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ABSTRACT (U) 

This report establishes -acceptable premature probabilit ies 
fop nuclear mapam exposed to the conditions experienced; in 
Btockpile-to-target sequences* Utilising data from a study by 
United States Continental Arzuy Command5 Office of Special 'Weapons 
Developmentfli wherein maflor U*- S. catastrophes of the past 50 yeaips 
•were analysed and assigned equivalent nuclear yields s the aul&or 
assumes a stockpile configuration and composition.) and by stralgb.1v* 
forward mataienatical -methods 'reaches conclusions -and males recoanraunda-

- tipns on numbers to be used £OT -future weapon systems designs* Attei-
dents -due to raadiara component failure are assumed to be one-tenth 
of those attributable to human error «> Values given in recsent mil i tary 
characteristics are tabulated for eomparlaonp 

PUBLICATION -REtlEl'J 

The publication of this report does not constitute approval fcy 
the Commander.̂  Pield Command.;- AFSMP, of the conclusions or the 
recommendationB herein., I t i s published only for the exchange and 
stlmulstion of ideas«f" 

FOR 3HE OOMMAMDERl 
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A .S5IUDI 053 PREMATURE PROBABILITIES FOR NUCLEAR MBAPOWS 
ii- i.'ii _ it •iiiii/i • - ••-•—: -.—- . •• '—- ' ' ' ; 

i 

lo Problems 

To eptabMsh acceptable premature probabil i t ies for nuclear weapons 
aspoaed to the condltione .enperienced in etockpile^to-target sequences.. 

2-Q Facts Beatclng on the Problems 

a, A survey of military characteristics for nuclear TdeEjponSj 
proposed or approved during the period January %$$6 to Hardh 1957» ltihom& 
variations and.'inconsistencies in requaretoehtB for prematura pnobabjLlitieB. 
(Appendix A quotes the military characteristics surveyed)«, ; These imciude•? 

(1) * Variations in .Specific premature probobiliid.es'for a piar-
ticular ueap'on condition with no immediate explanation for these vat*ia~ 
tians« I 

(2) Inconsistency in definitions of the different snviraamiBntB 
ox? conditions experienced by the -Dreapons in thei r Btcclcpile-to-targBt 
sequencese 

i 
(3) Premature probabilities vjhich ere expressed as; random 

component failures, exclusive of human error* These numberls lead to 
unrealistic conclusions of the safety.of the weapon as random component 
fai lures are small compared to other factors such as human error» 

i 

b . Probability figures clearly s tate that they app3y t o bombs and 
warheads only except -where a .missile system i s completely defined* These 
numbers., therefore^, do not describe the overall safety of the vjeapain* 

• e. .A survey of available l i terature uncovered only one stu^y tha t 
might £urnish a iQgical basis for determining .premature probabil i ty r e ­
quirements (Reference 1)« This' stddyp by United States Continental 
Asmy Commandj, Office of Special Weespons Development (0Sl'7D)J. afctenpited to 
relate accidental nuclear explosions to the disasters (rat& and 
magnitude) x-jhich the- nation has ecEperienced i n the past half century. 

3?- DiscuiBEioni • 

•a» The consequences of an accidental nuclear detonation could be 
catastrophic t Ihese consequences might be one or a l l of t h e following;? 

(l) A sigiaificant portion of our atomie weapons and carrisirs . 
might bo destroyed;,, thereby reducing our mil i tary capability* 

(.2) Large .numbers of our military and. civilian -population might 
be Id fled or injured, §% |T j% jj% ft* |;t-

UGTED BAT, 
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(3) Va8t areas might be rendered i?n±nhabitBble». 

(Ifi 'Ihe psychological intact of a nuclear detonation might well 
be disastrous. Whether or not the accident, would be considered in line 
•same l ight • as- a naturally occurring catastrophe (e^iftquafare.j floods 
trafoadp$ e tc ) 1B probigimatical9 In adts of nature* :m&. tendency seeaas-
to be to t reat these as -tragic -but unavoidable a 3&h '.a nuclear .disaster* 
there -tiLll liJiiJy b'<? a tendency to blame the ' 'firreaponsibieP znilitaajy and 
scientists,, As a result^ public reaction could cause po l i t i ca l preiisures 
••to be'placed upon the •military., thereby hampering or 'Curtaiitn,g 'weapon-
^ogramSe "• 

($) A potemtial enemy might possibly be triggered in to 'staarfcing 
•an .aggre$sive war under the assumptiph that the resultant etofusion and/or 
Ihe loss, of part of .our stockpile might give him sufficient :military ad-
vantage» '"• 

(6-); %der Certain conditions* it- might be diff icult to -dis­
tinguish -betwefea a muclear accident'and an Shemy attaeko1 i t is 'conceive 
•abSe tha i fjhis could .result in premature.retaliatory actions on our' part , . 
resulting'in an intBrnational crisl^i; 

bv • In the'-aforement^onBd ©SWD Study, majjor U* &• catastrophes of 
Hie past £0 years were, analyzed.and .an equivalent, yield associated.id.th 
each-abased .upon the people killed and/or property damage resul t ing ifrpm 
them, •From th&s .dat% a frequency -Wrsus-yieSLd ourve. BUS drawn sad t h e 
inference .reached tha t since the .nation has .survived these., ] i t could 
SUCTjve..a s'lMlsr rjat'e in the future* Diffg&ent acceptable''rates *S>re 
..proposed fbr- peftpetime and- •wartime. TABLE 1 shows the .proposed rattss.. 
Values ape the acceptable number of weapon accidents per year within 
each y i e l d range shoitoic 

TABLBJ 

Sield Range 
a., . ' I T . . ; m' . i > u, 

>10K? 

