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ABSTRACT

This report fu an ALEnPL e Levat the separate iroblems of nuclear
— weaRpOn Hafety in o haygical byuenes and to outline Ihe varlous moans
avallable for finthoep WereREing wafely in the ordnanes iand nuciear
design of burndws il wisrhoudns, The provision of ddequate nuclear
WEALHHI » VREEY Rty (rom prutyetion bine 1 farget , however,
4 comples laigle ol (nterpelsted protlems involving the: wrsonnel,
tie miateefed, il the operationnd concepts of the lual nutional
defense systen,  Ax auch, pversall wafely {a clearly a dugl AEG/DOD
cesponsibitity,  1oipeipa cmphagis in thix report is pluced on thode
ddditional safing mwanuron which might be undertaken in AEC deaigns
without major depiadations in the rompeting uperational character-
istien, ¢
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SUMMARY

Assessment of Hazards

Experience lo date with nuclear weapon accidents amf incidents supporus conclusjonn
that;

a. Inadvertent release of ready bomhx and inadvertent Inunch of ready misailen,
which might well be urmed ns a result of human error, arc the most aerious

aafaty probloms, .

b, The incidence of grogs human errors In handling, testing, and asgembly
procedures {a sccond in Importance as o safety hazard,

ec. 'I'he likelihood and degree of severity of accidental nucteay yields from un-
armed sealed-pit warheads as a result of Severe impact and/or fire {n
crash, jettison, drop, and storage and transportation accidents are com-
pletely overshadowed by the larger hazards above,

d. The spontancous detonation probability of scaled-pit warhcads is least of all

hazards,

Though the haxuri can not truly be measured by auy known niecans, provision for in-
creased phy=ical resistance of bombs and warheads o deltherate taunpering by saboteurs and
paychotiea bent on Producing a nuclear disastoer iy n real problem. It must be given serious
recoguition and must {nflvence Any approaches to increasing over-al| design safety,

Solutions to the Inadvertent Release or Launch Problem

Phyzical means to reduce the likelihood of accidenta! release of an armed bomb are
being impiemented at the AEC/DOD interface associated with the aircraft monitor and coatrol
system,

a4, The Air Force is equipping T'-249 atreraft monitor and control boxes in the

{teld with a mechanieal lock and seal to prevent inadvertent arming operations,
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b. Sandia Corporation has released a redesign of the aireraft monitor and
control box, the T-249A. Thia design will pravent the posgibility of g
praviously armed bomb being left in an unsafe condition by improper ma-
ripulation of the conirol awitch. The lock and seal feature will algo be
retained on the T-2494.

c. Methods of Incorporating another bomp arming cantrol action, separate from
and additionul to the T-249 {or T-249A), are under intengive atudy.

Afr Force strutegic aireraft are equipped with mechanical locks on the release mecha-
nisms; analogous locks are being Incorporated into the bomb rvluase systems of tactical

carriers,

Comparable efforts (o sevure, by meang of electrical and mechanica] dealgn, the pro-
arming and launch control systoms of all ready missjles are necessary to reduce the likeli-
hood of Inadvertent launch. Theue muagures itre outside the province of AEC design respon-
sibility,

Electrical Systum Safing Aguinut Human Ercor

Warhcad electrical duaign, as axemplified in present one-polnt-safe, scaled-pit ays-
tems, is the genutne key to the s#revention of accidental, multipoint detonations of acaled-pit
warheads, Since human errors are the most prevalent and least prudigtable cauges of safaty
hazards, tesigna which minimizo the neveasity for human activity are required.

a. The concept of a sealed, no-test, no-maintenance warhead (or bomb) still
appears the best approach to tlrcumventing tha human element to the highest
possible degree.

b. In mout miseile wurhonds it is feauible 10 {aulate eldciricully the warhead
connactor by sealing within the warhoad, in surius with the cloctrical input
lines, an inertia) wwitch which closes only mfter the warhend haa been com-
mitted to a sirike trujectory. The only major cost of this measure is gome
loas in flexibflity of application of stockpiled warheads. Sucha feature
prohibits any digastrous conxequenccs of human error or elactrical mal-
tunctions in fuzing systems or tést equipment external to the warhead
proper, In addition, this featurs easurably increases the saboteur/
Psychotic resistance of tha warhoad. A trajectory recogniticn awitch is



being incorporated in the ICBM/IRIM warhead designs and should be
included in all possible miggiie warheady.

¢. Mechanical 130lation of the warhcad cennector can and should be provided by
@ sealed or locked cover plate untll the last practicable moment in rendiness
preparation of the woapon system, This is particularly desirable in froe-fall
bombs, atomic doniolition munitions, and low thrust migsile wurhcada for
which an internal vlectrical device can not yet be provided,

Elcctrical System Safing Meanures NOT Rocommandect

anulramemq for additional means of warhcad safing which, while superficially atirac-
tive, would in the aver-all view compromise safety as well as other operational character-
iatics must be avolded. Examples of such measurey are the following:

8. Removability of warhead electrical components. In general, this feature
Provides critical acceas to the warhead interior, lessening ils resiytance
to human errors, to sabotage, and to psychotic actian,

b. Adding to the series rodundancy of safing devices or arming functions in
the warhead. In gencral, the arming intelligence necessary to exploit the
salety of an additionnl function is not avallable in the weapon system,

¢. Separate arming of Zippor initlators, The present practice of simultaneougly
safing both Initiators and firing set through all elemonts of the arming
sequence affords greater safety.

Nuclear System Safing

Techniques of safing which are a part of, or which opuerate upon, the basic nuclear
assembly can be employed to Improve weapon saflety; the immediate practical problama are
in process of design solution,

2. The one-point-safe, yealed-pit nuclear design is the salest Impilosion asgem-~
bly prasently attained for immediate readinass applications,

b. Means of nuclear safing which require a manual arming action can provide
elfective safety only up to the pQint of weapon proparation for immediate

readiness.
SETRETRE
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Where readiness requiremients dictale thal nuelear ariing must be performed
by an automatic mechaniszn {in responae tv an urming wignal), it is feagible
to design a syutem which is at loast equivalent {n safety to one=point-gafe,
sealed~pit systems,

In the event a unique arming signal from a source independent of the weapon
delivery aystem (e.g., a coded "war-strike” signal from eome form of
master command transmitter) could he made available, the use of such a
gignal to operaiv & nucleay ultaaling !'uucuorr—-lndepondcnuy of the detonator
arming and firing circuite—would allow a first ordur improvement in
inherent peacetime safety.

Recommendations: Technical

Based an the presunt state of knowledge and experience, ii ig recommended that:

I. Safaty measures to reduce the probability of inadvertent drop or
launch of armed weapons should be lncreased,

8. The T-249A aircraft monitor and control box should be
universally adopted,

b. An additivnal independent bomb arming action should be agreed
upon and [mplemented in all aircraft/bomb syatens not preg-
ently su cquippod,

c. Comparsble electrical andfor mechanical safety measures
should be inydemented in all puelear warhead/misslle sys-

temn,

3. Safety meawures in AKC bomb and warhead designs should continue
to be dirvcted ut minimixing the human error problem and, in
addition, should emphauize, to greuter degrea, Inherant resistance
to saboleur /peychotic avtion.

a, The "woodun® ¢oncept of a sealud} no-test, no-maintenanceo
wurhead should be retuined au the dptimum deslgn approach

{0 thiy end.
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b. Trajectory environment sunsing should be incorporated in

all wacheads to the oxtent now poasible and to the extent
found feasible In the future,

¢. All warheads should be equipped with a sealed or locked
connector cap by a method ar methods having a suitable
degree of sophistication.

Rescarch and developinent on mothods of gafing the basic nuclear
system should continge.

a. Nuclear system wafing should be conpidered an alternutive
und nol a supplement to one-point-gulety in implosion
desima.

b,  Jmprovements in othar operational clutrueteristics (reduction
in weupon gize ur weight nnd increases in dpucific yield)
should e recugmized asy potential advantagus to ruclear
salfine v future systems,

Reuummendall-ons: General

Pertaining to the guneral problum of increaged safaty in AEC dealgny, it is further

recommended that:

4.

A uniform DO policy, conaistent among the mililary services, be
adopted whivh tevats the safuty problem in jts entirety in terms of
all hazards, twic uiuses, their relative llkelihood, and the geverity
of thelr gonaeguenen. Halety requireawnis on warhead and bumb
designe vhould he vxpressed fn terms of thiy over-all palicy and not

In terma of dexsign detail prefervnces,

A mcans should be formally cutablished by which the detalls of all
DOD incidentu and aceidents involving nuvlear weapons, however
minor in nuture, are made known prompily to the AEC and its
waapun contractors for pogsible guidance in design and develop-

ment.

[



NOTE

The discugsions to wllow {n the bouly of this report deseribe comprehen-
slvely the many nrvus of stikly on safety problems and possible solutions {1) to
indicate the seope of AKC lnvestigations wmil (2) to vuiline those areas in which
the AEC may prescat futuee pProposals if xuch appear warranied by the results
of continued study, Excopt for the additional safing measures spacifically
singled out in the conclusions and recommendations, none of the design tech-
niques discussed can be interpreted as proposals or ayatem choices for current
or future developments, Should some of these ideas and efforts survive the
tests of ultimate feasibility and practicality, they will appear in the future, for
DOD review, in appropriate proposed ordnance characteristics reporis as
measurez for meeting ihe guticral safely objectivus of the corresponding military
characteristics,
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BACKGROUND

A letter to Mr. 1. L. Strauss, Chulrman, USAEC, dated 29 July 1957 (Reference 1),
from the Deputy Socrutury of Defense, Mr. D, A, Quaries, requesiad that a study be under-
taken by the AEC on the posuibilities for Increasing the uafety of nuciear weapons. In con-
ference with Brigadicr General A, P, Starbird, Director of the Division of Military Appli-
cation, USAEC, the directors of thy nuclear laboratories and the prasident of the Sandia
Corporation agreed that Sandia would asdume primary respunsibility for auch a study and for
the ultimate preparation of a coordinated report on the general subject of nuclear weapon

safety,

Subzequantly, it was agroed amung the DMA, ALQOO, and Sandin Corporation that this
general investigation should constitute a 8econd phase safety study to follow a series of
detailed roporia covoring the oxisting degree of degign safety in those sealed-pit weapon
aystems treated in Refereice 2, "Proceedings of the Atomic Weapon Safety Board," by
FC/AFSWP, These saloty reporiy, Relurences 3, 4, 5, and 6, have been completed and
distributed.

