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I~TRODUCTION

Safety 88 a design problam bu not "udd,-nly loomf'd hf'rurC' nuC'lear ..~apon deslbrnars.

In the past, sall'ly baa molntalned a pOl'Ulon ur pl'imury hnJlUI·l4I1r.,' in tho writlen Military

Chal'actoristicli (Me'a) which ~llio onrh U'·VCltt,JOlc.'nt 1...nlCl'll,". The WI'IUnll or tht'''c Me'lJ
by thr Dttpnrlm,-nf nr n,-ft-""" nlld thl' Inabtlt'tlll('111 Inh'l'l'rCllItillll hy tlll' I\toanfe J::m:rjQ'

Commlas(un and fill prlfll~ cunh'nrtoJ'1C h.,vc nIWl')'" lI11rvult, In lhll pwtl, I.. astriktl Wh:lt. hlll,i

been cOfUlldcrred an llccc:ptahle b:alancw nmollllhn K:lfnty.....Ii:WlUty. and oper~t1OMI eh.al·­

acteristfcs destrod ot each weapon oppUcaUon. ()urina: tho cuurlle ,,( a development pNlJ:l"tlm,

lbe Mels are elaborated In contfnuous (ol"n\ul nnd Inrorn\1I.1 lblillon between the DOD and th..

AEC as required at all tvvela or Iluthority. Such UaWoD cunth\un on 11t1 CDctore aN't>t'Unc

the sarety. reUab~l1ty. operaUonol l'equh'ement balance at IClIst IUltil torDlal relf'lJ8e by the

AEC Brld formal acceptance by the DOD or the parUcular doall".

The redoubled concern over nuclear weapon safety Is then truly a cAll ror a re-examiJIAUon

of what ml,ht be termed the historicAl tl'Dde-orl. among the sarety, rel1abUUy. and operatlonal

lactora.

There are a variety or NatiOns supporting a l'Ollppralsah (or example:

•• Tho absoluto numbel' or nudcur w!:allOn. in production. jn transport,

In storage. and In mUltllry cUatody 1ul8 bllcoml! 111rpr and 1. In­

crellating at lin Dcnaloratltd nate.

b. Tho Rumhar. of IUIGI.le nllJulMtd to tlhepberd unci to maneuvor with

nuclGr wcapona must incre:ultl apace .hUe there I. every reason

to beUeve the genenal level 01 ability or thl. fOlT. wUl not, as a

realdt. be Improved.

c. It Is conceivable that a nuclear Clcc:1dent within the territory of the

U. S, or Its a111eB might produce public and diplomat.fc reactions

leadin, to d18aatrou. curtallment or miUtary readiness and nude...

capability. Further. It 111 not laconcelvable that 8uch an accident

mAlht be mlstaken (or tht' openin, round or an unonnoWlCed nuclear
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d. lncnlled mWtary emphDa1Jt on gperaUonal ".din... and tl'aln1nl

with Uye ."poII8 couUtutea a major chan.. In alit" ,round rule.,

N.w w.apoll ay.tome such aa POLAlUB, the IRBM and ICBM

familie•• the NlKB ..rle., the MS-l, MINUTEMAN, ad the etra­

w,le bomb. :aftec:1od by &he SAC raOex and alert concept. an all

example. of capbblUtle. J!1 which iJnIJl.dlate readilW2Sa aad mal­

mum a4loty are extrumely ('rltleal requ1l'etnenta,

e, The adVllnl or .aled-pit weapon de.l..,. hu c:ontrlbutod to ta..

creued mHllary concern on the .atety question.

t, Th. polnt at whklrruUabUlty CQ.f1 be traded fur ..rety has prubQbly

~r1vcd. TIle emphAsl. wiUtln thu Atl' B'orca on low-lovel dollvor1e.

and lltandoll mwlle. runoe" Q IIt",nlfUwnfnl or enomy d.lenalve

CQpclblUl7 IUId Q Irow.lr., com'ern oyor eapGCltod high GttriUon rata••

The '.1' IJNa&er c:omJlleut)' or Nih perl'ol'm:ulce miune eyltelM

eau••• cut 80 percent t'oltabU1t)' oIr 01. lAuncher to be held 0&11- ----'

standtn~ -
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1be t01"11UI -babncow:and Wtr:ulu-utt.· usod nbovu in cUecu..IOII or eompet1nl' weapon

CMI'GC't.r1al1c., cht.orvu ~1Nk:,mtn&tudQtk·nUon. WbUe outwardl1 lNl aoalcrf-plt woapan

dellts" J1I4y have appearod u lltUd ~lurll UlIltt U IIIUbaUun in tho: evuhtllua:L1")' procelllll. it wos