. w m': • 
100*1000' KOf 

10*100 KJ 

1-3:0. n»' 

0 . 4 4 * * • 

NUMBER GF 'WEAPOS AOGIDEWTS PER 2MR 
Peacetime . Wartime 

Sa&O-* 

fr&vk 

8x20^* 

b&o*3 

&aS*3 

. 1 



(1) Zh general9 the wartime rates correspond to the "normal." 
aooideht rate -with the peacetime rate apprcsimately one-tehtyi of thJLs? 

(2) The figures presented are debatable<, 

(a) Daring a ful l sdaie -war, the humb.es of accdjdental 
detonations w be overshadowed by disasters resulting from enemy aiotion*-
Therefore*- i t i s doubtful whether there Should "be a prescribed ra t e based 
on .peacetime safety .considerations.? The .acceptable wartime grate should be 
that which would not gignif icahtly' hamper; our operational capability * 

(b) The conversion from'."normal'! peacetime disasters te 
equivalent kilotcch nuclear accidents' neglects public reaction. 

These figures appear to be the most comprehensive published 
to data* 

A conclusion of this study was that safety c r i t e r i a should 
habitually be stringent and only related when advantages are -demonstrated. 

..e/f• Full scale nuclear accidents .could b.e caused by the .following 
general means:: 

Random fai lure of components r - this mode of premature 
detonation'is the easiest to estimate* Sandia Corporation mates .a, p r i o r i 
estimates of the probability of prematures from random fai lures based on 
statistical. -evideno« on random component failure* specifio weapon 
circuitry and intui-tive estimates^' To date no other agency 'prepares! 
comparable estimates for atomic weapons* Consequently* Sandia Corpora­
tion figures are- .genergUty quoted as- the premature probabili ty for? t h a t 
parf^cnilar •weapon-o-

: (2). Storage and handling accidents •**? these -accidents include 
transportation accidents^ f i res in stockpile and during transportatdLohj 
etc* A prior i estimates for th i s type of accident are more ! d i f f icul t 
to make.: The rats of such eventB could be correlated to previous 
experience but i t is. estreineiy .difficult to State just -stoat!orientation* 
sequence of event®, e tc .* •would cause a nuclear explosion ra ther thim 
one-point detonations* HE burning oj? no detonation at a l l* Fortunately. 
this type of accident' i s easiest to -design against.* For example, insofar; 
as f i re i s concerned thermal fuzeB which melt at lower tamperaturew 
than that necessary to activate thermal bat ter ies are. essentially .positive 
safihg against simultaneous detonator - detonation and thus- against-frill 
scale, nuclear explosions* 

^.TTIUCTED DATA 
^imnim mm»mM!&M*Mip 
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eis iSBôqjBS o<j, s^qsq;nq^^'S
:
 #tro

,
pq.

!
Baoq,ep *̂* sri^joqeg- (t|) 

t̂?(SD)6d!p3o ^npus*t-c4 u^nqpicj.^ sao^isio^Qp ênq.®aejĵ.'(gro ^"^qieqQi#-8tpj, 
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6. The date 3n f£&IE I indicate,- a yield dependence for jtee accfliptable 
number ot accidental nuclear detonations* I t i s also assumed that an 
accident would result in a full scale nuclear yield of on© weapon onUy* 
If these data, are valid* the acceptable premature probabilities for ciur 
weapons can be calculated.. 

(1) An Bveuft, will be defined as the stockpile l i fe of one -waiaporu 

For $fae purpose of this study s an assumption will be mlide as 
to the number of weapons in tee national stockpile.. .If one uLshes to 
compare the probabililtles presented with actual .stockpile figures^ the. 
following formula can be used; j 

Kast 
"" a '*' P* *• 

Share P6 «= premature pr<pfeabili% per weepon during tee stockpile l i fe of 
teo weapon 

SL .-# tee; acceptable number of accidents per year for weapons 
of vazious yields found in TABLE 2 

\ a s number' of -weapons of that yield in stockpile 
\ 

% » l i ib $n years of the weapon in stockpile 

(3) By assumiftg -numbers of i&apcfis in several yield' -ranges Tor 
the 196&«>6S> ,period and ifehat the average' l i fe of a weapon in; •stoc'kspl'lje i s 
ten yearsty an accept able probability for a.nuclear accident can be : cialcu -̂
latedj Xfarising, from the peacetime data in TABLE 2d 

TABLE 1 1 
•ft«^ 

~7 
IT"'in nirnnv in ' urna 



(a) During peacetime i t i s desired that there be no nuclear 
accidents*. If the premature probabilities of TABLE I I are accepted* i&at 
assurance le given teat there wiH be no nuclear accidents? : TABLE I I I j . 
using the number of weapons and premature probabilities of T&BLE I I j . Shows 
the assurance, of no prematures* 

SIELD RAMiE 

y 10 m 

1-iG m 

100-1000 EP 

10*100 EF 

i*io EP 
t • • i . * 

0*1*1 EP 

.TABLE I H i 

ASSURANCE OP NO PRlS-IATURES * 

»99 

.99 . . 

o99 

*9B 

.92 

*60 
«• iBass'd on the Pblssoh distribution 

(b) inspection of TABLE' I I I indicates satisfactory aasuspance 
values for yields greater than one kiloteh* However* far the Subkilotan 
yields the aspniemee level i s too low* By assigning a premature protoa* 
bi l i ty of IsiGwSj the assurance level i s increased to 0*'°J>i i t appeajp'S 
that a probability of l ^ tO^ uonld be acceptable. ~ 

""(c) if tee estimated number of weapons i n the stockpile £&• 
reasonable:*- than a probability of 1x3.0*7 or smaller is. .accepiabie foq? "-all 
Beapone except the sabkiloton rang© for "toich a .probability jtf? laflfflry 
appears acceptable* Aesoraace of no prematures for these probabi l i t ies 
.are shown in TABLE 2HT. 