In the Interim, the more gencral problexln has been studied in consultation with the
miclear laburatories, FC/AFSWP, AFSWC, and with the geveral development agencles of the
military scrvices. During this period aluo, the Sandia Corporation has provided techaical
representation on the U. 8, Air I"orve Nuclear Wenpon System Safety Group and on each of
the various Army and Navy salety suhcommittfes which have been formed under ﬂm auspices
of the respective Juint working group or cvoordinating committoe monitoring the development
of individual warhead applications,

Drawing upon this hruad background, thiy report is o swmmary of deliberations and
investigations within the AEC which have attempted to define mors closely the general aafcty
problem—placlng it in perdpective—as wetl as to outline the approaches to increased saloty
in nuelear ordnunce dasign of special weapons which huve come under study during tha past

year,

% L
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INTRODUCTION

Safety as a design problam has not suddenly loomed hefore nuclear weapon desigmars,
In the past, safcty hus maintained a position of primary importanee in the written Mititary
Characteristics (MC's) which guide each Hevelopment progerimn, The wriling of these MC's
by the Department of Defense and the subrequent inlerpretation by the Atomic Energy
Commission and ils prine coniractors have alwiays sorved, in the past, (o strike what has
been consldered an ucceptable balaner among the safety, reliability, and operational char-
acteristics desired of each weapon application, During tho course of a development progtam,
the MC's are elaborated in continuous formul nnd Informal liaizon between the DOD and the
AEC as required at all levels of authority. Such laison continues on all {actors affecting
the safety, reliability, operational requirement balance at lcast until formal release by the
AEC and formal acceptance by the DOD of the particutar design,

The redoubled concern over nuclear weapon safety is then truly a call for a re-examination
of what might be termed the hiatorical trade-offs among the salety, reliability, and operational
factora.

There are a variety of reasong supporting a reappeaisal; for example:

a. The absoluto number of nuclear weapons in production, in transport,
in storage, and in military custody has become larger and is in-
creasing at an acaclorated rate,

b. The numhors of poople required to shepherd and to maneuver with
nuclear weapons must increcase apace while there la every reason
to believe the general lavel of ability of this force will not, as a

result, be lmproved.

c. It is conceivable that a nuclear accident within the territory of the
U.S. or its sllies might produce public and diplomatic reactions
leading to disastrous curtailment of military readineas and nuclear
capability. Further, it is not inconceivable that such an accident
might be miataken for the opening round of an unonnounced nuclear

war.
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d. Increased military emphasis on operational readiness and training
with live weapons constitutes a major change in design ground rules.
New weapon systems such as POLARIS, the IRBM and ICBM
families, the NIKE series, the MB-1, MINUTEMAN, and the stra-
tegic bombs affectod by the SAC reflex and alert concepts are all
examples of capabllities in which immediate readiness and maxi-
mum gafsty are extrumely critical requirements,

6. The advent of sealed-pit weapon designs has contributed to in=
creased military concern on the safety question.

f. The point at whiclrreliability can be traded for salety has probably
arrived. The omphasis within thu Ajr Force on low-lovel dellvories
and standoff mlssiles reflocts o strengthuning of enomy Jdefensive
capabllity and a growing conccra over expoctod high attrition rates,
The far greater comploxity of high performance missile systems
causes an 80 parcent roliability off the launcher to be held out- — (02(&)

standing.] 7 OF

DELETED

The terms "balanco® and "trade-off,® uged abovu in dlscussion of competing weapon
characteristica, dwacrve concentratod attention. While outwardly the scaled-pit woapon
deasign may have appearod as little more thun o mutalion in the evalutivaary proceas, it was
in reality a new apocies. From the outset, it was obvious that uvery uafoty advantage which
did not compromise the traditional operational requirementa of the Military Characteristics
had to be taken by tho AEC designers. Whataver roservole of *froc safety® may have at any
time existed has alrsady been nxluuu}cd In prosont day scaled-pit designa. Additionsl safety
must be paid for in reliability, in size and wuight, in rcadiness, in simplicity, in flexibility of
application, in nuclear cost, or in some combination of thesu characteristics.

On the other hand, the nuclear weapon saloty problem needleysly includes elements of
fear, supcratition, and misapprohension. These clemonts noed to be removed to prevent the
v udicious placing of hindrancus on thu desiyn und opuration of nuclenr woupon gyatams which,
ahovu #ll, nre [n themsclves sufety devices protecting the mtional security.

" St R T =
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This report places primary cinphaylg on the problems and feasibillty of modifying
existing seaied-pit Lbomb and warhead designs by measures which promise additional over-a)l
salaty Iut nomninal cost in other operational parametara, This is the emphasis Inferred fram
Secretary Quarles' letter (Reforence 1) which requests an AEC study of

*...all reasonable means of providing a higher degree of nuclear safing for
present and future deslgns. Such saling whould, of course, cause minlmum inter-
ference with reudincas and reliability. In order to achleve mors positive safing,
however, sanwe handicaps might be acueptable as iong as thoy do not Jeopardize
vur operational capahility,®

There is, nonetheless, n sovond approach lo selur wenpon design. This §g a fresh and
basic attack which Ignores the evoliitiumal hlatory of uxisting designa and all operational
restrictions which kave influenced this evolution, Beginning perhaps even with new nuclear
devices and inventive techniquen, it appenrs posalble to pursue the galety problem from the
opposite pole, developing weapon-like systems which achieve, first of all, maximum anfety,
Operationally sujtable dystems can then perhapa be reached by trading—bit by bit—safety for
reliability, aimplicity, flexibility, and readineas until un "optimum® balance h-» been reached.
It is conceivable that this vptimum balance may ultimately be Little different from that reached
by proceeding from todny's deaiyms; Lhe impossibility of predicting the outcome of baalc
research and inventive effort, however, precludes more than a brief goneral discussion in
this report. It Ias obviuus alxo that a prulonged nuclear tout moratorinm wil) handicap thig
basic arew of activity, This appruach, huwever, is undur viudy and should asrve 10 emphu -
size that the AEC han no intentiun of standing pat on curvent technology.

T : | /3



TUK ASSESSMENT OF SAFETY HAZARDS

The lack of operational experience with geiled-pit weapuns lna apggravated the natucal,
intuitive apprehension concorning the inherent safely of inseparable HE /muclvar assomblits:
at the same time It prectndes an ohgeetivl analynin of the true safety guestion in terms of
statistical data on the Likelihowd of exposiee e poteatatly hazaedous situalions in cach of the
woapon states of heing, Le. . the number, of landbings, nemdser of testy, hours of fight, ete.,

per weapon per year,

It may geem uncomfortable, but maintaining u nuclear capabllity in some state of readi-
ness is fundamentally a natter of playing percenlages. In absolute value these percontages
are never accurataly known; a_priori probability ostimates concerning o hypothietical design
change may indicate a decreasc in premature probability for a specifically defined situation
from one in one billion to one In ten biltion. The {improvement ratio of 10 fo 1 influcnees the
deuign choice; the true probabilities may be considerably in crror and hem e are nicaninglvas
except for the important fact that, in their calvulation, intentional pessimism has hopefully

been compounded.

It iv axiomatic tial a practicnl nuclear weapon which is designed to detonate with high
reliability following a presucribed stockplle-to-target sequuivce can gouihly prematire or be
detonated in error. The problem of safe weapon design therefore requirea the application of
science, art, und intuition to the goal of minimizing the over-all probability of a nuclear
disaster, considering all conceivably important pruduction line to target situations. This is
not a problem to be atlncked piceameal, for there are sltuationa where a design change which
obviously Improves safuty In one weupon stute of being, very likoly compromises safety in
another morc imporlant aspect), Thix Bmouscetleap® effcet must be guarded againat,

Rocorded Accident Experience

In an attempt to place the total safety picture in persgpeetive, It is necessary to review
the record to date of nuclear weapon accidentis and incidents. This record is far from com-~
plete, difficult to compile, and, of course, is atill quite meager in conlent—particularly so
concerning expericnce with scaled=pit weapon systems. For the purposes of this roport,

e o
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Table I is & summary of 54 of the weapon incidents In U.S, Air Foreco experience. The basic
list includes a record of 87 complled by the USAF Safety Board in Relerence 7 plus seven
other accidents of record which did not there appear. Army and Navy incidents are not
represented here although attempts are under way to collect all avaflable data, There is no
reason lo suspect, however, that other service experience will differ markedly from that of
the Afr FPorce; in fact, Alr Force experience is perhaps broader at the present time, partic-
ularly in operational phases with live weapons,

For the summary of Table i, the weapon "gtate of being® breakdown wag changed some-
what from the format of Reforonce 7 to the following four catogoriey;

1. Weapons on Board Aircera(t

This includcs all ground nnd Night situations uxcept air forry (which In placed
under Trunsport below),

2. Hanclll.ngnnd Testing

This category Includes ail agsembly, testing, lowding and unloading opera-

tiona,
3. Trnnap_grt

This categury includes all means of transport—road, rail, ship, air ferry,
and short haulg on dollies or wuupon trajlors,

+. Stomg
Thia includes static dtorage in lnkers, igleos, or open arcns of wewpons in

any #tate of readiness,

Only a few comnments on Table { are ruquired. Category 1 i ohviously the phase of
operations where weapons are most frequently suverely danumpod, tutally destroyed by fire
or Jmpact, or onu-point detonntud; the mechanfeal damage of Cutegory 2 Is with few oxcep-
tivng limitod to dented cuses ur ¢rushud fing, Almost all damage in tranaport, Category 3,
has occurred with weapons on dullivs or trailers—ony incident ceporty unexplained case
damage to a weapen in alr shipment. The single incident of Category 4, storage, involved an
alreraft crash into a bunker; none of the three weupons damaged were detonated, It i to be
noted that the sevun electrical ncldents which involved flring of detonator bridge wires all
occurred on training weapons of the tapsule type; had thege occurred on weapons of this
type containing uxplosive, a full order HE vxplosion would, of course, tuve taken place, In

valud-pit designe, however, claboeate, anti-error precastions have naturally been taken to

hrevent such an occurrenve: Unese are discussed in Referemees 3, 4, 5, and 8.

