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Introduction
The development of the nuclear weapon during Warld War I introduced a radically new instrument
of national and international policy. Although to say that nuclear weapons are unique (immenssly
destructive, viewed with strong emotions, politically sensitive, etc.) is passe’, not to acknowledge their
special nature is nonsense. Ths continued existence and genaral deployment of nuclear weapons implies

detonation, which is often spoken of as “the blinding whits flash” to emphasizs the enormity of the con-
sequences, Nuclear detonation safety will be the major focus of this peper; however, becausa of increased
concern for radiation contamination, attention will also be given to fissile-material-scattering safety as
well.

Since 1968, the nuclear detonation criteria that we have worked toward achieving through weapon
design are that the probability of an unintended nuclear detonation® prior to launch (prior to receipt of
the prearm signal in the case of bombs) shall not sxcesd:

1 in 10° per weapon lifetime for normal environments,

1 in 10* per weapon exposure for abnormal environments.

(To give some senss of such probabilities, 1 in 10* is an estimate of the
order of tl;e probability of one or more Americans belng struck by a meteor
in a year.

There are no corresponding critaria for the scatier of fissile material,

“Normal environments” are defined to be those environments listed in the Stockpile to Target Sequence
(STS) document wherein the weapon is required to function with full operational capability. Corre-
spondingly, “abnormal environments” are defined to be thoss environments in the ST8 where the
weapon is not expected to retain full operational capability, 8.., an accident.

In addressing the ahove two quantitative safaty requirements for an implosion weapon, there are two
distinctly different design considerations: keeping the warhead electrical system (WES) from supplying
energy to the detonators when not intended, and preventing a high explosive (HE) detonation that was
not initiated by the WES from giving a nuclear yield. For a gun type device, the cancern is to prevent the
two fissile components from sssembling unintentionally, regardless of the ENergy source,

Partitioning the Safety Burden

Both the design of the nuclear weapon and the manner in which it is deployed can contribute to or
detract from meeting the nuclear safety criteria, Active-alert deployments require weapons and weapon
systems to be in & high readiness state. This requirement puts those weapons at greater risk of being
invoived in a significant accident environment and hence, from & national perapective, should require
those weapons to "somshow be safer” than if they wers not subjected to the active-alert deployments.

particular environment, then deployments having a sighificant risk of subjecting that weapon to the

In principle, the burdenofmeeh‘n;tbenuc!msafctycﬁterhemﬂdbeplacedaolelyontheduignof
the weapon (ie., any deployment mode would be allowed). The Fat Man impicsion bomb of WW If
might be considered such a deaign since It was not to be assembled untif after an authanticated strike
order had been received. In its unassembled stats It was absolutely safe from a nuclear detonation

* Nuelear detonation s undefined in thig usage, A nuclear yield equivalent to 4 pounds of TNT is used as a
standard in one-point safsty, to be discussed later.



viewpoint since in that form the fissile material was phyvically separsts from the chemical high
explusive. If the fissile material wa sioped & reasonabin distance from the HE, it scatter was algo
inaprobable. In fact though, when sssembled, Fat Man would be considered unsafe by any reasonabli
sefety ;tt:nda;:s' m deployment restrictions (Le, that it remain unassembled) were indeed o key fac.
Lor in its nuc theme,
mm.mmmmmmmammmmwmrm ouclear
mmonhmuhwmmdhmhhmm.m-m
storage In vaulta.isolated hmmﬂdﬁnmﬁfwmmﬂmhg&mwm
the criteria if the weapon allowed a design that coy'd e c_itﬂrlponmmmlnithﬂon
s e el e
ur wes
dumndnwupon deployments will be 5 continuing theme of thia repart, e
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motor; thus inadvertent or sccident-caused operation of the motor would bypass the mujor safety
feature of the weapon.

ility, Thers disadvan from of with the
Eg:uﬁum't?ct Mdmutdy:h?ult ina nndurmyiold. :nd wti! mmmwm ) would result
a scattering inciden

Le., given thet the high explosive o nitisted ot the
g of the s eoath seplonire such thet 00 sgu e

m;?mclhmmbm

5&?&

1983t li*-lwmmﬁﬂhmm&mwmm
. d fo tactical uss, M iclege with cepania designe having IF1s
mmmmlmm mm%hmm&ﬁm}n 1952

with the Air Fores Matadie crulse miseily tpplication of the warhesd of the Mk & Smallér NSSE
%muﬁ“&cmm-hm%d tody of faslle
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were implemented, This arrangement
ensured thet the US retained legal custody of the weg, n, but the weapon system (sxcluding the bomb
o:wuhudlwuhuducﬁon)mwmdandmn bytheAlly.MuwofﬂimPOCmpom weare
placed ondra:ly-&lgt 'w?‘ﬂu Several accidents Invol:dng b:hth capsule type ai:d sealed-pit weapons
occurred du time majority were asaaciy with airborng operations). The accidents at
Palomares, Bpl:lgn (1866) and Thule, Greanland (1338) receised the most ; sedia aitention because both

Firing Set Deslgn

In this section we raview the evolution, from the Fat Man era through 1968, of nucjear weapon elec-
trical system safety components whieh predate the *modern nuclenr:‘:l‘

today’s weapons, These features were incorporated to inhibit the warhead electrical system in an
accident from delivering sufficient electrical energy to the detonators to cause thelr initlation. Since
many weapons which were designed and produced prior to 1968 are still in active use, ell of the features
discussed helow can be found within the stockplle,

