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 4BSTRAOT (V)

This yeport esteblishes acceptable premature probabilities
for nuclear wegpons exposed 10 the conditions -experienced;in
stockpile=to-target sequences. Utiligzing data from a stugy by
United States Continemtnl Army Command, Office of Special Weapons
Developments, vherein major Us B. catastrophes of the past 50 yeans
were analyzed and assigned equivalent nuclear yields, the author
assumes a stockpile configuration and compositions and by straighiie
forward mgthematical methods ‘reachss conclusions .and males recomme¢nda-
tipns on mumbers o be used for future wezpon systems designs. Accis

dentg due to random component fedlluve are assumed to be one-tentd

of those attributsble to human error. Values given in recant mildtary
cheracteristics are tebulated for comparlson,
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4 STUDY ON PREWFURE FROBABILITTES FOR NUULRIR WEAPORS

L Prohlﬂnw

To egtablish mceptable premative probabilities foy nun‘.tear weapons
exposed to the conditlons -experienced in s'baelq:ile-bto-bm'get Bequentes.

2. Facts Bearing on the Problems

&: A swrwey of military chapacteristics for nuclear waépons,
proposed or spproved during the period Jenuvary 1956 to Hawch 1957, ithowed

variations snd inconiistencies in mequiremerts for promaturé probabillities.
(Appenaix A quotes the militery characterdstics surveyed). ) These includes .

(1) * Varietions in dpecific premature probsbilitics: for a par-
ticulay wesgpon condition with no immedimte explanation for these valrias

tionss f

(2) Intonsistency in definitions of the @lfferent enviromuents
‘op coniitions merienced by the weapans in ‘bheﬂ.r stookpile-to-target

SRQUENsass '

(3) Pmtmre probabilities vhich are expressad as random
component failures, exclusive of humsn errors These mmber',s lead to
unrealistic conclusions of the gafety of the weapon as random component
failures ave small compared to other factors such as human arz-or.

- be Probsbility figwrep clearly state that they spply 'bo bombs and
varheads only except where a missile system is completely defined. These
runbers, therefore, do not describe the overall safety of ‘r.ha weapdn.

- G« A ewrvey of available literature wmcovered only oné study that
might' fuznish & logical basls for determining premsture probebility re-
quirencnte (Reference 1)e. This study, by United States Continental.

Army Commands; Office of Epeciel Wespons Bevelopment (OSHD), &ttempted %o
relate amccidental mucleayr explosions to the disasters (ratd and
nagnitude) which the nation ha.a emperimcad in the past half eentmry.

3+ Discussions -

.. The consemencep of an accidentel nuclear detonation could be
catastrophic: These consequences might be one er all of the folloiings
(1) & significant portion of cur atomic wegpons and carridirs
might bo destroyed; thereby redm‘:ihg owt military capabilitys

(2) Large bers cf our Im.lit;ary md civilian populatd.on night
bB lﬂ:ll@d or injmdo L 15 f B
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(3)  Vest areas might be rendéréed uninhabitebles.

() e pa‘ychelogical impast of & nuclear detonation might well
be dimastrome: Whethey or not the sccident would be consldéred in tle:

| Heme Jight -ap & natvrally occurring éatastrophe fearthqlmke, flood;

tornados ete) is problemdtical. In acts of naturey _‘th tendency seems’

to be to treat thesp a8 tragic but unavoidible: In z nucledy disasier;
there will 1ikely be a tendency to blams the’ 1 rreponsiblet militawy and
sﬁ‘an‘histao As 2 result; publi¢ reactlon could cemse poli*hical prelisurep
o be placed upon 'chs nmJ_‘Ltazy s thepeby hampering or wrtailﬁ:ng Mndn

programsn

 {5) 4 potential enemy migh poaaibn,y be t:a.ggarea i.n‘t.o ‘ghant
#n aggreselve war undep the assumption thst the resuliamt ¢énfugion and/or
fhe loss of part. oi‘ o stockpile might give hin sufficient mﬁlitargr ‘ads

vantageu S

(6} Eﬁnder certain oonditiongs it might be difficult to dise.
tingudali betwesr a4 muclear accifient and ah enemy attask, Tt ds’ convedv-
abie that thip could resnlt in premsturs. rataliatory action§ on our part;
ramﬂ.ting in an intsamatianan. crigles

In the” a.foremantioned OSWD at.udy, major U, S¢ cataaﬁrophss of -
the pagb 50 yoars were analyzed.end &n equivilent jield assdciated .oil th
each,based upen the people ldliied and/ocp property “damage resulting ffzom
'bham, Frop this datay a freguency versus yield curve was draym zhd the
inférence resthed that since the nation has survived these,!it counld
purvive. o gimilsr vate in the future. Different accap’bable rates wirre
proposed for pepcebimé énd wartime. TABLE I shows the prop obed rates,
Velues are ‘the accéptable number of weapon accidenits per year within
each yield range shm,.

| TABLS I

Tield engg ~ NDER (7 WEAPON AOCIDENIS PER YEAR
e . _Posoetine _ . Vavtim
swom - 1S . sacth
12007 . ) " 505 gxlgé-‘h
10041000 7% gx107k b3
16-200 203 - 2e10°2
1n10 KT " gx2073 Bx10+2

BER S Sr1OHL
o




@) 1In general, the wertime rates correspond t0 thé "normal®
scoident rate with the peacetime rate approximately one~tenth of thilse

{2) The figures presented are debateble:

(a) Duping & full poale war, the hunbes of accildentel
. detonations will be overshadowed by dlsasters resulting from enemy aictions
Therefore, it ié dotbtful vhether there should be a prescribed rate based
on peacetime gafety tonsiderations; The #dceeptable wartime ,rate should be
that which would rot significently hamper our operationsl capabilitys :

- (b) - The conversion from moymal" peacetime. disaaters to
equivaient kilobah nuclear accidents neglects public reac'bion.

