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Introduction

The development of the nuclear weapon during World War Il introduced a radically new instrument
of national and international policy. Although to say that nuclear weapons are unique (immensely
destructive, viewed with strong emotions, politically sensitive, etc.) is passe’, not to acknowledge their
special nature is nonsense. The continued existence and general deployment of nuclear weapons implies
that decision makers and the general populace presume that they are exceptionally safe and secure. The
intent of this paper is to present the essence of the US nuclear weapon safety program.

The term “nuclear safety” has historically been associated with prevention of an unintended nuclear
detonation, which is often spoken of as “the blinding white flash” to emphasize the enormity of the con-
sequences. Nuclear detonation safety will be the major focus of this paper; however, because 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 exceed:

1 in 10° per weapon lifetime for normal environments,

1 in 10° per weapon exposure for abnormal environments.

(To give some sense of such probabilities, 1 in 10* is an estimate of the
order of the probability of one or more Americans being struck by a meteor
in a year.)

There are no corresponding criteria for the scatter 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 those environments in the STS where the
weapon is not expected to retain full operational capability, e.g., an accident.

In addressing the above two quantitative safety 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 concern is to prevent the
two fissile components from assembling 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 a high readiness state. This requirement puts those weapons at greater risk of being
involved in a significant accident environment and hence, from a national perspective, should require
those weapons to “somehow be safer” than if they were not subjected to the active-alert deployments.
Conversely, if a weapon were known to be unusually susceptible to detonation when exposed to a
particular environment, then deployments having a significant risk of subjecting that weapon to the
unfavorable environment would likely be denied.

In principle, the burden of meeting the nuclear safety criteria could be placed solely on the design of
the weapon (i.e., any deployment mode would be allowed). The Fat Man implosion bomb of WW II
might be considered such a design since it was not to be assembled until after an authenticated strike
order had been received. In its unassembled state it was absolutely safe from a nuclear detonation

* Nuclear detonation is undefined in this usage. A nuclear yield equivalent to 4 pounds of TNT is used as a
standard in one-point safety, to be discussed later.



viewpoint since in that form the fissile material was physically separate from the chemical high
explosive. If the fissile materia] was stored a reasonahle distance from the HE, its scatter wag also
improbable. In fact though, when assembled, Fat Man would be considered unsafe by any reasonable
safety standards so that deployment restrictions (i.e,, that it remain unassembled) were indeed 5 key fac.
tor in its nuclear safety theme,

Conversely, one could consider placing the burden of meeting the nuclear safely criteria for a nuclear
weapon solely on the way it is deployed, without regard to weapon design, However, even permanent
storage in vaults isolated from shock, electrical, and other environments would not he sufficient to meet
the criteria if the weapon designer allowed a design that cou'd experience either Spontaneous initiation
of the HE or activation of the firing system. Even in the most benign environments, attention must stil)
be given in the design to nuclear safety considerations. The evolving relationships between weapon
design and weapon deployments will be o continuing theme of this report.

Nuclear Safety - 1945 to 1968

Nuclear Design

the Atomie _
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Manually Inserted Capsules—-From 1948 through 1948, we had & few tens of weapons, ail
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bled weapon without the capsule installed (called the weapon assembly) was absolutely nuclear-safe, and :
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was cancelled or ahorted; (2) the relia dhmmﬂymﬁ-hmh@'wum&nm-
basis; and (3) the time required to resp w.mummmuamwmuuhm,
since it was & gun type weapon, had safety and operational deployment characteristics similar to the
removable capsule implosion design,

Mechanically Ingerted Clgculn-— With the advent of the Mk 5 DEL ETED nuclear
wea '

al incorporated in DoD nlymmnonminu:borthnbn_mbl. ginning in
l%m mmud in the Matador nnmuh.- cruise missiles, and the Mk 7 DELETEE?' et

was incorporated into seven other. than-bomb weapon system applications. Since these were not manned
systems, ths capales had to be placed in the weupon (which was within the missile or other weapon sys-
t2m) prior to launch. Since the Mk 7 bomb was small enough to bewﬂcdommallyon a fighter aircrafy,

component named the In.Flight Insertion (IFT) dm. which could hold the capeule in & position
external to the HE sphere but would cause it to be Physically inserted by an electrically operated screw
jack. The [FT device could he operated while the wespon was en route to the target (and could be
reversed prior to landing for the bombs), which seemed to preserve both the safety advantages gained by
the Mk 4 and Mk 6 designg and the desired increased operational capability, However, the designer had
intended that the capsules would he installed in the [FF device shortly before launch, He had not
intended that they remain in the [F] device for periods of time within an alert-ready missile or
bomb hecause actual capsule insertion into the HE s ére was accomplished by operation of an electrie
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motor; thus inadvertent or accident-caused operation of the motor would bypass the major safety
feature of the weapon.