Y 4 L f)
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Category

Summary of 94 Known Alr Force Accldents and
Incidents Involving Nuclear Weapons

War Reserve Wea,
M—.‘ﬁ;&"*‘

TABLE 1

1, Weapons Aboard Afrcraft®
a. A/C crash

" b, Weapon jettison

¢. lInadvertent release (from
lying or taxiing A/C)

d. Inadvertent release (from
parked A/C)

2. Handling and Teat
8. Mechanical accident

b, Electrical sccident

Totals

11

34

J HE detonations, 4 weapons
burned

Both weapong lost in water

Two of thesa resulted in HE
detonantions

No detonations

Mechanical damage only or
no damage

Minor electrical damage

Mechanical damage anly or
no damage

Three weapons badly dam-
aged in A/C cragh Into

storage bunker

‘None of these weapons are known 1o huve been pre-armed from the aircraft,

LY

14

Training W
Remarks

Mechanical damage only or
Ao damage

7 serious electrical
damage—dummy detonators
fired; 7 minor electrical
damage

Mechanical damage only or
no damage

Nope reported
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Whtile this list of accidents and incidents applies sirictly to the sircratt/bomb weapon
Systems, missile testing experience and reporis of Ronnuclear missile accidents certainly
Suggest that Category 1 ahove can be expanded to inslude misailes with warheads on the
launcher, Also, Categories 2, 3, and 4 can logically be applied to warheads in or out of
migsile warhead installations, There is every evidence and expectation that, once operational
deployments of missile systems become comparable in icope to those of manned weapan syg-
tems, the rates of eccurrence of analogous aceidents will ltkely alap converge,

Normal Hazardy

In ordering the cperatlonal areay of safety concern to arrive af g *firat thinga rirgt®
design guide, it ig even more important to cunsider the severlty of possible consequences of
#n accident and/or gross human error., On thie basis the order of the four categories nbove
rémains unchanged,

1. Ru(_!z Weapons Aboard Aircraft and in Migslles on the Launcher

Inadvertent release of an armed bomb or inadvertent launch of an armed
misalle means, with near certainty, a full-geale nuclear yield. {(This must
be qualified in the case of those missiles emplaying ground control and
automatic self-destruct features.) In thiy area of complete readineys, the
inherent safety of bonh and/or warhead deslgn fa not an important aafegunrd;
the readiness requirement itgalf shilty safoty rusponsgibility to the controlling
elementa of the wuapon delivery system. In the cage of bombs, the Sandia
Corporation dous pussusd rogpaneibility for the elrcuitry design and compo-
aent apecilications of the T-240 aireraft monitor aml v-ontrol box. Efforts
toward improving T-249 design to minimize the risk of iradvertent bomb
arming will be discussed below. In the case of missiles, the AEC has but
little influence on the arming and fuzing functions of missile adaption kits snd
hohe at all in missile firtng and control equipment,

2, Teaung and Handling of Rombs and Warheida

in thia phuse muxt ba admitted the probability of grosg human errors in
which the weapon vlectrical #ystem might be fully oparated, loading to a
multipoint detenution of the HE asgembly. ‘This situation could result from
the Inadvertent or il-advigad application of partjcular valtage and current
aignals to warhead cunipunicuts.  Because at least four individual dignals with

o TP i
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some sequencing arc typically required for fuil arming and firing, the full-
Bcale yield disaster probabilities are remote, W
—mm e T W
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3. Transport of Bombs and Warheads

]

In road, rail, and air transport, both {npnet shork and firc aro the chigfl
hazards; in somo casea the two environmunts may follow in one or the other
sequance, A un{ftod number of weapons wauid be involved; however, the
effects of blast and contamination are mora likely than uot to affect real
estate not controlled by the AEC or DOD. The hazard [ chiefly ong of HE
blast and possible Plutonium cantamination from Bingls point weapon deto~
nations. In ship transport the primary hazard would seem to be fire, with
perhaps the advantage, on the open ocean at least, that only the ship iteelf
would be affected. .

4. Storage of Bombs and Warheada

Again fire and oxplosion leading to warhead HE detonations are the primary
hazards; severe physical impact ip Pechaps less likely in this phase. The
total number of weapong involved in an Incident could be larger than in
transport operations; however, the storage sites are located on controlled
real estate,

While some degree of artificiality is inevitably involved in assigning these operational
categories, the purpose is not to isolate either the geographical or chronological loci of weap-
ons in the stockpile ~to-target sequence, but to delineate the operational areas where hurnan
error and physical environment are, respeclively, the salient potential causes of disaster,

It is recognized that weapon testing, handling, and assembly, for exampla, may take place
aboard ship ar at a atorage li}_c. The intention is that auch operations automaticaily then
coune under Category 2, rather than 3 or 4,

-
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Abnormul tazards

There remain three situntions still untreated. The first of thase lavolves the poasibility
of an undisturbed weapon spontancously dutonating a3 a result of the most pessimistic chain
of internal failures and malfunctions conceivable. 1t is this prospect that reaches to the heart
of the design problem and is the basic reason for the employinent of such meagures as lower
sansitivity exploglves, high cnergy detonators, multiple arming and saflng functions, fafl-safe
components, and the utmost care in design, manufacture, and quality control, It is this pros-
pect that a prlori premature rrobability analyscs treat most adequately, and which typical
prematurc probability catimutos like l()'“z amd smanller describe. Such numbers can be made
still smaller, but clearly there is a point of diminishing returns because of the penaitles in-
volved. The human ervor problem so strongly overshadows that of the "malevolent weapon®
that efforts to precludo absolutely the latterr can gravely aggravate the former—the *mousetrap®
affect. For example, storage uf a weapon in certain partially disassumbled conditions to pre-
clude the mouat minute risk of spontancous detonatlon nevessliates additional handling, assembly,
and testing operations with the then larger attundant risk of gross human error.

Recognizing this larger human ervor hazard, a Field Command, AFSWP report
{Reference 8) recommendud univeraal adoption in Military Characteristics for nuclear weapons
of an a priori premature probability—exclusive of human error—of 10™° during the nonready
phases of weapon operations. This requirement is now appearing in the more recent MC's.
While the details of derivation of this sumber will nl'\vayu be open to debate, the argument of
Refarence 8 that such a numbuer—desceribing premature probabilily awing to random component
fallures alone—reduces the "malcvolent® wenpon hazard at least to one order of magnitude
bolow the human evror hazard ia cortinly a realistic approach. A priori premature analyses
of senled-pit systema invariably lend to numbury which surpass this requirement. Granted
that such infinitesimuls can never be teated for absglute significance, they nevertheless rupre-
sent ®indices of confidenca® in the benevolence of gystom denigns which at the least determine
that measurable safety guins are not to be made by concentrating, for cxample, on increased

series redundancy in hardware design.

The second special situation involves the overzealous commander who, without proper
authority, causes a weapon to be armod or cven to be deliverced in anger. This problem is
of an administrative nature, and dusign can only aid a golution if opcrational readiness were
allowed to be significantly reduced. In any cvent where a ready weapon must be entrusted to

_n single responaible individual, there can bhe no additional control by means of ordnance

.dign. Some far reaching schemes lor delaylng the readiness capability by technical means

will be mentioned in a later écctiun.
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The third special situation concerns the saboteur/knowleédgeable psychotic problem ia
which a full-scale nuclcar yield results from dellberate action. This subject is treated com-

prehensively in a recent Rand Corporation report, Reforence . The hazard is common to all
four categories of vperational phases ordered above, Administrative seourity measures must

remain the first Une of defense, shetled by déslpn measures which increase the amount of v

time andfor equipinent nedded to cause u detonation,

DELETED

It is axiomatic that weapons alone

can not be mude saboteur- aml prychotic-proof; their physical resistance can be increased,
principally by the same mcasurcs which reduce (he problom of human error—the deniat of

mechanical and clectrical access to warhead interiors.
Consistent with this appraisal of the goneral problem and the weighting of its several
aspects, the remaindor of thix repor{ will discuss the physical mneuns for design implemen-~

tation of greater vver-all weapon safety,
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ELECTRICAL SYSTEM SAFING AGAINST ACCINDENTAL
ARMING AND RELEASE

it is certainly true that the safcty of carlier implosjon weapons In stockpile, the capsule
types, rested primarily upon light admintstrative control of the nuclear materials; the nuclear
capsules were handled, stored, and trankporiod #eparately fram (he bomb and warhead assom-
biies. It is also Lrue Lhal the major part of this nuclear salely wan lost upon Instollation of
the capaule late the insertlog mechanigm of the weapon usseinbly.  The capsule-type weapons,
which were never designed for deployment under conditvni of immediate readinens, are
today lesa suitoble for ready deployment in all respecti—cespecially fn safely—than their
one-point-rnfe, sculed-pit descendants, In a laler section of this veport it wilt be shown
that, on basie principles, known techniques uf nuctear sufing are not, a priori, a preferable
method of increasing the Snherent safety of immudiate~ceadiness WCRPONSK,

Therefore, in treating the most pressing sufely problem (irst, the following discuaaion
presents methods for reducing the likelihood of inadverient release of an armed bomb by
electrical/mechanical design at the AEC/DOD system interfuce. Analogous safety messures
to leagen the probability of inadvertent launch of an armed missile are entirely a DOD respon-
sibility and, for scveral systems, bave been lreated elsewhere in reaspective missile system
safety reports published by various DOD Study groups,

Possibtlities (or Incrcasing the Safety of Romb/Aircraft Weapon Systems

For bomb systems, the Sundia Corporation porsesres respoitdibility for the component
specifications and ctreuitry dewdgn of the alrcerafl monitor and controt systein. The discusaion
below considers additional design incasures lo protect agulnst inacdvertent arming of ready

bombs loaded aboard aircraft.

T-249 Redasigg

The T-248, Figure 1, s an almost universal aircraft monitor and control box for nuclear
weapons, In its present configuration, it mounts a toggle-type ON-OFF power switch and a
three-position SAFE-GROUND-AIR arming selector switch, The T-249 may be considered as
having two Inherent deficioncien: firsl, it Is & very casy procedure to arm a boynb carvioi
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ready {n an aircraft, since only two switching operalions are required, Second, Iif the bomb
has for some reason been arined {l. e., lhe selector switch moved to the ground burst or air
burst option with the power switch BON®T) and the power switch is then thrown to "OFP," the
bomb can not be resafed until the power switch is reactivated, This difficuity can also occur
if the power awitch is thrown off too quickly, before the eiectromechanical arming system

in the bomb has had time to operate fully. A monitor Iamp is provided to signal this hazard,
but it s, of course, a passive warning only,

The Alr Forcc is presently medifying T-249 boxes In the ficld as shown in Figure 2,
This modification lcaves the power swilch unencurmbered bul providex a wiro-sealed, hinge-
plate lock on the arming seleclor swiich, Full airming {x thux o more difficult, more delib-
erate action, hut no additional agsurance ig pruvided that, otwe the bumb has been armed,
the power switch will noi inadveriently be turned off prematurely,  Alternate types of simple

mechanical interlocks have heen devised to praovuent power topgie operation before the selector

switch is returned to SAFE, but none provide absoluie protection agatnst nimble aperation tn
a time Interval too short to insure full bomb safing.

The final T-249 redesign proposal, the T-240A shown in Pigure 3, omits the toggle
switch entirely and employs a four position sclector with OFF, SAFE, GROUND, and AIR

positions. The wire-sealed lovk is retained and, In the space lormerly occupied by the power

toggls, a power hold-on relay is invurporated to retain powar on the syatem until the bomb
itself has aignallod that its intermal circuity have In fact returnod 1o the "SAFEY poaition.
In this mode there is no harurd involved in the rapid munipulation of the selector switch (o
OFF. The [inal design of thu T-240A lay beuen released; it {8 now the prerogative of the
servicey to adopt, procure, ancd instnil the T-240A cquipment.