(3). These Plguves &ppoar to be the most comprehensive published
%0 d.a_.‘hao ' _ ; ‘

(4) A conclupion of this study was that safety oriteria should
habituany be stﬁngent anf only rélaxed when advantages are demonstrateds

Ly Full soals mutlear accidents could be éaused by the ,.folloui.nag
genargl meenss

(1) Random failure of componsmts »- this mode of pmmas‘an'e
detonation is the sagiest to estimate, Sindia Corporation makes a. yirdori
estimates 6f the probability of pmmaturaﬁ from wanddn £ailurea based on
statdsticel evidsnoe on wrandom component failure; . specifin 'ﬁreqaon
civenltiy and intultive estimates,’ To dite no pther agency 'propaveii
comparable estimites for atemic weapons, Conseguently; Sandie Corpora-
tion figures are gemersily quoted a3 the premgture probabiility Lo that

particular ‘weapohe

© (2). Btorage and handling accidents we these accidents include
brangportation accidents s fires in ptoclpile and durdng transportatiion,
stce 4 gzioﬁ. estinatep for this type of accident are more difficult
to make. “The rate of such events could bé corrélated to provious
esperience bub it is. extremely difffcult to state just what Iorﬁﬂnta‘t.ion
sequence of events, etc., would cause a nuclear explogion xather thim -
ome-point detonationsy HE burning or no dotonation at 2ll. Fortunalely,
thip type of accident &6 easiest to design againsts For example, insofax
a8 fire is concerned thermel fuzes which melt at lower temparatures
than that necessary to petivate thermal batteries are easentﬂ.al'ly pusitive
pafing against simuiltensous detonstor detonation and ‘&hus againa‘t. Pa i}

scale, nuclear explosionss
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(3) Buman errop - these actidents are even more @ifficult bo,
predict and almogt dmposeible to prevent. Steps in design can reduce the
1ikelihood of errorg resulting in detonations by limiting thé nuber of
chanced for error such as testing requirements,; gssembly and disassenblys
ptcs Other steps can be taken t6 reduce humen erroro by rlgorous vraining,
careful inspection amd rigid prosedizes. Vhether or not the mumber of
accidents can be prodictsd in the form of a precise probgbility is gestions.
gble. The Aly Force end Smméia Cérperation ggree in thair 86 timates that
3 bomb in 10.dropped will dnd betause of humam ¢rrom: riozi esﬁ:hmtaﬂ
mdudﬁdne'tarmdomcommsnbfaﬂupem'easlmaslm ®
these figured it can be seen that duds dus to. human e;!mr as high ag
10 times that dme to ¥andom component fellure. It .appeers; the yafore,
that the accident rate. due'to human errop might be as high as 10 times
" the- probability of ypdvémtum dptonations attyibuted to yandoth ccmtpmwnt

faiimeo

: (h) Sabobage +- detonations attpibuteble to sabotag are
inpossible to prediet or to pievent completely, However; if. -appears that
babotage can be reduced by careful screening of persemsél; sgeurity surs
vefllance, and design efforts,

. The mmrediaﬁable beliavior of human beings is a grave problen when
dealing with nuclear wempons. It was mentloned in paragraph. 3.b.(3) above
that the assigmuent of o precise probability to humsn errar is questionsble,
&nd any attempd %0 determing this probability ie bgyond the scopa of this
studys - Ho'aever,, the selection of any acceptable prematurs probsbilify must e
be made wiRH the understapding that It ie inclusive Of Ruman errtre -

(1) Binmce 4% 4p conceded ¢hat vandem component £ailire i very .
small when tompared Lo human error, ény requiremsnt for an (& more or 1asa}
exact lmit on premature probability cansed by random componsnt fallwwre is ',
. somerat meaningless and j8 useful only ae a comparative standerd Loy
weapon design. In additlon, such & comparison is walid only when a- ommon '
mothod of estimating guch probobilities is specified , :

(2) Representatives of Sandia Coppaeration have stated that many ,
of thedr @ priori premature probebilitieg dre not meaningfuly especizdly , .-
vhen the m%ﬁ ‘become smalley than .1 This is not s¢ nuch the . g B
quastion of the relisbility of imput deta bu‘b that ¢he basic asmtinn =

of the independence of ovonte 1z questlonablds o ii\ .