Removable Components—Evan though the prime nuclear safety theme of the Fat Man was tq
I:eec it unassembled (and thereby keep separate the fissile materfal from the HE) prigr ¢ receipt of a
strike order, Fat Man also had what wers cailed “red” and "green” pluga. The green plug Intsrrupted ¢he
arming circuit until it was Physically replaced with the red plug, whioh completed the arming circuft,
Bventually, bomba had 4 temavable component called 5 “strike ensble plug” which served the same
function as the “red” plug when installed and the 0" plug when removed, Several weapons, eg.,
W30, B28, used the high voltage, thormally activated batteries as 5 temovable component, !

No Pawer Supply In the Warlmadﬂgmnhg with the W49 (first uged on Atlas, Thor, and
Jupiter), power was o ined for warhead o tions from weapon system, which megnt there was
no power supply capable of arming end firing the detonators within the warhead iteelf.' When the
warhead was separate from the weapon system, e.g., during mast warhead logistic operations, the
abaence of internal power in the warhead providsd a positive safety mesaure. Since the “requirements®
(until about 1974) in the Military Characteriatics (MCs) stated that the quantitative safety criteria,
stated in the Introduction, ware to be met in the absence of normal arming, firing, and test signals from

he weapon system, lack of pows? in the warhead would serve, from a strictly legalistic viewnoint, as a
similar positive measure in musting the safaty criterip when the warhead was mated o the weapon
system,

Low and High Voitage Safing Swi tehes—The motar-driven safing switches incnrporated intn

bs, called “ready-gafe® switches, were operated by the pilot moving a control knob in the cockplt.

 Switches capable of holding off in excess of 2500 vojt, were required for those systems (e.g., W25, B2g,

“Wal), which had incorporated high voltage, thermally activated batteries, Systems which used low

voltage power sources and sme.type of atep-up technique eould tise low voltage switchas for the

safing switch. Bath high and low voltage safing switches had motor.driven cuntacts that would close
when a 28.volt signal wag applieq. ;

Thermal Fuses—in the Iate 1950, with the introduction of sealed-pit weapons, concern for the
WES respanse during sccidents, with their prevaient thermal environment, resulted in appiication of
therma) pu‘;ea Thermal fuses wers companents that were 1o pravide an open circult when
exposed to temperatures exceeding some threshold level, say 320°F. The immediate application was to
provide additional Isolatian of the high witage, thermally activated batteries from the capacitorbank in -
4 severe Lhermal environment (which could setivate the batteties).



Environmental Senslng Deviees -tanrern developed over the realization that severai existing
weapons could be caused to detonate {giving & nuciear yield) by incidentaliy, accidentally, or intentio-
ally supplying certain vignals at the warhead connector. The W25 warhyad associated with the Aj
Defense Genie rocket was such a weapon (later retrofitted). The same concern existed for other weupo;
when they were partially disassembled during maintenance nperations, The design feature 10 counte -
this condition was s device which would detect some unhique envirunment associated with the weapon
having been irrevocably committed tn use (o.g., acceleration force over a time during a missile launch, or
deceleration over a time during parachute deployment ?f a bumb), which would then cause a motor to
run, closing a set of contact points in the arming circult."The feature was questioned by the Services on
the grounds that if it was a safing device, it was not an XEC mponsibili%via-a vis existing agreements.
The devices were eventually called Environmental Sensing Devices (KSDs) and incorporated hy the
AEC initially with a ground-handling safely rativnale. In some systems, ESDs huve also heen incorpn-
rated by the DoD) within thelr hardware.

Nuclear Safety Review Process

1946 to 1980—Until the introduction of sealed-pit weapons in 1957, there was essentially n
institutionalized nuclear safety process or structure. This was simply the result of the perception the
Mmmmqmumdwmmdemmuyobwmdwm tior
of the {issile material from the
pleces of fissile material in the case of gun ty:e weapons. Recall also that until the mid-1850s, Fesil:

the military delivery units hlv!n%puuuion of only the

L n made by President

Eisenhower in the mid-1950s to transfar custody of the fisslle material to the DoD gave tha Services
operational control of the complate nuclear wespon. Thus, for the first time, it would be poasible to mato
the ffssile material with the weapon assembly prior Lo tof astrike order without the involvement of
the AEC, whose fleld representatives had been recelled f; the Presidential deeision. However, the

Eovelofsafoty s ol g e 0 be seviewed ot appra ot ghe ARG o o that the desired
of safi was t and elemen » :
nﬂwmmth ﬁowm&om&unﬂoumhp@mhhuﬁhulﬂg
the capsule in the IFT assemnbly, in lﬂhbmhomhrt-mdydmaﬂ)mhﬁqmdowuhodtm
volvement. Motivation realization that they knew very little about
stockpile in large Tnnliﬂn (the absohita

i
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FE

C m(w.um)umcmmmwwmm“mmmdu wero
m:fl-.lnmmm.wowlmww“mwwnfom'nudmwupgfahw
m&diuforthrummmﬂnmkpihmmmwdcuh&ndh.puﬂdmhd In
ﬂmth?uwdht::t::namumdnmhrmmmdﬂngmwrofum App!ial.ﬂnn
(AEC). In 1 Force established o permanant [ Bystam