Sealed Pits--In 1957, the first 30 called sealed-pit nuclear weapons entered the stockpile. These
weapons did not use a removable capsule of fissile material but rather had the active material in a rels.
tively thin spherical shell permanently sealed ; nside the HE assembly, The sealed-pit design offered sev.
eral advantages over the capsule type (1) it required less fissile material, thereby al ng a larger

One-Point Safety and Mechanical Safing—Some of the first sealed-pit weapons were not

inherently one-point safe.
li.c..dvmthttbtlﬂgtolpluiwiliniﬂtudatu point, the inherent
du@dhﬂtﬂﬂlmhmwmwlﬂmnmm
ﬁnmmmmmemﬁmcmxmpmmmm
should be no eater than a one-in-a-million probability th_lwnuingk
initiation po in the HE, no greater than 4 pounds of equivalent
nmmwuﬁummmbmum.nmmmumm .
mm.mwﬁmmmmmaﬁmm : mg’«,
ﬁmummmwmuhmmu &_‘2,{‘1-
mmmumuh«mmammmm«n} : : 3
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Nuclear Deployments :

thlﬂl*Nﬁhﬂrmmm&

ployed in o
mlemoﬁh?ﬂMuw then called the
Alamos, D _LETED ’:: '

Communist countries, coupled with the desire on
resulted in tranafer of many of the weapon sssemblies

1962t0 llu-lnmﬁmdmmﬂnmdhmwuﬂuthb period, and nuclear weapons
were developed an 1 deployed for tactical use. M iclear ns with capaile designs having IFls entered

the stockpile in 1952 weapons were into DoD) missiles for the firat time in 1952
with the Air Force Matador cruise missile application of the warhead version of the Mk 8. Smaller NSSs

) ; opera and of flasils
mn&eﬁd-mﬂuanym"dbmmmumbywdutﬂ scision over the objectious of
the AEC). In mid- 1988, SAC, in part dus to heightened internations) tensions, began standing-ground

1967 to lm—sm'mmmuwmnm The introduction of land- and
sea-based strategic missiles had reduced the several-hour Strategic warning time (and hence strike
preparation time) that existed with the all-aircraft-delivered threat to an hour or less (flight time of the
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occurred during this time (the majority were associuted with

Palomares, Spain (1966)

Firing Set Design

In this section we review the evolution, from
ich predate the “modern nuclear
features were incorporated to inhibit the
electrical énergy to the detonators to cause th
to 1968 are still in active us

trical system safety com
today's weapons. These
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No Power Supply
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N0 power supply capable of arming and firing the detonato,
warhead was separate from the weapon system, e.g., during
absence of internal power in the warhead provided a positive safety measure, Sj

Characteristics (MCs) stated that the

and produced prior

n the stockpile.

were called “red” and

ermally activated bat

Wwarhead applications from the we

sealed-pit weapons

eirborne operations). The accidents at
and Thule, Grenland (1268) received the most :aedia attention because both
involved the scattering of plutonium on foreign soil. ;

the Fat Man era through 1968, of n
o‘:i‘etomtion safety” philosophy of
warhead electrical system in an

uclear weapon elec.

eir initiation. Since
e, all of the features

of the Fat Man was to

arming circuit,

(first used on Atlas, Thor, and

4pon system, which me re was
78 within the warhead itself.' When the

most warhead logistic operations, the

nce the “requirements”
quantitative safety criteria,

stated in the Introduction, were to be met in the absence of normal arming, firing, and test signals from
the weapon system, lack of power in the warhead would serve,

Low and High Vol tage Safin

, bombs, called “ready-safe” swite

| Switches capable of hold

ing off in ex

"W31), which had incorporated high
voltage power sources and same type

safing switch. Both high
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when a 28-volt signal was applied. ;

Thermal Fuses—|n the
ES response during accidents, with their prevalent thermal environme
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provide additional isolation of the hig
4 severe thermal environment (whic|

& Switches—The mo
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the warhead was mated to the weapon
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cess of 2500 volts were required for those syste
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Itage safing switches had
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ted batteries, Systems which used low

ue eould nse low voltage switches for the
totor-driven contacts that would cloge

fuses were components that were designed to qmvide' an
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Environmental Sensing Devices -‘:onrrrn developed over the realization that several existing
weapons could be caused to detonate {giving a nuclear yield) hy incidentally, accidentally, or intention-
ally supplying certain signals at the warhead connector. The W25 warhad associated with the Air
Defense Genie rocket was snch a weapon (later reteofitted). The same concern existed for other weapo: |
when they were partially disassembled during maintenance operations. The design feature to counte -
this condition was a device which would detect some unique environment associated with the Wweapon
having been irrevocably committed to use (e.g., acceleration force over a time during a missile launch, or
deceleration over a time during parachute deployme"t_ &lf a bomb), which would then cause a motor to
run, closing a set of contact points in the arming circuit. The feature was questioned by the Services on

Nuclear Safety Review Process

1946 to 1969—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
there was no need—nuclear during peacetime was demonstrably obtained through the separatior
of the fissile material from the HE in the case of implosion weapons and from separate storage of the tw »

the AEC, whose field representatives had been recalled
impending introduction of sealed-pit weapons would make this issue irrelevant.