In reality a new spocl... Fronl thu tllI....!!t. It was olwlCllJII dual ttVlJry ...rely odvantap whh:h

did not comproml»e thtt trRdlUun:d opcr:lUOI\o"\l requtremonbl 01 the Military Chlaraclerlatlcs

had to be taken by tho ARC dosl"ncu'., WbGtevul" ro8.,rvolr of -'roe ,,'et)- IMy have at any

Unlit enatett hail alrUdy been axlUntlltK 1D prolJOnt da,. alaaled-plt dctllip.. Additional "".ey
I .

must be pIlid for In nUablllty. In 1I1ze and wulJht. In readines.. In simplicity, lD OexibUity 01

IlppUClltion. In nbal••,. cOilt. 0" in .om. combwUon of the. cbaracteri.Uc••

On the othGr Mad. tIMt nucl~1' wupon Idfuty problem I1f'8dle.aly Includes elemeng of

tear. suporstUJon. and mlaWNM'II.Jon. Thllae ulunlOnbs nClld to b\: removed to prevent the
I
, "udlcJoull Jtlo~lnK uf hlnc'ninc:ulI un tbu c",',citen unci upuruUun ur nUC'lwr wcmpan ~tom••hlch,

Q~~" HU. UN lq thumllCdvuli _ret, dl"vh:uaI .,roh:cUnac the RllJonaJ *Ieurlt)'.
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Tho lark ur llJICr.,thml\l ~XIMU'icll"" with tle:lh:c1-ltll W\'UI1tUIK 1\:\8 tlqrnvnted lh~ Mtural,

intuitive OlIJIJI'eht>llltiOtI ",IJIl:UI'uillJ: 11.... {lIhel'l'ul gllfl'l~' IIr hlll"!';\I';lhl,' llI::/utll'h'l1r nHllunlbUc:,,:

nt tho unnlt.! time It Ill'''''llIcI,'~ an IIh,I,·"t!vl, :lIlnl~'HIIl Ill" lh.' (1'11' Hnrcl)' 'llIuNthm in tUI'mH ur

IIt:\tllltb-t,l ,Iatll UII II,,: "",'lIh..,,,1 "f o'lelo\'ICII"" ", l'OIh 'IIUllll} ha7,;u'd,IlIK "ltunUnrll' it, C/lt'h uf thu

w\Jal'ull aintull or l",illN, I, ",. II", llulIllwl', ur h:lIlllllllJtM, nUIllI"'I' ur tUlltll, hourI! or night, utc'"

pel' weapon per ye:u',

It may~ unt'umfortuhlo, hut ma'ntninina 11 nuder c:npnbllLt)' 1n aam. atate of re3di­

nsllS is CundnmentAUy Q matter- of playiJI(t IlorcunLailea. In absoluto vo.lue these pen-ontngea

lire nover accuratoly known; 11 prior' pt-ob:lbUUy uatinlaIC8 cont'erninl a hypothsUl'al do_iBn

ch:lnlJe may tndicl1tc a dec.'reasc in prol11Qturo ,'rob:lblUt)' lor a 8pcC'1flC'lllJ)' do(lnt'd sitUAtion

(rom one in one bUlion tu onn in ten billion. The ItnllroYOml.'nt mUo of 10 to 1 jnnucnCdIl the

dCldgn t"hoh:c ; the true IlrCll!l\bUitioll nU\y bu l'OIIHldul'Qbl)' In \11""11" und hOIK'~ nrc n10nRlngl,'1I1I

CXI:\'pt Cor tl1e hnllOl'lant rlU·t toot. in lIlt'ir cuh'Ul:ltlulI, lntl'tUl\ltw lJ\'lh,imlsm hns hoporull)'

h~c:n eumpcunded,

It I.. axiomaUr. \11:\1 II I1I1",Hl'nl nUt'l~l1r wU:\IJotl whh'" h' ck'slgnud to dl!tonattt with h1gh

rel1abllLty rollowin" II proH,:,.lhccJ Iftoc:kpUe-ln~tnr~t lteqmuIC'c ,'nn pOJlJJibl}' prenuaturtt or bo

detonated in error, The Ilroblclt1 or NrC wa;afJOl\ dc.lgn thoro(ore requires the :appllC'atlun of

sclenee, art, und IntuJUun to the gool or miuhnlzjng the over-Doll probabUJty or 0. nucl~3r

diABlor, considering aU I:uncaivahly Jmportant Ilrududion 11no to target situations. This ia

not a problem to be otLndu!d IliCc'nmcal, fcU' thai'&: nra tlltwUnnll whoro n design chDnp which

obViously lInJlrovcs "Mut)' In am: woulJon "tJllt: or behlJt, YIH')" llkuly ~ompt'omi.esAret, In

another more Imporlonl U14IJllrl. ThUc ImllUtwh'OIllw \,rr"I'1 1lI111f! uu ",larded Ogtllnsl.