TABLE .IF 

YIELD RANGE 

y ip m 

i*»io m 

100*1000 KT 

10*100 KT 

1*10. ET 

0 8 i « l EP 

ASSURAKDE OP K0 PREMATURES 

V- .99 

.99 

.99 

.99 



( 

(k) Military characteristics for various weapons and Weapon 
systems contain a -section on premature probabil i t ies. A weapon condition 
i s defined and a premature probability i s assigned to th i s condition.* 
These desired premature probabilities are very low for stockpile storage* 
as defined in Reference 29 and increase as conditions change in the wtook-
pile-to-target sequence. However* paragraph 3»e.(3) implied'a defini te 
probability according to yield*. 

iS) A priori estimates by Sandia Corporation for premature 
probabilitiesTon Sealed p i t weapons in stockpile storage^ rasge from le s s 
than n l in'3.06" to nl in 10l50.. For oteer;than stockpile stbrage* pire* 
-mature probabilities are much larger and in most cases are la rger tealn. tee 
probabilities Shown In TABLE Ho- The question then -arises as to i&ethsr 
or not these larger .probabilities are acceptable or should be revised 
downward to f a l l in l ine with SABLE H„ In answering this question,, several 
approaches may be taken g 

"(ia) Weapon design could be made to conform with the acceptable 
probabilities Shown in TABLE H . Shis approach appears mandatory i f safety-
i s to be the primary criterion in the design of weapons* Xfeapon re l i !abi l i ty s 
on the other handj will undoubtedly be degraded i f safety designs arai 
carried to_the extreme and a militarily unusable t:reapon miafe*. result..^ - ' 

- i — 

I t i s doubtful' 'if"the Services wil l accept any further degradtation 
abili ty. 

(b) IABLE I also indicates maximum acceptable wartime mudlear: 
accident rates which are approximately ten times larger than peacetime 
rates.. These wartime rates actually correspond to pastp primarily peace­
time * 'experience. I f thip nation i s to maintain a retaliatory- capability*, 
i t must accept some degree of risk*. ,It 1B* therefore^ suggested teat, thesB 
Wartime rates" (actual natural disaster ra te) be accepted for operational 
storage,*, ss defined in Reference 2* 

(c) The number of x-Teapons in operational storage wil l be 
much smaller than the number i n stockpile storage. If tee number of weapons 
in operational storage i s assumed to be 10 percent of the estimated Siumber 
of ueapona shown in TABLE H* new probabilities based on wartime rate© in 
TABLE I may be. calculated and are shown in TABLE ¥., 

(d) Betf operational concepts could change and invalidate 
TABIE ? by increasing Bignificantly the number of weapons in -'operational 
storage* 

STRICT^ 
ziiir mm m "7 H 



TABLE V 

. 1 . Using the somber of weapons and p r o b a b i l i t i e s found 
i n TABLE V^ assurance v a l u e s f o r no p rema tu re s can be determined &B traa 
done i n TABLE I E , 

TABLED! 

ASSURANCE OP tSO ^REMATURIJS 

-.699 

..-99 ; 

.96 

o82 

•.ii7 

...00* 

YIELD RAHGE 

^>%o m 

1*10 HT 

1OO«*10O0 I T 

.113*100 KT 

1*10 KT 

• O.M ET 

2* Inspection of TABLE T7I indicates teat the asaujfanoe 
values for yields'less than 10 KT are too low.* By decreasing the pr<cnature 
probabilities for these yields to HslCrkt assurance values of 0*'7B and 
0*°5 are obatined for tee 1-10 KT and 0.1^1 ICT ranges respectively. 

3* I t j therefore, appears teat for yields ' greater than 
10 KT, a premature*"pr,obability of 2x10-5 wil l b© acceptable and for y ie lds 
less than 10 EP, laLD-Ji. Assurance of no prematures for these probabi l i t ies 
are shown in TABIE TOI. 

mitm ^THICYCD uAiA» 
LiTrWffBfl^WlPi 

0 



TABLE 7 H 

YJEtip) RAME. 

^ 1 0 HT 

1*10 ffi 

100*1000 KT 

104100 KT 

1-iD KT 

0.141 Kf 

ASSURANCE OF NO PREmTURESI 
,m1"» 11-̂ —Mfc-*»—Ŵ IF- Hill !• MW——W B̂̂ t 

.99 

' o-99 

,99 

.9S 

*78 
i, 

c9S 

f•«- The premature, probabilities for operational, storage are defined 
to include any condition of the weapon prior to tee generation of any 
intentional arming signal.. This would include weapons loaded aboard.' a i r c r a f t 
awaiting strikej,- .missiles on a launcher* and during weapon f l ight over 
friendly territory.. After the ini t ia t ion of tee drop sequence * in the case 
of bombs or the f i r s t •arming signal in the case of missiles i s given*, .the 
.premature probability i s increased*. Just what an acceptable premature 
probability would be in these cases appears to depend on the r e l i a b i l i t y 
required of the-weapon* the danger to airoraft and launch personnel* and 
the danger to friendly forces0 

i 

(1) For bc-Jrfbs, the using -Service i s in a be t te r position to 
establish acceptable premature probabilities after in i t ia t ion of tee drop 
sequence. A review of approved military characteristics indicates that f Or 
bombs, a premature .probability of 1 in iOOO after the in i t ia t ion of tiie drop 
sequence has been .acceptable.' 