in 1957, the need gradually became evident for an institutionalized process in which an
appropriate munbodamminedbttmnuekuwupanufetyfutumdeakmdinton
weapon on the one hand, and the safety procedures associated with actual weapon deployment on the
other, and then for this balance to be reviewed at amu times or events to ensure that the desired
level of safety is still bei;s:chhnd This need was z both the AEC and elements of the DoD.
Motivation on the AEC side grew from the realization that

(NWSSG). The Joint Chiefs of Staff (JCS) then determined that each Military Department would have
the nuclear safety responsibility for each of its systems that employed sealed-pit weapons, but furthe.
recognized that some DoD-wide guidance was desirable. A mutually acceptable Joint Nuclear Weapon
System Safety Gronp process was derived by an AEC/DoD Ad Hoc Steering Committee and subsquently
documented in a 1960 DoD Directive (5030. 15, now 3150.2).

—SECRETF 1



Post-1958—DoD directive 5030.15 institutionalized what will be called the 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 weapon development review process.

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

There shall be positive measures to:

1. Prevent nuclear weapons involved in accidents or incidents, or jetti-
J soned weapons, from producing a nuclear vield. _ :

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 is no corresponding standard for the scatter of radioactive 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, observe that from a broad system level perspec-
tive, security and control are included in the safety study process review, as may be noted 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 (Albuquerque 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 system hardware, and prescribe
procedures to be used. Safety rules are approved at the Cabinet level, and the President is notified of

their issuance.

Nuclear Weapon Design Safety (Quantita tive)—The nuclear safety design of a weapon is reviewed
by several different groups prior to its 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 laboratory. This group
typically is independent from the project design group (at Sandia, 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 safety subgroup of the Project Officers Group (POG).
The formal review by the DoD comes through the Design Review and Acceptance Group’s (DRAAG’s)
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 Weapon Materiel
and Related Terms, is “Any unplanned occurrence involving loss or destruction of, or serious damage to,
nuclear weapons or their components which results in an actual or potential hazard to life or property.”

—-——————-——_—-—-———.______—___“



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 nuclear-capable weapon system which. could
create the rigk of an outbreak of war.

Nuclear detonation.
Nonnuclear detonation or burning of a nuclear weapon or radioactive

weapon component, including a fully assembled nuclear weapon, an unas-
sembled nuclear weapon, or a radioactive nuclear weapon component,.

Radioactive contamination,

Seizure, theft or loss of a nuclear weapon or radioactive nuclear weapon

component, including jettisoning.

Public hazard, actual or implied.
Through May 1986, the US has had 32 such accidents, all now acknowledged to the public. Thirty-one of
these accidents occurred either 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-36 bomber experiencing an in-flight emergency. None of the 32
accidents produced any measurable nuclear yield and only 5 resulted in radioactive contamination
beyond the immediate accident site.

Because the definition of what would constitute a nuclear weapon accident was formulated at a time
when any part of a nuclear weapon was highly classified and literally regarded with awe, events where no
fissile material was present (or where only fissile material capsules were involved) were included. If we
exclude accidents involving weapon components only and non-sealed pit weapons (unless the capsule

- was inserted in the pit or stored within the IFI) then the US would have counted 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, 29 have been with
weapons which were in Air Force custody. This does not imply a cavalier attitude on the part of the Air
Force, but rather that the preponderance of alert-ready weapons have been associated with Air Force
systems. In fact, because of the number of accidents handled by the Air Force, their reporting chain for

operating commands. :
Considerable insight may be gained by a review of a few of the more troubling accidents without

attempting to detail each individual one,

Bunker Hill AFB, 1964-A B-58 bomber on active alert with two B43 bombs externally carried
under each wing and a B53 bomb in the centerline pod skidded on ice while taxiing onto the runway for a
simulated takeoff during an exercise. The am:raﬂ left the runway, t_:ollapying th? landing gear, and began

available and potentially present at any external connector. The HE of these two B43s, although directly
exposed to the fire, did not detonate even though the weapon’s electrical system was badly charred. The
other two B43s and the B53 were shielded from direct effects of the fire and were relatively undamaged.
The aircraft was a total loss.

Goldsboro, NC, 1961 —A B-52 flying alert with two B39 bombs experienced a ruptured wing-fuel-
tank and broke up over Goldsboro, NC. Before the accident, the manual arming pin in each of the bombs
was in place. Although the pins required a horizontal movement for extraction, they were both on a lan-
yard to allow the crew to pull them from the cockpit. During the breakup, the aircraft experienced struc-
tural distortion and torsion in the weapons bay area sufficient to pull the pin from one of the bombs, thus
arming the Bisch generator. The Bisch generator then 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



SECREF-—

arming system, parachute deployment, timer operation, low and high voltage thermal batteries
activation, and delivery of the fire signal at impact by the crush switch 4i) followed as a natyral
consequence of the boml; falling free with an armed Bisch generator. The nonoperation of the cockpit-
controlled ready-safe switch prevented nuclear detonation of this bomb. The other bomb, which free.
fell, experienced HR detonation upon | mpact. One of the secordary subassemblies was not recovered.

