MIEV missiles during the mid-1960s,
both the Alr Force and Mavy would uze the W67 warhead
in the Mk-17 reentry vehicle (RV) This foundered as
each service wanted ils own reentry vebicle, leading fo
un{:-f:'lailﬂl.‘l. of the mulllmegntm'u '.I'I."ET-r in Dﬂ:.n}mil}ur

12 RV: rhe H..w!.r chma the Wea wuh tha Mark-1 BV
The first MINUTEMAN and POSEIDDN MIEV tests
took place on 16 August 1968 They were successful By
mid-1970 the first of 550 new MINUTEMAN ITI missilas
were being deployed, an effort that would continue until
1975 Each missile bad three W62 170 Kt warheads for a

the election of Ronald Reagan each contributed to recom-
mendations 1o increase the capacity of the warhead pro-
duetion complex and the number of warheads

AL the same lUme new goals and guidelines were
established for nuclear employment policy (Presidential
D:runt:w a4, ajgru:-d h-y F'Temi&nl. Em'ter on JH- Iul:.r mﬂna

raﬂu:ma[i:e Ih-u:uau,1 in :lew]npmﬂnl

The concern over the ability to produce the large
number of nuclear warheads in research and develop-
ment led to DOE deliberations about the adequacy of the

production complex Air, ground, and sea-launched

cruize missiles, the MY, TRIDENT [, and PERSHING 1T

—atiomon the @

fofal of 1650

More dramatic in terms of sheer numbers was the
Mavy's MIEVing of its submarine fleet from March 1971
to September 1578 meplacing POLARIS missiles with
POSEIDOMs on thidy-one 55BMNs hpprummatnly S000
WGy |Eﬂ I'-HI wa:haads wu'h& ‘l:ll.th in a iww—g.rea.r paru:ld

hﬂads o the Hﬂv} C sr.rﬂr.eg,tc E-T'ﬂEIll-Bl

A second techoological inncvation during this
period, variable yield warheads, had major repercus-
sions on the stockpile Prior to the development of the
BA1 bomhb and the LANCE warhead, yvields ware either
fixed or Ehangaahlaunlv lhmugh a time- ::-unsummg ult[.-r-

vield warheads Ihr: ].rlElld l:nu]d be 3E|ar.l.3|:l { l:ha] A
vield" at the point that firing orders are received and
fuzing takes place ¥ A warhead with several vield
options parmited the retirement of several single vield
warheads

ballisfic IIIJBE“E!:. neufron Waa pOns, and new  bombs

were scheduled for deplovment between 1979 and 1086
For these warheads and others it was projocted that there
would not be enough fissile materials or suificient capac-
ity in the complex The United States had faced this situ-
ation in the Iala forties and E-H.['|'||" Fifties wh&n CDHSII‘MHH

wa:hau:ls 1|:mt :nuld '|:|E| pmd uced To mmﬁ whu s’rudiad
the problem in the late 1970s it appeared that material
shortages might again constrain the guantitative and
qualitative composition of the stockpile

During 1977 and 1978 the Senate and House Armed
Scn'm Gnmmlltm 'l."llltl}d DﬂE f-iul:llitE'l E-nli IE!uEll:I

graum tu mngl thn pm-ndln w.:urhﬁa.d ::rhnrlulr F‘xar'ur_wu
branch committees were formed to examine the problem
further ¥ In June 1979 the DOE submitted a report to
Congress that identified deficiencies in the production
complex and provided a live-vear plan to correct them A

During this period the number of warhead types in Mational Security Gouncil-directed policy review com-

simultaneous production averaged only three or fowur, af
certein times dropping to one ¥ Spending fell o less
than half that of the peak vears

Upward Bound—1980-1990s

a

millee concluded in 1980 that the nuclear materials
capacity must be expanded A joint DOIDVDOE study by
the Long Range Resources Planning Group was directed
to "Develop and propose guidance for a 20-year nuclear
weapon program for DOD and DOE resource planning™
and to “review U'S nuclear weapon ascquisition and

Beginning in the late 1970s several political and
infernational factiors would result in once again increas-
ing the size of the stockpile The period 1977-1081 was
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1
Warhead Budgets (1878-89]

Higher warhead production levels were already set
in the Nuclear Weapon Stockpile Memorandum
[N'WSN) for FY 1980-52, signed by President Carter on 5
Jamuary 1974 *1 The FY 1981 budget, senl [0 Congress in
February 1980, had requested money for many new ini-
tiatives President Carter bequeathed to President Reagan
an already increased set of production goals and pro-
grams These levels were zet in Carter's last NWSM For
FY 1081-1983, signed on 24 October 1080, and in his FY
1962 budgei

Upon entering office President Beagan provided his
own FY 1982 budget that was an scross-the-board addi-
tion to Carter’s For the Atomic Energy Defense Activities
poartion of the DOE budget Reagan increased the request
by almost $300 million o just over 35 billion The Mate-
rials Production reguest wenl from S837 million to $931
million 42 During the next six months the Reagan Admin-
istration began to pul it own stamp on the military
budgel and nyclear weapon Ei"“JEIFMI-B On 2 Dclober
1981 President Reagan unveiled a five-part strategic

weapon modernization program  These included new
hombers, TRIDENT submarines, TRIDENT and MX mis-
siles, and improvements in communication and control
systems, and in strategic defense 4

Reagan's programs were more ambitious than
Carter’s in terms of warhead production and spending
{see Table 17) Some weapons were revived, many
others had increased goals, Bnd in a few thers were
decreases: the B-1 bamber got a second life, the number
of cruise misziles was increased, while the number of BMX
missiles was cut in hall Theater and tactical programs
weras nof overlooked In August 1981 RBeagan anpounced
that enhanced radiation weapons would be produced
Wew naval nuclear weapons wers envigioned, and the
PERSHING Il and GLCM became top priorities o mesl &
December 1983 deployment deadline

O 17 March 1982 President Reagan signed his first
NWSM It was notable in several respects Rather than
the thres-year [near-term] and eight-year (long-term)
periods of past memoranda, the March 1982 version

B Pidudink Singalred oo kbEe Butin] SO OurLkiy ) od e b

Table 1 7
Atomic Energy Defense Activities, 1978-89—Budget Qutlays
fin millions of dollars)
F¥ 1878 1873 1880 1881 788E 1883 1884 1985 1986 21987 1988 1588

Waanons 1148 1387 @14 2186 2642 2353 3813 0 40B4 4070 2 43BH 48P0 5165
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and Wasre
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Morval Reactor 231 258 241 283 338 410 4EE 480 530 G6E G116 (51518

Development
Other Aesearch 167 211 e B=1-0 121 Lk T4 168 180 1au 208 222

Pragrams
TOTAL 200 2547 2078 338a A3059 517 B120 F09H #153=  THOH HAOO 000

Fram the beginning of the Carte- Adminiseracon (FY 1878 chrgugh the end of Resgan's first teem (FY 1585 the budgat for nuclasr

warheads has mam than tripled from slighthy ovne £2 bilion to sighty ceer B7 bilion Inconstant dollars this rapresents o real increasa of

120 percent  Most pronounoed within the budget s a more then fourfold momase n current doliees) for matericls producton, @ eal
inoresse of 180 percent The totel budget is plonned to ncresse another 10 percent n real arms duning the second Earm

b Fopores (o 1086-FO ore seissbeg
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Warheads in R&D (1985-80s)

Table 1 8

Nuclear Warheads in Full Scale Production and Research and Development
(1585-1990s)

WRRHEADS IN PRODUCTION

st Year

N uwm bear Desoription and Date- Est. Total

a6:1-3 Tectical Homi (1075 1000 125
HE1-4 Tactical Bomb (05 7Sk 1000 125
WiE TREDEMT I (30 TE) 32040 320 -
WwWas B-inch Arcillery (077811 B25 « 100
WWED-1 Air-Lunched Cruise (D E1F 4100 ds0
WECD  SaaLaunchad Cruise (03/84) 750 B0
BE3 Strategiz Bomb [DEEIF S 425
WWHa Ground-Lsunchan Cruese (0583 {0 n) 125
WHS BEREHING I (0/E3] 125 GO
WHT MK Mic=ie (D4/85k Sa-1050 1m-a50

& [Peis iccsceares F et Brsluciaoen Lind

B BT A arw enreplece clder My Bicis. BT anei older e forme eaciacsl bombs
FASE FY TRE DOE p 58 B

¢ Thea rarm im not comebart. Por e e Ine yeors U msin wees prokeiiy srcond SO0
g e o the bamrve LAFEYE TTE iFOANK LM med et g O 60 - o Sl S Ee
oo i A pliyved bestarion Clc tosbaar 1907 ) B i crrrees af' 15850 Wi rits ) pevds-
nbdy mroand 240 pa- ywe- for the et fre yasrs: tor Ghe rest s OHID class 3568k
Tha Firmk 877 E: wrirsmsis| S5 U TRRENT | 5L I wils o icliatsed an Juna of 1578 @
im kmly £ b prodocsd uned 138G 200 wru ~emowd evusly o me
FlskEL N e LAFATETTE and thi Frsl ghes D-a0) clisa SESG Lnder ool
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19080 KL WS st with N i i (LN BO0 pousdds  Fo- Ue
Pl 5 rmervtry buodyl), ol il D 75 LT WHE sl Tl cpeii ol bl HE . FY
1588 EWDA Part T p 280 D il g U Dea widheiidbi, Gaa -WAC FY VBBS 00D
Pet 8 p 194 HADC Py 1885 EWDA Pea 7 @ 414 ARST (3 Bl bee 15040

WA STAMDAAD-2 Surface-to-&ir Kisaia

W2 155mm Artilary Fired Aoomic Projectde [Production pariod 15585-592 oo produce approsimataly 3000
wisa TEIDENT Il (Firsl deivergs FY 1855