Provision for Additionn]l Arming Actions

Aflrcraft Equipmeant

There is expreased concerm that the method of arming a nuclear bomb for release by
means of the T-249, with or without a mechanical lock, is perhaps too simple a procedure
and that at least a second discrete and deliberate act should be required. The Air Force,
on itg strategic bombing aircraft, hag one such feature: tho U-2 lock on bomb racks in the
bomb bay. Thia lock s sat at all times intil rolcosed manually from the cockplt by a

lanyard-operated mechanical linkage. On Navy alrernft, howevar, and on Alr Force tactical

nSeliaiisiintisssio
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carriers, thers is currently no second function. The Alr Force la proceeding with investi-
gations Into the modification of tactical aircraft to Include some form of positive rack lock.
it is understood that the Navy 1a stydying a proposal 1o wire the T-249 arm-line through the

bomb-release {picklie) switch in order that arming of the pickle switch by a circuit breaker on
the cockpit panal would then constitute & second armring action before live release. \

Bomb Safing Pins .

It is poaaible in moat casos to equlp a bomb with & set of nonshear safing pins in the ke

pullout switch assembly, such pina to be left in place at all times until removed manually by ’
means of a lanyard from the aircraft cockpit. In the TX-41 design such a proposal has been ﬁ\
made as a modification of the pulldut uwitch assembly. Provision of the lanyard linkage in (a'l(

general requires an atreraft modification; this system is cperationally unacceptabla to the Air V
Force as a long range solution. 76

- l_nt_entlom] Dudding -
DELETED

If the bomb wars Then armed =
By the T-748, mm release would cause the guillo-
tine cutters to pari the detonator cables and produce an intentional dud. The second arming
action required would, in this system, be the manual operation of a mechanical or electrical
linkage to sterilize the guillotine cuttors before a release in anger. Again, aireraft modifi-
cation is required,

Prerequisite Aircraft Maneuver

A third possibility which has evalved in the course of safety studies invaolves requiring
the delivery aircraft {0 perform a deliberaty, apecified mancuver on the way to the target.
An oxample mancuvur considered is a long, two-g turn, An inertlal device to senve this
mansiver would ba mountod within the bawmb in serios with the arm-lna (unly) from the T-249
alreraft monitor und contral bux su that uo armtng would be aceomplished within the weapon
unlcas the aircrafl were purforming a twa-g turn duriag the fuw sevonds In which the bomb
eircuits were responding to the T-249. The safing lina would remain unencumbered go that
resafing would be poasibie by the T-249 alonc. The possible operational handicaps are recog-
nized, but this proposal is indicative uf a separate arming technique which requires no air-
craft modification,
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War-Peace Switch

In this proposal an electrical switch, mounted in the aircrafl cockpit in a location remots
from the T-249, would be placed in seriss with the T-340 arm line. The switch would bs con-
spicwously marked and, lor purposes of example, placed within a "break-glass-in-cass-of-fire® \
type mount. Operation of this switch (n addition to the T-249 (and by & sscond responsible
cx:cw member {n multi-piace mircraft) would cbviously be required for full arming, Some air-

eralt modificstion would be required, v
Remots Conirol Arming

Tha principle invalved 1: tha Strategic Air Command "fail-safe® alert concspt, In which o
& coded "go® signal is transmitted to the aircraft crew, might be extended ta the bomb arming
aystem. It hag been sugpested that this "go® signal include an otherwise unknown 'cg_q_-_ or
combination nacessary to unlock an . nppreprhm_l;_dc_glﬂg_m-lrmlnm
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ELECTRICAY. SY8 (M SAFING TO HEDUCE T {HIIMAN PROBLEM

The presener of Jag A numbers of humuy beings along the nuclear Weapon pipeline from
manufacturing facility 1o the site of Feadinenx proparation causcy the second major wafety
cuncern, Groas human trror, ubotage, and impulslve op paychotie uctions ape the apevific
hazards (Reference 8). This ucction dencribes the derign trchniquen which bave already
been implomented in AxC bomb and warhead syntctm i comiop theng dangers, and desoribes
additional meagurey 1o Improve the Tpvoplu-rusintunnc® of AEC woapon packages,

The Bloctrical Key to Huuster Prevuition

cific energy and sensitivity of the high expiogive, lhe muitiple use of bigh energy-throghold

bridge wire detonators, the DELETED detonator simulianeity requirements, the ua-n pb w
precedented manufacturing tolerances of implesion azssmbly componenis, end 20 forth— 1
emphasise the fact that proper, muttipoint implosion Is completely contingent upan proper

. operaion of & warhead firing set; mwmwhw

9 of accidemial myllipe 2 HE asgem! aftn ]
eapon purposes; ' Without further Asvumption, this statemeni meons (tn Svaled-pit woapon Dﬂe(a
systems empioying more tan | DELETED that no nucicar yleld greater thas a &1'

fow tens of tons can occur withowt opuration of U olnctrical firing wot, Qau_n!g' that the
design gosl of inheront eng-pimt muelvar walely under nil ronditions in mwitidetonetor seated-
pit uystome has heen reachnd, fhon po.nticvuble nucluar yivld wilf ever result from apets
Sania) detonation of auch & warhead univae tho uloctrienl yystim Hw_func tiowed,

A Brief Revigw of *Woaden Boni,* Electrical Dusign

The fundamental quiding precept in jhe evolutivn of nuclear ordnance slectrical design
stems from the early recognition that o sealed, no-maintenence, no-tost warhead provides the
uitimate In both safety and reliability by virtug of reducing the greategt hazsrd—human errop.
This "wooden-bomb*® concept is, of course, not unquailfied; implementation must Include all
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possible meagures {o keap the system "benevolent.® Theso measures can be and are recog-
nized and incorporated to the extent that the contribution to the grosas disaster hazard over the
entire stockpile history of a sealed gystem can, with confidence, be certified ag tar leap than
the analogoug contribution of an alternate ayatem in'which human factors must be taken into
sccount. The crucial point to be stressed is that the safaty comparison between System A,
having a sealed slectrical assembly, and System B, which is in some sense electrically incom-
Plete, can not be cansidered solely dur\!ny@ ®untouched by human handg® storage, Over
an entire operational history, System B will require additional handling, assembly, and
testing that Inevitably adds an undesirable human error term in the disaster probability func-
tion. Obviously, the case of an tncomplote nuclear assembly is another matter and wili ba
taken into account in later discuasion.

General Makeup of a Warhead Eloctrical Systum

Scaled-pit nuclear awsemblicw providud the first upportunity to advance significantly the
state-ofl-the-ari of warhend design toward the "woodun® goal. Deluils of present generation
electrical aystema used in corrent developmient programs can be found in safely Relerences 2,
3, 4. 5, and 6. lowever, to generalize, a boosted, exiernally initinted, sealed-pit warhead
containy—in addition to the implosion assenibly—a 'separatelyarmedvaive onthe boosting gas
reservoir, a pair of external noutron sources for inltiation (Zippers), a high-voltage power
supply, a high-voltage cnergy storage bank, and a trigger circult plus gap switch which accepts
a fire signal and directs the firing sat charge into a high power distribution circuit to the deto-
nators and Zippers, Through a connector on the wachead package are introduced the gas-
boust arm signal, two distinct and independent X-unit arm signals, and the fire signal. None
of thege signals are derived in the warhead, but originate from bomb or missile fuzing circuits.

High-Voltage Thermal Battory Systumn

The [irat step in Swouden® clevirical cusipm wad taken with the use of high-voltage
thermal batteries tv supply the firing wel (X-uuit) amt Zipper power.  The bonelits In dosign
and In operatioml capabillly vver the oldes chemical haitery/votary nverter syalems were
cutatanding, Although clectrivally inert until activatad by an urming signal, high-voltage
thermal battarles are basically a warhead-cuntalingd power source. When employed in design,
therufore, all input and output linos to the hatteried are kopt open within the warhead; for fire
sofety, thermal fuses arc ingtalled at thy surface of the battery packs to break the electrical
circult should environmental temperatures increase suspicicusly above maximum design
ambient. The battery ground is, in most cases, supplied subsequent to mating a fuze or
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adaption kit with the warhead, Two digtinct electrical arming signals are required: one to
close a high-voltage switch botween the battery and the X-unit, the necond to vause battery

activation,

The Mk 25, TX-27, Mk 28, XW-30, XwW-31, XW-34, and XW-40 are examples of sealcd-
Pit weapons with warhcad high voltage supplicd from high-voltage thermal battories.

Despite the fact that the inherent safety of the thermal battery together with the system
precautions could be certilied to meet the MC premature requiremeonts, it became cvident
that there existed some DOD distrust of such a package on the grounds that o self~contained
power source contributed to the *malovolenceo® of o nuclear warhcad. The AEC was faced
with specific requirements for the capabllity to remuve high-voltage thermal battery packs.

The Chopper/Converter System

The problems of mininturization and the punaltien of providing for removabllity in
ceriain applications werc soveru cavugh to prompt thu development of electrical sysiems
which did not employ power sourcos—purinanunt remaval, Ina sense. Such a syaten, & the
chopper/converter agscmbly, analogous tu the vibrator power supply of an automuobile radiv.
This power supply ia completely inert and ingrely transforms Jow-voltage power to high-
voltage power for X-unit and Zipper charging. All clectrical power muat be supjlicd from
outgide the warhead packagas, i.c., from the bomb fuze aasembly or the missile adaption kit
Two distinct arming signals are still roquired to charge the X-unit: one to start and run the
chopper motor, a second to supply the low-vultage powor to be transformed. Note that both
these arming functions require continuous arming power and not short duration electrical
signals. With thlg system also, the neod [or a high-voltago switch logically disappears; with
all power derived from nutside the warhead, low-voltage switching is fully equivalent to high-
voltage switching.

The chopper/converter typu firing avt is buing emydoyed in the TX-41, XW-42, TX-43,
XW-44, XW-45, XW-46, XW-47, and XW-40 programs,

Posgibllities for tm-reastng ithe Inherent Eluvtrical Safely of Warheadu

By virtue of its Inertness, the chapper/coaverter system should reduce the suspicion of
warhead *malevolence® to ita minimum. Further, since a reliable system can be supplied In
8 sealed, no-tes!, no-maintenance assembly, the human error contribution to disaster prob-
ability can by thie means be reducead.
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But human error hay not yet been minimized; the woakest saluty link remaining ig the
warhead connactor, Power supplied foolishly or accidentxlly at this point could be dangerous;
thérefore a substantial increage in safety can be realized by isolating the warhead connector,

Tra !uclor! Environment Senging

The most promising technique for electrically isolating the warhead connector interposes,
betwaen the connector and the warhead elucirical system, an open circult in the form of a
switching device which prevents arming until this component hag sensed the existence of a
physical environment implying that the warheud has been committed to a delivery-like tra-
Jectory. This concept s beon teemed trajectory-environment-sensing, and s being
accomplished in the ICBM/IRBM warhead designs. Increased sulety thus appears in threo
arens:

1. Inall phases ol operational Life up to the time it s placed in a delivery-like
environment, a warhead x#o equipped is protected from accidental arming as
a result of human errors and/or faulty test, wmonitor and control equipment.