(3) It should be pointed out that the validity of a i remtusre B Y
probability calculated by a priord estimates cannot be demanstmbad by [(\ \
- @xperiment. )
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&, The date in PABIE I indicate: & yﬂ.alﬁ dapandanse for the acceptable
mumbey of accidental muclear detonationss It s 2lso assumed that am :
accident would yeenlt in a full scale nuclear yield of ons weapon only.
1f these daba are valid, the acceptable premature prababili‘bﬁ.as for our

woapons can be caltulated. ‘
(1) in event will be dafined as the stockpile 1ife of one waapon.

|
fa) Foy the purpose of this study, &m aseumpiion will be mide as

to the number of weapons in the nstional stoockpils: If ome tiishes %0
compive ‘the probebilities presented with actual ﬂtockpile figures 9 the
following formula can be useds [

= ma = ‘h ' .

| P& ] ]

whers Py = premature probability per weapon during the atod:pile lifa of

the wegpon

0, % the acceptabie amber of accidents per year for wespors
of wardous yields fanndini‘ABLEI ._

\ R & mmber of weapons of that yield in stockpile
b uﬂifeﬁnyaarsoftMaeaapnnimshod]@m

(3) By ssptiing numbers of weapons in BB‘FBZ?al yleld ranges for
the 196065 perdod mnd that the everage 1ife of a weapon instockpile is
ten yearsy; an acceptable probébility for a . muclear accident can be- c;alcu«-
lated; m'king from the peacetime data in TABLE I, :

TABLE IT e |
e — _-"R




(8) During peacetime it is desired that there be no nuelear
accidentss If the premature probibilities of TABLE II are accepted; what
aspurance 18 given that there will be no nuclear accidents? :TABLE IX, .
uging the nuwiber of iweapons and premature probabilities of TABLE II; shous
the assurance of no prematures.

oEE I ,
YIELD RANGE | ASSURANCE OF NO PREMATURES %

7 10 ur - 99

i-1Q WP 99 ;
200-2080 KT +99
10<100 XT - »98
310 &2 +92
Oude i 460

¢ ‘Based on the Polgson &lstribuotion :

(b) Inspection of TABIE IIT indicates satisfactéry asswrance
valups £or ylelds gheater than one kiloton; However; far the subkillofton
yields the assupance lewel is too lows By assigning a premature probas
bility of 1x)0%5; the mssurgnce level is increased to 0:95§ it gppeaws
{hat 2 pra‘bahmty of le@" would b8 acceptables : '

‘ “{e)  If the estimated number of weapons in the srpeczqsne &8
ressonable; tha p probability of 1:10%7 of amaller is acceptabie oy ell
vespons except the siblciloton rangs for Which a probebility &f 1048
eppears accéptable; Assurance of no prematures for these probabilities
are shoun i TABLE IV

BBIE TV |

YIELD RANGE ASSURATOE OF §O PREIATURES
S 10 M o .99
110 mﬁ , 99
10051000 KT .99
106100 K2 3 099
110, KT 099
Colwd KT 495
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(h} Bﬁlitary characteristics for various weapons ana weapon
gyetems contain a eection on premature probabilities. A Wegpon condlitien
is defined and a premature probability is amssigned to this conditdom.
These desired premeture probabilities are very low for aftock:pile storage,
as defined in Referemce 2, &nd incresse as conditioms change in the wtooke
plls-to-target sequence. However, paragraph 3090{3) implied’ a definite _

probability acoording w yielde

' (5) 'y cz'.L estimates by Sandia Corporation for premature
probébilities; led pit weapons in stockpile storage, range from less
then "1 fin 106" ta "l 4n 10154, For othes ‘than stockpile storage, pire+
mature probabilities are much lm'ger end in most cases are larger than the
probabildties shown in TABLE II. The question then arises as to thether

or not these lawger probabilities are acceptadle or should be revised
dowmward to fgil in line with E'ABIE T, In enswering thig question, several

gpproathes nay be talkens
(a) Wsaapon design conld be madée to conform ‘tr.ﬂ.th ‘bhe a.vceptable

probabilitisés shown in TABLE II. This approach mppears mandatory if safety.
i8 to be thé primary criterion in the design of wespoms. Wegpon reli.ability,

. on the other handy will undoubtedly be degraded if safety designs ars 0E.
carried to . the extreme and 2 militarily unussble wespon might remult. ) N
b(2

Bervices Will accept any firther degradation

(b) TABIE I also indicgtes maxzimm acceptable wWartime rmélear:
accident rates vhich are gpproximately ten times larger than peacetine
ratep. These wartime rates actually correspond to past; primarily peace-
timey merisnce. If this natlon is to maintain a retalistory capability,
it must aocept soms degree of risk. .It isy therefore, suggested that these

miartime rates? (actidl natural dissédter rate) be accépted for oparationdl
a‘tarageg as defined in Reference 2. :

(¢) e number of waapons in operational storage will be
muoh smaller than the mumber in stockpile storage., If the number of weapens
in operationsal storage is assumed to be 10 percent of the estimated number
of veapons shown in TABLE II, new prmbabilitiea based on wartme Trates in

TABLE I mpy be celerlated and are shown in TABLE ’V.

(d) Few operational ooncepts could chamge and in'validata
TABIE 7 by inoreasing significantly the mmber of weapons in. capara:biona’l

s'hora,ge 0

2 e Bk g €
9 Wy 8 B e
r ~
n-.:»ul r - 4N . :é



done in TARLE IIT,

- l. Using the mumbér of wegpons and prob
in TABLE 7, aspurance values for no prematures can bé debermined as was

; e . ,
YIED RARGE ASSURANGE OF NO FREMATURES
D0 ui 499
1410 KT 99
100-3000 ET .96
10-100 TP .82
110 RP Iy
Oclel KT 004

2. Inspection of TABLE VI indicates that the asswrame
By decreaging the pramature
probabilities for these yields to 1z10~4, assurance values of 0.78 and

0.95 are obatined fop the 1-10 KT and 0,1-1 KT ranges respactively.

velues for ylelds Tesc than 10 K¥ are tpo low.