Wiz EEA LAMCE Anmielibmarne Warlare'Standaft Weepon (AW IS0 N
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defined annual requirements for the first five years, plan-
ning directives for the next five vears, end long-range
planning projections for an additional five years ¥ In
terms of nuclear warhead production, reports indicated a
rse of only 380 for the first five-vear period over the
already increased Carter goals #* While the projected
number of warheads did not go up appreciably, a differ-
ant mix of warheads coupled with technological dewval-
opments drove projected nuclear maeterial production

i DUE FER LHschor @ 12
4% Juinh Millsr  Pasgsi Endarses Riss i Alombc Warkeade by 580 O Cartar Caall B
Foark Tirmes (3 March i8] W 3

& HAS FY IS E g LR
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requirements higher Smaller warheads with highar
yield-to-weight ratiog require additional plutonium, i
and more tridem would ée needed for several planned
enhanced radiation warheads

The material production goals were reinforced in
President Reagan's second NWSM. for FY 10983.88,
approved on 18 November 1982 In approving the Memo-
randum President Reagan stated that:
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Future Technologies and Production

as o malter al policy, national security requines-
manis shall be the Hmiting factor in e noclear force
structure  Arodtrary constrainis on muclear material
avallability shall noi be allowed to jeopardize
attainment of the forces roguired to assure our deferse
and maintaln deterronce 47

Also apparently Included were requirements for creating
“sufficient reserves” of special nuclear materials
These reserves were said to be needed "as insurance
Emnat unforseen SNM production interruptions and to
for [a warhead production] surge capacity " The
plutonium reserve requirement was set at some 5 metric
tons
The third Heagan NW5SM was signed on 16 February
1884 It contains stockpile projections for the periods FY
1884-99 * Reagan's fourth NWEM was approved in mid-
February 1985, and contains stockpile projections for FY
1985-2000 ¥ The warheads currently in production and
under development are shown in Table 1 8

Nuclear Warhead Technologies
and Future Production

Among the warheads being worked upon at Los
Alamos and Livermore are the so-called “third genera-
tion” weapons ¥ Third generation weapons are some-
times referred to as “tailored weapons™ in that the effects
of the warhead are altered to schieve a particular oljec-
tive The enhanced radiation (ER) warhead—aor, as it is
sometimes called, the “neutron bomb”—was the first of
these kinds of weapops The copeepl evolved in 1858
and itz development is credited to Samuel T Cohen, then
a physicist at the Rand Corporation ** The neutron bomb
is a thermonuclear device designed to maximize the
lethal effects of high energy peutrons produced by fusion
of deuterium and tritium while reducing the blast effects
[see Nuclear Weapons Databook, Volume I, p 28]

In 1960 Livermore Laboratory, then led by Edward
Teller, lobhied hard in the Penta - ti establish military

nirements for development of “pure radiation™ tacti-

ﬁ?warhmdg # Though the proposal was mejected by the

ar [3E FES L Hewetor Wolume 1 p 12

Al [HD FY 10 A Hepart 3 277 There was o zeriiso ol & reesied ilis e el
Sane D0 FY 1983 Arcanal Beposd pp 00 141-42

a8 The Suckedr Weapsim Prodhciion ated RO T o ples—U08 Saippaait ol [O0) e
menly Office o Bar fassted o the Seieray of Defenme (Abysic Eamyyl Decesber
12, 3 Bed bl HASC FY v [B0R pp 128 57

in HAC FY 10wd EWIE Pert & [ 55855 and P01 inmearendam lar et Prealslem FY
v FY 1958 Mo lear Wempuss Steckpil sigoed by Dussdd Paul Hodel Seostary of
Enargy aad Ceapar W Wl b Sevnidary of Delenie daed 27 Depiioder 10083 desbae-
nified witk deletioms The seven page memciendeen i e By nin emeclooires:
L] FY UESE. 10 S el Wodgiens St kpila Plan abd Y 1900 1950 Frots! i [ i
pagesl: |2} Loy Beagr Flanomg Procection FY 1903 throegh FY 1209 (fons pagei: |3 Sum-
moiry oo Byl ke ared Relipomeasrs (e pagesl 4] nformislion Garcening Foeos Fanvang
i Fech e MduiEneats (eyen pagsid (1) Maclead Mot iale B4 pply Temasd Adalyss
[din. pgrsl 4 Poaposed & pptoial Sonoaandun (e o

A1 HASEC FY 1886 DNE 3 206 BAC FY 1888 EWDA Pap 2 p 1358

%52 Flabon sea s csliedion] o 58 el looss sespeens iidnelioel in Ui ae vzl
vaad thes #pir anedl pocand groseranons

Eizenhower Administration research on two ER concepls
[code named DOVE and STARLING] remained a high pri-
ority &t Livermore ** Livermore successfully tested a
device underground in ecarly 1962 %0 "By the spring of
1963 sullicient progress had been made to allow testing
of a device that could be ‘weaponized” to fit into a battle-
field delivery system 57 Tt appears that the W63 and
Wiid were radistion warheads for the LANCE missile,
each under development at Livermore and Los Alamos
respectively Both entered Phase 3 in July 1964 The W4
was cancelled two months later in favor of the We3,
which in turn was cancelled in November 1966 in favor
of the non-ER W70-0, which entered Phase 3 in April
1949 58

In October 1965 the WE5, an EE warhead for the
SPRINT anti-ballistic missile, entered Phase 3 The
Livermore-designed warhead was cancelled in Jamuary
1968 in favor of the Los Alamos-designed Wa6, which
entered Phasa 3 the same month The WE6 was tested
underground at Nevada in the late 19605 and entered
production in June 1974 The W66 warheads were
recently rotined

Two battlefield enhapced radiation warheads are
currently in the stockpile: the W70-3 for the LANCE mis-
sile. of which approximately 380 were produced
botweoan May 1981 and February 1983 and the W79 for
the B-inch artillery shell that began production in July
1881 and will complete production in FY 1986 *9

Theoretically, effects of nuclear explosions such as
heat, blast, or radiation could be tailored to achieve a par-
tcular military purpose LANL and LLNL have studied
ways to haighten the electromagnetic pulse [EMP) affect
that would be useful to knock out command, control, and
communications

Another third peneration weapon is the X-ray laser
Here laser rods are energized by the radiation of a small
nuclear explogion Prototype X-ray laser devices devel-
opad at Livermore laboratory are known as EXCALIBUR
and SUPER EXCALIBUR At least five small undergound
nuclear test explosions have reportedly been conducted
using the X-ray laser device—on 14 November 1960, 26

53 5T Cohsn The Wegitan Do Pelificel Techrolypirsd mmd MitSary farse [anlbrsbge,
Mo bapseia Bastiats [oe Footbn Policy Analysle I Nowvemhar 3076 52 8-7; Sem
Dot The Truih ASsut the Mepmon Aomb (New York: Williem Momors & Company
el

LT !'.iluI|I|I Klsintwasky The Fally of ibs Nesimon bonb  Tie ASnei: (Juos 1978): 4

B Thee e i iecepiis mnds @ Daglog hwion devica wiics do ke priccipls of it srvend ipjes
al enbanced madiston waohanda thei are ka the U % sl (W™ 3 W Well and a
juine lisia devios which has elasded spceoedul develepmen

3 Colws The Trith op < p 88

87 B, poAzZ

W BCAE Eliery Agmeliiallins of fairlesi Teckaolagy Pait J, (9 40-4); Cahen Neotnon
Banbe Palitizal Technologioal and! Milieny laoes pp 1591

50 An ol mual 1948 The W0 Comtinied |n produotion thosgh s
sadiarir verilon: HAD, FY 1is EWDA Panl ¥ p 50

Bl Welke Pimcur  RNiew Bicléar Hambs Soedbal  SWeahizgfon Poss 418 April 1883 Ak
HART FY uifs IOE, p 301
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March 1983, 16 December 1983, 23 March 1985, and 28
December 1945 51

DOE is interested in and is conducting research on
certain other types of Muclear-Driven Directad Energy
Weapons (NDEW)—for example, visible-light weapaons,
microwave weapons, charged-particle beam weapons,
and ouclear explosive powered Kinetic-energy weap-
o B2

In addition o the third generation research work a
number of innovations in second generation warhead
technology continues The three most notable develop-
ments are safety improvements, improvements in yield-
bo-weight and vield-te-volume ratios, and “insertable
nuclear components

In the safety area the major innovation since the lale
19705 has been the development and introduction of
insensitive high explosives in nuclear warheads This
wiis prici pitated by several serious nuclear weapon scci-
dents in the 19505 and 19605 in which the chemical high
explosive detonated Other improvements were also
made in the safety of firing circuwits and fuzing mechan-
izms, as well as new control devices, known ez Permis-
glve Action Links [PALz)

A continuing trend in warhead development has
been the improvement in yield-to-welght and vield-to-
volume ratios (resulting in the more efficient use of
nuclear materials} and the further minlaturization of
warheads

The miniaturization of electronic components for
warheads has allowed the development of 155mm [6-
inch] muclear artillery shells, small crujse missile war-
heads, and small but high yvield reentry vehicles

An aggressive research program in new warhead
design has led {o the development of “insertable nuclear
componants” [INC], thus allowing a missile to acconmao-
date either a nuclesr or conventional warhead of the
same size and weight Current “dual capable™ missile
svslems require cither different warhead sections or sep-