2. A warhead so equipped is significantly more difficult to detonate deliberately
by sabotage or psychotic action provided that the sulety device cannot easily

be bypassed. '

3. Some bonus protectlon is afforded in such weapon system accidents as mig-
alles falling from the launcher and in ingtances of improper system operation
such as a below-talerance missile hoogtar thrust. The torm "bonus® ig
emphasized becanbe such trajeclory protection is of a gross nature and should
not be regarded as a substitute for any trajectory recognltion function normally
included in a mfssiic adaption kit,

This trajectory-arm concept is basleally an c;wnslon to warheads of pregent practice
in bomb design which incorporates a trajoctory-arm device (n the fuze package with the pri=
mary objective of providing safoty in ground handling. in fact, the warhead contained tra-
jectory awitch has come to be termed a handling ualety device (HSD),

Trajectory Senging Dovices

The HSD (trajectory-sensing component) van practically take many forms depending
upon ity purent warhcad application. Delivery environments suvitabie for the derivation of
arming intelligence include the high-tumperature high-energy heat pulse of nose cone re-
entry, the long=term bigh-level aconstic environment of high performance nircraft and

'.’ asile flight, thu near-vacuum of extra-atmospheric flight, the frec-fall weightlesaneas
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experienced in certain ballistic Lrajectories, and the accclerations and veloclties of the de-
livery vehicle, For the present, however, hardware design is being concentrated on incrtlial

swliches which integrate accelerations (or decelerations) over a time interval. The advantages
in such “g-second® switches are that:

&. The devices can be extremsly amall, simple, and reliable,

b, Senslng inertial forces requlres no external sensory elaments or connections
such ug the barometric purts and hosos of difforentia) pressure switches.

¢, Accelcration-tine iy a leny specinlized environment; ls adoption ns an
arming criterion permits maximum standardization of trajectory-urm com-
ponenty and of warheads in which thoy are cmployed,

d. Inertial devices will be available on shortor time svales lor this safety

purpose.

The g-second switch designs employ the upecific characteristics of an acceleration
history for trajectory recognition. There (s first a lower threshald acceleration below which
no functioning occurs; this property discriminates agalnst normaj handling and transportation
shocks. Second, the integrating properties of the device discriminate againest the sevare
short duration shocks of impact, collision or axplogions. Third, the device must "see” a
predeterminad g-second product before operation occurs; this characteristic permits the
recognition of a missile boost interval and allows discrimination agalnst other possible force-
time signatures—for example, catapult launch or arrested landing of aircralt. Because of
these behavioral characteristics, these devices are properly termed g-second switches ar
g-second integrators; they are not true velocity switchey, the lattor being somewhat less
desirable as HSD elementa,

Implementation In Du!ﬂ

Over the past year considerable work has been done on this safing concept.
Priority has been given to incorporation of these devices in the ICBM/IRBM warheads and to
the air defenge warheads aince these will be peacetime deployed in rather large numbers in
proximity to friendly population centers. A handling safety device has already been tested suc-
cessfully on re-entry in JUPITER nose ccnes. Investigation, howevar, is being done on all
seajed-pit warhead applicationg—new programs, current developments and retrofit of sys-
tems already In production, A comprehensive proposal of intended program procedure will
shortly be submitted to DMA.
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Trajectory environment sensing ig an attractive means of increasing safety since, for
each specific appllcation, there is no wacrifice of operatioma} readiness, and the penalty In
rellability s system -wige negligible. It ip believad that the a prior{ increase in dud rate can
be held to § parts in 10, 000 or less. There are ltmitations tu the applicability of this safing
method us well as broader penulties. in terms of the ovar-all stockpile, involved in its

adoption. These aspecty are reviewed below.

Limitations of Trajectory Environmant Sonsing

Although each potential application must be studled spocifically, in general inertial
saling can be provided in the warlad of any migsile which employs a rocket engine or
booster. Thore are many warhead programe where u definitive delivery environment either
is completely lacking or la at such a low level that it cannot roliably be sensed to the complete

discrimination of accidentnl inertial londas. An exumple of the firul case iu the atomic
demolition munition, Examplos of the second kind are low thrust missiles such as CORVUS,

RASCAL, and HOUNDDOG and the nuclear turpedo ASTOR which, In its wire guided mode,
is not fired from a torvedo tube but "swimas® out under its own power,

Nuclear bonibs comprive an additionn! spucial cage. It hne alrendy been mentioned
that trajectory-arming in the form of an altitude or velocily sensing difforential bacoswitch
is employed in [ree-fall bombs. In addition, {n the parachute retarded TX-43 and TX-28X1
Lomby, inertial devices arc used to make parachute deployment a preraquisite to arming.
Indeed, the first g-sccond switches tn be available for warhead safing will be derived from
thege deployment sensing uwitches.

It would obvlously be more desirahle in nuclear bombs to move the trajectory arm func-
tion inta the warhead proper, agaln with the purpose of ivolating the warhead copnector, To
thig end, feagibility Investigitions ara undar way in at tuast foir areny:

I+ futentivasl Splutng of Frey-Falt Somt In Trajectory. - This would allow

a handling safuty davice within the warhead to sense rudinl aceclurationy,

Spinnfng can be wcromplished through aerodynamlic forces on canted fina

or by the use of upin rockueta, The first method limity low-level delivery

capability, the lutter system involves a apace and weight penalty, as well
) as some penalty in reliabiligy. '

2. Attitude Sensing in Bomb Trajectories, -- This technique would sense the
changing attitude of 4 bomb in trajectory, for example, nose down with a
slow clockwise roll. The dynamic llmitations over the wide variety of tra-
Jectorioen typically ruquired of a nuvlear bomb appear greater than those fur
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intentional spinning. The vequired attitude pattern might algo be intentionully
or inadvertently reproduced in handling.

3. Radiatjon Field I'rotection, -- Thiy proposal snkes use of a miniature

proximity-fuzce- type transmitter/receiver syytem. The appuarance of power

or an clectrica) sigmal al the warhead contecior wauld activale tw protector
syatem, surrounding the bomb with vadiation ficld. The presence of any
holst, shackle, stricture, ground plam:, vte., within yeveral feot of the
weapon would then glve rise to u signat which would prevent arming, ‘Thus,
the weapon esscutinlly must be in Mo space for arming to occur, The pro-
posai hay intereating featurew worth sludy; it Is at once cbvious, however,
that this system cannot be warhead contalned, Further, it Is un active sya-
tem and necessarily muat be fall-safe; this featurce might introduce an un-
acceptable reliability penalty, :

4. Ballistic Waightlessnoss in Trajoctory., -- It might be expected that within
a free-falling bomb there exists an interval botwean release and the attain-
meat of terminal vuloeity during whisch thu gravitational field fu to & »me
extent nuutralizod. Scnsing n less-than-one-g acecleration gvar a period of
a few seconds would indure a sulflciently unfque trajectory-arm signal. In
roality, however, lhere are vperationally important bomb irajectories in
which the forve fleld ¥seen® by internal romponcents is never laas than one g,
or is less than une g only for a vury short interval-—for cxample, dive ra-
leases and high-specd level releases, In thede coses the decelcrations
resulting from acrodynamic drug produce the perturbation. Vectorial dis-
crimination betwsen the gravity and drag lforces may be possible, but this
problem reduces In many respects 1o thut of Number 2 above, attitude

sensing.

A simpler alternative method for incruanbig the inhervnt safety of warkeads in bomb
applications consists of doalgning the cntire bomh {minuy afterbody sections, perhaps) as a
scaled package. This pruposal further reduces the human error factor contingent upon Internal
acceas, electrically isolates the warhead by virtue of the three ur four surips open circuits
provided in the fuze package, and imputes to existing ba romotric trajectory-arm devices and
parachute retardation gensing switches more of the deslrable properties of an lnaccessible
handling safety element. In future designs more Mexibility would bz alforded in the develop-
ment of additional or alternative trajectory arming techniques, some of which are outlined
above. This potentiality necds to be given serious consideration,
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Gross Penalties of Trajuctory Envirunimuat Sensing f

It hag already been pointed out that the a priori degradation of functional reliability
introduced by a trajectory environment senaing function promises to be 0, 0005 or less and
that the operational readinesa of a specific application so equipped remains unaffected. The
{lexibllity of npplication of an inertially safed warhead, howecver, will be to aoms axtent
resiricted, Specific, Ulustrative exnmples of this effect are as follows:

1. The XW-40 warhead is currently employed In three carciers, the BOMARC,
the LACROSSE, and the CORVUS missiles. In CORVUS, the warhead is
mounted in a direction displaced 180° frons LACROSSE; in BOMARC, the war-
head Is mwounted acrons the axly, or 80% in digplorument from either of the
other applications. In addition, the CORVUS {uir launched and Mquid pro-
pelled) is a low thrust misuile, It ig obvivuw that both the wealar and voctor
propertius of the acceleration hintory to w sensed for arming differs markedly
among these thrue applications, and hence, a warhead Huitably safed
by an acceloration device for LACROSSE would not be readily interchangeable
In the other applications, This difficulty ariges similarly in the XW-28/MACE
and XW-28/REGULUS systema, as woll as in others,

2. A similar problem arises with warhoads uged In bomb applicationg. Sefling
the warhead by means of acceleration-time genging for use in a given
migsile will disallow a ready cunversion to a bomh weapon; trajectory
saling the bomb warhead may prevent the reverse convarsion in certain

ingtances,

3. Current Army philosophy on the atomic demalition munition supports the
devolopment of o Univacrsal Firing Device to bo aged in ihe aduption of
several varictive of tu-tical warheads to the ADM mission, Presumably
such waapons uan the XW-40, XW-31 and XW-45 are primury candidates;
Inertial sufing in those spplications, In the atrictest dense, would prohibit
their compatibility with a ready conversgion into preplaced niunitiona.