. .(2.) ' For missiles*, tee using Service wil l have to determine 
acceptable premature probabilities after launch* considering ;each mda.sile 
system separately and baaed on the following factors? 

(a) 

IS 

Weapon Yield 
Location of launch s i t s 
Value of launch s i te 
Missile trajectory 
Reliability required 

(3) I t appears teat for missiles launched or employed in tee. 
United State? or friendly held areas and tfhere trajectories are such tha t 

*. Initiation -of tee -drop 
of -this study .as- the Switc! 
from the safe to the arm p 

lg_ defined forj the purpose 
.equivalent, qontrol box: 

o be considered the f i r s t 



a premature would endanger friendly troops and/or populations, l i t t lei i f 
any degradation below operational storage figures can be tolerated'* After 
the danger- zone for .friendly troops -and/or populations is .passed, te«m 
the accepted premature probability need not be greater than I i n 1000 per 
weapon or the .acceptable dud probability.* whichever is-larger* 

g* - Present military characteristics express premature probabil i t ies 
as random eompanent failure exclusive of human error i n order t o provide 
weapon designers t&t& a design goal* The premature probabil i t ies derived 
in paragraph 3«a* are considered to be the maximum permissible under any 
circumstances * therefore* the probability of a nuclear detonation (Sue to 
random component failure must necessarily be Smaller than the to ta l 
premature probability.* Based on current limited knowledge of human orror 
and educated guesses* i t appears teat a premature due to random component 
failure will be approximately one-tenth of tha t due. to- human;error* It-
is hoped teat the application of human engineering concepts i n future 
xfeapon development and. .strict compliance with prescribed assembly* test* 
and handling .procedures wil l decrease tee occurrences of human error...-
This could* in time* relax the requirement oh random component failtnieb 

4* Conclusiohsi 

Based on the assumptions made -and discussed earlier?- ( i j teat tee 
conclusions of Reference 1 are valid*. (2) that the numbers, used are for 
a .hypothetical stockpile configuration for tee 1960*65'period* (3) tha t 
the average l i fe -of a weapon In -Stockpile IS ten years*, and yx) that ten 
percent a£ the hypothetical stockpile are in operational storage.^ i t i s 
concluded' -teati 

a*- An accidental detonation of a nuclear weapon might be catastrophicf 
therefore, the poss ib i l i ty of an aocldeobal nuclear detonation 1 B not 
acceptable unless necessary to provide for .an adequate national, defense* 

b . Isti' order to Survive or to maintain a retal iatory capability,, as 
a restraint, a certain degree of risk in l iving with nuclear 'weapons must 
be accepted* The accepted risk mUBt depend on the. number of ^weapons .and 
their yields and whether the weapons are in operational or stockpile 
storage. The premature probabilities discussed herein are based on si 
natural disaster rate and are the highest th i s nation can accept for 
peacetime qperatiohi, Theref ore, a l l causes of premature- rmolear detenafr 
tion must be considered in the overall .calculation of an a .pri-pri eirtimate 
of premature probability. However* in order to provide for design goals 
Which are based on riahdom component failure* i t can be assumed at teei 
present time that the acceptable premature probability from t h i s source 
IB one-tenth of the to ta l acceptable premature probability.*• i 

• J t J B S ¥ R T C T E 
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j?.\ RscoamienaatloijBS; 

a.. Since I t appears that tee contribution from human error to tee 
total probability of a premature nUolear detonation will be large.* 
intensive effort should be devoted to reducing this cause* This includes 
analysis of the complete system to discover the possibilities.- of the 
occurrence of 'human error.* the application of human engineering princiipalS 
to mjhlnrbie these possibilities*, the elimination of xumeceasary test and 
handling operations* and Strict compliance with prescribed prooeduresi 
during necessary- operations. ; 

' . . ' . ' ;•. >*'- ! ^ 

bo- ' I t i s recommended that in the determinatiori of premature proliiabi* ,* 
l l t les in military ;.char.acteristios for al l new Weapons consideration be. • 
•given to the foHot.±ng.'!criterla« (Appendix B illustratee the application 
of these .criteria.)* ; * . . 

, ' , - , » • . i . 
• • . ' : • ' . ' • • • ' i. ' • 

I t shall be a design goal that the probability of a premature nu(fl.ear.: 
.detonation from ali'causes (including random component .failur|es human -
error^ transportation -and handling aocidSnta, sabotage^ etc..) • for all 

- weapon systems in this steekplie*tQ»target sequence be less than 1 in 
•LO*'.00Q,*000 per weapon per •stockpile life* , ,' \ 

.' - \ 

If .the eritei'ion for meeting the design goal recozmnehded above leiads. 
to a militarily- unusable weapon System, the following premature probjibi- j 
liti-es from ''.'(I) • all pauses' and (2;) from Random component failure alone " • j 
for the - env&o'nments :indicated .Should be tee'maximum permiasible I ' ('• 

• • ' . . - - . . . iv 

(1) During stockpile storage including transportation* handling), 
end maintenance;! 