(NWS8G). 'l‘::a.'lointChhh of Staff (JC8) than detarmined that each Militfr"; Departmunt would m
thonuc!wufuywr«maihmTthdudd-pﬁmm but furthe.

ma = y

recognized that so
System Safety Gronp process was derived by an AEC/DoD Ad Hoc eering Committeo and subsquently

documented in a 1960 DoD Directive (5030.15, now 3150.2).
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Poat-18589—DoD directive 5030.15 institutionalized what will be called tha nuclear weapon
system safety (qualitative) process. The deployment/design interface is examined from a safety
perspective through this system safety process. The detailed nuclear weapon design safety (quantita-
tive), on the other hand, is examined through the formal wespon development review process.

Nuclear Weapon System Safety (Qualitative)—The process detailed in 1960 remains easantiaily
intact today and reviews the nuclear safety of a system from a broad perapective. It does not examing
compliance with the quantitative nuclear safety criteria presented earlier; rather, the complete man-
hardware-procedure aystem is evaluated against the following subjective standards (source DoD
Directive 3150.2);

There shall be positive messures to:

1. Prevent nuclear weapons involved in accidents or incidents, or jetti-
soned weapons, from producing a nuclear yield.

2. Prevent DELIBERATE prearming, arming, launching, firing or releas-
ing of nuclear weapons, except upon execution of emergency war orders
or when directed by competent authority.

3. Prevent INADVERTENT prearming, arming, launching, firing, or
releasing of nuclear weapons in all normal and credible abnormal
environments.

4. Ensure adequate security of nuclear weapons, pursuant to DoD Direc-
tive 5210.41.

There ia no corresponding standard for the scatter of radicactive material,

(NOTE: The term "prearming® refers to prearming the system for subse-
quent "arming, launching, firing or releasing of nuclear weapons,” which
were understood to be the commitment of the system to use.)

The term “positive measure” refers to a tangible design feature or procedural action whose existence
is relied upon to ensure that the goal is met. As an aside, obsarve that from a broad system level perspec-
tive, security and control are included in the safsty study process review, as may be nated by the second
(control) and the fourth (physical security) standards.

Each of the Military Departments has a permanent Nuclear Weapon System Safety Study Group.
There is one DOE member (Albuguerque Operations Office), and Sandia provides a technical advisor to
that member. These groups conduct safety studies and reviews which provide (1) a judgment as to the
adequacy of the positive measure to be in effect and (2) a draft set of proposed Nuclear Safety Rules.
Safety rules outline the operational concept for the system, describe the systam hardware, and prescribe
procedures to be used. Safety rules are approved at the Cabinet lavel, and the President is notified of
their issuance.

Nuclear Weapon Design Safety (Quantitative)—The nuclear safety design of a weapon is reviewed
by several different groupa prior o ita entry into the stockpile. The design is evaluated against the quan-
titative nuclear detonation criteria previously presented. However, the most stringent review comes
from within the DOE, in particular from the technical safety group within each lahoratory, This group
typically is independent from the project design group (at Sandis, the first common supervisor is the
President). The DoD has its first direct involvement in monitoring the progress of design safety for the
weapon through the chairing of the mandatory safaty subgroup of the Project Officers Group (POG).
The formal review by the DoD comes through the Design Review and Acceptance Group's (DRAAG)

effort to measure all design parameters against the stated MCs,

Accident Experience
The definition of a nuclear accident as contained in TM 4-1, Glossary of Nuclear Wespon Materiel

and Related Terms, is “Any unplanned occurrence invoiving loas or destruction of, or serious damage to,
nuclear weapons or their components which results in an actual or potential hazard to life or property.”

12 SLCRNET M




This definition was expanded in the nuclear weapon reporting system to include:

Accidental or unauthorized launching, firing, or use, by US forces or
supported allied forces, of a nuclsar-capable weapon aystem which could
creata the riak of an outhreak of war.

Nuclear detonation.

Nonnuclear detonation or burning of & nuclear weapon or radioactive
Weapon component, including a fully assembled nuclear weapon, an unas-
sembled nuclear weapon, or a radicactive nuclear Wweapon component.

Radioactive contamination.
Selzure, theft or loss of & nuclear weapon or radioactive nuclear weapon
component, Including jettisoning.
Public bazard, actual or Implied.
May 1988, the US has had 32 such accidenta, all now acknowiedged to the public, ‘Thirty-one of
mwenu occurred eithar in 1968 or before.

The first official nuclear accident involved a Mk 4 weapon assembly (with a dummy capsule) which
was jettisoned in Puget Sound from a B-38 bomber experiencing an in-flight emergency. None of the 52
accidents produced any measurable nuclear yield and only 5 resulted in radiosctive contamination
beyond the immediate accident site.