81 AWET (i) Felsuary 1980]: 2557 David Perlman. Tep fess Pl for Lossr Weapen ©
San Pransirn Chmaicks (23 Sepleanbe VBRI L balith Miller. Mew Grmcmtion of
Hachenr Ars Wik Depirolled Efects Forsseen  Ness Took Tiees 128 Ootoler 1982): A-
1z Puirichk K Tyler, *How Béwand Teller bacsed tolove the o lear pusiped ooy koser,
Wasbkdngion Frat {3 Agril TS D-5; AWET (18 fane 9] 15; Willam | Broad, % Ray
lawwer V¥ ua pan Gaina Favar, I'-rr-r: Trore [15 Merowrnbeey {98 G 1) Willlamn | Braad
The toung Mhpiciets. Alema ared Pabriciom Amid ihe Cake loes © Mow Tork Tites
i3 Janeary 1284k C-1: William | Bmsd “Galns Reported Ty Llse of Lases For Bpam
MAemi, Mew Verk Timss 15 Iil.lr'.‘-r.ﬂ.-l-lnmhﬁ:.ﬂ.m.hnumr Sl A William
] Brond N Afomde B wrw oty 1 | i n Purioes Paus  Mew ook Tirag
[EB Judy 1848E C-1: K Ndlowy Smih, “Esgeris Canl Joubl oo Loy Lasr,  Sole 18
[rerriser VHRS] S46-48 Willlam | Brosd, Spece Wespon Tevi Falhoe Reponsd = Sew
Fark Tissmin I Movermbar 1985)- BT 'Williarm | Brosd Stor Wamian (Mew Yoal; Stomen
wndl Boksiwbes, 1000 | Bober! Schims  Scaaliits TRajrie Tesl o X-Ray Lasar Wespon  Las
Argmler Tiorew (L1 Hovermiser 12853F 1
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arate missiles to deliver nuclear or conventional charges
INCs would allow a missile the same flexibility as dual
capable artillery, where the same gun can fire either kind
of round They are baing examined for use on ships and
sulimarines where space is limitad

In addition to plams for fulure Iypes of warheads,
sevaral initiatives are underway to augment further the
supply of nuclear materials and assure production Into
the next century As meolioned above, DOE plans
resume the production of highly enriched uranium {oral-
loy) as early as FY 1988 to mest new requirements for
reactor fuel Projected demand for tritinm has lessened
gince early in the Reagan administration, but substantial
quantities will be required for existing enhanced radia-
tion warheads, to compensate for redicactive decay If
additional ER warheads are produced, tritium require-
ments will go even higher

DOE will continue fo produce plufonium to meet
increases in stockpile numbers, decreases in retirements
{a major source of plutonium], additional “reserves,” and
design demands [smaller size and higher yield-to-weighi
and vield-to-volume ratios) that require more plubonium
per warhead

At Savannah River, DOE 15 planning 1o introduce
new reactor Tuel (o incroass the efficiency of plutonium
production The MN-Reactor at Hanford will reach the end
of its projected operating life in about 1997-88 Plans are
pither to bulld a New Production Reactor [NPR) (for plu-
tonium oF tritium] or to refurbizh the N-Reactor com-

plete

Tge DOE plans to build a Special Isotope Separation
(S15) plant at Hanford sometime in the 19905 This plant
would purify plutonium for warhead use nsing laser iso-
tope separation Initially the 515 plant will enrich the
existing amall stocks of DOE-ownad low-grade pluto-
nium, after which it will be usged in a massive effort to
purify the some 100 MT in the warheads

EF Cfire of Technoingy Saosasmeni Amli-Seallios fsusiermsascres, anc Arme
Coareod |Waak!nglon B : GO 10881 pp 70-71; Soewlific drericns |Pebroary D988)
=4 5 [OE Srnmgic Delevsr inilietive lesding fee FY 1908 aresmirsie) alesst sallsly
i i b ieiwen Mpecied enengy devions wio 5008 millios The rejuse Fd FY 18687
90} rmillia asedl i pEOECLICU Fof Y 1908 b 01 millicn
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Los Alamops National Laboratory

Chapter Two

The Production Complex Today

The United States currently produces, modifies, and laboratories develop warheads or bombs for existing or
retires some 3000 fo 4000 nuclear warheads per year proposed weapon systems, and monitor their reliability

while malniaining a stockpile of 25,000 to 26,000 war- affer enfering the stockpile Sandia’s principal miszion is
heads A government complex of nineteen facilities in the research, development, and enginesring of non-
thirteen states, with thousands of subconiractors and muclear componants of nuclear weapons, such as fuzes,
vendors, perform the majority of the work Specifically, timers, safety and control devices, and parachutes

the complex comprises three national laboratories, nine Approximately one half of the staff and over two

material production facilities, seven warhead production thirds of the budget of the national laboratories support

facilitiss. {t located) {ses Fl 21 and T F ;

2 1). and two test sites DOE and DOD operate a number 11,000 pmployess and a budget of 51 8 billion (FY 1988

of major testing areas for warheads and delivery systems are devoted fo warbead activities at the thres laborato-

Hoth agencies operate scores of research facilities which rios

also contribute to the development of nuclear weapons

This chapter provides a broad piciure of these activi- .

ties and traces a nuclear warhead through (ts develop- Los Alamos National Laboratory

— ment and manufactur

Inla

lished at Los Alamos, New Mexico to design, assemble,
and fest the first noclear bombs 1 Alter the expenditom of

La%ﬂmﬁaﬂsum T T— §1 7 billion and work by tens of thousands of scientists,
AR i Th-mugh i rrl_'l-p it b o [[]:'F;:] engineers, and employvees the first bomb was exploded
l HF. lal:l I:rmri b TRY 16 on 16 July 1945 al the Trinity site near Alamogordo, New
"l‘ﬂ ' FEDOFEOCES. AR Mexico Tnm!_u- was followed by the destruction of Hiro-
(DOD} Inboratories i s yemee i the wiar, Lbw Alatisé voolbaied ip
The Department of Energy nuclear weapon labarato- develop fisslon weapons In 1952 it tested the first ther-

ries are the Los Alamos National Laboratory (LANL) and ;
3 A : monuclear [fusion) device af Enewetak Atoll in the
Lawrence Livermore National Laboratory (LLNL)}—hboth Pacific Until 1958 all weapons that entered tha stockpile

performing nuclear warhead design—and Sandia , Vpes
Mational Laboratories [SML), an engineering laboratory - desimﬁi by Lﬁ'HL ml |:|E menl',.-ana : of

responsinle Tor the development of non-nuclear compo- Gl S ' e -
: l_hn tti.rantg.r nine t].rpaa cun'ently in I.‘he- stu-c:kplla
nents LANL, LLNL, E“f] SNL g i.l“ hmad-bas:u:l, LANL has designed seventeen In recent years, the labo-
multiprogram laboratories specializing in the phvsical ratory has designed warhaads for the TRIDENT (W7,

sciences and engineering with a large number of profes-  \onTTEMAN 1 (W78), sea- and air-launched cruise
sionals in pumerous fields 1 :
Th incipal nuclear weapon missions of LANI mlaeE [ WaD0-1, 1]
il s e Lophy LANL is organized into seven substantive areas: (1
and LINL gre theeslold  Fiest, they X rga ¥ ; . & | ]
s ' ]
;"‘I“"'fd “'f“'.f;'.“ Ez;m*r"ll’ and to Lmi’":"“?“‘dmm'ﬁ‘ ences; [3) experimental physics; (4) thearetical and com-
e ko o e o oy puaioal physics: and e defon progoms : Th
' 3 Weapons Devalopment Program bas sections devoled 1o
equipment used at the Nevada Test Site Thirdly, the twao P P B
1 Thee Doerstent omihe U 5 et disieg Yol Wi 1w desvelap nutlear seapas §s vast Farerameal D 1845 (Prnosion, Mew Fesey Frinoea Dalverdiny Peos 18431, P
For » sampiiag of [iel bend s aed bstosien, soe Gearral Lealiv B Gesve, Now it ot ¥ Thes ks Adames Stony Parr i, Tossses® Triminy by David Bewkio Purt 1L Beand
Lo, 8 Toebf: The Siroy of the Manbaman Projeot (Nes Yors: Harper (062 s Wilan Trlaity. by B L Trashes amd Ralph Carlisle Smiih Loa Asgeles: Tomsh Puldlshess
Bd AR in O Tlisis ]'.Il'a:ruullwrunlql Tredre B ine Pieneis (Chicap: B 1aEL Rchand C Wewrdot apid Dwse P Andarean fr The Sow Wocld TAF0 (il | Llikee
lienal Fouudanys fre Wi bsa Soleore 108 Lawyrnog Bealeh Jeesph O Hismes fedvler iy Park Penmeyleania The Persoyivania Suae Unisermily Pees (03] laseis W
aivd Herlerl P Brodide: e . Bomsiiscerce of Lus Afesiea, 1843 1508 [Dondrechi Hal Kumetles ity off Fiow: Lox & lemes cad e Birkk of ifs Alombs Age ER4D 1845 (nglewrad
land: O Exidel Prislisiiigg Lompany. 1060 Aloe Kimhall Saiith and Chickes Weiiar. (il Mo ey, Promios Hall i 1908} Fabie Mofibh Sxise The Dui e Sl B
-I-_all Hut:'ﬂw“n:wmlmmf H-l_'-'uﬂnlll:nlﬁlﬁbrﬂl: Fefeanalmipat i -L'ij Turicw: Thw Stzry of the Trirdty % Noolear E-pu-u:n Jaby 18 Ill-l-ﬁl!.lh.q’u.q-.,!fn
‘ivern : i
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dimseraten, Daivenity d'l'fnuuﬂll H-.l.llll'l 1“:‘,. Viecen ||:|.'IH l-h.l‘ﬂll.l'.ﬁll T |.|“_L VEPH; Pl b Knabe? ,:{:1“ mlm, |"||'l|ﬁ:|§.-.l';":|m'| 'm:,‘-"r;.t Harpar

Army asd (Be Aemk Rasmb TS Srey oot of Millers Hisery (Washiagon 0 & Fuw 10900 Mari Aharwln A Werld Dert | {Haw York: Kaogl 19735 Lo
OR 1985 Heary DeWol Ampth. Amnie Sreay for Miiley Pagoss: The Uffion! Y s mr""-!.ﬁp_q IH_; Valuse 4 Kamdar T ) L