System and component design analyses are underway to uncover all posgible means of
reducing these penalticy. It appears fcasible, for cxample, In those cases where a warhead
orientation s revoryed in two missile applicatliona having similar thrust programs, to incor-
porate a trojectory sensing sssembly which will operate in response to g-second inputs from

r1.-i;\l|er fore or aft. Broad discrepancics in theugt bitwoun two common-warhead applications
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{when the lower thrust missile docs not afford a g-second signature of adequate magnitude)
leave no alternative in the timely incorporution of inertiul sifing other than tailoring onc war-
head version and thercbv sacriliclng inlerchangeability,

By its very definition of purposc, a handiing safeiy device in nuceasarily an fnaceessible
component of Lhe warhead intersor. A removable HSIY ig a permdox,  I'rovision of ready
accuess to remove, exchange, ur bypass the saling clisment degiroys all bul a minme portion
of itu deslpgn safety,  The penalty in l‘lt_.-xibillt,v v nol yed e absolutely susayed sie it
requires a detailed warlead-ly - warhemd Investigation which can never truly be compluty
since it redchus into Mture applications us well, Speeific problom areng will he vutlined in
detull as fmplementation projosaly by witrhead program ave propoged.  Some compromise
may be required; for example, it would be posgyible to pruvite=for o given warhead with
HSD's—u spare eluctrical assembly without theue safety clements tu be used for wartime

conversion as, perhaps, a major depot operation,

it might also be possible to employ a key or combination lock switch bypass of the
safing element which could be operated In emergency situations by a responsible team to
whom the clogely controlled keys or lock combinations would e supplied or entrusted,

The Locked Warhead Conncctor

At lcast for those warheud applications where clectrical Isolation of the warhcad con-
noclor can not be accomplishied by HSD's, the next best step is mechnical isolation. To
this end is proposvd a warliead locking vap with key, The depteen of yophistication in such
a design Is complelely opun lo yorviee preforences; o sepranie and unduplicaied key for each
individual warhead in slockpile is pussible, with cach key nonmanufucturable from standard
blanks. Such a cap not only ieolates the warhead cireuits but, through control of the hey,
Provides alao a measure of administrative sufety which has been of some gervice interest,
To force special handling, the key might well be loaded with Cobalt 80 or some similar radio-
active material. Indecd, the connector lock may be @ desirble feature even on inertially
safed warheads, particularly go if even a slight vomipromise is made in the design Inacces-
sibiiity of the saflng device to pormit wartime Interchangenbility as discuseed abave,

Uved alone, the connector lock is inferior to trajectory sullng in several rospects:

a, Where HSD's provide increased safety at least until missile launch,
the additional safety of the connector fock ia luat earlivr in the
time [rame of weapon preparation when the bomb fuze or missile
adaption kit must be mated with the warhead.
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b. Unlike the handling wafety device, the key-lock requires human
action and therefore makes a larger contribiition to system un-
rellability,

¢. The true degree of safety and sabotage protection of the key-lock
system rests heavily upon administrative key control,

On the other hand, the connector lock itsclf doas hot compromise to any degree tha
flextbility of application of stuckpile warhcuds. A locking plate covering the warhead can-
nector was being carried in the derign of the TX-40 up to the time of program concellation,
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ELECTRICAL SYSTEM SAFING MEASURES NOT RECOMMENDED
)
Ii i eany to attack Iplt.'c:ezm:n_l the ptablem of nuclear weapon suf{ety and to propose and
require scemingly small details of weapon design which, on the surface, have the appearance
of increasing over-al| safcly, lnfortunafely, shortculs amt excenyes in the name of safoly
have their unfavorable connequences. {Hustralive exomples of potentially troublerome
measures are discussed hc’l'pw.

lhmovabilig aof Warhead Electrical Commenu

Intuitively, it appears that a warhead having a seif-conlalned power source must incon-
trovertibly be safer In storage and transporiation when that power source can be space-wige
isoloted to mome further degree than the conservatively specified voltage standoff provided
by the open contasts of electrical switches, '

Critically examined, this concarn fundamentally involves only the spontanecus deto-
nation probability of the warheud—ijty *malavolence, " In the total safety problem, this
poeslbility is of lenst importunce, To the contrary, romovability of battery packs or of
power supply companents provides free nccess into warhead interiors and exposes critical -
elecirfcal circuits to (1) inadvertently applied eicctrical algnals as a result of gross errér

,\nnd_ﬂ}w, applivd electrical signals as a rusult of saboteur/paychotic lcﬂon.'

DELETED

It seems clear that removability In this sense fa o *mousatrap® SiEERUTe in that It im- DOE
proves saloty only in an area of least need and iy an antithetical meagure when the largovr b 2 ]j: J :
hazards are heeded. In consequenco, the attendant penaltios to duaign aro exorbitant: £

8. Doth the reliability and the environmental reylstance of high-voltage sub-

! aggemblies arce nmfumued by keeping componaents and connoctors toa
minimum, holding slecirical lends short, und potting entire agsemblies.
These goalg are not congisten? with removability; it is basically poor engi-
neering practice to tamper unnecessarily in design with high-voltage clrcuits.

b. Proviasion for removal of bulky components compromises the efficient use of
space, weight, and valume, all of which are critical in mesting the operational

requirements for light, compact warhead hackages.
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€. In weapong like the TX-44 and AW 44, Whivh munt NUIVive hevere impact
shocks, provigion for edyy removnlllhly Introduces ynae, ¢plable structyra)
discontinuitiey in areas where cagy Integrity muag he maintained,

d. When FeMovadility can be provided in the wirkead, mingjle designers in one

Warheads omplaying the choppor/convertar system aro vlectrically (ner, and remoy-
ability of components Bewd not be convidarud, Design affurts in thy direction of sffective and

. hecessary—of a eriticsl element which Iy small, iy Sufticlently unjquy that esay substitagion

or duplication (g preveniad, and ig of Such o natury thet Open access to olectrical leady or

connsotors is never provided by remowal,

Increased Seriee undaney of Warhead Fuagt ‘g 1‘0\
To detonate at full yisld, o boosiadvealed-pit warhesd requires four signaly, Oog

OELETED

J Amin the tourey signal requirud (g the fire aipm),

ldeatly thege four signaly would b tmirate and distines, immmndululy derived from
four phenumenological tvunis In the Matory of o woapon systum trajostory, To {llustrate thig

mature reception of one wignal In many Cuses meang the secong will alsg bhe Premature; On-

the other hand; & timer algral plug a barvewitch signel are megnuy independent,
Roalistically, however, tour, o sven threo, separato and distinet signaig ape rarely avail-
able. In genersl, it hag been necessary (o relax the "separate and distinct® condition, in
application, to the twe ptimary olectricul arming linclions. The remalaing signalg required
are separate as they enter the warhead but, i feneral, are noy distinetly derived,

L
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It is therefore obvigus that an additiona) elocirica] arming function would, System-wise,
have to operate in parallel with an existing arming function, ‘The increage in safety is then

only {llusory, sinee Q premature of the common signal wil} llmulhnloualy perform both
functions, An additional arming function in the warhead can be fully exploited for safety if,

. i would provide thigy
meddure of increaged salety ngninut unboosted or fy)) nuclear yluldg, (Note: the fact that thig

extra measyre of snfuly dous uxist In uvne-point dotonation situntions ig un extremely important
point aften overlooked, } Zipper Initiatory ag currently umployed aro, however, armed from the
high-voltage supply of the firing sct and fired from the X-unit, Agq Tesult, all gariey safing
devices which presently sufe agningt ficing sot drming are equally ra effactive In safing



of, or which operate on, the hasle implosion apnembly. ‘Mun xection somparea the safety
of the otte -point-safe, aunled “Pil-type ayalom with thag of thy suparable Cupuvig-tvpe ag -~
temblios. Methods of nycleny saftng which have boen sl op studicd are mummarized, On
general prineiples, 1t |a sl thal in gy “peein -unfe, sentirl-piy wenpons rupresentative of
the current state-of -Ihe -ar1, aucleqr safing 1n net s pesrlony AppTusch 1n incroawing the

salety of ready weApOAN,

One-Point Detunations

It is neceseary to preface this digcusaion with Some clarifying remarks og the subject
of one -polnt nuclear safety and the manner I which it given rise to conoern,

While Military Charneturistios havy in foma (nstances wpeelfied maximum of four

To demanstrate e -point -loq_. the lest dovice ig normally set up and Nred -lth uh
more than adoguats neviron nitlution : o -
! DELETED i

DELETED™ would not fusetion), the probabiMty of any nuelvar
ylield regulting fron: o wuapon critical awssmbly, L e., a Ron-ohe-point-safe detonation. |
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of Intentlona! Inltiation (ia an accidental, ome-point detonation, external ZIPPRR iniilajors E)&\ *
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There are thrae questions which can be sshed concerning tests of one-point safety,
First, does a single, successful one-point test (ar at mogt a very lew such teats) furnigh
Assurance that & systein is ndeed gafe under the glven coaditions, or Is a larger statistical
nn?ph necessary? The answer g thiet thee hydrod mamig repeatabllity of o given test in
sufficlontly preciuv that o siagle tesl |n aduquaily, The aucleqr repeatabilily is slvo aggured
by the provision fur vertain inttintion of the nucleas Busembly, The second order Question
is: Are there any poasibile Physival conditions, different from thoas of the experimenta)
teal. under which the sucety of the 108 vyvtvm geomutry might atil) be quastionsd? The
answer in: Yew, for some sysismg the hydrodymamie bohavior cas be influenced by the
presence of external amping—for viamplo, & weapon submerged in water, partially buried,
" or In contact with henvy objects, Na diruot experimental study of such offects hag been mads,

guarantes absolutoly thet there can be no Uniquely sevore aceident situation in which the
geometry of the weapon is 50 chunged prior to defondtion of the RS that an apprecinble

auclear vield ia cauved~"aypreciable® here feaniag 8 yleld of the order of ten tons, In

conffguration ﬂl'llllll;‘ ia cbvivagly an unpredictable vometry on which nd caleulstions can
be made and on which mo testing haw been done, Truly bazardous situstions must indeed be
unlikely; this unlikelihood, Mua the low probabitity of initiation, pug the amallnegs of uny

resulting yicld, shuuld feasonably v construed ag conutituling & negligible safety problam,

.‘ﬂu prohability of abuadt 200 Hrame W cquivalent yiold in ap uveidental -
am%lnuwn of the sxample systems duse ribud 16 the fuotnoty on y, 47 wyre uwm

as follows: pogﬁ
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Poaxibilitiex for Inereaning Nuclear Safety

Absolute Nuclear Safety

It is unfortunate that the term “absolute safety® is 80 often used In connection with
saling schemes which Involve mechanical separability of the high explosive and nuclear
components of the basic implosion assembly. The connotation is fallacious in any practical

application.