_ _ 3. It; therefore, sppears that for yields greater them
10 K?, @ premature probability of 2x10~5> w1l be acceptable énd for yields
less then 10 KT, 1£10-k. Assurance of no prematures for these probebilities

are ghoun in TABIE VII,

abilities £



w L  ASSURANCE OF NO PRI TURES
210 ur : d .99
1=10 MT 099
Yoo1000 X .99
10£160 KT - .95
110 ET 478
55

04141 KT

£y The prematire probabilities for operational storage ére aefinad
to include my condition of the weepon prier to the ganeration of any
intentional arming signégl. This would includé weapons loadsd aboard aircraft
awaiting strike, mispiles on a launcher; and during weapon flight ovar
friendly territory. After the imitiation of the drop sequence # in the case
of bombs or the first arming signgl ih the caseé of misgiles is glveny the -
prémature probability is increased; Just what an accepiable jprematmye
probability would be in these cases appears to depend on :hhe religbility
required of the. weapon, the danger to airoraft and launch pazvaonnel, and

the danger to friendly foreces.

{1) Fop bombse, the uging Servdce is in a better posﬂmion to
establish acosptable premature probabilities After initistiorn of the drop

sequénce. A review of approved military characteristics indicates that for
boubs, & premature probabllity of 1 in 1000 after the initiation of the drop

- .Bequence haa been atcepiables

(2) " For migeiles, the using Bervice will have to determine
acceptable premature probabilities after launeh; ; considering each missile

system seéparately and based on the fellowing factors:

(a) Wempon Yield |
(b) Location of lzunch site
(c) Value of launch site

g dg Migsile trajectory

&) Relisbility required

o (3) It gbpears that for misegiles launched or employéd in the
United States or frigndly held areas and vhere trajectories are such that
s defined for ths purpose

, g i or equivalent, c'cn‘brol box
; %0 be considered the first

arming Bignalu




& premature would entanger friendly troops and/ or populntions s Jittle if
any degradation below operational storage figures can be tolérated, After
the danger zone fer friendly troeps imd/er populations is passed, thm

the accgpbed yremabure probasbility nsed not be greater than 1 in 1000 per
wogpon or theé acogptable dud probebility, whichever is- Eargeru

8- - Present mi'l.ﬂ.ba:y charagteristics expréss premature probabiliidies
85 random compenent failure exclusive of human 6rror inm ordey to provide
vegpon designers with a design godl. 'The pIemature prebebilities deirlved
in pavagraph 3.6, ere considered to be the maximim permigsible under any
circumstancés, Therefere; the probability of & muclear detonation tue to
yandom cemponent failure must necessardly be emaller than thé total
premature pmbahi:litv. Bassd on cwrrent limited knowledge of human errar
and educated gueasas, it appears that a premiture due to randam component
fedlure will be approximately onesténth of that due to- human'error: It
is hoped that the application of human engiheeying comcepts z.n future
Wegpon development and strict compliance with prescribed assembly; test;
and handling procedires will decrease the oGcurrerces of humin exrror.
This eould, in timey. relax the requirement on random cmnponant failm'as .

.I‘ ¥

4. Comclusions

Based on the aamun;ations made and disonssed earliers (1) that the
conclugions o2 Reference 1 are walid, (2) that the mmbers used are for
& hypothetdcal stoskpile configuration for the 1960-65 psriod, (3) that -
the average life of & weapon in stockpile i tem years, and (i) that ten
percent of the hypothetical s‘bdtskpills are in operational storage, it is

concluded thats.

ao An accidental detonation of a midlear wegpon might be catastrophics:
therefore, the possibility of an accidental nuclesr detonstion is not..
acegptable unless nefaesamr to provide for an adequate nationzl defevise,

b. In order to survive or to malntain a retalistory eapabmty as
g restraint, a certaln dégree of risk in living with nuclear ‘weapons mmst
be atcepted. The accepted risk mist: depend on the. number of ‘weapona .and
their yiolds and whether the wespons are in operationsl or stockpile
storage. The premature probsbilities discussed herein are based on a
naturel disaster rate and are the highest this nation cdfh accept foy
poacotime operation. Therefore, all causes of premature muclear detonar
tdon must be considered in the overall calculation of an & priori estimate
of premature probability: However; in order to provide for design goals
vhich are based on random compohent failure,; it can be assumed at the
present time that the acceptable premature probability from thils source
is one-tenth of the total acceptable premature probability. !