For- yields greater than .1 .KT 
/ : ' • ; N 

1.'-.,' Pxom al l causes.*.1 in 10,000*000 per weapon pur 
Stockpile life* ~./: " 

2. Random coira>ohent failure alohe.«»l in l0O*OO0*IDQO 
per weapon per stockpile life.. -

'. r(fo)'' For yields less than 1 KT-

1. From all caaiBea*..! in 100*000 per weapon per 
stockpile life* ~" 

2*. Random coinponent failure alone...:*! in 1*-0DO*.OO0 per 
Weapon per stockpile: life.. - : •' ! 

i>\ 
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! ; 

Pufing operational storage, including transportation of the 
ready weapon* handling, maintenance, aBBembly and tes t operations, and 
loaded aboard tee aircraft prior to ini t iat ion of the drop .sequence, and 
on a missile launcher prior to firings 

(a) For yields, greater than 10 KT' 

jL Prom a l l causes* o.l in 50*000 per weapon per 
stockpile l i fe* 

% Random component failure alone . : i . l iii ^00*000 .per 
weapon per stockpile life*. "f 

» ...• 

(b) For yields lesB than 10 ET ,- y, 

1. From a l l causes*»..! in 10*000 per weapon per jj 
Stockpile l ife* 

2* Random component failure aione.-.wl in 100*000 pej> 
weapon .per :Btockpdle life* :,\ 

1 
(3) "Burlng a missile trajectory.over; areas. •Share friendly tj'oops 

.and/or populations might be endangered by a'nuclear detonation j f\ 
• •'/ . { ' 

(a) For yields greater than 1L0 KT-- '; ' 

1» From a l l causes. .»*1 in 50*00.0 .-per weapon per 
stockpile l l f eB 

2* Random component failure alone'*. .1 in £«**, 
weapon per -stockpile l i f e * 

000 

(b) Fo;p yields less than 10 KT ' ' 

1. From a l l causes,* ...bl In 10^000 j i e r weapon p&r 
stockpile l i f e . " / 

/••' • /, 
2i Random component failure alone....-.! in 100,000 jserl 

weapon per stockpile l i f .e,o 
- ' i 

(u)' Ihrriag a missile trajectory over areas tihere .friendly tjrooj|»:s\; 
.and/or populations wil l not be endangered by a nupiear detonation •*•!•• 
1 in .1000 per weapon or the jnasimura dud probability., whichever i s iajpge^. 

(5) After in i t ia t ion of the drop sequence and-during the pestiod 
t&erein a nuclear detonation might endanger' the launching a i rc raf t -o)p .crew 
assuming standard release /tach^o^eS|;are^mp^pyed- ,-**•• 1 In 1000 per wieap&n 

IT 
! 
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PROPOSED 
HILITARX CHARACTERISTICS FOR A 

HIGH YTET.D WEAPPH I K THE 
<£*<DO0 pound WEIGHT GLASS 

* * « « *. 

RELIABILITT AHD SAFETY »«MW»̂ —»i»lll>' m • •••!•! • Will ' il I • ( - • 

15,. ' The probability of premature detonation of the weapon, so ets' to 
; endanger the launching aircraft and crew, shall be no greater than 1 In 
-1000* assuming teat Standard delivery tact ies are employed. :The design, 
features adopted to achieve this premature probability should, not r e s t r i c t 
the operational f lexibi l i ty of tee delivery vehicle. 

16. - With -tee introduction to the weapon of the proper arming and; 
' fuzing Signals^ 'ihe probability of securing tee design yield i$ 18% afciall 
be no less than «999» • 

17.,' The probability of a premature detonation"of the weapon without 
proper arming and fUising signals shall be ho greater than one1 i n fiiHy-
thousaad. 

18. The weapon Shall be so designed t o preclude aiy nuclear yisild 
resulting from -detonation by mean's other than the intended fuzing system, 

19.- The probability of a dud weapon due to malfunction ;of tee arming 
and fazixjf system shall be no greater than one in two hundred (-200) whether 
tee air-burst or contact has been selected* 

:20. Manual saSSLng, remote arming and .aafing* and positive indleiatiori 
Of the armed or safe condition of the weapon shall be provided during! grcnind 
handling. During flight, only remote control, and indication are required. 

Zt*. it . la desired that tee re l i ab i l i ty of the arming,, fuzing* atnd 
firing .system shall fee such that no prefiight preparation or >. checks t r i l l 
be required.. If tela re l iab i l i ty cannot be provided, teen the system 
shall be designed so that the p.refllght eheck can be accomplished without 
disassembly of the ifeepon when the weapon i s either on the ground at the 
A/C or loaded aboard tee A/C. 

# # »• * a. 
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PROPOSED 
HZLITARY. CHARACTERISTICS FOR 

CLASS B WEAPON 

SECTION I PART 1 

$ tt 

DESION FEATURES 
• " — ^ — . . • • / y. y 

ll«. 'With power supplied^ and assuming no arming or f ir ing eigne! 
supplied, the probability of an explosion before- the intended time of 
operation Shall not be greater than 1 in 50*000 (oO0J#).b (In iaaditlon!* 
the warhead Shall 'be so designed to preclude any nuclear yield' result ing 
from detonation by means other than the intended fuzing syeteinU 

it & # p P 

SEGTION I PART H 

BGGSB APPLICATION 

# p * 

.OPERATIONAL DESlGK FEATURES' 

I ! . . The probabiJLity of .premature detonation of the weapon*, so .SIB t o 
.endanger the launching a i r c r a f t and crew, Shall be no greater than 1 i n 
iO*-00®*. assuming that standard delivery t a c t i c s are employed.; The .design 
features adopted to stchleve this premature probability should hot -restr ict 
the operational flexibili ty of the delivery vehicle. 