Conrider firut a weapon system oxhibilng truly Pidenl® ur *abrolute® nuclear safety.
{n such o aystem the main weapen package cuntuing no fisslouable material until the Intendend
zero lime {or very shorlly before) it is to be buerst in anger vver an enemy larget. At no
time previous to this Ig even the remotest posuibility to be allowed for the basic weapon plus
its nuclear components to become simultaneously involved fn any conceivable accident or
incident, There is but one design solution; separate dolivery of the weapon and {13 nuclear
components with assembly being mado in the vicinity of the target when the weapon is ir-
révocably committed. Feaalbility of this ideal fystem is not foreseeable,

In the interests of feasihility and practicality, it js thus necessary {0 back off from the
ideal, giving ground safety ~wise in order to obtsin useful weapona, A missile must be
matearially complete when it leaves the launcher; therefore, in a miasile system the nuclear
components muat be mated in some degree with the warhead package prior to launch. A
bomb must be compleie ot reluose from the airerafl; therefore, tho nuctear components
must at least be tnken abonrd the aircraft just prior to tokeoff, (I is perhaps technically
feasible to supply the nuntear cumponents over enemy territory from a second aireraft by
a lechnique resembling In-Tlight refueling, but the operational practicality is certainly
questionable.) At this point, then, warhend safety In perhaps maximum, but the corresponding
weapon gystem is operationally primitive,

General Discusgjon of In-F’llght-Inseruon {IFD) m: Safing Mechanisms

‘There can be no question that separation of the ruclear material from the warhead is
the most effective means of safing, but it is also irue that {ta effectiveness diminishes an
the opportunities for accidental or premature reavsembly incrense. In this respect, the
beat of the IFI syatems are manual, as represented in the old Mk 4 and Mk 8 bomba, The
IFl procedure required that the nuclear capsuie be assembled into the bomb In the bomb bay
of the delivery aircraft. Even in the Mk 6 this is a sufT{ciently ponderous task in several
respects that nuclear arming can not be agcidentally performed,

43
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However, as the size and welghl of nuclear warheads decreased, it became possible
to serve more applications than the Strategic homb, Nuclear warheads for missties entered
development, as did smaller bombs for carriage on lUght ctical- and fighter-bombers. But
it became obvious that the accvsslbility of implosion assembly interiors was extremely
limited in rrdssites on \aunchers ard n bomba in fhe bayas of Iight bombing sireraft, For
extermally carried bombs, of courwe, accose to the wespon for manua] arming ie Imposaible

tn fight,
These operational requirementa prompled s furthor baek-off in nuclear safety, and the
¥l necessarily became automatic In the Mk 5, Mk 7, and Mk 13 systems, With the autn-
matie IP1 (AIFD), the nuclear capsule (6 inatalled in the weapon but oumide of the Imploaion L
assambly; & motor driven mechanism performs the finel insertion function in responsa
an slectrical arming signal.
%

D06
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nuclvar safety therefore depends almost untirely ypon the administrative dental of permiesion
lo tustail nuclenr componenta in the maechanlem,

This denial, until hoetilitive begin, is professed 10 be an unacceptabls operetional .
resiriction (s certaln sysieme—rolably alF defense weapons and strategic bombe; it ¢a
cartinly & safe prediction that it would be found 50 on such fyateras ax NIKE ZEUS and’
MINUTEMAN. The lmplication in thet, wure AIFY designe provided for these aystems, the
nucier ecomponents would micvnrarily ha installed at ail iven in he roady wespone, Thin
in certainly the uase touduy In (ke caprule veralons of the MY 185, Mk 30; nnd Mk 38 bombde,
and the W-1/RIKE HERCIH. KN,

Let 12 by nnpumed, however, thal a “madurn® AJR] system can be designed which 1a

9 -point-safe in the diaurm conligueation. Poilf-ln. 18 n comparison of the safety
Supwcts of such an ATF1L with (he sealed-pit (19 wystem {n the more important sllvations

of hazard,
CATEGORY 1 - Madverient minsile launch or bomb releass; ifarmed, in either
case the almost certain result ts fult nugtear yield, If uvnarmed,
or Incompletely srmed, the SP system ig conditionally safe subjeat

“SETERET . vy



to the possibility of a "peculiar® one -point detonation resulting
in a vield of the order of ten tons, The "modern® AIF] system
in asAaumed safc with une exception; In those instances where
incomplete arming consluls of the AIFT mechanism having been
operiated through a gross ¢rror, o malfunclivn, or as a result

of an accident, thd vne-puint safety of the A1l weapon on

impact or in fire {8 at lenst as much in question aw that of the

51 syatem. Neither the roady A{F] nor the 8P systema climinate
the plulonium contamination problem; o do this in the AIFI
system, {l is necesxary to withdraw the nuclear capaule into a
prolective compariment in Lsolate the plutonium from the high
temperatures of the IIF. detonation. However, with experimental
knowledge, plutonium contamination has come to be regarded as
Ia ®problem® rather than a severe hazard,

CATEGORY 2 - llandling and Teating: Asvuming that weapon procedures are
effective in prohibiting all human aclivily on an AIFI warhead
with nuclear capsule ingtalled in the mechanism, nuclear unfety
foliows. In the SP systems, the prevention of simultancous
detonator firing is entrusted to the warhead electrical system
which, as has been shown, can reduce the diraster probabillty
from all causee to as low o level pg may be required {o mateh
logicolly defined requirements.

CATEGORY - Transport and Storage: In these arcas, the AIFT aystems are
Fand'4 withoul nuclear components and therefore exhibit positive nuclear
safety, The SP aystems are again conditionally safe owing to
the pogaibility of ten ton-like yields in unugual one-point accldenta,

To summarire, in the most Important nrea—ready weapons—the AIFT and SP systems
are for all practical purposes safety-wiss equivalent; u slight advantage of one system over
the othar could only be determined after the detajled characteristics of a modern AIF! syatem
had baen explored in design and development. In the area of next importance, handling and
testing, the comparison is subjective: The positive nuclear safety of the AIF1 ayatem rests
on administrative control; the nuclear safety of the SP system depends on the "benevolence®
of the warhead electrical system. In tracsportation and atorage, the AIFI system is slightly
more safe in the light of the remote poswibility of 2 small nuclear yield from an atherwise
one-point-salfc SP design. .
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1'vialtivg an AL Sy stenis

Thus far, the only dexlgn comuteaing admitted In discusrion has bucn operationsl
readiness, bui thers ars other wuapon charactertsties which myst be compsred, . -DQ F L.Z( ﬁj
T
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will be assuilivd that inudern ALF] denigis ruuld rutaln the wonomy and rodiation resfstance
of counterpart saaled. pit seatema; vet, unequivacally, the uther mrametars muat be

degraded,
AIFT's Applied to Aualed-1%¢ gul A Sinle of [0

Beginnaing first with an tthempt b pruvide complate Suparstion of the high explosive
and nuclenr material, uiechaniens sludies have buen performed in an attempt to measurs
warhesd paramutrie changes, From rasults, the following may be predicted;

a. A weight incresse dumouu;.w 30 per cont of the purticular implosion
agsembly weight, considering only the AIPI mechentam itssif,

b. A length increase of about 40 per cont of the tofal sealed-pit warhead length,
Tha awapt volume over this length approaghes full warhead diametar and must
be hapt free of other oomponents,

¢ A reduevd intringge CugRusinesa expected b by conniderubly lower than the
tominal 100~ longliudinal ami 40y lrateverse wlerancus of the W-? (AlrD)
syatem, Ruggediess rould bo momewhat Improvel by subatantial increases.
in structural welght, but loydown nnd unrefarded wator estry apptications would
Almost certatnly be Lnfoanible.

A pariicutarly tHiuntrative vismple ls & comparison of the W -7 capsule warhead with Daﬁ
the somewhat smaller sealed-pit VIPER ansembly. n the W=7, the HE cope charge remioved 6‘2(“
from behind tha/ ‘rapulc in nuclear extraction welghs

DELETED t!nn-urplﬂroarﬂwthl;"m

must 3190 bw displacid, Thsed on the eriterion used in the W=7, i.e,,

‘capaule extraction 10 & polnt of uxterual anguncy to the HE sphecs, » b%w of ap- W
proximetely 1% powmds would have w by tranalated (o the ardep u’fDE slthough b.w
there ia a puasibiitty the intanes required for positive nuglear safoly might be appraviably :
lesn. The weight, bulk, uud siructueal ramplexity of such an ANl syatvm ope abvious.



In present gealed pil gystema, thege are indications of the costs involved in methods of
total HE/auclear material separation to achieve perhaps same additiona Protaction againat
the suspected possibility of one-point ylelds of the order of ten tons in some amall fraction
of severe weapon accidents, ' 0 é
Fartial Separation Mechaniams for Puture Designs z rk"p‘“!
It is posgible, of course, that something less than run scparalion of the axplosive and -
e i e e ) - v -
_fissionable materinl would _ug_t_ﬂpg.f

=

The LRL is also studying the possibllity of o moye simple mechanical means of safing
by displacing a cylindrical or conical segment of the fnydogion Busembly so that a porticn of
the high explosive i projected into the pit; this charge would be retracted for arming by a
simple screw action,

Proof of the:saling elfectiveness of such systems under n wide variety of conceivable
Accident situationg may entall the same difficulties encountered in proving one=-point safety;
however, these problems wauld certalnly be detormined tg a large extent hy the details of
any proposed-design,

On a loag range basia, LRL i conducting a research program (WOODCOCK) to study
the possibilities for nuclear assembly designa exhibiling a maximum degree of inherent
safety. Under investigation are meang of separating either the figsile material or, alter-
natively, all or a major partion of the high exploaive from the warhoad package. To extend
this safety advantage as far ng posaible into the stockpile-to-target sequance, last-minute
manual replacemaent of the separated component{s), as well as a two-action assembly fungtion
in which the fipal arming motion jg mechanically driven, are under study, Related invegti-
gations of HE and detonator materials considerably lgus sensitive to impact or firs than those
now employed are also under way; if feagible, auch malecials in new designs would reduce
the probability of nuclesr contamination following accidents severe enough to detonate present

explosive slemantg, p ﬁ
~
Relalive to remavabillty of nuclear componants, the Livermore laboratories have been % 2_(4')
attempting to solve the reliability and prmdumw_.‘!‘;.slg_bm_g_ for fiejd CE_._ —_

interchangeability of M '
DELETED



kiloton in moat systemas), If the bousting vegervols ¢yl be tghtly cuntrolled ay A separate

vumpons™ and readily nylalled as o last-my
measure of additionat eufety by virtue of the
readiness could be prolonged,

Forc!n Material in the Nuclear Pit

In the DELETED
the oralloy pit during storuge und trunsporia
strike.
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Nute arming actiom, i would provide some
fact that the warhead atate of lcu-l-n-ruu-ylctd-

was installed in ,Doé'
tton for safety until the bomb was mads ready for 1@

ED ‘DDE‘
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On the other hand, Qai?uudullumm . 4

The LASL hay aley inventigated Liguide
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fur pit safing, While thig tachaloque can prob-

ably be made (all-safe, the Plumbisg and pumping mechanieniy, toguther with the ressrveir

hecqssary for 8 roversibly sysiom, ure vt

nuwilve addilions to the somplaxily, wolght, and

volume of the warhoad Fhage, Aa intenia) bladder may alee e RECCSSATY t0 provent cone
tamination of ihe Misafonnble mawrial in the Pit by the yafing tiquid; wore means of retracting
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At present it appeary that the DELETED technique of nuclenr sfing mentioned wg
in the preceding wection can he dosiygned with the characleristivae nNecessary to make It an (p ’l[ ﬁ)
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cquivalent, or even attya tive Alterantive to anheret mie st safuty, The najor characters

istics required in .ldd.un-n o preventing nik leine vl e o one < point implosion are:
{1} lIuherent fait-safeiv of the wer-all desipn.
(2} Adequate reliabitits apmingt prematies: operation,
(3} Adequate reluabitity to precinde furtional tesung,

{4) Sufficisntly raped ope rution o perait petear ongiling o be perfarmed in
the weapin trajevtory.