A



5. Retommendaticnss . ‘
a,. Since it appears tl'.hat the contribution from humen error te the

totdl probability of a prematwre nuclear detonation will be large,
Antensive effort should-be dsvoted to peducing this camse. This includes
analysis of the camplete system to discover the posaibmtiaa of the .
ocourrence of hungn erzor, the gpplication of human engineering principdls
to minimige these popsibilities, the elimingtion of mmmecessary test and
handiing operations; mid atrict conmlimae wth prescribed p::ooeduram

durdng nemsary op@ra.tionm

"(‘ L \
"It 18 mcommendad thaet in 'bhe determination of pmmah;m probrab:l_,.

utias in military chdracteristios for all nev weapons consideration be -
given to the followlng wi‘baria: (Appendix B .'L:llustrataa the npplica_ttion
of these crd.teria}o e o : s

I% ehall he a8 deaign goal that the prababili'by of a prsmzitm'e n:uc.lear
detonation from dll canses (including rendom component fallure, human . -
exror; transportation &nd handling socidents, sabotage, ete,) -for Al .
. weapon gystems {1 the ghoekpilesto-target sequence be less tHan 1 in ]
10,000,000 pez mmoﬂ pei stotlpile lifes . ) 4

If the eri&prim for meeting the design goal recommended above legads. "
to & militerily imussble weapen system, the following premature probabie Cy
litdey from'(1) all pauses and (2) from fandom component Pailure alomé '
for the- envimments dndicated ghould be the meximum permissibles

(1) During latodrpﬂe storage including branaporba’bion, hanﬁ.ing,
end maﬂ.ntenannes

(a‘) For- yﬁ.elds greater than Xl K7
I?rom all canseso.al in 10 000,00@ per we@on pox R

.- 7

__.,..,
ek
< g

».
-

[

stockpilﬁ lifew o
2= Random compornent .f.‘ailw.'a aloxie-.ol in 1@0,%@,1300 .
per weapon per stccl:qpn.‘l.e life. .

. -(fh) ‘For }v:z-.elds less than 1 KT , : Yo
1. FProm all causes:..l in 1604000 per weapon per
stockpile 14fe. ' ' :

20, Random component failure alone..ol in 1,900,00() per
Yegpon per Bﬁockp:.le 1ife,




(2) During opara.tional at.orage, ineluding transportédtion of the
veady wegpon; handling; maintenanoe, assembily and test gperetions, and
loaded aboard the diroraft prior to initistion of . the drop Beguence, and

on a missile launcher prior to firings
(n) Por yields greater than 10 KT
o Lo Trom all causéss..l in 50,000 per ma;agin per
stockpile 14fes | .
2, Rémdom eomponent failure glone.isl in 500,000 psr
Weaptm per stockpile 1ifes

(b) Foy yields less than 20 ET Ol
N 1, Fram dll ocauses...l in 10;000 per weapon per |
stotkpile 1ife. ' '

-
2. Rendom component failure alane.ul in 109,000
weapon per- Btoakpile 1ifes .

) (3) During a missile ‘brajactary ovey areas. where friendly t1
and/or populations might ba endangered by a nuclear ?.fetonatiom

(a) For s'ialds greater than 20 KT <
1. From all causess.»l in soﬁ.oeg;@r we&pin per

stocktpile lifes
2. Random compenent failure alona;.,.l in 500,09@ pq‘
weepon per stockpile lifes : _

 (b) Foy yields less than 10 KT T !
1. Fromall cmssseeslk in :@ooé:@er weapon per
ptockpile 1ife. g ; i\-

2; Random componsnt failure -alana.o.l in 100 4000 1sar.é
ueapon per gtockpile life. : _

"\
(L)' During = missile trajectory over areas- IGhBI'B friendly tiroopsl \a \
and/or populations will not be endangered by & nuolear detonstion <+ | } i ‘-.\ j
1 in 1060 per wespon or the mawimm dud probabili‘?;y, vhichever is laypgez: -_ z\\
1 W,
(5) After initfation of the drop sequence and.&uring -the peiriod: j\ N

whersin a nuclear ‘detonation might endmger the launching aircraft o cfew y
essuming stendard release ,ﬁk%c Rl NeBRArgys ;oyed e 1 in 1000 per weapo \
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. PROPOSED
MILITARY QHARACTERISTICS FOR A
HIGH YIELPD WEAPON IN THE
85,000 pound WEIGHT CLASS

3 L 1] +* 3

RELIABILITY AND SAFETY

15, ' The probability of premature detonation of the weapon; so ag to
-endange® the lmmehing gircraft and crsw; shall be no greater them 1 in
-1000, assuming that standard delivery tacties are employed. 'The design
features adopted to achieve this premature probabkility should not restrict
the operational flexibility of the delivery vehicleo

16, - With the introduction® the weapon of the proper arming and
' Puzing gignals; the probability of securing the design yield & 109 shalld
be no less than .999;»

ITs -The probability of a premature detonation'of the wegpon without
proper amming and fuing signels shell be no greater than ong in fiMy-
thousand.

18, -The wespon shall be so designed to preclude any mucdlear yield
resulting f:iom -dstonat&on by means othér than the intended fuzing gystem,

29 The probebility of a dud weapon due Yo malfunction:of the stzm:l.ng
and fuzing gyshem shall beé no greater than one in two mmdreﬁ (200) whether
the alrbupst or contact has been selected. _

20« Manuil safing, remote aming amd safing, and positive indication

6f thé armed or safe condition of the wespon shzll be provided during ground

handling. During flight only remote control and indication gre required.

2%, It is desired that the rellability of the arming, f.uzing, and
firing gysten shall be such that no preflight preparation or:@checks will
be required, If this reliability cannot be provided; then the system
shall be desighed so that the preflight check tam be accomplished without
diaaasambly of the iegpon when the weapon is either on the grmmd al, the

4/0. or: 1oaded wboard the 4/C.