Because the definition of what would constitute a nuclser weapon accident was formulated at a time
when any part of a nuclear weapon was highly clessified and literally regarded with awe, events where no
fissile material was present (or where only fissile material capsules wers involved) were included. If we
exclude accidants involving weapon components only and non-sealed pit wea, (unless the capsule
was"i‘m:erbodin tbapitorstoradwithinthal?l)thentheUSwouldhawcmm only 19 nuclear weapon
accidents,

Since accidents usually occur during human operation of equipment, most of the accidents have
taken place during ground- and airborne-alert operations. Of the 32 accidents, 20 have heen with
w«ponawhichwminAirFotcomntody.Tbiadmnntimplyumalieraﬂ.itudoonthapnrtof&hoAir
Forca,butmtherthatthapmpandmofdert-mdympmhqwbeenmudltadwithAianrca
systems. In fact, because of the number of accidents handled by the Air Force, their reporting chain for
safety matters huamplaryhthatitiawithintbelmpom(;monl'loﬂieaand the Inspector General
{a Ue&:mnt General) has direct access to the Air Force Chief of Staff, independent of the major
opera commands. '

Considerable insight may be gained by a review of a few of the more troubling accidents without
attempting to detail each individual one,

Goldaboro, NC, 1961--A B-52 flying alert with two B39 bombs sxperienced a ruptured wing-fual-
tankandbrokeupovarGokkbom.NC.Baforethomddmt,themanualamin;pininud;oﬁhebombs
was in place. Ahhoughthepimroquhednhoﬂmnhlmmtfmmmtheym both on a lan-
mwmmemmpwmmmwemmmm.mmmmm-
mmmdmmmmmmmampunmm from one of the bombs, thus
armingthaBischgemtor.’IhBisehmtorthen provided internal power to the bomb when the
pullout cable was extracted by the bomb falling from the weapons bay. The operation of the baroswitch
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arming system, papachute deployment, timer operation, low ang high voliage thermal batteries
activation, and delivery of Ihe fire ::fml at impact by the crush mwitch all followed as 5 naturat
cunsequence of the bomb fallity; free with an armed Blsch generator. The nonoperation of the cockplt-
controlled ready-safe switch prevented nuclear detonation of this bomb. The other bomb, which free-
lell, experienced HR detonation npon impact. One of the secordary subassembiien was not recovered.

Ellsworth AFB, 19645 maintenance team was di tehed to check the socurity aystem at o
remote Minuteman launch sity. The procedure involved pulfing s fuge vllfh reset the ays ‘?!!l“i'r' each.
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Nuclear Safety - 1968 ¢to 1986
A Tlme for Reflection

the of Spons had :
detonation criteria of from 1X10 *to 110-¢ thers was gengrq) mhundemmdfng Or uncertainty ag t,
what the dimensiona] Units were—gnq hence what the numbery represented. For example, if the upjtg
§ per year, the fact that we had over
ousand weapans would mean that the Probability of having 4 tuclear detonation nver a period of 5
year would be somewhere between one in ton tooneing hundr:g—obvimly Not acceptahle, The key to
dﬂmmminﬂndlymnnmn;lhat-mponcouldumln on!yomoftwotypuof

unded;

(1) Those environments antleipated by the User and the desiyney and for which the weapan is
expected to retain jtg ful] rellabili:?: These are called “normal® environments_

(2) Those envirenments in which a weapon Is no longer 8xpected (required) ¢ retain jts ful;
operationgi teliability. These are called “abnormal eavironmenty, N 2

Criterla jointly formulated during {ata 1967 and early 1968 within the ARC and DoD and

dmmmhd'in“. from the Chairman, Military Liaison Committee, to the Assistant Generg]

an nuclear detonation for a exposed (o normg)
mvm,nhmhmmmthnlxw“’wmmwmﬂﬁhglf Wexpons met this crite.
mrwwmdmmnh.ﬂurhkofmdmdehuﬂoawmrwlmtbowpm
wou!dhmmﬂhmdthorduofominnmﬂﬂm,mlngtheiffaﬂmafouwenpnnhofmderat
ten years,

i acvident
years), we see then that the annua} of a nuclesy detonation from abnormgl environments iy slso no
gruurtbanol‘tbeorderolomlnlmﬂlhn.hltiunu, lhetwocrihrh"numbon"meomment. but
we will see they can require quite different meens for achievement.

rogram and understand the i Pﬂcmoa.ofdtﬂnhg clear fi e? b al
tos im nu weapons or mafety |n o norm.
:nvimnmml:.:y detailed retrospecti tion of nuclegy Weapon aceidents and incident,, concur-

V6 examing
t with hardware and uchnolqymlvahlnd Cesting, indicated theg then extant deg; practic
e lbnor& environmenty crihriou.:. For inua?ce, the ln::

predicta;
andhighwﬂuguunn‘wﬁdumenﬂomq mliermopencontmpointlwhubwoddboclm&by
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environments! Since any 98-valt PC sauree conld cause the motar to run, how could one argue that in
severe envirunments 28 volig DC would never be spplled 1o thut wire, which might be tens of feet long?

I¥ the retarded bomb in the Goldsborg accident had experienced Inadvertent operation of its ready. | / *
sn e awiteh prinr tn hreakup of the aircraft, a nuclear detonation would have resulted.