Frpor? wa b Dyne o off thee Atarses Bareh wedif (he Anspdrod of the Dlaed Sinieg

28 Muclesr Weapons Databook, Vaolume )



Lawrence Livermore National Laboratory

Figura 2 1 Map of DOE Fald Foclities and Operakons

advenced weapons technology, test operations, and
weapons programs MNational Security Programs has sec-
tions devoted to arms control and verificetion, defense

and tests were conducted to verify them Instrumental in
the promotion of a second lab were Emest O Lawronce
and Edward Teller Their efforts and others resulied in

construction, and special projects Defensze Hesearch Pro-
grams has sections devoted to strategic defense, and
fusion research and applicetions (sea Figure 2 2)

Lawrence Livermore National Laboratory
Lawrence Livermore Mational Laboratory was estab-

1952 Lo increase the U 5 effort to develop thermonuciear
weapons 3 After the public announcement on 23 Seplems-
ber 194% that the Soviet Union exploded its ficst atomic
bomb on 28 August, there followed intense debate about
the apprapriate LI 5 response On 31 January 1950, Presi
dent Truman announced bis decision to procesd with

—1hE development ol

faster effart at LANL and ultimawhl the establishment of
LLNL The Los Alamos H-bomb program was acceler-
ated, new design ideas and calculations were developed,

the Alomic Energy Lommission s approval to establish a
branch of the University of California’s Radiation Labora-
tory at Livermore The site was selected in Febroary
1952, activeted in July, and officially opened in Septem-
bwer under its first directar, Herbert ¥ York [see Table 2 3)

Although Lawrence Livermore was established in
first successful warhead Ivpe was nol deploved wntil
1958 (B27 and W27] And ool only did Los Alamos
design and develop the first thermonuclear warheads but
Lawrenco Livermore had four serious test failures [“flz-
zles”] in the 19508 Since ahout 1960 most weapons
entering the stockpile have resulted from keen competi-

instances In which an approach by one laboratory was
surpassed by the other, or in which an approach dis-
carded as infeasible or not useful by one was picked up

# Lra Alsssra Katioasl |Lshoarstory it Plan FEU9EG 80 6 150

1 For mchgesusal oo the ssbsbliduesar of (LML see Hickesd § Hewleti anid Frannks
Menran Vofume B digordc Shiokd, 1847 FiS3; A Hisan of dhe UinHed Siokes Afamic
Encry Comsaeior ('Wahingeen [C: Annlo Eregy Commdsalen BRT7] e 560 84

Harbeswl F York The Advisnr: Uppesheimer Teller ard ibe Seperfoemb [Ban Franckaon
WH Fresmem and Copgany (37 pp 128 55; Ecdward Tellar Thw Luyei ¥ of Hifishilsa
[Caden Oty Mew Yerk: Dockletisy & O 1983 gy %4 ™ Mrving In Enamgy and
Trohrestepy Mevisw [Feluusty 83k 1829

Muclear Weapons Databook, Volume I 27



Principal Warhead Facilities

Table 2 1
Principal DOE Warhead Facilities
(1985]
s e ok : mu_ e
Dwee of
Currant ipitcial
Fmilocy Oparacing Concractar Operacion  Emplaymant™
o= Siarnos Maoonas Labaratory (ILARMNL] Liniversity of Calfamia 1947 31688
L= Alames, Mew Magico
Lawrence Livermors Natonal Labseator LML) Urniverssty of Calfomia 1852 4322
Lrvarmore, Calfiomia
Sandia Metona| Leboratteeas [SMNL Sanda Corparatior subsatiary of ATET 1245 4138
Albumuergue, Mew Mesco Corporation
Levmrmere, CaMormsa (SMNLLY
aubbotal: 11.658
Frad Matersls Produoton Cencer Westnghouse Materwis Co of O 1853 1083
Fernakd, Chio
Aghtabisa Pant Raactien Mrtals, Ing 1452 116
Ashtahuin, Dhio
¥-12 Plant tarcin Maretta 18344 213
COak Ridge, Tennessee Ermrgy Systams, inc
Hanford Resareation Focivwsil Honfiord Operations. United 1844 8569
Rachiand, Washington Minoar Industrias, Ino
Savannah Hreer Plant E | duPont de Nemours and Company 14950 15,120
fiken, South Cerolina
Idahn Mational Enginesring Laboratory (NEL] Expgn Muchsor Idoho, inc and EGEG ldaho, ing 1949 2735
inanhn Falls, ldaho
Oak Ricge Geaseows [hffusion Prank Mnrtin Marietta Energy Systams, nc 1943 3HED
Ok Ridge. Tennesses
Paducah Geseous Diffusion Plant Martin Marmtta Energy Systems, Ino 1854 12858
Pacuecsh, Kenbucky
Portemouth GOP Goodyesr Atomic Corporation 1556 ains
Peketon, Obio
subboen: 43,085
e e i WARKEAD PRODUCTION FACILITICS
Hocky Hats Hlans Hordowrl| Intsrnaticnad 1501 e
Goldan, Colorado
¥-12 Plant Martn Mariesia Erergy Systems, 'nc 1544 213
Olak Ridge, Ternasean
Savarnan Hves Flanc E | duifmnt da Mamours sed Company T80 380
Aiken. Gouth Carcling
Mlgund Facslicy Morsanty Research Corporation 1944 -
hinmishurg, Chin
Pirallas Flent General Flpctric Co 1997 1826
St Petersburg, Florda
Kangas City Flant Bandix Corporation 1849 JB53
Karaes Ciby, Missoud
Prntax Plans Mason A& Hangar-Silas Mason Ca |, o 1951 2745
Amanllo, Texas
subcoEn; 8. 456
TEST SITES
Maveda Test Sia Feynoids Elecorical & Engireering Co ; Edgarzon, 1851 Bd14
Mye County, Mavada Garmeshausen, & Griar, Ing ; Hoimes & Marar,
Inc ; Fenix & Sisson
Tonopnh Test Range Raynoids Elecirical end Engineering Company 18957 b
Mym County, Newvada isita sprvical
TOAL 91,583

b nchaded in Bk fgurss
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Lawrence Livermore National Laboratory
e 7 e S ———

n Inchaies wespom resseth  Sewsiprent sl weesing and nercinl confresTene

Table 2 2
Laboratory Full-time Equivalent Staffing Levels 1974-85
Total Laboratory Employment
i ; sl Bl sepeielamnn SVERSY
FY 1874 1878 1876 1877 1978 1978 1980 1981 1982 1583 1984 1385
LLHL 5340 8555 G008 B335 EB733 TON2 MG 7ENT O TAFD T4 Tas0  TEO
LAt 4360 507 SE40 B35 B370 EBBEO2 6838 M18 784 A0 70t FE00
ShL B3B0 HB383 B400 27283 2 T4BH FROOD  FHIY  FEO0  FEEV  FSA0 @100 2 8150
TOTAL 16,380 17.008 1B.048 19838 20571 21.414 21,786 22283 22481 22842 22751 238480
Weapons Activities Emplaymont?
Motal Full-time equivalents (FTEs)
FY 1974 1978 1976 1977 1978 1579 1580 1891 1882 1983 1984 1885
LLML 351 A3 306h 3158 3183 =8FE 2717 2837 3704 385F 3855 2 3848
LAML 2EE7 2P0 2 BE2PE 2415 2380 E3d1 2881 2434 3000 35 305 3174
SML 4100 4202 3812 3780 3755 G562 3580 3533  SEDE  3RE3 3800 3079
TOTAL 9718 9505 9205 9354 9273 AJ7P  A6E7  BAB4 10,510 10,856 10968 11900

b irenaal condfemees husson pengrem FTES addss to waspnn poci-bes cornls.

Pl o grTs
s AL 1Y THILS EVTIA Bact 0 p 360

by the other and brought to a successiul conclusion ™*

Fromm the taboratory s first biod
1953) and a staff of 698, LLWNL has grown to & budget of
almost $700 million and a staff of 8500 Approximately
one half of the staff and almost 70 percent of the budget
are devoded to programs associated with nuclear weap-
ons The laboratory conducts weapon research, develop-
ment, testing, nuclear safegnards and security, inertial
confinement fusion, special isotope separation, verifica-
tion technology. and defense waste management

LLNL iz organizad inkto nine programs Defense Sys-
tems |s composed of [our programs: nuclear design, mili-
tary applications, weaponization, and nuclear testing
[see Figure 2 3] These programs perform most of LLML
waapon work Nuclear Design includes A and B Divi-
giong, which are respongible for new weapon designs
and concepts The R Program s concerned with directed
energy aspects of nuclear weapons

Military Applications has two major subunits The D
Division evaluates new warhead r[aeti{m.s—mn:aived af
by Muclear Design—for possible military application
The Monnuckear Ordnance program investigates non-
nuclear weapon systems Military Applications also
oversses warbead development through Phases 1 and 2
and into early Phase 3

The Weaponization Program’s W Division [ respon-
gibile for late Phase 3 through Phase 7 of the warhead
development process Physics designs are converlad to
blueprints that will be vsed by the production facilities

i A Fusdisg and Menagemerd Allermagiven for BTUANG Milary Apglicoian snd
Nagricied Uiz Fuacfions Jasuary 1970 p 31 See abm Wabier Pinous Laba s Indeass

tor make Lthe warhead components The program is also

Muclear Testing consists of five divisions The 1.
Division is responsible for the physics disgnostics exper-
iments on the nuclear tests The MNuclear Chemistry Divi-
sion analyzes radioactive gases and solids produced by
the explosion The Earth Sciences Department is con-
cerned with the coptainment of underground nuclear
pxplosions Fleld Operations and Contalnment programs
are responsible for conducting safe nuclear tests Finally,
the LLNL-Mewvada organization supports various aspects
of the work at the Mevada Test Site (NTS)

Additional support for Defense Systems comes from
other groups al LLINL Within the Physics Department, X
Division does Inertial confinement fusion target design
Chemistry, Engineering, and Computations also support
Defonse Systems Special Projects, or £ Division, studies
the nuclear weapon activities of foreign countries, offer-
ing expertize and asseszment 1o the Deputy Assistant
Secretary [or Intelligence and other government depart-
ments concerned with these issues