Ellsworth AFB, 1964—A maintenance team was dispatched to check the security system at a
remote Minuteman launch site, The procedure involved pulling a fuse to reset the system after each
check. The team found that they had failed to bring a fuse-puller with them, and since it was a
considerable disti.nce back to the base, they elected to use a screwdriver to remove the fuse. While they
Wwere attempting to remove the fuse after two successful tests, there wag 5 violent explosion. The Mk 11
RV containing s W56 warhead fell npgmxfmmly 73 feat to the floor of the silo, The RV sustained signif.
icant damage, but the warhead high explosive did not detonats and no nuclesr yield or radiation
contamination resulted.

Palomares, Spai 1966; Thule, Greenla 1968—Both these accidents involved an gir-
borne-alert B.52 IEIETED At Palomares, B-32 collided with its KC-135 tanker and both
aircraft crashed. The bombs separated from the aircraft; two of them free fol) and the other two
dmudod.%pmwwwchumﬁcmhc-hﬂubmh fet d low order upon im act
There was no nuclear yield, but redicactive mhminatiumnh&bhrp%ﬂmdm od.
;ﬂn two wzﬂmsﬁ?hm w!thaut s damage: one on land and the other in fu;!g
eep water. At Th experienced a firs. The crew WMMM_AFB’.

thc:ircuﬁ eventually crashed on the icecap; all four bombs detonated. hn'. there was no nuclear yield,
significant radioactive contamination did occur.,

Summary—1946 to 1888

Until the mid-1950s, there really were no unresolved nuclear safety issues, Nuclesr safety wag
achieved in & visible and Mnmmmww fissile material was kept
phys ummmulumm pe devices ¢d unassombled. :

The iuotounllluhd'-pln ] lnd&udqbynnmmmthmdiq
reasons mentioned earlier, butmmui?#mmhrm mnotdulym&grdmhmﬁiquly

These activities included application of thoss firing set features previously discussed and both
mechanical safing and mmwmmwﬁmnmwnummmﬁ
period that the need for & nuclear weapon fystem aafety process was realized and slowly formulated.
While continued weapon system incidents indicated some em areas of concern,
concerted hardware reviews uncovered others, esample, recognition thee power levels of search
radars and communications transmitters were i nm.(u.. 0a aircraft carriers) was cause to review

the stockpile fc ty to electro-magnetic tion (EMR), with one nuclear weapon type.
beln; rethrg‘ﬂt_: mt& an t basis to replace the electros %plosively operated, ready-safe
switch with one not susceptible to :

Doginning in 1961, essentially all of the stockpile was retrofitted to include environmental sensing
evic:sgi as an'mtuuro ,to prevent intentional or accidental detonation of o warhead in other than the
m After tt;t”h :thor frantic period, the mid-1960s Wwere rather static with res  to nuclear safety. This
was due in part to the relative inactivity in new mdowhpmmt_q?ﬁ' uring that time and a per-

¥ : !
“new,” or “enhanced” nuclear safety. We will see that some of the features which were incorpo rated ag
safety m:.um and which were hased on then current design practices would not have provided the
level of protection in certain accident environments for which they were given credit.

’ ~SECRET-



Nuclear Safety - 1968 to 1986

A Time for Reflection

New Cri teria—While Strategic airborne alert wag discontinyed shortly after the Thule accident,
the prime motis Ation Fpr termination wag the cost of the Operations and the competition for thoge assel.

of
detonation criteria of from 1x 10 5 g 1X107%, there was Reneral misyunde, ing or uncertainty as to
what the dimensiona] units were—ang hence what the numbers represented. For example, if the unitg
were the probability of having a nuclear detonatjon Per weapon per year, then the faet that we had over
ten thousand weapons would meap that the Probability of having o nuclear detonation Over a period of 5
Year would be somewhere between one in ten to one in a hundredwbviondy not acceptable. The key to
the dilemma was in finally récognizing that 4 weapon could exist in only one of twe types of

(1) Those environments anticipated by the user and the designer and for which the weapon ig
expected to retain its fyl) reliability. Thege are called “normg)” envi 3

or
(2) Those environments in which g weapon is no longer #Xpected ( vired) to retain its full
Operational reliability, These are called “abnormal” environments, Wi

Criteria were jointly formulated during late 1967 and early 1968 within the ARC and DoD) and
documnttod ih?ﬂ}mm ﬁﬂ; ihécbm' Military Liaison Cmumittee, to the Assistant General
Manager for tary ation, .