In an attempt to place the loml safety pleturl.' In pcrtllu'("llvC. it I.e nU\'US8lU'Y tJ) revic.',,'

the record to date or nuclear weapon accidents and Inc:1duul". "hl. ~CQrd Is tllr from COm­

plete, difficult to compile. and, of course. is aUll qulle mea"er in conlent--partlculart.r so

concerRlng experlence wiUs ,,('atc.-II-pit. w('nIJon f1,Y11tema. For the purposu or thi8 rl'port.
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Ab'KJI'n\1l1 llaJ.urlhc

11111ro remain thrue ..UWltlontil sUll uutreated. The fli-alt or thCIse Involves the poaatbUlty

or nil undltJturbed weapon alpo'llunouually dutormting ... a result of the most pessimistic chain

or tntemal rallures and malrunctlontl concelvnblo. It Is thla prospect that reac:hea to the heart

of the deai", problem and i1s the basic reason tor the emplo)'1nent or luch meal!lures aa lower

eansitlvity esplo.lvee. hlRh energy detonators, multiple arming and ••nnl function•• tail-sale

components, and the utmoyl l'IU'C in desllll. manufacture. and quality control. It is th1a proa·

pect thAt a priori premature lu'OOo.blllty analyascat treat mom Ildequa.tol" and whIch typical
.12

premature probebllity caUns;ltuai Uku 10 r:r.nd ..mnner dU8CI'IlH:. Such numbers can be made

.till 8m;aU~r, but chmrl)' tMl'C iii a I'oint Dr dlnllnh.bJnc returns becnuae or the penalU8a in­

volvod. The hulft4n ort'ur .U'l\bt~m 'Il' struncly overMh3dowll that o( the -malevolent .eapon"

that efforts tu precludo nbrsulutuly thu taltUl' can gravely AUNlVate the Cormor-the -mousetrap·

• errect. For eXAmple, IItOC'llgo uC 0. wlIapon In certain p:lrUIlUy dlaalulumbled cundi\1on8 to pre­

clude the mOdt minute risk or sponlan\lOUS duton;\llon neee...l&ateB additional handlln,. a8sembly.

and tesUnl operations with thu Uten lurgor attundanL rllSk of &1'088 human error,

Recolllla1D. lh18 larger human error MUrd, a "'leld Command, All'SWP report

(~Ierence 8) recommendlfd universal adoption in MUllary Characteristic. for nuclear wcapons
. . -8

of an a priori premature J1robabUIt~sclU8iveor huDUUI error-or 10 durin. tbe aonl'eady

PMSU or wCllpon operations. This rcqulNllllont is now appearing in the more recent MCI~.

Whilo the dcbilll or derivation or thUs UUmbUl' wu.i alwaYIl blt open to debate, the arlUment of
I

R"reron~~ 8 that 811Ch II numbca-c1"lll'rU)in~ pram~tunt I'rohobilUy owing to rnndom componont

(BlluN. Rlollu-Nducos the -malcvolunt- WURIIUfI Mard IIIl~ to Clf1e order of magnitude

b\llow the hunlon errllr h:u~:lrd 18 ,'o"lllinly a rc:slhltic I1pprccu·h. A priori premature analyso8

or denied-pit .)'Stems invllrllllbly luud to t1umlwl'Y whlrh sUrp:l"tJ thiH requin:ment. Granted

th:ll such inrlnitealmula "~II never- bu tusted (01" 3bllyillte .ignlfic:mcu, thuy ncvertheles. rllpre­

Itent -Indicos 01 conCldonco· in the b...·novulen'·u or tl)'lItum deJ&ilfl~ which III the least determine

that meA.urable .arety guins :Ll'O nCJ\ to bt! made by concentraUIlC. tor eXl1mple, on increased

sdriea redundoncy in hardwore dc»lgn.