PROPOSED
MYLITARY CHARACTERISTICS FCR
CLASS B WEAPON

SEGTION I PAR? I

BESEGN FEATURES
- / .o

:I.‘l. Eﬁ.th pover supplied, and essuminig no arming or firing signel
almpliad the probability of an explogion before the intended time of
opaz'a’t.ion Bhall not be greater than 1 in 50,000 {,0028). C,. mddition
the warhead shgll be so designed to precluds any ruclear yield resulting
from detonation by means other than the intended fuzing mt‘-’i‘j

* 4 % * #

SECTION I PART IZ
BB APPLICATION

3% st % E 4

@PERA’.HBNAL BESIGN FEATURES

The probability of premature detonation of the weapon; so 48 16
endangex‘ ¢the lsunching alrcraft and érew, shall be no greatex‘ than 1 in
10,000,. apguming that, stendard delivery tactice are employed, The design
feamea adopted 1o achileve thisé premature prébability shm.ﬂ.d not res:bric'b
the operational flexibility of the delivery vehicle.

3 2* #* % 3
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- HEADQUARTERS FIELD CCMHAND
ARMED FORCES SPECIAL WEAPONS PROJECT”
BANDIA BASE, ALBUQUERQUE, WEW MEXICO

SUBJECT: PROPOSED MILITARY CHARACTERISTICS FOR A NEW OLASS Q WEAPON

# % # 3 %

B, Reliability
27. Premature Prebabilities -< Exclusive of human error and
fire, the probability of a premature nuclear detonation of the warhesd
t#hall not exceed the probabilities llstéed below for the varidus environs
ments. The design features adopted to achievs thsse mquirements ghipll
not restrict the operational flexibility of the weapons in vwhich the
warhead shéll be empleyedo

' @ During storage, tramsportation, handling ; maintena::ce,
aspenbly and test operations = 1 in 200;000,.

b. Instelled in wespon in strike configuration and prilor to
receipt of any arming signals - 1 in 100,000,

0o After receipt of all arming signadls and prior to rwceipt
of any firing gigndle = 1 in 203000,

28, Other Aceident Probabllities -~ The warhead ahall be designed

to minimize popsibility of human errors Ixclusive of human error, the
probabildty of occurrence of the type of accidenbs 1isted below shall not

exceed the values ah.cmno

' u. High explosive detonstiod of warhead dwring: weapon
-pgsembly ‘end diaasaambl;y' test of major components = 1 in 10;000, -

Ber .'_';,

bo Accidental exposiure of handling peraonnel to nuclear
- radigtion or comtaminated material - 1 in :Lo,a@oo

¢. WNualear detonation in event of fire « 1 m-.-';;ooo,aon.

% * % % e
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Subjecti Proposed MElitery Characteristics for a New Clase C Weapom (Gonttd)
¥ # " % a #

lps Prématuve Probabilities == Exclusive of human erx-or, the

probabiiity of @ premature miclear dotonation of the weapon shall not,
excesd the wahahmma 1is%ed beloly for the various em:l.mnm&ntao The

design femtures adsptaﬂ to achieve these requiréments shall not restrict
the opera‘hﬂ.oml fleatibildty of the weepon or delivery vehicle.

: a. Duwring storags; transportation, hendling, mmlntenamce,
assembly and test operations « Lin 100,080,

b When loided aboard adrcraft in strike cenf:}gwa.tion
antl prior to initia‘hﬂon of the drop sequence = 1 in 50,000,

e ﬂfi‘.er initiation of the drop sequence and &u.rd.ng the
period wherein a fuclear detonation might endanger the lauwnching airdraft
or crew, assuming sbandard reloasse techniques aré employsd <& 1 in 1,000,

#- & B : * # #




MILITARY CHARACTERISTICS FOR A THERWONUCLEAR

SECTION I

% % 4 # #

SaEry

1k, by With power supplied and assuming no arming or firing signals
gpplied; the probability of en exzplosion before the intended time of
¢peration shell not be greater then L in 50,000 (9.0028), In additin,
the warhead shel) be s6 designed %o preclivie, with & probabd_'l.ﬂ.by of dt
leass 99%, amy nuclear contribution resulting fmm datonation b;r means
other than the intended fuging gystem,

SEOTION T .+ PART-IT + BOWB ,g_p?ﬂ&hmms

FUZING_AND FIRING

126 gen&oeocuoﬂ. Qavilce o devices mﬁﬂg a mctional reli’ahmi? of
0,999 i required ix order to provids safé separdtion bétwean the bomb and
the bombing adrcraft abt the time 6fburst.

* ® # * %

o |
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MILITARY. CHARACTERLETICS FOR AN
1% 3/} INCH DIAMETER,; 150 POUND, ATCHIC WARHEAD (c)

Approvied by the MIE ki December 1956
# B & * E
v, RELIARILITY
2l FUNCTIONAL RELTABILITY
" b’ The probability of premature destruction due to a malfuriction

of the one point s4fe destruct device shall be 1/10,000 end the probability
of functional reldability of the one point safe destruck ‘device shall be

99997305000,
25.. JRMMATURE PROBABILITIES » Ex¢lusive of human arror or eventel

1isted in parsagraph JS, @5 & deslgn goal the probability of a prematire
nuclear deténation of the warhead shall not exceed the rollotqings