These criteria, given earlier in the Introduetion. are called the “modern” nuclear detonation safety
criteria. Thmhhﬁqdu%ﬁn%&%fyaww to normal
onvirmm.ntaiotobeuepuhrtlunlxw"nmommﬁ&m. H-ﬂmmwthhmu-
ria fwnormduvimonb.therhk o!nuohudm&nnwm for a ten f-homndplunto_ckpﬂo
Wmldbommthmofthlordirofomina!lﬂﬁon,mminﬂhelifcﬁmfnrumponIaufonhrof

A weapon exposed to environments that are abnormal, i given that an accident hag occurred,
the Pgbabimy of an unintended nuclear detonation iy ¢, be no greater than 1X10°% per accident, Note
bnormal en ber of wea i

ated to the closed, or “arm,” position by faults within the Weapon system (whep not exposed to accident
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environments). Since any 28-volt NC source could cause the motor to run, how could one argue that in

severe envirunments 28 volts DC would never be applied to that wire, which might be tens of feet long? by

If the retarded bomb in the Goldsboro aceident had experienced inadvertent operation of its ready-
se'e switeh prior to hreakup of the aircraft, a nuclear detonation would have resulted,

The value of not including in the warhead a power source suf] ficient to fire the warhead detonators is
small if the warhead is mated to an alert ready weapon systemn which does include such a power source,
Likewise, a thermal fuse was designed to open at relatively low temp-rature, byt testing showed that
when the temper:.ture was increased substantially above that level, the fuse material could flow hack
together and form a current-carrying bridge. ESDs are desizned <0 detect a particular environment
which the weapon would (presumably) experience only after being irreversibly committed to use. If the
warhead were to “see” this environment during the accident, t ere is a good likelihood that the ESD
would function (as designed, but in this case not as desired). Whenever 28 volts DC was present on the
correct wire, the fissile capsule stored within an IF1 device wog be inserted into the Pit, or the foreign
material would be extracted by the ANA mechanism in mechanically safed systems. Obviously, an

electrical fault could supply the requisite power,
A great deal of testing and analysis was ddne to increase the understanding of how materials,

components, etc., react in a wide range of abnormal environments, Simple questions such as “how far
apart do two wires have to be in order to ensure that they could never be interconnected?” or “can one use

The continued accumulation of knowledge of how materials and systems react in severe environ-
ments led Sandia to the realization that it is simply not feasible to prevent electrical faults from
oceurring in a weapon system when it is exposed to abnormal environment conditions, and that simple
electrical faults could operate then existing safety subsystems. In addition, it wag observed that with
then existing hardware, current methods of amlym weapon systems exposed to abnormal environ-
ments were inadequate to predict probability thresholds for a nuclear detonation. In fact, the hardware
response itself was not predictable in abnormal environment exposures,

Concurrent with the concerted WES safety efforts, Sand{n, with Los Alamos Participation, looked at

to an aircraft accid ...t (such as Palomares and Thule). While there was considerable weight penalty asso-
ciated with such an approach, it showed that it was possible to mitigate the Susceptibility of air-delivered
sealed-pit weapons to scattering 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 radioactive contamination safaty

designed to operate when 28 volts DC was present on g line; (2) safing subsyst >ms were in effect an inter-
rupt in an arming line, and hence the function could be bypassed by faults completing the arm ing circuit
independent of the safety subsystem; (3) single faults could bypass, or cause to operate, more than one
safety subsystem ( negating the independent subsystems concept).

The following design considerations began to crystallize:

* Since it would be very difficult in abnormal environment conditions to prevent faults from
occurring throughout a 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 their input -output
lines protected in some fashion against interconnection.

* Operation of a safety subsystem should require more than a 28-volt DC presence on a line; rather

soine uniquely human action if possible,
* Independence of safing systems and their initiation stimuli must be zealously preserved.

16 —SECRET-
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* There should be at least one compaonent whase operation i8 rssential for the WES to fire the
weapon detonators and which can be shown to predictably fail in vy severe environments befy, .
the safing subsystems fail,

The safety design concept which evolved from the above attributes involves an “exclusion regj ,n

“unique signals,” “strong links,” and “weak links.”

* The exclusion region is a closed volume, formed by a barrier material having special properties
(good fire and crush resistance, ete.) and coumzij a few dmmion-e::mtid cormponents

(including the Weapon detonators). The Purpose of the exclusion region is to isolate nuclec r
ts,

dotonttiunmntul components (rom almom-; environmen

ontwhhﬂnmmmﬂmﬂnhmummnﬁum

-'l‘humkuutbammntwiuamuonhmdfuuudu:dmumonwmwm
hich be shown to fai] et and ly for _ wlmhwhic_hmle:.
;mxu - !n«lh.ﬂy“ E"Wl'l'llbb environmen : fe.q

(for & firi system m.w%m-mmm can bt‘.ll! excellent !Mmal:
em'lronmﬁ:‘nt weak link).

o‘M'Hl(pnmndodwfthinnm_wit'hﬁnMHEMth !nthompon—-—o n
command, the paste Hlmddhhnﬁnﬁmm'vﬁdmmmuth-pm;
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* “Insensitive high explosive” ( IHE), (a high explosive much less sensitive to impact and temperature
nsults than then current Weapan explosives —used o replace the “normal” HE in scaled pit
designs).