LLNL has developed warheads for the POLARIS
(W47 and Wis), POSEIDON [(Weaa), MINUTEMAN I
(W58}, and MINUTEMAN I (W62] ballistic missiles Its
most recant weapons are the B83 “modern strategic
bomb,” the Wa4 warhead for the ground-launched cruisa
missile, the WA7 warhead for the MX missile, and tha
Short Range Attack Missile (SRAM 11} In earlier phases
are the W2 1535mm artillery-fired atomic projectile and
Small ICBM warheads

Weashingos Pawt (13 Decsmber (8785 L OF Lha
nime wers Gegdida] By Livoms s

Hitier Eivalrp fnr Deloma Bussee
Bl e il

L
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Sandia Mational Laboratories

Table 2 3

Livermore Sandia also operates the Tonopah Test Range
{TTR| northwest of the Nevada Test Site, at the north end
of Nellis Air Force Base Though some field testing takes

~ Sandia National Laboratories

Directors of Los Alamos and
Livermore Laboratories
[(1943-85]

: . 1 T HIlER,
muost hazardous tests are conducted at Tonopah Each
year the Air Force and Sandia conduct over a hundred
subsonic or supersonic air drops of simulated bombs or
weapons at TTR ¥ Figure 2 5 shows a FB-111 dropping a
E&83 bomb with a pua:hum retarding its fnl.l ‘ianl:h.:l nnl:l

1g8a-1a56— | Other DOE Laboratories

(155mm and &-inch projectiles) per vear as wsl] as the
firing of ground-launched rockets Tests of muclear earth-
penetration warheads such as the WES PERSHING |can-
celled in September 1980) are also conductad (see Figurse
26

Twa other DOE laboratories are dedicated to weap-
ong activities: the Savannah River Laboratory [SRL) and
the New Brunswick Laboratory SRL provides develop-

m - — . — -

o Fobert Dpperheimar 1543-1845 §
| Marms Eredbory TH3E- 1970

Faroid fgnew 1970-1979

Danaid M Kerr 1975-198%

Siegfried 3 MHeoker 19AS-presrni;

LLIA.

Hertart F York 195214950
— b Edwgrd Toles

Harold Biron 1860-1551

Jobn S Foster, Jr 1851-1565

Blichosl B4 RMay 1565-1871

Aoger E Batasl 183 1-pracent

ment and technical support to the Savannah River Plant
[SRP) in all areas of the nuclear fuel cycle The New
Brunswick Laboratory specializes in apalytical chemis-

Sandia Laboralories dates back to the Manhattan
Project In july 1945, Oxnard Field near Alboguergue,
New Mexico was transferred to the Manhattan Enginesr
Mistrict, to be used as an engineering and assembly site
for the n.u-:.laur wua;:lun D:rm]:l-:lnanla ]:I-I'ﬂdl.ill:ﬂl:l at Los

U‘I‘-'iSIDn at L.-:JE Alamnﬁ ware fransferred to Alhuquerqua
[“Sandia Base”) to assemble atomic bombs and to design
new wisnpons in cooperalion with other Los Alamos divi-
sions

President Truman asked the Bell System to manage
Sandia activities On 1 November 1949, a new antity,

tey of puclear matartals and plays o rola in nuclear mate-
rials safeguards

Several DOE multipurpose laboratories whose pri-
mary mission is not weapon related also carry out limited
weapon related research and production activities Three
r-f the-w are nl.wll'-ar EneTgy 1ahnmtnﬂes ﬂnd fwr are

mnas Includu the Hnnlurn:l Engi nm]ng Dﬂvainpmam
Laboratory (HEDL) at the Hanford Reservation, Washing-
ton; the Idaho National Engineering Laboratory (INEL) in
[daho; and the Pacific Morthwest Laboratory (PRL) in
Richland, Washington, adjacent to the Hanford Haserva-
tion

Sandia Corporation [a whollv owned subsidiary of Weal-

ern Electric Company] assumed direction of Sandia Lab-
oratories, which was previoisly operated as a branch of
Los Alamos by the University of California From a few
bulldings in the late 19408, Sandia has grown (o a giant
facility with over B5A00 empluyeh and @ 51 billion

;ul:L.l.lu-n Wl“] ihe twu dhisign Iutmnll.uru:s it m.rarj.l ph.aaa
of & weapon's life cycle

Sandia is primarily an ordpnance engineering labora-
tory; it deslgns the non-puclear parts of a nuclear
weapon These include the electronics, arming, fuzing,
and I"lring ﬂyﬂtams IIHIJtI'l:Il!I gﬂnﬂrulnrq {:nmmand and

delivery u:-n::&pls S&a Figura E 4 for am -:rmanlmtluna]
chart

The main facillty is located on what is now Kirtland
Air Force Base, at Albuguerque [n 1956, to hetter sup-
port LLNL programs, Sandia also established a lab at

INE
Plant [II."F'F'} hnghh.l E!I'II':I!':hH‘f uraniom [(HEL} from naua]
and other government peactors and domestic and foreign
research and test reactors The recovered HEU is recycled
as fuel to operate the plutonium [and tritium) production
reactors at tha &avann.ah River Plamt Both I-IE‘.I:rL ami

ment, ahilE PNL alsn cu:uducts remn:h o memai Con-
finement fuzion

The weapon related research at the five energy
research Laboratories—Ames Laboratory at the lowa
State Univerzity: Argonne Mational Laboratory [(ANL]
naur Ehlmm II]lrmis Hmnthmm hallnnal I.nhnm!nw

Lahmatnry [LBL] at lhﬂ Unlvemn:.' ul Eﬂhfumln.ﬁerka!ﬂy
campus; and the COak Ridge National Laboratory
(ORNL}—represent approximately one to three percent
of the total activity at these establishments Their work
ralates primarily to nuclear waste management, inertial

¢ ERDS Bevircumsstel Smestmnt Tonopah Tt Henge 3nd priviiey. Sealember 0907
I EE
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confinement fusion, material sccounting and control,
and wanpu:r: FHEH'IE [ma Tahlc ' 4]

ment owned h1.11 Bre 1.1.l|::|r|]:|_l.' of mention I:lecnu:aa lha:.' pro-
vide major laboratory or K&D suppart for DOE weapon
programs Three of these—the KMF Fusion. Inc of Ann
Arbor, Michigan; the MNaval Hesearch Laboratory al
Washington, DC; and the University of Rochester in
Rochester, New York—are supporting laboratories of the
ingrtial confinement fusion (ICF] program # In FY 1984
IMJE also began using the Stanford Positron-Electron
Accelerator Ring (SPEAK) st the Stanford Synchrotron
Radiation Laboratory [SSEL), Stanford University This
gynchrotron radiation source is used to calibrate X-ray
diagnostic equipment in DOE weapon effects research
Los Alamos conducts similar activities at Brookhavens

Mational Synchrotron Light Source

DOD Laboratories

Each military service assists DOE and DOD on
nuclear warhead matters Service analyses and evalua-
tions of the specifications and designs of the warheads
and their compatibility with the respective delivery svs-
tems become an integeal part of the owverall nuclear
weapon research and development process A formal
series of nuclear warhead requirements documents
iRequired Operational Capabilities, Military Characteris-
tics, and Stockpile-to-Target Sequences: see Chapter
Four) and joint DODVINOE Project Officers Groups (POGs)

B The LLNL LANL s B84 baver bead Raleovdiony fvmpeoormbei Ltk Fox tir Sheen prioc ] pald
dvivvee Lo Dt wsdiio] apfevach s by pacmsed by tha IOF program EM% Funiom [nc
st i Chrmoms Endrerd Ceser (08 kg bk, 2 beevwst]] comoh b of spsrating o 1 05 © kB,
il & 18 relorons, B Doni o I oo e i e s both @i DTed s oo yosgiio Bipetn.
mlesling chismiled bohlraus 1srgels KME Fusen alag ICF arpets and
vendcty srgen [sbeicrion mesach The Qniesnlty of Baghaster Labmostory for Lessr
[Endgaiion s 15 29-Inkien sborl sl J0.35 muiceen | Cemega bar [4 B] 12 TW) o
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provide the mechenism for coordination belween the
two departments

The Air Force Weapons Laboratory (AFWL), located
at Kirtland Air Force Base, Albugquerque, Mew Mexico,
conducts the Air Force's “exploratory, advanced, and
engineering development programs in nuclear weapons
effects, nuclear weapons components, high energy laser
systems, advanced weapon concepts and technology.
nuclear survivability and wulnerability, consventional
high explosive weapon effects on protective structures,
and nuclear safety " The laboratory opened officially on
1 May 1963, assuming ressarch and development pro-
grams and resources of the Air Force Special Weapons
Center at Kirtland Air Force Base Today, the laboratory
is subordinate to the Air Force Space Technology Center
of the Air Force Systems Command

The AFWL provides technical expertise for Air
Force nuclear warheads and bombs The laboratory
chairs joint DOEDOD Phase 1 [conceptual) and Phase 2
(feasibility) studies If an Air Force nuclear warhead pro-
ceads beyond the Phase 2 study point, a joint DODDOE
Phaze 2A study [weapon design definition and cost
study] is initiated and an AFWL representative serves as
its chairman During Phase 3 [development enginsering),
the nuclear warhead'bomb design is monitored by AFWL
to ensure suitability and compliance with Air Force
desired military characteristics

During the advanced sngineering and daploymant

it ICF direct drivet expiiioets lue POE The Mavel Aigeaich Laborangry somefiucis
WTF oo s g g, 0 Phosrns 17 [amsr (0 B KJ, 008 TW s b i namasd] thisiwetionl 1T
pesmirch prommem A oscellem urerview of IOF posedrc bs prowd ded by Thomas 11 lshn
. Trmariia) Comfimrss | Fussn: Raviss and Paivpeaties © Prvosfings of ibs IREF 72
By 1BBY 5p S4B