& In storage and prior to assembly in wegpon = 1/2,080;000

by During installation; assembly, disassembly and test =
1/1,,000 ,000 -

¢s Installed in wespon and prior to FINAL SEM signals

l/zaa(aw (1) Prior to ARM signal, or upeon receipt of SAFE gignal =
o &N g

(2) Upon pedeipt of AR signal « 1/160,000
do After recelpt of FINAL ARM signal = 1/10,000

% 3 3 2 3t
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PROPOSED MILITARY GHARACTERISTICS FOR 4 TAGTICAL/LAYBOWN
PAMTLY OF APOMIO WEAPONS (U)

* * # * % #*

o, B SeMeisty

28. Premature Probabilities -+ Exclusive of human érror, the
"probability of a premature ruclear detonation of the warhead' shall not

excogd the followings

@e Prior to marriage with wespon and undey conditions
othey than b, through e., below =< 1/100,000

b, Duiing installation in the weapon < 1/20,000

€. Installed in the wegpon prior to receip'b of any arzing
pignal. e 3/205600
ﬂﬂ.q After receipt of all arming signals « 1/10,000
During warhead assembly, disassembly; and major couponent
tost - 1/29,9@0

3% L + a3t o ¥*

III4 s Reliebility

51, Premature Probabilities <« The probability of premature
dstonation of The weapon, S0 as to,.endanger the launching aircraft and
crew, shell be no greater than 3/10,000 assuming that proper. delivery
tactics are enployeds ‘Fhe design features adopted to achisve this pire=
‘mature probability should not restrict the operational flexdbility of

the delivery v:ahicleo
%* %* % 3 . 3 o
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Sutmary of Wilitary Gharsdcteristics

' Eaydoun

Condition Bew Class A New Glass B Few Class C TX-27/28 11 3/4™ W/E

mﬁ‘!‘ ) Hﬂﬂ\ﬁnc“ shnoned . ag.n

_-;ith weepon (storage,: .
transportation handl:mg,, : _ - o '
etc) 1/1,,080,000 | 1/200,000 e 1/1,600,000 1/100,000
Bamb dm-:ing storage .
transportation and L
handling; etey:. 1/1.00,000.-:
During installation in
weapon

With power supplied =nd
assuming no arin or fire
signal

' Installéd in wespon prier¥ to o
receipt of any a.tming signal 1/50 ;000 1/50,060 1/100;0600(whd)
1/50;000(bomb)

1/50,000

/200,000

< Upon receipt of a1l arming : _ SRR
slgnals . 1/20,000 ... 1/10,000
.Bu‘ring warhead assénﬂﬂy '

sasserbly and major
component tesh

Fuclear detonation cass
of fire

1/1 ;0005000
Premature so .as to emdangez :
_ proper delivery techniques /1,000 1/10;000 = 1/3,000 1/1,600 1/10,000

9.¢
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APPENDIX B

1¢ The probabllities derived in paragrsph 3e of the ba.si.c study are
for the complete weapon system and gpply to prematures erising "from @l ,
causes®, They are not directly gpplicable for inclusich in Military Charace
teristios for ABC guidance because the weapan desipgners cannot be reguired
to mindmize causes of prematures of which they have incomplete knowlefge

and over which they have only limited or no control.

2, One such cause of posaible prematures is human érrops As noted
4n %he study, hwisn erpor would seem o bé a major contributor to the
probability of & mwclear accident. However, only meager information cons
cerning humen error. ie availsble, The possibilities of human error, its
frequency of gccurrence, and the possible repercuBsions therefron dare
mder study, but lmowledge is still limited., At present it wuld be ims
possible to state probabilities in any quentidtative or even pemi~quantitas
tive wdy. Mildtary Charecteristics as now wyitten include the phrase
fegelugive of humen error™, The numbers stated in the prematiire probability

requirementd are for random component féilure .alone,
3. Sama other canses afpoaaibls warhead prematures are those

associated wth othey components in the complete weapon eystem, The comnece
tion hetmsan various such causges might be indicated by the following .

equatiens i
‘ o cPeh * Faxe ¢ Po

where Py is the accepteble premature probability fvom dll caupes per 'wegp on

per stoukpﬂ.le 1ife, Fpp 43 the probability arising in or assopiated with the

warhead elone, P 48 the same probability for the edsption kit dlons, md
Pp 48 the eame for the carrier alone, The gpproximate equality sign is
used becanse there are undoubtedly ¢ross prodncts of the Yerps on the
right entering into the sum. These are probably second or third-order
terms; however; and are neglected. Each of the terms in the eguation above
is itself, of cowrse, a sum including contributions from humsn error and
random component failure, Uslng emall letters to indiecate only random
component fallvrée comtributlons, and following the arguments developed in
the basi¢ study concerning theiy probable relative magnitude 'ra::.th regpect
tc human error contributions; we can write _

Pa ~ Py * Pak * Do =~ 1/10 Py

It is this number; pg, which 1s included in the recemendaﬂthna of para~
grzph 5b of the basic study for 'random component failimre alohe“

lic “The problem thsat now arises is how to apportion the total aoccept-

able premature probatiility from random component failure slone, Jp, among

Pehs Pgk 50d Pe. - Since (1) ggts knawn or can raa.sonably be pguessed

LA



concerning the probeble relative magnitudes of these three terms, (2) Py
hag already been asasigned a valus one order of magmitude lesg tham P;s "and
(3) 1t doep not, appear reasonsble to attempt too great refindment in'an
ordey- of magnitude argument of the present sort, it is recompended that the
acceptable velus of P, be taken as appraximately 1/10 Py. ¥his means, of
coursey, that if puc and pe are &lso of this approximate magnituds; then