All of the above design alternatives had weight and volume penaltiey and most would require
somewhat more fissile material and introduce additional reliability considerations. IHE involved the
least perturbation to sealed-pit weapon designs and had the least impact on the DoD weapon system,
even though it is only about two-thirds as energetic as existing ~onventional nuclear weapon cxplosives,

A New One-Point Safety Undorstnnding-—-Since the mid-1960s, the Dol had included in the
MCs the statement that one-point safety should be achieved inherently in the nuclear design itself
rather than through the use of mechanical safing. The entry of the B61-0 tactical bomb into the stockpile
in 1967 was almost coincident with the revised definition of nuclear detonation criteria.’ When the DoD
reviewed the bomb to determine whether to accept it as 5 standard stockpile item, they noted that in
meeting the desired one-point safety probability, the probability of the Weapon being detonated at g par-
ticular point (the one giving the highest yield) had been included (used in the calculation). The DoD

esi J S0 that it would meet the 4-pound TNT equivalent/one in amillion
criteria for initiation at any point in the HE, Adjustments were made in the B61-0 nuclear design, and it
entered the stockpile in 1968 having been cetified as one-point safe under this new understanding.
Meeting the “new one-point safe criteria” did not require new technology development, but rather was a
clarification that accident-related probabilities would not be included. :

A Stockpile Initiative

Review of the Stockpile—By the 197273 time frame, the new safety designs were ready to
commit to new weapon programs as they entered into Phase 3, Engineering Development. An internal

Deployments of particular concern were the older str air-d, bs, and eads on
ground alert. Eventually, a Joint DoD/DOE safety study of the stockpile was undertaken. This review
was co-chaired by irector of Applieation and the ty Assistant to the of

Defense for Atomic Energy. The study began in May 1975 and was completed in mid-1977, As might he
expected since no weapon then in the stockpile had either IHE or the modern nuclear detonation safety

- features, the study concluded that for every weapon there were some abnormal environments in which
the probability threshold for a nuclear detonation was simply aot p-edictabi..

Herein was a complex dilemma. On the one hand, it could he ::Jued that there was cause to replace
the complete stockpile, or at least all alert weapons, on an expedi basis. Tn the 19505 this would have
been relatively easy to accomplish sinee n‘ﬂd changes in technology and the perceived external threat
resulted in regular weapon replacements (the average age of the stockpile did not exceed 2.7 years until
1963). By the 1970s, yield-to-weight and yield-to-volume ratios had been almost constant for a decade
and the perceived need for cither additional, or replacement nuclear Weapons was low. In fact, since
1967, considerably more Weapons and weapon systems have been retired than were produced. In the
mid-1970s, for the first time, the nuclear weapon program had to compete for funding with conventional

many years, there had never heen an unintended nuclear yield .Hence, as leng as the weapons of greatest
concern were programmed for cventual replacement (which coyld include desired safety improvenents ),

risk which should not e exceeded. The technology investigations leading to the new safety designs had
found that then existing hardware in the stockpile could not he shown to predictably meet the desired
safety thresholds for all environments. The fact that the hardware could not be shown to meet the
desired criteria also implied that it could not he analytically shown how “unsafe” it was. This is a very

9 —SECRET—
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different situation from that which exists for reliability. When 4 weapon's reliability estimate fulls below
its desired threshold, that same estimate would he ysad to cvaluate whether the Weapon system should
continue to be deployed as is or corrective actions shoyld be undertaken.

The unpredictable nature of existing designs, when exposed to abnormal environments, unforty-
nately do not lend themselyes to the cost-benefit analyses that decigion makers desire before com mitting
dollars to corrective actions. Hence the Prevalent response to the DoD/DOE stockpile safety study was _
either “let the situation improve gradually as new weapons enter the stockpile” or “do more studies.

Stockpile Im provement Proxram—kl‘hare were a few within Sandia, those closest to the
hardware and its imaplications, that were not comfortable with the laissez faire handling of the stockpile
safety study conclusions, Intimate know of the hardware which could be affected in abnormg).
environment conditions, and full unders ing of the national implications if it should be so affected,
lent a certain urgency to their motivation. Jn the fall of 1977, o study to identify and prioritize the stock.
pile concerns—and to develop a time-phased corrective program —wag begun. The study recommended
that four nuclear Weapors/weapon systems be addressed on g time-urgent basis of nucleayr
detonation safety concerns. A second set of systems Was recommended for corrective action over o ten-

approved for im ﬁon;&snmamin.mmdohuhdtoﬁmharatudyud
consideration. The most far Eovho of the DoD ce was that gl modifications or
retmﬁhluuutodbylholwdylhmld accomplished on g “ng with new weapong pro
duction” basis. mulofmmﬁﬁonformm. thuproviuodelayed,md
constrained severely, the modified \‘-hlw'h_ 't:dl:::p.n_
weapon systems are trofitted with nuclear detonation safety foatures. The
B28 mmnmmumh(mpmm.mmma being
modified in the field bythDoDﬁthnhoﬂtHupmid.dbytbo DOE. The B61 1 strategic bomb is
acto Marnl::l’m - i ]d“ivc_ tamination
8a (IHElMlthmnfthnnntemm rece Ng & modern use contro ce
o .conmnmdmthoarﬁindm er systems have heen met
by earl and rede, ts. It is reasonable to that the raised in the
stockpile improvement study influenced the following stockpile deployment changes:
W25/Genie Early retirement
W31/Honest John Early retirement
B‘Wtraugic & Modern B83 and B61 -3,4 bombg suhtituud,
Tactical homb as became available, for
alert deployments
W44/ASROC No above-deck storage allowed except in increased
states of readinesg
B53/Strategic bomb Withdrawn from normal peacetime alert prior to
placement in strategic reserve
W53/Titan Alert status discontinued, placed in strategic
reserve
Wa4/SADM Withdrawn from Europe
B57, B61.0,2,5/ Modern Bg] -3,4 bombs substituted, ag they
Tactical bombs became available, for alert
deployments