The value of not Including in the warhead a power source sufficient to fire the warhead detonators is
smknll if the w}n:erhcml:l is matecr ; R e
Likewise, a thermal fuse wes designed to npen at ¢ tively low temperaturs, but testj showed that
when the temper:.ture was increased substantially above thas level, the fuse materiai cll‘hld flow hack
together and form o current-carrying bridge, ESDs are designed ‘0 detect a parileular snvironmant
which the weapon wauld {presumahly) experience only after hej irreversibly committed to use, If the
warhead were to “nee” this envlnmmentdurlng the uccident, ¢ ere is a good likelihood that the ESD
would function (as designed, but In this case not as desired). Whenaver 23 volts DC was present on the
correct wire, the fissile capsule stored within an IFI device would be Inserted into the pit, or the foreign
material would be extracted by the ANA mechanism [n mechanically safed systema. Obviously, an
electrical fault could supply the requisite power. *

A great deal of testing and analysis was ddne to increase the understanding of how materiala,
components, etc., react In & wide range of abnormal environments, Simple questions such as *how far

standard fault tree mgm todetermine predictability of a aystem as then currently designed?” had dis-
concerting answers. In the first case It is Bot possible to specify a “safe” distance, In the second, recall the e
Ells\:'n.rim'tl‘;i aec%dent,' o typical missile system safety fault tree would not have Included the sflo’s physical 7
sacurity circuits.

The continued accumulation of knowledge of how materials and systems react in severe enviran.-
ments led Sandia to the realization that It ig simply not feaslble to prevent eloctrical faults from
occurring in a weapon system when it is exposed to abnorma) environment conditions, and that simple
electrlcﬁ faults could operate then oxisting safety subsystems, In addition, it wap observed that with
then exlstinf hardware, current methods of analﬂlnr wespon systems exposed to abnormal environ-
ments were inadequate to predict probability thresholds for o nuclear detonation. In fact, the hardware
response itself was not predictable in sbnormal environment exposures,

Concurrent with the concerted WES safety efforts, Sandia, with Lo Alamos participation, looked at
changing bomb case desirns as an spproach to reducinarzh likelihood of radiogctive contamination due
to an aircraft acold ...t (such - While there was considerable weight penaity asso.
ciated with such an approach, it showed that it was possible to mitigate the susceptibility of air-delivered
sealed-pit weapana to acattering radioactive materia] when involved in accidents,

With these realizations, in 1970-71, the need for fresh safety design approaches was clear, both in
nuclear detonation safety and radionctive contamination safety.

designed to operate when 28 volta DC was present on o line; (2) safing subsystms ware n effeet an inter-
rupt In an arming line, and hence the function could be bypased by faults completing the arming circuit
independent ornﬂu safety subaystem; (3) single faults could bypess, or cause ta operate, more than one
safety subsystem ( negating the Independent subsystems concept).

The fold:vfng design considerations began to crystallize:

* Since it would be very difficult In sbnormal environment condltions to prevent faults from
necurring throughout o weapon/weapon system, then to Prevent bypass of the function Itself the
safety subsystems should be located as close as possible to the firing system with theijr Input-output
iines protected in some fashlon against interconnection.

* Operation of a nafety subsystem should require more than a 28-volt DC presence on a {lne; rather

some uniquely human aetion if possible.
* Independence of safing syatems and their inltiatlon stimuli must be zealously preserved.
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¢ There should be gt least one companent whase operation i8 rssential for the WES to fire the
\;r'e:pon dutm;:tms anclr :inich can be shown 1o predozr'ﬁbly fail In very sevore environments bef,
subsystems
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designa).

All of the ahove design alternatives had weight and volume penalijey and most would require
somewhat more fissile material and intrnduce additinnal reliability considerations. IHE involved the
least perturbation to sealed-plt weapon designs and had the legst impact on the DoD weapon system,
even though it is only abaut two-thirds as energetic an existing onventional nuclear weapon exploslves,
IHE has been included in six of the last nine weapons to enter the stockpite.

A New One-Point Safety Uuderstanding—-ﬁinu the mid-1960s, the Do had included in the
MCs the statement that one-point safety should be achleved inherently Iy the nuclear design itaelf
rather than through the use of mechanical nﬁns. The entry of the B81.0 tactical bomb Into the stockplle
i efinition of nuclear detonation eriterin.'When the DoD
reviewed the bomb to determine whether o Accm it a9 a standard stockpile item, they noted that in

i Ity, E:ability of the weapon being detonated at g r-

gl:i ) included (used in the calculation). The lﬁD

asked that the weapon 50 that it would meet the 4.pound TNT equivalent/one In a milljen

criteria for initiation at any point In the HE. Adjustments were made In the Bg1.0 nuclear design, and it

Spiecsdithe , mha bee:id et;’flud 8 one-point safs ugder ht:fs new b?‘ndor'-‘hndlnm

eet “new ans-point @ criteria” ) new techriol evelopment, but rather wag a
clarification that accident-related probahilities d not be im:lndtr‘zy

A Stockptie Initiative

Review of the Stockplle—By the 1872 73 time frame, the new safoty designs were teady Lo
commit to new weapon programs as they entered into Phase 3, Engineering Development. An internal
review of stockplled weapons and their deployments led Sandia, in 1974, to question the continued usage
of certaln weapona which had demonstrahie abnormal environment susceptibilities on rontinuous alert.
Deployments of particular concern were the older -m:m air-delivered bombe, and warheads on
ground alert. Eventually, a Joint DoD/DOR safety study of the stockpile way undertaken, This review
was co-chaired by the ractorofMﬁhuyApp!ieauonlndtheDoputyhhunt to the Secretary of
Defense for Atomic Energy. The study In May 1975 and was completed in mid-1977, A, might be
expected since no wespon then in the [ lle had sither IHE or the modsrn nuciear detonation safety

the probability threshold for o nucledr detonation was simply not p-edictahi..