“Pun ¢ Pake * Do 230 Py 4

but this does not gppear of major significence, especizlly when the . _
extremely small megnitude of 21l the mmbers wmder discussion and the large
relative wmcertaintice in them ave consideved. This recommepdation s
equivalent to that containsd in paragraph 5b of the basic study for “random
component failure alone', Its adoption leads to the followlng propofpals
for the premature probgbilities section of Mildtary Charactepisticss
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PROPOSED MILITARY CHARACTERISTICS PGR A 10 KT OR LARGER WARHEAD

* # 2* L] * i

Premature Probsbilitiess It shdll be a deslgn goal that the
probability of a premature nuclear detonation of the warhead ‘from random
component failure alone in the entire stockpile to target seguence be leéss
than 1 in 208 per weapon per stockpile life, In event the oxiteria f'or
meating this design goal 1éad to a militarily unusable veapon, the follows
ing premature probabilities fram random component feilure alone for the
envzromants :}.ndicated are ths ma:dmum pemissible.

2. During stockpile gtorage (wespen in an unready candigion)
including t¥ensportation, handling, and maintenence: 1 in 10 - 1VU,000,0e%

be During operational storsge (weapon in a ready condition)

" including transportation, handling, maintenance. s assembly and test opera~

Yions; and loaded aboard the aﬂrcraf‘h prior to the initiation of the drop
eeemance, and on & misgile lsuncher prior to firing: 1Vin 5: % 105 (— Soo,os

co Doxing a-nilpeile trajectory ovér areas where friendly forcew .
and/or populations mght be endangered By a mclear detonation: 17in 5 % 10k,
- s

d. During that portion of the flight where friendly fo:_'cea and/or

populations will not be endangered by a nuclear detonation == prematiires

oceurring during this perdiod #ill be considered operational eiuds and
included as part of the functional reliability.

8s Aftey initiamtion of the drop sequence and dtming the péariod
wherein & nuclear detonation might endanger the launching aifcraft_ox
crew,aamm:l.ng standayd release technigues are employed « « 14n 103 v == Lvvuo
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PROPOSED MILITARY CHARACTERISTICS FOR 4 1 0 10 KT WARHEAD
& ' +* ' 4 % 3

Premature Probabllitiess It shall be a design goal that the probas
bﬂa‘by of & premature nuclear detonation of the warhead from  random

omponent faalura alone in the entire stockpile to target seque.nca bu less
than 1 in 10° per weapon per stockpile Lifes In event the criteria for
mesting this design goal lead to a militarily unusable weapom, the following
premature probabilities from random component failure alone for the enw
vironments indicated are the masdimum permissibls,

aq During stockpile storage (weapon i:n an lmrgacbr conﬂition) inclnding
trangportation, hendling, end maintenances

- by Diwding dparptional storage (weapon in ready -eanditiqn) inclnding
transportation; -handling; maintenance, assembly and test operations; and
loaded aboard the gircraft prior te the initiation of the drop sequence;

and on a-misedle launchey prior to firings 1 im 1

_Cs Daring o misslle trejectory over areas where friendly forces
and/or populations might be endangered by a mclear detonations 1 i 104,

d; During that portion of the flight where friendly forces ang/or
populations wlll not be endangered by a nuclear detenation « - premstures
occurring durdng this perdod will be considered operational é¢uds and
included B8 part of the functional reliability.

ei- After initiation of the drop sequence and during the period
wherein & nuclear detonation might emdanger ths 1a.unching gircraft or
crew,assuning standard relegse techniques are employed & < 1. 4n 103 ,




PROPOGED MILITARY CHARACTERISTICS FOR A IESS THAN 1 KT WARHEAD

Premature Probabilitiess It ehall be a delsgn goal that the proba--
bility of a premature nuclear detonation of the warhead from random
componétit fallure slene in the entire stockpile to target sequence be less
than 1 in per weapon per stockpilé 1ife., In the event the criteria
for meeting this design gosl lead to a.militarily unusable weepony the
followlng premature probebilities frem random -component failire glone for -
the envirorménts indicated are the maximum permissibles

as Dui"ﬂzlg stockpile storage (wéepon in an untfesdy condgion)
inéluding m—anspm'taﬁion, handlingy and maintenances: 1

B Bur:ag operational storage (wespen in ready condition) 4ncluvding
transpor‘batmn, ‘herndling; maintenance; aaaamb!ly and test operlations, .and
logded aboard the aircraft prior to the initiation o the driop Beguence ;

end on a miasﬂe launchey prior to firing: 1 in 1

G Duri.mg & nisedie trajectory over areas where friendly foreces. .
&nd/or populstiens might be endangered by a nuclear detconationi . 1 in 108 4 -

de During that portion of the flight whére friendly forices -and/jor -
populations will not be endangered by a nuclesr detonation = i= prematures
occtirring during this period will ‘be considered operational duds and
inéluded as part of the functional mliabmtasrh

e, After initimtion of the dmp sequence and during the penad

Wherein a nuclear detonation might éndenger the. launehﬁng aireraft or crew;:
assuniing standard release techniques are employed « &:1 in 203 ,
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