Thus the other two priority one systems of concern (W25/Genie and B53) were accommodated by
adjustments in their deployments rather than through hardware modifications. Of the total of 17
priority two systems in the Stockpile Improvement Study, the concerns raised have heen addressed

T BECRET- 9



in the area of use control and security, and are being alleviated to a large extent through security
upgrades. The remaining four systems of concern remain in essentially their 1978 state. No retrofit
actions had been recommended for these six systems because each had been scheduled to he replaced by
new weapon systems, which for various reasons has not occurred;,l-lowever, without question the
stockpile is in an improved position relative to nuclear safety vis-a-vig 1974,

What Is the National Risk?

conventional land armies increased our concern. The US had little desire to maintain a sufficient
conventional force structure (from either an economie or sociological perspective) to match the
Communists’ conventional forces and hence chose to try to deter the Communist threat by intimidation
with a superior force of nuclear w:rom which could be produced and maintained with a smaller cost in
dollars and manpower. With the vent of the Soviet thermonuclear test in 1953 and Sputnik in 1957,
US technological superiority began to be in doubt, or at least questioned. The United States sought to
maintain its superiority by building a larger stockpile and maintaining a pbercentage of its weapons on
immediate alert (to prevent a “strike out of the blue” from disarming us). Here lies the tie with nuclear
detonation safety discussed earlier in this report. It is the perceived need to keep weapons fully
assembled and deployed on combat-ready systems that prevents us from claiming, in an absolute sense,
 that we take every action, short of not building nuclear weapons, to ensure their safety, However, nuclear
weapons are not built just to be kept safe. They are built to support national policy and national security
objectives, specifically nuclear deterrence—which since the mid-1950s have been interpreted to require
that nuclear weapons be deployed on alert-ready systems. Consequently, design safety must bear a large

We have seen that the quantitative safety criteria (previously discussed under New Criteria) for
Weapons operating in normal environments and for ns exposed to abnormal environments produce
about equal annual risk of a nuclear detonation with threshold values of about one in a million, Again,
these are not expected value num bers, but threshold values not to be exceeded. ‘These criteria were detey.
mined in 1968 after the Palomares and Thule accidents, The logical question today might be: Are these
still the correct values or should we be trying to design nuclear teapons to a no greater than [ in 107 or
1 in 10 probability of a nuciear yield for abnormal *nuironments instead of the current 1 in 105 and,
Could weapons be designed that would meet more stringent criteria?

Conversely, one might suggest that since only one nuclear Weapon accident has occurred since 1968,
the abnormal-environment nuclear detonation criterion could be reduced by an order of magnitude to

accidents, and the actual consequences of these incidents have been relatively minor (at least with
respect to the nuclear 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,
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kept the flames from enveloping the wing and damage was restricied to the engine pod and leading ed re
of the wing, with only minor damage to the fuselage skin. The meons were not damaged, Three day;
I occurred,

What Should the Criteria Be?—The public views risks differently than does a statistician, an °
the perception and acceptance of risks is g very subjective and sometimes emotional issue. For instance,
the benefit that is received May persuade one to “overlook” the risk. However, if there is no personal ben-
efit, then little risk may be tolerated. If the rigk involves “acts of God,” concern and reaction should the
event actually occur will likely be very different than if it is caused by a person, corporation, or
government. For example, people continue to build residences near airports and on beaches, but after »
hurricane one does not hear serious cries demanding that the beach be closed, as has after a
major air crash adjacent to an airport. Events which involve spectacularly visual consequences or major
loss of life will be viewed differently from events with one or a few casualties, e.g., the space shutt]~

Equally subjective is the way that quantitative probabilities for Occurrences having serions conse-
quences are perceived. It seems that a one-in-a-million oceurrence is viewed as being incredible in that
peoplgmynotbenmofiulmppening.orthinkthatitwonldhnppanonlytoﬂu“othorpmon.”
Although geople take note of a one-in-a-hundred-thousand occurrence, such as a drowning, a blow from
a falling object, or an aircraft accident, only a few actually alter their lives in response to such a rigk (e.g.,
refusing to travel by air); most do not. When the probability of bei_n.' killed is on the arder of one in ten

approval. Few hazard levels of one in a thousand exist for the population since most are willing to spend
their own money and effort to correct or eliminate them. This Jeve] of hazard for an event of serious con-
sequence appears not to be acceptable to