Herein was a complex dilemma. On the one hand, It could he arjued that there was cause to replace
the complate stockpils, or at least all ajert weapans, on an expediied basks. In the 1980 this would have
been relstivaly easy to accomplish since changes in technology and the perceived external threas
resulted [n regular weapon replacements ( average age of the stockpile did not exceed 2.7 years until
1963). By the 1970, yield-to-weight and yield-to-volume rating hed been almast constant for a decade
and the perceived need for oither additional, or replacement nuclear weapons was low. In fact, aince
1987, considerably more weapons and weapon aystems have been retired than were produced. In the
mid- 1970s, for the first time, the nuclear Wweapon program had to compete for funding with conventional
weapans and increasing social spending commlitments.

&?the other hand, oire could take an historic viewpoiat. Even though there hud been numerays acei.
dents and Incidents involvi nuclear weapons and the weapons of concern had been in the stockplle for
many years, there had never been an unintended nuclear yleld MHence, as long as the WeBpona of greatest
Concern were programmed for cventua) replacement (which could include desired safety lmprmemenlx’-.
there wus no need for mmediate actlon.

However abnormal-environment safety probabllities are not expected values. They are thresholds of
risk which should not be exceeded. The Invesiigations leading to the new safety designs had
found that then existin hardware in the stock could not he shown to predictably meet the desired
safety threshoids for nﬂ environmenta. The fact that the hardwars could nat be shown to meet the

desired criteria also imptied that it could not be analytically shown how “unsafe” It was, This is a very
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nately do not lend themselves to the cost-benefit analyses that decision makers desire befure committing
dollars 1o corrective actions. Hence the Prevalent responge to the Dol)/DOF stockpile safety study was _
either “let the situation Improve gradually sa new weapons enter the stockpile” or “do more studles "

ardware and its implications, that were not comfortahle with the laissez faire handling of the stockpile
safety study conclusions, Intimate know} of the hardware which could be affected in abrormal.
environment conditions, and full unders Ing of the nationa] implications if §¢ should be so af; fected,
lent a certain urgency to their motivation, In the fall of 1977, study to Identify and prioritizs the stock.
plle concerns—and to develop a time- carrective Program —was begun. The study recommended

strategic bomb w3
modinedlntbeﬂeldbyﬂnnnnﬁthmlmﬁtﬂu bythoDDE."!‘heBBl-lltchbombis
being factory retrofitted for both modern nuclear detonation tafety and radicactive contamination
;y(IHEl.MlthmorﬂmMmmtbomdﬂnumodemmmmdeﬂu.J
.mmmﬁb%ﬁuﬂﬂﬂl%hmﬂﬂnmm&mmn

early retirements and ulthmwmdud.ﬂmthawnmniudlntho
:tynclr’p e Improvement study influenced the following stockpile deployment ¢ 01;
W28/Genie Early retirement
W3i/Honest John Early retirement
B43/Strategic & Modern B83 ang B81-3,4 bombe substitutad,
Tactical homb as they became a for
alert J‘;plnymenu%
W44/ASROC No shove-deck sorage allnwed except in increased
slates of readiness
B53/8trategic bomb Withdrawn from normal peacetime glery prior to
placement in strategic reserve
W53/Titan Alert status discontinued, placed in strategic
reserve
W54/SADM Withdrawn from Burope
B57, B61.0,2,5/ Modern Bd1.34 bombs substituted, ng they
Tacticnl bombs became available, for glert
eployments
Thua the other two priority one systems of ¢coticern (W25/Genig and 833) were accommodated b
justmants in their deployments are maodifications. OF totul of 17
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fyr i 1: one through o factary retrufit, four through redeployment 'tetirement actinng, and gix through the
mtreduction of new war reserve weapans. The major concerns for two of the romaining six Systems werp

upgrades. The remaining four syxtems of concern remain in easentially their 1978 state. Np retrofit
actions had been recommended for these six systems because each had heen scheduled to be replaced by
new weapon systems, which for various ressons hes not occurred‘g'lowewr. without question the
stockpile is in an Improved position relative to nuclear safaty vis.a.vis 1974,

What Is the National Risk?

Discussion— RBven though one would preler it Lo be otherwise, once nuclear weapon is assembled,
there exists & nonzero probal‘:ﬁity that it could be unintentionally detonawd-—-pmi:u!lrly if it should be
exposed to severe abnarmal environments which might he present in a weapon system accident. An
unintentional nuclear detonation would be such a catastrophle event that one would presume that every
possible measure to prevent its occurrence would be taken, Bafore pursuing this thought further, we
shouid ceview the reasons for having nuclear weapons In the first place,

From 1945 Intn 1948, the US retained a relatively modest number of nuctear weapons, and in view of
its monopoly of nuclear Wweapons, 8 small number was deemed tg be conservatively sufficient to deter
gross mishehavior on the part of our potentis! sdversarieg. However, beginning in 1948 with the Berlln

conventional land armijes increased oue concern. The US had little desire to maintain a cient
conventional force structure (from ejther 8n economic or soclologies) perspective) to match the
Communists’ conventional forces and hence chose to try to deter the Communist threat by intimidation
witha mperiorfomofnuclwr:‘pom, which could be produced and maintained with o smaller cost In

doliars and manpower. With the

maintain ita superiori bui ahmrmkpﬂemdmintuninfapemn o of its weapons on
immediate alortp:to by a ‘ntni!llr‘e out of the blue” from disarming us), Here lf::the tie with nuclear
to