* .« *• * 
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HEADQUARTERS FIELD COMMAND 
ARMED FORCES SPECIAL WEAPONS PROJECT' 
SANDIA BASE, ALBUGJ0ERQUE, NEW MEXICO 

SUBJECT. PROPOSED MILITARY CHARACTERISTICS FOR A NEW CLASS Q WEAPON 

* p * * ft 

Er Reliability 

27. Premature Prcb abi l i t ies —' Exclusive of human error andl 
fire, the probability of a premature nuclear detonation of the warhead 
Shall not exceed the probabilities l i s ted below for the various environ­
ments* The design features adopted to achieve these requirements shlpU 
not restr ict the operational f lexibil i ty of the weapons In which the 
warhead shall be employed* 

a. During storage* transportation, handling* maintenance, 
assembly and test operations ••? 1 in 200*000.-

b . installed in weapon in s tr ike configuration and .prior to 
receipt of any arming signals -> 1 in iO0*OOO. 

•o. After receipt of a l l arming Signals and p r i o r to nscelpt 
of any firing signals •*• 1 in 20*000, 

28. Other .Accident. Probabilities — The warhead shaLl be designed 
to minimize possibility of human errori Exclusive of human error*- the 
probaliility' of occurrence of tee type of accidents l i s ted Deiow':Shall not 
exceed the values shown. 

;a. High .explosive detonation of'warhead, during: weapon, 
•.assembly <and disassembly tes t of major ecnraaonents a- i in lO*b0D» 

'•• • •» • ' . • ' 
b . Accidental exposure of handling -personnel.- tjiv nuclear 

radiation or contaminated material «* 1 In 10*0Q0o 

c, Nuclear detonation -in event of f i r e * 1 in.'1*000*000. 

* P • % •# * 
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Sub êetit; Proposed Military Characteristics for a New Class 0, Weapon (Coht'td) 

i&a .Pj?ema.titre Probabilities ••«** Exclusive of human ejrror, this 
probability of £ premature .nuclear detonation of the weapon shall' not, 
exceed the .probabilities listed below for the various environments.. The 
design features adopted to achieve these requirements Shall not restr ict 
the operational flexibility of the weapon or delivery vehicle* 

a* Bearing storage, transportation* handling., maJntenar,ice, 
assembly and test operations * ISn iGOy,O00.b 

' i 
b,« tjhen loaded aboard aircraft in strike configuration 

and .parlor to initiation of the drop sequence •«• 1 In 5O*Q00.O ' 

Co Af feer Initiation of the drop sequence and -during tee 
period wherein a nuclear detonation -might endanger the launching aircraft 
or crew,- -assuming .standard release techniques are employed •*•>• 1 in l̂ OOQ* 

# iP p 

^F*&*&* 
_t\ * * f », ™* 

:J0 



HILITARY CHARACTERISTICS FOR A THERMONUCLEAR 
WEAPON IN THE 3000 POUND WEIGHT CLASS 

SECTION I 

# 

SJFSTY 

Ho b* With piswer .supplied and assuming no arming or f i r i n g s igna l s 
applied* tee .probability of an explosion before the intended time of 
Operation shal l ; not be greater teen 1L in 50*000 .('0.002$)* I n addi t ion , 
the warhead shal l be So designed to .preclude*, with a .probability of a t 
lease 99%? any nuclear contribution resul t ing from detonation by means 
other than tee intended fuzing system.. 

SECTION I •* PART- £C„rf BOSEB APPLICATION 

FJBH3K5 AND PIRXBG 

1 2 o 9.-•-•"«,..--...A -device or devices having a functional rei.iabili.1iy of 
0.999 i s squired in order to provide safe separation between tee boicb and 
the' bombing .aircraft a t the time .of •.-burst.. 

P 

• E D D A T A 
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KEgUBOff. CHARACTERISTICS FOR AN 

.n. 3/k INCH DIAMETER* 150 POUND,, ATOUIC WARHEAD (C) 

Approved by the SLG It December 1956 

p P «• * P 

V* RELIABILITY 

2h* FONCTIONAi. .RELtABILiTY 
la" HI i n ^ ., -i -

%..' The probability of premature destruction, due to a malfuiiction 
of the one point safe destruct device .shall be l/lP*©^'.and tjbe probclbility 
of functional re l iabi l i ty of the one point safe destruct 'device shal l be 
9999/p.iOC®. 