The major advantages of u puclear suling syatem achivving thewe oltjectives are the
following:

a. The possibilitics are greatly expanded for the deslgn of wmaller
implosion gywtems with highar yield-tu-weiymt rntlos than can
prusently by uchivvud in duslyny acshinining inherent one spulnl -
wafety,

b. The nocewsity for nucleuas safely shuls may bu eliminated.

While & sultable nuclear saling system can purhaps improve over-all wenpon safely—
to the extent that even the remuly poauibility of a small nuclvar yield in an unusual aceident
might be eliminated——it does nut appuar that this potential galn jy algnificant enough to
Justily nuclear aystam safing as a supplement in imployjon systems exhibiting one-point-
salety ag presently defined and tosted.

On a longer range basis, a suitable nucloar mafing aysteny vould bhe empdoyed in manv
future syustems 1o provide a first order safuly improvement in poavetime operations; namely,
protection againat the nuclear huest of an armud bamibs mutve rtently drupped or an armed
missile inadvertonlly launched. To achivve winch an ulrjective, thepe ary twu major require-
ments:

I. A nuclear galing systuin which prevents nuclear viclds aven in the gvent of

a gymmelrical implosion,

2. The availabdility of a unique *wac-atrike® arming gignal which (s independent
of the delivery system and ig generated from a high level echelua of com-
mand, Thla signal could be used to activate the nuclear aystem arming
mechanlam independent of the normal arming and liring aignals generated
in the delivery system and weapun trajectory, A coded, magter-command



transmitter network might be onc example of such a war announcemeni sys-
tem. Arming commands relayed from satellites, or unlque radiation slgnals
from very high altitude lurge-yield burats have also heen mentioned as
posaibilities to be considured.
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SUPPLEMENTARY REMARKS

A thorough nnd objective appraisal of the witole safely problem leaves three salient
impreasions. First, the paramount danger s that of full nuclear yield from an accidentally
armed bomb {(or warhead) dropped (ov lnurichcd) inadvertently. Secoud, the human probiem—
encompassing gross procedural errocs, the saboteur, and the psychotic—constitutes a hazard
which {s at least as omnipresent s personuct in Lthe weapon system, Third, there is the
lstent danger thal misplaced emphasis in so-called “safer' weapon system designs might un-
necessarily compromise military capability while accomplishing little, perhaps even causing
a reduction, in over-ali safety.

There are, in addition (o these universal consideralions, other problem areas in indi-
vidual applications where a gencral safety philosophy and policy may conflict with highly
specialized operational capabililles. Two of the more important examples are discussed
below, Finally, the necessity for an expedited meana of data feedback from field users to
weapon design groups on safety problems is discussed.

‘I'he Inadvertent Helease Froblem

Conceralng the first point, the problem of accidental commitment of a fully armed
weapon has appeared as o direct conscquence of requirements for higher and higher degrees
of readiness. The probabilily of nucleor disaster with an airborne Mk 8 bomb was certainly
remote, since the weapon hnd to be nuclearly armed through the exertion of considerable
manual effort in the bomb bay. The Mk 8 arming system was long ago judged operationally
unacceptable. Regnrdless of the fundamental nature of the huclear system or the detailed de-
sign of bomb or warhoad, a weapon which vequires only the receipt of intolligence from the
delivery aystam for arming will accept and ruspond toe such lutclligence whather the signals
are intentional or not. The most important step to Increasing sufety must therefore consist of
making this remote control arming less likely to occur in any inadvertent manner, To this
end, remote arming actions can be made more difficult, more numerous, more diversge in func-
tion, and more inherently discriminating against improper procedure. This is the underiying
reason inbomb/aircraft systems for redesign of the aircralt monltorand control equipment, for
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which parhaps stems from trust {o the older capsule-type weapon designe, must be carefully
tempered with racognition of the fagt thay fn general, _Dag
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3. Tbe Automatic Bomb Arming System

Under ssrious DOD coasideration s a requirement for an automatic device,
Sometimes callad & "dead-man switch® (DMS), which would arm and/or foze
.nmrmrumnmmmnmmmrw/oumuupuy

to the snemy defense, uo&odsduoompu.hm‘thunlnafumun
been under study within the ARC e Sandia Corporation, Bafety implications
mmbomohﬂlyommtcﬁnmmwuhﬂm«nbmmm“m
adequate safety ia not a mjorprwumhtbcdndpdnnmqmmbmm
from medium to high delivery altitudea {e. g., tha Bpecial Weapons Emergency
Separation Systam, SWESS, designad by the Ajr Force Bpecisl Weapona Center),
utlnplumohmutnmdulmotanuelymﬂl’orm-hvelbmbm
ﬂ-mmumhnﬁmumunnmmlwbmhamh‘&qmyu-
{sting bomb safety features would have to be delibarately or automatically by-

pusaed,
These types of probiems emphasize the nocessity for continuing ARC/DOD assesament
of the whols safety picture in order to insure full coordination and proper balance when
desired capability and weapon system safety are n’t aross purposss. -

Wrmﬂolldmo P
L

There is ons other major area in which AEC/DOD coordination can contribate meas-
mbwmmmmmumruudmm. insidonts, and
hear-accidents and incidents, Mmmchmtmﬂom.mnucuumm. '
: dulmdnunlurmpmhnbemlmprmdmnuvuuuummmqnmm
of reported fisld experisnce, At the presont time the fesdback to the AEC of such infor-
mation is nmosriain and inafficient. It must be considered a vital precautionary measure
to improve this reporting system. No mishap, near mishap, or relatad detail is so minor
ﬂllmmmmmmmwhodnnlmu. Tha difficultiss of gatharing cbe
jectiva detail of thia nature are recognised, particularly where human errer is invalved.
This matter is discussed in Referencs 5, nowmr.mmumwmsawmwm
of this information warrants the effort and spectal procedures necessary to implament fta
collection and dimribution.



SECR-E-PfRE~

LIST OF REFERENCES

SRD Lir, Hou. D. A. Quarles, Deputy Sacy of Defense, to Hon, L, L, Strauss,
Chrmn, AEC, did, 20 July 1957, Q-69345, Subject: "Weapon Safety.

SRD Rpt, FC/03570001, by FC/AFSWP, dtd. 10 May 1957, Title: "Proceedings
of the Atomic Weapon Safety Board, "

SAD Lir, J. W, McRae, Pres, Sandia Corp, to X, F, Rertford, Mgr, AEC-ALO,
dtd. 26 August 1957, Ref. Sym: 1 (1048), Subject: "Wespon Safety, "

SRD Ltr, J. W, McRae, Pres, Sandia Corp, to K, F. Hertford, Mgr, AEC-ALO,
dtd. 20 November 1957, Ref. Sym: 1 (1084), Subject: “Weapon Safety. "

SRD Ltr, J. W. McRae, Pres, Sandla Corp, to K. F, Hertford, Mgr, AEC-ALO,
dtd. © January 1958, Ref. Sym: 1 (1088), Subject: "Weapon Safety, TX/XW-30

snd Xw-35. "

BRD Lir, J. W. McRae, Fres, Baadia Corp, to K. F, Hertford, Mgr, AEC-ALO,
dtd. 15 SBeptember 1858, Ref. Bym: 1 (1158), Subject: “Weapon Safety. "

SRD Rpt, AF-Q-125, by SWYWT/AFSWC, Title: "Nuclear Weapon Incidents
Reported between January 1850 - February 11, 1058, "

SRD Rpt, FC/10370136, by Capt. F. H. Dettmer, FC/AFSWP, did. 1 October
1957, Titles "Acceptable Premature Probabllities for Nuclear Weapona, "

SRD Rpt, RM-2251, by F, C. Ikle, et al, RAND; Thle: "On the Risk of aq
Accidental or Unauthorized Nuclear Detonation, ® did, 10/t5/8a,



~SECREFRB—

INITIAL DISTRIBUTION

1-40/200A - Jean O'Leary, Attn: Brig. Gen. A. D. Starbird, DMA
41-43/3200A - K, F. Hertford, Manager, ALO
43-44/200A - U, 8. Atomic Enorgy Commiggion, Ban Francisco Operations Office,
Attn: H. A, Fldler

48-47/200A - Helen Redmond, Atin: N. E, Bradbury, Director, LASL
48-50/200A - Dr, E, W, Teller, Director, LRL-Livermore

3'/”% o J. P. Mmr. l

82/200A - R. W, Menderson, 1000

$3/300A - F. J. Given, 4000

84/200A - G. A, Fowler, 5000

55/200A - R. E. Poole, 8600

56/300A - E. H. Draper, 1200

87/200A - L, A, Hopkins, 1400

58/200A - L. J. Paddison, 1500

59/3200A - B. 8. Biggs, 1800

60/200A - R. A. Bice, 5200

81/200A - A, B, Machen, 8300

62/200A - C. H. DeSelm, 5400

63/200A - J, H. Findlay, 5500

“,’m - w. J. Ho'll'd. 3100

85/200A - S. A, Moore, 1310

86/200A - J, W, Joneas, 1320

87/100A - D, R, Cotter, 1240

€8/200A - L. D, Smith, 1360

89/300A - R. L, Schultx, 1280

70/200A - T, 8. Church, 1410

71/200A -~ H. B. Lemander, 1480

T2/300A - W, O. McCord, 1460

13,’0“ d J. !- Hﬂm. “70

T4/300A - W. E. Boyes, 1880

75/200A - D. J. Yarbrough, 4430

78/200A - G, B. Mansche, 5130

79,’0“ ~ A. Yo popﬁ. 5140

80/200A - R, 8, Classsen, 5150

81/200A - D. B. Shuster, 5230

82/200A - I, M. Mooare, 5310

83/200A - G, C. Hollowws, 5320

84/200A ~ R, A, Knapp, 5330

85/200A - A, F. Cone, 5510

85/200A - G. H. Roth, 5530

87/200A - W. M. O'Neill, 5530

88/200A - L. Gutierres, 8140



INITIAL DISTRIBUTION (cont)

39/30M ! w. c- SCI'IVMI'. 8150
90/200A - M, G. Randle, 4721-2
81/200A - R, K. Smeltzer, 4721-3
33[3m - Wn p- clf'l‘hﬂ. 47:3
$3-200/200A - Document Room

J-18B - pmA

1/1C - org, 5530

M

v/