¥ AFWL, Ommnimsiion sod Punciions Cherk Boak 38 Gielolsr 1983
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Figura 2 4 Organdzational chat of Sandia Maticrsl Lenoratores

phases of a warhead's development, and throughout
ptockpile life, noclear certification and safety issues are
continually monitored by AFWL technical personnel
AFWL develops criteria and assesses the compatibility of
delivery systems and their nuclear stores It recommends
nuclear safety certification or decertificalion of nuclear
delivery systems The laboratory develops airceall moni-
tor and control (AMAC)] devices [which are used to pre-
pare aircraft for delivery of nuclear bombs), weapon
suspension and release equipment, and AMAC special
ground support eguipment In the safety field, AFWL
determines nuclear warhead loading, aircrew delivery,
and transporation aidilt procedures AFWL also devel-
ops nuclesr hardness critecis for Aic Foroe systems To
support its research, the laboratory has the largest com-
putation capability within the Depariment of Defense
More than 1100 people are assigned to AFWL, which has
an annual budget of about $180 million

Maval Weapons Evaluation Facility

The lead laboratory in the Mavy for nuclear weapons
research is the Naval Weapons Evaluation Facility
INWEF), colocaled at Kirtland Air Force Base, New Meo-
ico with the AFWL The mizssion of the NWEF is

“tor pecdore testa, evaluatlons, and provide technical
suppott for nuclear snd desipnstad oon-noclaar

10 By CHFRAVHIFTE Bi% serial 2068PHHT of 3 Sepberber 1008

wisagons and weapons systems; mulotaln direct liai-
son with all levels of command with the Mavy and
other government agendies with respect o nuclear
wenpon safety; advise and assist the Chisf of Naval
Operations in promoling and moniloring nuclear
waapon safnly and the prevenbion of neclear weapon
pocidants or incidents: plan and conduct nuclear
waapon sysiom safety studies and reviews: [and| plan
and coordinade the Navy Muclsar Weapons ‘_"iufut].'

Program "W

The weapons supported by the NWEF inchude both Navy
and Marine Corps nuclear systems NWEF is subordinate
to the Maval Space and Warfare Systems Command

Like the AFWL, the NWEF conducts feasibility stud-
i o new concepts and design criteria for future nuclear
warheads and delivery systems of the Navy Personnel of
the facility participate in Phases 1 to 3 studies for Navy
nuclear warheads and prepare the nuclear warhead
requirements documents The facility also conducts the
Navy's acceptance and vulnerability program for nuclear
weapons and recommends improvements of stockpiled
nuclear warheads The NWEF has 235 personnel
assigned and has an annual budget of $50 million

Army Nuclear and Chemical Agency

The lead laboratory/agency for Army ouclear war-
heads is the Nuclear and Chemical Agency [ANCA),

Muclear Wespons Databook, Voluma Il 33



Bomb Drop Sequence

Figure 28 FB-111 Bomber dropping BE2 bomb on Tonopoh Test Range usng parachute
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Materials Production Facilities
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Table 2 4
Other DOE Laboratories Engaged in Muclear Weapons Activities

Faaility Muc|ear

Waapsns Laharacaries®

M Brurawick Labaratary nuziapr safeguoris, analybce chamistry
Argorme, 1irHe of nuoegr materinls

Savannah Fver Leboratory® rsaar mekerinl procuction antg
Adeen, Souen Carolna Processng GLpREt

Muclear Energy Laberatories’

Henloed Engnearing Desalapment MiUCIEAr WaEDe manapement
Labaratory®

rijciear fusl procasmng
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located in Alexandria, Virginia The mission of the
ANCA iz to “provide advice and assistance to all ele-
ments of the Army and other government agencies on
nuclear and chemical matters [and] participate in
nuclear weapons research and development programs,
and nuclear and chemical weapons sffects research, as
the representative of the Army in the field "1 ANCA was
formed 1 October 1976 as a consolidation of the Army
Muclear Agency (formerly located at Fort Blizs, Texas),
the Army Nuclear and Chemical Surety Group. and the
Chairman, Muclear Weapons Systems Safety Committes
[located in Weshington, IV | Itz roots are i the Office of
Special Weapons Development, which was established
in December 10852

Like the AFWL and WWEF, the agency prepares
nuclear wachesd regquirements documents, employvment
manuals and braining materdals, participates In warhead
development groups, develops largeting criteria, defines
effacts requirements and nuclear survivability criferia,
conducts safely studies and operational reviews of
nuclear systems and monitors the Army nuclear weap-
ons surely program The agency is organized into four

11 USANCA Apeniy Dreeneerw Briafag 1009

divisions—weapons effects; studies, analysis and litera-
ture; material and safety; and surety It is manned by
gixly-six personnel and has an annual budget of about $1
millicn

Materials Production Facilities

There are six principal puclear materials used in
nuclear weapons—urnium-235, uranium-238, pleio-
nium-239, ritium, deuteriuwm, and lithium-6 [see Chap-
ter Three) As shown in Table 25 and Figure 21,
numerous facilities are currently involved in the produc
tion of these materials The total budget regquested for FY
1986 materials production was 31 98 billion [n 1942, the
Manhattan Engineer District was made responsible for
developing nuclear materials During this time several
huge complexes wera buill st Hanford, Oak Ridge, and
various other supporting assaying, processing. and man-
ufacturing facilities [see Figure 2 7] From 1242 to 1946,
maore than ten prime contractors and several hundred
aubcontractors operated these facilites for production,
research, and development These contractors included
industrial concerns, universities, and scientific organiza-

tigns
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Materials Production Facilities
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Table 2 5
Muclear Materials Production Facilities
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(suspended snca 19541

The DOE currently operates two large gaseous diffu-
sion plants [GDPg) to anrich uraniuvm—at Paducah, Ken-
tucky and the Portsmouth Plant at Piketon, Ohio A third
plant—at Oak Ridge, Tennessee—was placed on standby
at the end of FY 1985 Since they operate together as a
single integrated facility, the plants are treated together
in the facility profile in Volume III under the *“Uranium
Enrichment Complex "

The wranium enrchment complex was originally
congtrucied to produce highly enriched oranium for
muclear weapons There has been no HEU produced [or
weapans, however, since sarly FY 1865 The complex is
now used primarily to provide enriched wranium for
commercial power, naval propulsion, and some research
and test reactors

Plutonium and tritium currently are produced at five
DOE production reactors—four heavy water moderated
peactors at the Savannah River Plant [SRP] and the graph-
ite moderated M-Reactor at the Hanford Resarvation SEP
produces and recovers tritium, as well as providing

12 This FEL aitiste b meds] cotibini oo oces will be dramsboend to SKEEP o G Tl 1980
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weapon-component loading facilities Two chemical
processing plants at SRP and the PUREX Plant at Hanford
are used lo recover plutopium and uranium from dis-
charged reactor fuel SREP and Hanford complete fuel
fabrication for their respective production reactors

The SRPs large heavy water production plant dis-
continued operation in early 1982 Previously it pro-
vided heavy water for the Savannah River production
reactors and servad as the source of deuterium for lith-
ium-6 deuteride and devterium used in thermoouclear
weapon components Current heavy water requirements
are satisfied from the existing Inventory

The ¥=12 Plant at Oak Ridge has four nuclear mate-
rial production missions: lithium enrichment {sus-
pended  since 1963); the production of lithigm-&
deuteride; the conversion of highly enfched uranbum
niteate to uranium metal for subsequent use as fuel for
production reactors at SRP; gnd the conversion of
highly enriched UF, to uranium metal (suspended since
1964 *

11 Ay disrcased in Chapier Thoee DOE plars B rescti eabe this fecl ity lapnoisg oY 1988



Warhead Production Facilities

_ Faclicy
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Table 2 6
Current Nuclear Warhead
Production Facilities

Productinn
plutceium mnd urarelm coren
[pitsk. berylum faorication,
dizsrssamihy of pts fram
rebiran WEARONS

=12 Plant fabrication of uranium and
Ok i, ithivm deutaride comaonnts
Tennesses

Savannah Arer Trkum Erkium extract gn ond
Facilty purifesnzon and londng aof
Bicen, Bouth Campline  onbum comaonents

Maund Faciity eplose detonators and

Esnesrs; trrtnem recovery from
rebired wanpons

Prlias Plont neILSron gEnerators,
5t Petarshurg capacitors, and switches
Flarida

Kansins City Plant mechamica and ceck-pal

copananTi, naher, planticn

foams, adnesivis

nigh gxplosive, fna’ assembiy of
MW WERDANS, mginbenanon of
e stng weapons. daassnmbly
of retired waapons

Pantex Flant
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The Feed Materials Production Center [FMPC) near
Foarnald, Ohio, and the Ashiabula Piant in Ashtabula,
Dhio, each play a significant role in the supply of fuel for
the production reactors at the SRP and Hanford The
FMPC is a large scale integrated facility that converis a
variety of low enriched or depleted feed materials into
wranium metal used as fuel (and target] cores The Ashia-
bula Plant—owned by Eeactive Metals, Inc —operstes
under confract with DOE to extrude the urenium metal
produced at FMPC into fuel and target tubes

The Idaho Chemical Processing Plant at the Idaho
Mational Engineering Laboratory recovers highly
enriched uranium from the spent fual of naval propul-
sion reactors and research and test reactors [n recent
yuars this has been a primary source of driver fuel for
SRP production reactors, supplemenied by the HEU
recovered in the H Canvon at Savannah River, from the
reaciors themselves, and from research reactor fuel Law-
renca Livermore and Los Alamos Mational Leboratories
conduct minor nuclear materials production activities
Los Alamos presently converts fo metal weapon-grade
plutonium oxide from the Hanford PUREX plant

Warhead Production Facilities

A modern nuclear warhead is made of many nuclear
and non-puclear componenls Exch componen! must be
specifically designid and fabricated for a particular tvpe
of warhead, bomb, or artillery shell DOE currently oper-