§£». IREgATDRE- 'PROBABILITIES * Exclusive of human .error' cjr evente 
l is ted in paragraph l5.*'"as a design goal the probability of a pramatiate 
nuclear detonation of tee warhead shall not exceed the following-s 

a . In storage -and prior to assembly in weapon - l/iiOOO^OOC) 

l>$-' During Installation* assembly., disassembly and t e s t •-
1/1,000*000 

ftd Installed in .weapon and pr ior to FINAL ARM signal's' 

(1.) Prior to ARM Signal., or upon .receipt of SAFE signal* — 
j000 

.(<>.) Upbh receipt of AffiU signal •*-. l/l8O>0O0 

d« After .receipt of FINAL ARM signal *• .1/10,000 

P . ••» -JV •« • Hi. 
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PROPOSED MILITARY CHARACTERISTICS FOR A TACTICAL/LAYBOW 
ffMILl OF ATEMiq WEAPONS (U) 

p * # * # * 

H, E.- Reliability 

28.. Premature Probabilities «** Exclusive of human error, the 
' probability of a premature nuclear detonation of the warhead' shall mat 
exceed tee followings 

•a* Prior to marriage with weapon and under conditions 
other than b« through e . , below •*•« 1/100*000 

fo. During installation in the weapon •*• %/2®9QOQ 

c0 Installed in the weapon prior to receipt of any arsaing 
signal. - - 1/20*000 

al. After receipt of a l l arming signals *•* 1/10^000 

-.•©-. During warhead assembly, disassembly* and major ocanponent 
test «4 1/20,000' 

« « • * * «• * 

HI* Eb'" Reliability 

51^'. Premature Probabilities •*- The probability of prematurw 
detonation of "the weapon, so as to.endanger the launchiiig a i rcraf t and 
crew* Bhall be no greater than 3/lO*OOQ assuming that proper • deliverer 
tactics^ are employed. 'The design features adopted to achieve th is pirv* 
matnre probability Should not res t r ic t tee operational f lex ib i l i ty of 
the delivery vehieleo-

* * # p 

/ 
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Condition 

with, weapon (storage*, 
t ransporta t ion handling, 

e tc ) 

Bomb during storage 
t ranspor ta t ion and 
handling*; etc . . 

During i n s t a l l a t i o n i n 
Heapon 

With power supplied and 
assuming no arm or f i r e 
signal 

Ins ta l l ed i n weapoa p r i s e t o 
rece ip t of any arming- s ignal 

Upon rece ip t of a l l arming 
signals 

During warhead assembly 

Summary of l im i t a ry Gharac ter i s t ies 

New Glass A New Glass B Hew Class 6 *EX~27/28 11 3/k* W/fe Lay-down 

component t e s t 

Nuclear detonation case 
of fire; 

Premature so as- t o endanger 
launch a i r c r a f t assuming 
proper del ivery techniques 

Co 

yi,.o§o,ooo 

,000 1/50*000 

1/200,000 

,000.-

1/1,000,000 1/3-00*000 

3/50,000 

lAO%.600(«fad) 
l/5QjjOO0(bqab) 

,000 

1/200*©00 

1/10,000 

3/1*000 ,000 

i/i*ooo*ooo 

3/1*000 iA»0oo 3/10,000 
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APPENDIX B 

3,o The probabilities derived in paragraph 3e of tee basic study are 
for the complete weapon system and apply to prematures arising "from iall 
causesu. They are not directly applicable for Inclusion in Military 'Charac­
te r i s t i cs for AEG guidance because the weapon designer© cannot he required 
to minimize causes of prematures of which they have Incomplete knowledge 
and over which they have only limited or no control? 

2c One such cause of possible prematures i s 'human error* AS noted 
in tea study* human error would seem to be a major contributor to the 
probability of a nuclear accident. However $ only meager Information con* 
cerning human error- l a available.* The possibi l i t ies of human error, i t s 
frequency of occurrence.]) end the possible repercussions therefrom; are 
under Study, but knowledge i s s t i l l limltSd. At. present i t wbuld be .tea* 
possible to state probabilities in any quantitative or even pemi-quantita-
tive way* Military Characteristics as now written .Include the phrase 
'"exclusive of human error".. The numbers stated in the prematere probability 
requirements are for .random component failure .alone* 

3* Some other causes of possible warhead prematures are those 
associated tilth other components in the complete, iseapon systeii. The connec­
tion between various such causes might be Indicated by the following 
equation* jj 

P&^fm * ?ak + fy 

where Pa is the acceptable pramature probability from a l l causes per 'Heapon 
per stockpile life* 3%fo i s the probability arising in or associated with' the 
warhead alone* ?ak I 0 tee same probability for tee adaption k i t alone, and 
PD i s tee same for the carr ier alone* The approximate equality Sign i s 
used because there acre undoubtedly cross products of the terms on the 
right entering Into the sum.. 'ISiese are probably second or third-order 
terms* however* and are neglected,* Eaeh of tee terms in the eqiiatian above 
is. Itself :, of course, a sum including contributions from human error and 
random component failure,* Using small l e t t e r s to indicate only random 
component failure coRtrlbutioha, and following the arguments -developed in 
the basic study concerning their probable relative magnitude with respect 
to human error •contributions., we can write 

•Pa^3>wb * Pak * Pc ^ . A P ?A 

I t i s tei» number, p8l>. Which Is included i n tee recommendations of para­
graph 5"b of the basic study for "random component failure alone*1.. 

ho 'The problem teat now arises I s how to apportion the to ta l accept­
able premature probability from random component failure alone, pfa, among 
p f̂o, pgk and pc,* Since (1) nothing Is known or can reasonably be guasBed 

to If ff% (fa ff3 ago 

^ * ^ ^ W f r W H # f a i ^ ^ 
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ccaicerning the probable relative magnitudes of these three texans, C2]l p* 
has already been assigned a value one order of magnitude less than K* end 
.(3) I t does not appear reasonable to attempt too great refinement In an 
order of magnitude argument of the present sort, i t is recomrjiended teat the 
acceptable value of ]o^ be taken as approximately 3/10 Pa* &his means* of 
course ,̂ that If pak tod p c are also of th is apprcodmats magnitude* then 

PSh^Pak + P 0~3AoP a m ' '• 

but this does not appear of major significance, especially wfren the . 
extremely small magnitude of al l tee numbers under discussion and thfe large 
relative uncertainties in them are considered. This recommendation JLs 
equivalent to that contained in paragraph 5b of the basic stedy for "random 
component failure alone'".. I ts adoption leads "to the £ollowlng proposals 
for the premature probabilities'section of Military Characteristics? 