Given the assum that an accident has occurred, then consideration of criteria (threshald values)
smaller than 1 in 10° for abnormal environment nuclear detonation safety would be almost surrealistic.
One in a million occurrences are about at the outer limit of what humans can personally observe (or com.
prehend) in nature, and as mentioned earlier, most would Presume such oceurrences would not happen,
at least in their lifetime. It is likely that those who would propose changing the criteria to lin10or 1 in

reasoning a little further, if nonzero Quantitative criteria remain desired, then the criteria should be at
least as stringent as | in 10° (for lhnomd-mﬂmmnt nuclear detonation safety), and phjlounphicnuy.
1 in 10% s sufficient in that it is viewed as beincnurlyinmdible. We will see in the following that 1 in 10°
+ is about the best we can do with sealed-pit weapons.

an snalyst depends on his experience, etc. Probabilities of 10"* or less are beyond human capability or
experience, if not beyond human understanding, Thus, one may say categorically that if there is no
empirical evidence that will Support a probability of 10-* (or less), then no such probakility should be
claimed. It is very expensive and difficult to conduct sufficient testing to obtain data that will support

*This accident involved a Titan 11 missile having & Mk  reentry vehicle/W53 warhcad. ‘The missile developed a
propellant leak which led to the destruction of the missile and missile silo and the ejection of the warhead sove Al
hundred feet from the silo. There was no nuclear yield or radiation contamination although the warhead wan

extensively damaged,
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component performance probabilities in abnormal environments at the 1in 10 lovel, much less Lin 10,
Therefore, multiple safing subsystems are incorporated and shown to he independent of commaon failure
paths in order to achieve threshold levels of | jn 10°. That is:

If we let ND represent an unintended nuclear detonation, and SS_: and 882

probabilities of failure for each of the two safing subsystems are of the
order of 107 or less, then we may conclude that the bility for an
unintenged nuclear detonation is no greater than 10_“ - The problem, of

That is the real problem of trying to design to criteria exceeding 1 in 10° Since it is impractical to prove a
piece of hardware has a failure probability of that order, multiple independent sy ystems would be
needed. For the same reasons, it is difficult to prove that Some event having smaller probability than that
of each of the independent subsystems hut greater than the criteria which would either compromise the

Th ng
detonation safety design since the introduction of the enhanced theme involving the exclusion region,
strong links, weak links, unique signals, and THE in the early 1970s. While that des philosophy is still
operative, several significant improvements in its implementation have evolvedﬁ:ud of i
ment for transferring electrical energy via mines through the exclusion barrier in order to allow proper
arming, firing, and fusing signals into the exclusion region, the concept of a “wireless” firing set has been
engineered. Electrical energy can be transferred into the exclusion region only after roating g composite
metal disk (which physi 8éparates two parts of g transformer) having magnetic “w ows” so that
the primary and secondary of the transformer is coupled. The proper alignments are controlled by an

Operate. .
through the barrier optical Another change currently being made to the original concept is to have two
exclusion regions instead o ne, with each region firing only one of the Wweapon detonators (here a two.
point nuclear system is assumed). idea is that poth exclusion regions would have to be breeched for a
nuclear detonation to he Ily initiated. One i i i
mechanically safed detonator, or MSAD. The concept here was to move one of the safety subsystems
even closer to the nuclear package. An HE pellet drives asmall flyer into a contained powdered explosive
with enough energy to initiate the powdered explosive and hence the main HE charge. The HE pellet js
normally kept out of alignment with the flyer until a mechanism driven by a unique signal causes the
correct physical alignment to take plm}l’hik each of the above developments js considered to have
improved nuclear g:tomtion safety, none of them changed the threshold safety criteria which the
weapons were judged to meet, Le., not greater than 1 10”%. Rather, the improvements increased the
confidence that the safety subsystems are truly independent, and improved one part of the system (the
exclusion region) and eliminated another (the Lightning Arrestor Connector) which had to be individ-

ually shown to be at the 1% 10° lavel,

consequences, The most atraightforward way ( perhaps the only way) of meeting the requirement would
to have systems which demand human placement of the fiss ile material before the system would be

able to be employed. This would likely entail volume and weight growth of the warhead.
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Comments
An attempt has been made up to this point to avoid sweeping 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 management levels.
» Abnormal-environment safety assessments will always contain subjective judgments 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 judgments, the inclusion of DOE judgments in matters concerning 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 efforts of a few key individuals.

Epilogue

Nuclear detonation safety and radioactive contamination safety, the main topics of this report, are
extremely important considerations in the US nuclear weapon program. Two equally important aspects
are those efforts taken to prevent the unauthorized use of a nuclear weapon/nuclear weapon system and
those efforts taken to prevent the unauthorized access to the nuclear weapon/nuclear weapon system. Of
- the four safety standards discussed under the Post-1959 section of this report, two relate directly to
safety (unintentional/inadvertent), one to unauthorized (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 its 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 deployments are permitted because of an
assumption of that adequacy. While this paper has examined only nuclear detonation and radioactive
contamination safety, similar 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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