Tho IIctcond special situutton lnvolvus the overzealous commander who. without proper

authority. caulIOs a weapon to be armud or even to be dellvered 111 angltr, This problem Is

or an admln18trative nuturc:. and dcld~n l':m onlyaJd Cl BoluUon if operational readiness were

;altowud to be slptricanUy reduced, In :ln~' oYunt whc:1'U A ready wVIlI'on must be entruilted to

. n ,singlet respon~lblo Jndivlduat. tllL'rll can 1m nn :addlUol131 cantl'ul by mellni' or ordnl1nco

,~ign. Sum V rill' rear-hi,," ~ll'hQlIll::l rOl' dulu)'in" the .·eadinolus "llpubnU)' by tel:hniclll means

w111 bl! menUonltd in:l Jator aU:I.'lI~n.
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The third speciAl sUuo.t1on cont('rna th" lIaboteur/knowh~dleable psychotic problem la

which a tull-srale nuclear yield rD8ults frOm dullbQrawaction. ThIs subject 1a treated com­

prehenalvely in a recent R.'U1d Corpurntion report, RaCorf'ftcc e. The baaard III common to II

to...r catultUriell or I)peratl0Q41 "luusclf ordered above. AdmlnUstrntlve seourity meuures muat

r~naain the n...t I1nr of <tere-MO, uhult.cd by d6Hl~ me~\l~1I which Incr. e the &mowsl or
'. ,

ume Ud/or equipment Ilelklcd to \ 'l&llKU 1& dC'tonnUon.
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, It la axtomalle that weapons aloae

CIlIl llot be mudcr .:lbo~ur- and pflychotlc-proof; Uutlr pbyaalca. rea1Jitance can he increased,

principally by the "IUne mctumr08 wblch reduce Ole problam of human erro,..-..;tbe denial of

mechaDical lUld olKtrical acee•• to warhead lnterlors.

Constatent with thJs l1Wl"lllaal or tho lonaral problem and the weiptina orIts severat

Up.CUl, tho remaindor uf thiN re'flUr1 will dwell"" tho phyaical tD4nanll tor d. 1111 Implemen­

tAtion or ,rualer uver-:111 Wt'IlIMJn S4roly•

.
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SUPPL~MEN'-AnY ItJ::MARKS

A thorqh nOO objecllve :lpprabml ut thv wholl" aI:lrcLy .,rllblem leovers three salient

impreasiane. Flrlll. the p.'lr.u1luuul dunBar be th."\1 l'f Cull nuctear 1iell.! (rom au accidc!ntally

armed bomb (or wn'-head) dropped (ae- Inudchcd) In:ulvcrlcnUy. Second. the human prdJlem­

encomp:ulsblg gren... procedural urrurH, Lha H:lboWur, and the p8ychuUc-conalitute8 a h:lzard

which fa at leu' all omn.prcaent "8 personllel in thu wcnpon lI,YIJtem. Third, there Is lh.

lalent danser that misplaced emphaaia In ISO-CAlled "eDlerll wc:apon syslem deslgn8 might ua-. -
nece.8al'tly compromise military capabllitywhUe accompltshlngllUlc:. perhape even e ualn.

a reduction, La over-all littl'aty.

There are, in addition to thelte univcrsRI conaldarl\Uoua. other problem areA. in (adi­

vidual appllcatlona where a pncl'Qt ealely phUOIIophy Dnd policy mAy connlet with highly

specialized operaUonal capabilities. Two of the maN important cxnmple. are dlscus.ed

below. Finally, the necealilty for an expedited means of d:lta feedbOlek trom field usen to

weapon de_lgn Iroupe on larely probleml Is dlscuseed.

'l'he Inadvcrtent He1etJse Problem

Concerning the rt1"8t point. lhe problem of accidental commitment 01 a tully armed

we.poa bas appeared as Q~ conaoquence of ruqulremeata rot higher and higher depees
01 readlneBB. The probabilll)' of nuelvol' disastur with lin airborne Mlc & boaJb waa certatnly

remote, since tho weapon hud 10 be nuclcnl'ly armed through the cllerUon 0{ coaeldorable .

manual effort In the bomb buy_ The Mk 6 nrm'ng 8)'~tcm W:llI tong 8iO JudQVd operationally

unacceptable. ResnrdlC88 or tho rundDmuntal Jl4lllro or ",c n"dear ayatem or the detGUed de­

ale of bomb Dr w:arhcad, Q wcmJlon Which 1"t'quh'Ut§ only thu N"~lpt etr lntDlIlB!nc:a lrom the

delivel'l system for Qrmlnrwm Al"CCjlt Dnd rultpoud III am-II 11llalUgon<:u wlwther the alcna1s

are 1atenUonal or not. Thc moan lmportDnt atc:p to lnaroludnR IJU.fet)' nlllSt therefore coneist of

lnaJdn, this remote control armlnclu8 IUcal)' to oeeur in aJlylnadvertent manner. To this

end, remote arminlBctlons can be made more dilrlcult, more numorou8, more diverGe in funa­

tion, and more inherently dl8erlmlDatlDl aplast improper proc:edure. Thla Is the underi1lnf

rea.on in bomb/aircraft systems tor rede.illl orthe B1rc:ralt monltorQRd control equlpmeat, foi"
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