Figure 2 8 WHES FERSHING Earth Panstresion Warhead designad by
LaME out cpncaled n Secbamber 1980
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Figurg 2 T Paths for uranium materal producton dusing the Ran-
hattan Projpct
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Warhead Fabrication

Tahle 2 7
Former Government-owned Nuclear Warhead Facilities

OPERATING DATES N

. FACILITY COMTRACTOR DOPERATION PUARPDSE

Weapons Prodwction
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ates seven facilities for the production of these compo-
nents and their assembly into completed warheads 14
These facilities and their missions are identified in Table
26 All fall under the responsibility of DOEs Office of
Military Application [(OMA) and are referred to as the
“Integrated Production Complex ™ The complex
emploved at mid FY 1985 over 28,000 people [see Table
28) Since 1975 employment has increazed by 68 per-
cant

Warhead Fabrication

Each facility in the production complex provides
specific components that are assembled into finished
warheads at the Pantex Plant These facilities manufac-
fure some of the parts and rely on corporate supplierss [or

14 [t lete Pk s oo |y 90 witen L vale o pred oDl ke o dldeaf esipmiim misal e
ghest them wym s many =t productioy lcilities (e Tolle & 71 As srarho]
prodduecizo padss began o dapne ol 1 Vo mid- 1065 the AEC caneelideted and sechaemd
e s b i e b w1 g b e Sllis i e aned envmarales T e weapon miad | icwiien
fon-litien U Clarhawille AEC Patdly wl St Carnipbasl] (7 Larkaw Tl Tersseasss arad iha
Miradivey AR Facility near fas Antretn Tevss wees cloesd i 17 Sajitsmled 108% and 8
Apmil 196R repectiorly and dhel fesctions aasksred W the ARG Panlea Fla ot
Arearille Vews sl fhi s Dedpsncs Pl @ Buillngien bess o 0875 siivitiss e te
thrlinglom 1fleaF waiv cravenlilaled al e Panles Plast

In 1R uremium intrcalnn wors wes trindfereed foom the Facky Flats Pl oorib
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others % Figure 2 8 provides a breakdown of the approxi-
mately 1800 component parts of a B61 bomb into the
number of itema and suppliers for each facility 10
Muclear malerials are fabricated al the Rocky Flats
and Y-12 Plants Rocky Flats assembles the "pits” of fis-
slon implosion weapons and the fission primaries of
thermonuclear weapons The pit is that part of the war-
head inside the chemical high explosive, and it contains
the fissile core and its surrounding tamper Cores are
fabricated from composites of uranium and plutonium
while the tampees/reflectors are made of beryllium and
natural or depleted uranium Rocky Flats processes and
manufactures the plutonium, bervllium and depleted
urdnium components Y-12 houses a uranium foundry
that casts enriched and depleted uraniom components

wwl ol Deeven Col hid 6 e 7-12 Plsl & Dl Rifgs Uriinesss aied lbsisatlen of
e pilinnl o parts g |l v smbgnsd o the Mandoed works st Richlazd Washisg
s wren brsnefered o the Bk Flats Fenl Furher ssalignmeni ool de] e g
maining soidvities w s AN Pl in Kaiies Oy Sdlesresi afaiited b e Beniia
Comparrutine ssal in 1985 ihe phesing sl of ACF Induairies Ins  provdocinn sock o the
Stk & [ baiseigus INsw Mlesdoa] Warks

19 o s s v compiee A §oppilian Samedis oz Los Alsmcs Loboenicrs peosvads s enall
mrmber of pars

16 HASS FF 1 DOE pp & s 2



Warhead Fabrication
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Warhead Fabrication

Table 2 B8
Warhead Production Facilities Employment

Fasility 1874, 1875 878 1977 1978 1373 1580 1381 1382 1583 1984 0388
fiocky Flats Flant 2837 2782 73S PgTa P08 3292 3508 ADAh 4898 5335 HEET 5O
¥-12 Pant 5423 4718 4708 664 P42 0 H4aS 0 HME  BESY BFES EBB4a 7156 Y213
Tritium Facility ISRF ann 300 A1 an arn A21] &25 329 a8 J05 gl J60
Bouingd Facikoy 1731 1878 16BY 7S 1890 14 1891 1810 2060 2181 22302 2364
Fnellas Planc 1220 1108 1123 1202 1280 1435 1820 178G 1762 1841 1BY8 1826
Kansas Gy Flant Sa3Eg 4602 4552 5400 25835 GERDD 6449 0 FOG0 2 F1aB Y505 TE3D  YES3
Pantes 1817 1806 1792 1820 689 2100 2225 24008 2517 =803 22732 2740

TOTALE 18,790 16,583 16,836 18,340 189,545 20447 21,6842 23713 26,459 26,753 26178 28,456

Egorae OO GOCD Emplrprert. Corpeler el foe Offies of isduseris Rolstiors A-56283058- 078 3 Aogust 1885 End FY

Machining of the uraninm tampers and besyllivm paris
occurs at Rocky Flats while the enriched uranium cores
are machined at ¥-12 prior to shipment 1o Rocky Flats 17
¥-12 is also responsible for the lithium deuteride and
uranium components used in secondaries of thermonn-
clear weapons Trifium i3 recoversd, purified and loaded
into reservoirs at the Tritium Facility of the Savannah
River Plant Loaded reservoirs are shipped directly to
Pantex [or insertion inlo new warheads Heservoirs are
also sent to Army Depots, Mavy Installations, and Air
Force Bases to replace reservoirs whose Eritium has
decayed o unacceplable lovels

The non-nuclear components of nuclear weapons—
among them varlous fuzes, timers, detonators, mechani
cal, electrical, rubber, plastic, and foam producis—are
produced at other facilides The Mound facility makes
the detonators that sel off chemical high explosive in the
primary The Pinellas Plant makes peutron generalors
which initiate the nuclear chain reaction in the fissile
material in the {ission primarigs The Kansas City Plant
manufactures integrated arming, fuzing, and firing sys-
temg and other mechanical, rubber, foam, and plastic

uciz Sandia provides the Kansas City Plant with
electronic integrated circuit components At Pantex,
chemical high explosive components are fabricated from
high explogive materials ohained either from commer-
cial suppliers or manufactured on-site 8

All nuclear and non-puclesr components and subas-
semblies are sent to the Pantex Plant where final assem-
hly of the warhead occurs Here the high a:;plu.aiwg Aara
mixed, heated, and pressed into various solid shapes and
machined fo final dimensions in special earth-covered,
concrete rooms called subsssembly bays

Three operations at Pantex represent 8 microcosm of
the combined efforts of the entire DDE complex These
operations are the final assembly of new nuclear war-

17 Althesih this samrily i camsatly perfermed of ¥-12 Mocky Flats has e ospsliling o
machiwing sad mememkly of enched unnivn pais (0K S conghliering provirhing s
Fag b posivenium it Bsbwication fecility s snaiber alie; HASS FY i DOE gp 1087
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heads; the maeintenance, modification, and relianbility
testing of existing warheads; and the complete disassem-
bly of retired warheads withdrawn from the military
stockpile Thess operations go on simultaneously, sach
requiring almost equal time, space, and labor

Schedules must be carefully planned to coordinate
warhead production, meintensnce/modification, and
retirament rates (Mherwise, for example, lack of materi-
gls from insufficient or lagging retirements could slow
new production

Mew Prodoction

Tha first step in the final assembly of 8 warhead is to
mate or join the high explosive [HE) com ponents with
the pit assemblies obtained from Rocky Flats This unit is
then encased in a protective shell or liner, generally
stainless steel, aluminum, or titaniom The entire
encased unit is mferred to as the "physics package
Becauss the high explosive may accidentally detonate
before being encased, this work is done in “assembly
cells ™ An assembly cell, also known a3 a “Gravel Ger-
Lie,"”

consists basgically of a vertical cylinder of rein-
forced concrete covered with & nedwork of steel cables
which supports a top covering of washad gravel haw-
ing a thickness which varias from 14 to 21 feat Thara
is a single access opening into the side of the vertical
eylinder which connects with the outside via a blast-
abworbing corridor and blast-proof outer deors Per-
sanmid smitry is through a bwo-ton rotating blast-proof
door leading to the personnel passagewsay A convex
hlasi dosr §5 located ai sach end of the material pas-
sageway, and the tbwo blast doors are it'm:rh:w..'i.l:sI B0
that only one of the blast doors can be opan af a Hms
The principle of this construction is to foroe e vend.
ing from an sccidenta] HE detonation through the
graval and earth overburden The graval seill filber o

Wi detonated g w jrplneion weapen these bigh meplosdves compeess Aabe csres
calsing than s becoms sapsreritical Ses Thomas (| Cochrs Willisn M Artin axad
hlfiline M Foerg Nucerr Weapans Dolaboek. Vol P jCambeldss kaisachmsm
tHallusgeer Fublishisg Compsny 1080) O Tas



MNuclear Weapons Testing

and entrap plutcnivm, reducing the amoont of pluto-
niom which might otharwise be apread beyond the
confines of the structure in the event of an explo-
slon 19

The next step in assembling the weapon is to add the
non-nuclear components from the weapons laboratories
andd the Kansas City, Pinellas, and Mound plants; the tri-
tium from the Savanoah River Plant: and thermonuclear
components from Y-12 to the “physics package " This
work is dene in the weapon “assembly bay ™ Like cells,
assembly bays are intended o miligate the consequences
from accidental detonation of high explosives, should
one occur The completed unit is then placed intoa bomb
case, missile warhead, or profectile and stored in oa
nuclear warhead “igloo” awaiting delivery to DOD Nine
types of warheads will be in pruguﬂinn during FY 1086
{asa Table 1 B)

Maintenance, Modification, BEeliability

A second operation at Pantex s modifying certain
exizting warheads and conducting tests on a statistically
representative sample of the stockpile to ensure they are
reliahle and meet design standards Maintaining and
modifying weapons requires replacement of compo-
nenis In bavs and cells, warheads are partially disman-
tled Disassembly is more than undoing a few nuts and
bolts Since many parts of the warhesd are brazed,
wilded, or soldered logether, taking it apart may entail
considerable work I8 may also end up destroving per-
fectly good components, which will meed to be replaced
in reassembly To correct some problems, i1 may be nec-
essary to add further nuclear material to o warhead type