'thatmtakomryacuon,shonofnot 3
weapons aze not bullt just to be kept safe. are bullt to support nationa! tl::y and natlonal security

ob specifically nuclear deterren
that nuclear weapons be deployed on alert-ready systems. Consequently, design safety must bear 5 iarge

rtion of the safety burden,
" We have seen that the Quantitative safety criteria {previously discussed under New Criteria) for

11n 10" probability of a nuclear Yyield for abnormal muvironments tnstead of the current 1 in 10% and,
Could weapons be designed that would meet more stringen; criteriaf

Conversely, one might suggest that since only one nuclegr weapon accident has occurred since 1968,
the abnormal-environment nuclear detonatfon criterion could be reduced by an order of magnitude to
refelect the order of reagnitude redgction of the aceldent rate for this period relative to the historical

accidents, and tbe'mual consequences of these incidents have been relatively minor (at least with
respect to the nuclesr weapon Itself). However, many of the incidents have had the potential for
significant national impact. One such incident occurred on September 15, 1980, at Grand Forks AFB,



bombs in the forward weapona bay and eight We9/SRAM missiles in the aft weapons bay) experienced a
ﬁremin t;m num%er 5 engine. The fire was fought for three hours before the fuel flow tg the engine pod we -
shut off and the flames e:;tinquished. A 30-% wind was rort;nitom!y blowing in p‘t)hde dlre'ctioin w::;ch
kept the flames from enve oplng the wing and Age Was restricied to the engine pod and eading ed re
of the wing, only minor damage to the fuselage akin. Ths Weapons wers not damaged, Three day
later, the Titan 63 accident at Damascus, Arkaness occurred,*

What Should the Criteria Be?—The publle views risks differontly than does a statistician, an °*
the percoption and fcceptance of risks in a very subective and sometimes emotional issue. For Instance,
the gneﬁt that is received may persuada one to “overlaok® the risk. However, if there is no perzong) ben-
efit, then iittle rigk may be tolerated. If the risk involves "acts of God,” concern and reaction should the
event actually occur will likely be very different than if it is caused by a teon, corporation, or

tr;n besches, but after g

88 has happened after q

major air cragh adfacent to en airport. Events which involve spectacularly visual consequences or major

loss of Iife will be viewed differently from events with one or a few casualties, e.g., the space shuttln
explosion or the Bhopal, India chemical leak vig-a-vis One-car or two-car traffic fatalities,

Equally subjective iy the way that quantitative bilitiea for oceurrences having serious conge.
guences are perceived. It seema that o one-in-g- occurrence fs viewed oy being Incredibls in that
peophwnotbenmoftuhpming,arfhinuhatitma Ppen only to the “other persgy,”

hazard. For example, fences are {0 prevent falls and wi blic
approval, Few evels of one in a thousand for tha population since mostmwilllngtomnd
their own money and aﬂontocoructorellmlmuthcm.'l'lth Or An event of serious con.
sequence a pears not to be accepigble o anyone,

Given the sssumption that an accident has occurred, then consideration of criteria (thresheld values)
smaller than 1 In 10% for abnormal environment puclear detonation safety would be aimogt surrealistic,
One in a million occurrences are about at the puter limit of what Bumans can Ppersonally observe (or com .

common public misconception, 8ince events with a Ronzero probebililty of pecurrence reaily do happen,
if the motivation for making the criteria mors stringent (reducing the probability for occurrence) is to
ensure thet an uninte nuclear detomation cannot oceur, then quantitative criteria ahould b~
replaced by abaolyte statements of intent (with the implications presanted below), Carrying this ling of
reasoning a llttle further, if nonzere quantitative criteria remaln desired, then the criterig should be ot
least as stringent as 7 in Jo8 (fouhnoma!-unv!mumntnudm detonation safety), and phj k
lin to'iuufﬁcientiuthuitinlendubdngmhuedible. chﬂlminthefnllowh:g that 1in 10*
is about the best we can do with sealed-pit weapons,

Can More Stringent Criteria Be Met?—Credibilty that can be attributed to the Jjudgment of
an analyst depends on his experiance, oto. Probabilities of 10" oz less are beyood human capabhility or
experience, if not beyond human understanding, Thus, one May say categarically that if there [s no
empirical evidence that will :t;&pm a probability of 10°1 (or lews), then no such hitity.should be
claimed. It is very expensive and difffeult to conduct sufficlent testing to obtain data that will support

*This accident involved & Titan 11 missile having o Mk § reentry vehicle/W5 warhcad. ‘The missife developed a
propetiant leak which led 10 the destruction of the missile and missile silo and the ejection of the warhead save )
hundred feet from the silo. There was no nuclear yield or radiation contamination although the warkead war
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companent performance probabilities in ahnormal environments gt the Lin i level, much less 1 i 1) d
Therefore, multiple safing suhaystems are | neorporated and shown to he independent of common fathure
paths in order to achieve threshold levels of | jn 100 That is:

If we last ND répresent an unintended nuclear detonation, and SS; and 552
two abnormal-envimnment safety subsystems, then the probability of an
unintended nuclear detonation, P(ND) }s given by,

P(ND) - P(881) X P(8§2),

where P(S81) and P(8S2) are the probabilities that 351 and 882 will fail to
perform their safing functions, Note that the equation holds only it P(8S1)
end P(S82) are independent of each other. Now if we can show that the
Probabilities of failure for each of the two safing subsystems are of the
order of 10! or less, then we may conclude that the pmb;bllity for an
unintended nuclear detonation is na greater than 10 *
course, is that grest care must be taken that some single svent was not
overlooked which hes g probability of occurrance of say order 1075 or less
and which could cause both 882 and 981 1o operate,

That is the real problem of trying to des to criteria exceeding 1 In 10* Since it is impractica] ta prove g

i '1" : ﬁtiplo independent outptauu would be

has
needed. For the-mrulons,ith depmmmmthﬂqmdb:imhbﬂnyth{n that

detonation aafet;‘ design since the introduction of the enhanced theme Involving the exclusion region,
atrong links, weak links, unique signals, and IME in the early 1970s. While thet philosophy 1s still
i i i MMF.{ of the require. i s

ment for transferring electrical ene viz mines through the exclusion barrier in order to aliow proper
fn “wirelesa” firing sot has been -

engfmred.xgbttﬂnl can be transferred intg exclusion reglon only after ruating a cumposite
phy:Inem separates two parts of g transformer) having magnetic " 50 that
the primary and secondary of the transformer ia coupled. The proper alipnments are controlied by an
electmme:hy;uiml devics which requires a unique signal to operate. The fuzing signel i tranamitted
through the barrier optica] Another change currently being made to the original concept is to have twn
exclusion regions instead ¢ ne, with each n firing only one of the weapon detonators (here a two.
Point nuclear system s assumed). The idea is that hath exclusion regions would haye to be breeched for s
nuclear detonation to be lz initiated, other innovation that has been fielded is the
mechanically safed detonator, or The concept
even closer to the nuelear package. An HE pellet drives asmall flyer Into a contained powdered explosive S
with enough energy to initiate the powdered explosive and hence the main HR charge. The HR pellet is
normally kept out of alignment with the flyer until & mechanism driven by a unique signal causes the :
cortect phyaiea) alignment to take PlacE]While each of the sbave developments is considered to haye
improved nuclear nation safety, none of them changed the threshold safety criterla which the
weapons were judged to mest, Le., not greater than { % [0° ‘. Rather, the improvements increased the
conflidence that the safety subsystems are truly independent, and improved one part of the system (the
exclusion region) and sliminated another (the Lightning Arrestor Connector) which had to be individ.
uaily shown to be st the 1X10% jave),
Could nuclear weapuns be fielded with abanjyte (meaning essentially no risk of) nuclear detonatlon
and radicactive contamlnation safety assurances? The anawer is yea, hut! The "yes” is hased on designs
that would have the fissile maturial physically sepnrate from any high explosive untij that point in the
STS where absolute nuclear safely was no longer required. The “but” implies that thers ere somo
consequences. The most straightforward wa (perhaps the nnly way) of meeu'r;g the requirement would
and h ore the ’ﬂ"’" would be
warhe

be
able to be employed. This would likely entdil volume and weight growth of the
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Comments
An attempt has been made up to this point to aveid ewesping judgmental commentary. However, it is
the author's opinion that:
* The US nuclear weapon safety program has served the nation well.
* Nuclear weapon safety requires understanding and constant vigilance at all mansgement levels,
» Abnormal-environment safety assessments will always contain subjective judgmenta which do not
lend themselves to rigorous cost-benefit analyses. Decision makers, being aware of this, should be
receptive to stockpile safety upgrades when proposed.
* To lower the present nuclear detonation safety criteria (thresholds of risk) would require changes
to current nuclear deployments and/or current nuclear weapon/nuclear weapon system interfaces,
* In joint agency judgmaents, the inclusion of DOE. judgments in matters concarning nuclear weapon
operations and deployments is equally as important as including DoD judgments in nuclear

weapon design reviews.
* Nuclear safety has been enhanced by the courage and efforta of a few key individuals,

Epilogue

Nuclear detonation safety and radicactive contamination safety, the main topics of this report, are
extremely important considerations in the US nuclear weapon program. Two squally important aspects
are those efforts taken to prevent the unauthorized use of a nuclear wegpon/nuclear weapon system and
those efforts taken to prevent the inauthorized access to the nuclear weapon/nuclear weapon system. Of
the four asfety standards discussed under the Post-1959 section of this report, two relate directly to
safety (unintentional/inadvertant), one to unauthorizad (deliberate) use, and one to physical security. It
is irrational to attempt to rank order these considerations; a serious nuclear weapon-related event would
have grave consequences regardless of ita initiating cause.

Adequate safety, security, and control of nuclear weapons—perceived and actual-—directly affects
the deterrent value of our nuclear forces in that their continued depioyments are permitted because of an
assumption of that adequacy. While this paper has examined only nuclear detonation and radioactive
contamination safety, aimilar changes in perceptions, threats, and technologies have taken place in the
areas of the unauthorized use of and physical security of nuclear weapons/nuclear weapon systems.
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