•""> COT er. p".*i "Y" "~~V 
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PROPOSED MILITARY CHARACTERISTICS FOR A 1 0 KT OR LARGER WARHEAD 

••» p * # * p 

Premature Probabilities;? I t shall be a design- goal that tee 
probability rof a :pr©T(mture~nuclear detonation of the warhead [from random 
component failure alone In tee entire stockpile to target sequence be) less 
than 1 in 10? per weapon per stockpile l ife* In event tee c r i t e r i a for 
meeting this design goal lead to a mil i tar i ly unusable -weapon, the follow­
ing premature probabilities from random component failure alone for the 
environments indicated are the -maximum permissible. 

a. Daring stockpile storage (weapon in an unready condition) 
including transportation* handling, and maintenances, i in 10" •? / _. | iro( a u o, <joL 

b. During operational storage (weapon in a ready condition) 
including transportation,, handling^ maintenance, assembly and t e s t operar 
tions* and loaded aboard the aircraft prior t o the in i t ia t ion of the drop 
Bequence* and. on a missile launcher prior to firing's lLJin -5-X.1CKO / _ Scs£> oz*0 

c*: During aTfilSBile[trajectory over araas where friendly forcew . 
and/or populations might be endangered by a nuclear detonatioW l^in 5 x 10^. 

•d. During teat portion of tee f l i fa t Where friendly forces and/or ' 
populations will not be endangered by a nuclear detonation TS-W prematures 
occurring during tele period -fill be considered operational etude and 
Included aS part of the functional re l i ab i l i ty . : 

e. Afte? init iat ion of the drop sequence and during the period 
-wherein a nuclear detonation .might endanger tile launching aircraft^ or 
crew,assuming standard .release techniques- are employed ••? •*. 1 iin 

> - t . rK&SJ'O 
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.PROPOSED KULITARST CHARACTERISTICS FOR A 1 TO 1 0 KT WARHEAD 

* # p a P 

Premature .Probabilities a. I t shall be a design goal that the proba­
bility of a premature nuclear detonation of tee warhead from; random 
component failure alone in the entire stockpile to target sequence bo l e s s 
than 1 .in 10" per weapon per stockpile l ife* In event tee c r i t e r i a for 
meeting this design goal lead to a mili tari ly unusable weapon, the following 
premature probabilitiLes from random component failure alone for the <m-
vironmentS Indicated are the .maximum permissible. 

a* During stockpile storage (weapon In an 
transportation* handling^ end maintenances 1 in 10c 

condition) including 

b« During operational storage (weapon i n ready condition) Including 
transportation^ handling* maintenance, assembly and t e s t operations, and 
loaded aboard tee aircraft pr ior to the in i t ia t ion of the drop sequence* 
and on -a-mlsslle lauucher prior to firing'? 1 in 105> ., 

. c* During a -missile trajectory over areas where friendly forces 
and/or populations might be endangered by a nuclear detonations- 1 In 104 , 

di During that portion of the. flight where friendly forces and/for 
populations will not be endangered by a nuclear detonation *• *• prematures 
occurring during this .period wil l be considered operational duds and 
included as part of the functional reliability.*-' 

e„ After ini t ia t ion of the drop sequence and during the period 
Wherein a nuclear detonation might endanger the launching aircraft o:r 
prew,assuraing. standard release techniques, .are employed *> * l i l n 10^ ., 



PROPOSED "HILXTARI CHARACTERISTICS FOR A LESS THAN 1 ET WARHEAD 

Premature Probabilitiesi- .It shall be a de^sgn. gpal that the proba*•• 
b i i i t y of a premature nuclear detonation of the warhead from random 
component failure alone in the entire stockpile to target sequence bei less 
than 1 in JWF per weapon per Stockpile- l i f e . . In the event the c r i t e r i a 
for meeting this design goal lead to a .militarily unusable weapon* the. 
following premature probabilities from random component failure alonei for • 
the environments indicated are tee maximum permissible «• 

a* During stockpile .Storage (weapon in an unsteady condition) 
inffiLudirig transportation, .handling*-, and maintenance: • "1 .in IGF • 

*• 

'b... During operational Storage (weapon In ready conditio'ri) including 
transportation, handling* maintenance* assembly and tes t operations, and 
loaded aboard tee aircraft prior to the Init iat ion of the driop sequence* 
end on a missile launcher prior to firing* 1 in 10? *. 

o-.'. Daring -S .mi-SBi'ie trajectory over- areas where .friendly .f orceai. , 
and/or populations might be endangered by a. nuclear detcnatlpni • 1 iai %Gn <, 

d«. During that portion of the fl ight where friendly £Orices and/or • 
populations .will not be endangered by a nuclear detonation - -j- .prematiures 
occurring during t h i s period wi l l 'be considered operational duds and 
Included as part of the functional reliability.. ' -. 

e. After ini t ia t ion of tee drop sequence and during the period 
-wherein a nuclear detonation might endanger the. launching ..aircraft or; crew*, 
assuming standard release techniques are employed •* #<1 in 

*$m mm* m*m* 
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