Modifications at Pantex have inorosssd with the
Stockpile Improvement Program Begun in FY 1982 After
review and study In the late 19708, the DOD and DOE
decided on a nine-year (FY 18982-080] $400 million effort
to apply hardware improvements to certain types of war-
heads These improvements include insensitive high
explosives, new command and control, and enhanced
safety faatures 20 Four warheads were reported to be part
of the program: the B28 bomb, the W31 NIKE HERCULES
warhead, and the B61-0,1 bomb 2! In 1978, there were
also extensive plans to modemize the B43 bomb The
plans included installing a Category D PAL, strong link/
weak link switches, a modern radar, a new fuzing and
firing set, a Kevlar parachute. and energy absorhing nose
for improved laydown delivery capahility 22

In addition to modifying warheads, sach vear a set
number are temporarily withdrawn from the stockpile to

19 ERDIA Enviroemesial Asssarsond Pasbes Flam ]l Tesss [une 1550 g 3 0@
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33 For peaved | nlasieation i Ralled shipasit see Cicl Clam. “Trucks: The Sedisar Coneer:
o Commesthal Gar ol Qe 1679]: 88-78; Koo Wall, Cho the Fusd with Plos
niin  AFF Heposies (ridafily 1) 812 Coldoeed Rickeed & Slephios 1128 (Al jand
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test the relinbility of specific components Warhead com-
ponents may have been subjected to corrosion, deferiora-
tion, or decomposition, or may not work at all [see balow,
Stockpile Beliabilitv) Some testing is done in leborate-
riss where components of a disassembled weapon are
subjected to tests and inspections with advanced instru-
ments If there are no problems, the warlwead is reassemn-
bled and retumed to the stockpile

A second method of evaluating relrability is through
the preparation of flight test units The warhead s parc-
tially disassembled, the actual nuclear components are
replaced by simulated components and [nstrumentation.
and the warhead s reassembled This device, called a
Joint Test Assambly, Is delivered to the DOD for flight
and environmental tests at military ranges

Final Disassembly

The third aperation at Pantex is the complete disas-
sembly of a weapon permanently withdrawn from the
military stockpile The procedures followed to assamble
the weapon are reversed The non-nuclesr components
are ramaoved and returned to the manufacturers for refur-
bishment, salvege, or disposal The high explosive com-
ponents are separated from other components and then
disposed of at Pantex by burning The nuclear compo-
nents are returned to other DOE facilities for reclamation
or recycling

The following warheads were probably being dis
rotriklesd b Pantex during FY 1985 the W25 (GENIE], the
W53 (TITAN), the W50 (PERSHING 1a). W45 [MADM],
Was [POSEIDON], and perhaps the W&2 [(MINUTEMAN
i)

Components of warheads, materialz, and finished
warlieeds are imnspored within the production com-
plex and delivered to “Military First Destination" sites in
special DOE vehicles called “Safe Secure Trailers™ or
“Bafe Secure Railcars” [see Figures 2 9 and 2 10) 2 The
Department of Energy does not ship nuclear warheads by
air ¥ All weapon-grade plutoniuwm and highly enriched
uranium are moved by trock The percentapge of weapons
transparted by DOE by truck has been increasing The
trailers and railcars are the responsibility of the Trans-
portation Safeguards Division based in Alboguergue,
Mew Mexicn

Tesl.m? Nuclear Weapons=

The first test of a nuclear weaponr ccourred on 16
July 1945, on a 100-foot tower at the White Sands Bomb-
ing Range, fiftv-five miles northwest of Alamogorda,
MWew Mexico ¥ From 16 fuly 1945 to 31 December 1985,
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Muclear Weapons Testing

Figura 2 8 Sa's Gacire Tractar-brailer ussad to EAA8H0M nuCaar
warnaads to and Fram the Pantex Plant near Amarilks, Texas

Figure @ 10 Safa Secura RBlcers ussd to transpot larga ghip-
merts of nuclear warheeds o and from the Pantex Flant near
Agraniio, Teaxas

the United States has conducted 817 known nuclear
tests = Of these, 108 took place in the Pacific, 3 over the
South Atlantic, 6849 at the Mevada Tast Site, and 17 others
in various states and Alaska Ofthe 212 atmospheric tests
conducted from 1945 through 1962, approximately
220,000 DOD participanis, both military and civilian,
were present in the Pacific, Atlantic, and continental
lests
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Tests have occurred alop lowers, on barges, sus-
pended from balloons, dropped from aircraft, fifted by
rockets, on the earth's surface, underwater, and under-
ground (see Figure 2 11} 28 The most tests in one year was
ninety-eight in 1962 This large number (and twenty-
nine through June 1963) was in anticipation of & halt in
atmospheric, underwater, and outer space testing, which
occureed as a result of the Limited Test Ban Treaty,
gigned on 5 August 1963 The annual average of known
Iests in the 19505 was 19; in the 19605, 35; in the 1970s,
17; for the yvears 1980-85 17, 17, 19, 18, 19. and 16,
respectively

The largest nuclear test conducted by the United
States was shot Bravo, a 15 M1 device tested al Bikini
Atoll, Marshall Islands, in the Pacific on 28 February
1954 Very low vield fests down Lo less than a ton and a
[ow f[ailures have also occurmed

The U S government has had several different poli-
cies over the years in announcing and specifying the
vield or vield ranges of tests Al present, there i still no
yield data on forty-thres announced tests For all tests the
combined vield is estimated to be 173 Mt1,= the equiva-
lent of 13,000 Hiroshima bombs Approximately 137 Mt
af the lotal was detonated in the atmosphers, almast all
Between 1952 and 1962 Tests are now limited to a maxi-
mum yield of 150 kilstons (Kt) under terms of the
Threshaold Test Ban Trealy, signed by President Mixon in
Maoscow on 3 July 1974 The ban did not take effect until
31 March 1976 In the vears since, the anoual average of
known tests has been seventesn [see Appendix B) Figure
2 12 shows the distribution of explosive viclds at NTS
from 1980 through 1984 Beginning on 9 Movember 1962,
eleven months before tha Limited Test Ban Treaty
entared info force, every U 5 test has been underground,
all but fourteen at the Nevada Test Site (NTS) #

in the weeks following the dropping of atomic
bombs on Hiroshima and Negasaki, American military
and political leaders began planning nuclear weapon
experiments to test weapon effects and new designs A
pair of tests, code-named Operation Crossroads, was ini-
tially planned to test the effects of atomic weapons
against naval vessels, and in November 1945, a search for
a test site began In late January 1946, the U S Navy
announced (hat Bikipd Atoll in the Marshal] [zlands met
all their requiremnts, including: “'a site within the con-
teol of the USA, uninhabited or subject to evacuation
withou! unnecessary hardship on large numbers of
inhahitants, offering a protected anchorage at least six
miles in diameter " The two tests were conducted in
Jume and July 1946 using the FAT MAN type warhead

Im July 1947, the United States announced that it was
eztablishing a proving ground in the Pacific for routine
testing of atomic weapons Enewetak Atoll, consisting of
some forty-six islands [2 75 square mibes of dry land) sur-
rounding a 3B8 square mile lagoon, was selecied Bikini
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Muclear Weapons Testing

Figure 2 11 Shot Swordfish—an serigl wew of the undersatar detonation of the Wad ABRDE missie werbaed firgd from e destroyer aff ene
coast of San Dego on 17 May 1882
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Figura & 12 Destriduoioh of axploase yelds gt NTS: 12380 through 15848
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Types of Tests
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was not considerad acceptable at the time since it lacked
gufficient land area for necessary instrumeniation In
frct, following the first two post-war nuclear tests in 1946
[Operation Crossroads), Bikini was not to be used again
for nuclear testing until 1954

Nevada Test Site

The need for a continental test site arose with plans
to increase the size of the arsenal in the 19505 Land
based testing also reduced the expense and logistic
problems of testing in the Pacific A number of sites were
considered on the basiz of low population density, geal-
ogy, favorable vear-round weather conditions, safety,
and security

It was decided to use o portion of an Alr Force bomb-
ing and gunnery range in Nevada Construction of the
Wevada Test Site [NTS) facilities began on 1 Janoary
1851 Operation Ranger was the first series of tests for
which the site was utilized The first iest ocourred 27 Jan-
uary 1851, whan an Air Force plane dropped a 1 Ki
device onfto Frenchman Flat Figure 30 in Vaolume 1T
shows the NTS within the siate of Nevada, and Figure 31
shows different regions of the site Originally G&0 square
miles wera withdrawn Additional land withdrewals led
to its present size of 1350 square miles Al Mercury, in
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the southeast corner of the WNTS, centralized facilities
support most of the NTS activities Atmospheric testing
was conducted at the Frenchman Flat area The area is
now usad for experimental projects Most tests now take
placs in or near Yucca Flat Rainier Mesa is the location
for the DNA's weapons effects fests Pahute Mesa is an
area for higher vield fests Currently it takes from one to
two vears bo prepare a test Depending upon its complax-
iy, the cost of a test ranges batween 36 million and 70
millicn

Types of Tests

There are two principal categories of nuclear weap-
ons Lests: woeapons related and weapons effects Weapons
redated tesis are tests of nuclear devices intended for spe-
cific typis of weapon systems or to understand the basic
physics of nuclear explosives The former may be for
demlnpmental, proof, or confidence purposes Thring
the research and development phases detonating a
devica will verify the theoretical concepts that underlie
it= design and oparation In later phasss, occasional proof
tests are conducted of a warhead, to verify its yiald,
before or just after entry into the stockpile Only occa-
sionally are confidence tests conductsd on warheads
withdrawn from the stockpile 32 Approximately 79 per-
cant of 115 tests have been weapons related  Almost



