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1. Tp addition to your responsibilities or Srsistent 1irector or
Yeapon Development for the Los Alomos (cieniific Taboratory. ¥
would like to ask you to assume the following responeibilities
in connection with the development of an cppropriste device for
n large scele test of a thermonuclecy explosion:
(r) With the help of appropriate members of the staff of T
Divieion and other theoretical and computational groups
elsewhere, to prepare a complete schematic of an anpro-
priate device to accomplish the above end and to establish
the desipgn criteria for its constructionm.
(b) To approve, from the point of view of nuclenr deripgn, all
engineering design details, and. of course, to provide
the design engineers with necessary information during
the courre of development.
{c) To determine the necessary diagnostic erperiments which
- shovld accompany the actusl test of the device, and to
supnly schematics of such experiments ss required,
7T F PPN
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PROBLEMS ALMOST AT, ONCE PD PARA 1 BELIEVE IT IMPERATIVE THAT WE ESTABLISH
A. STABLE AND NONEMOTIONAL BASIS FOR THE PURSUIT OF THIS IMPORTANT
' PROBLEM PD IF TELLER IS WILLING TO SETTLE DOWN AND WORK-WITH“THE REST-
‘ OF US.TOWARDS THIS GOAL CMA THIS'WILH BE FINE PD'AFTER THE EXPERIENCE -
OF THE LAST YEAR CMA 1 AM NOT PERSUADED THAT THIS IS LIKELY TO BE THE
-CASE CMA AND I BELIEVE THAT EQUALLY RAPID AND CERTAINLY MORE STABLE AND’
. UNEMOTIONAL PROGRESS WILL BE MADE TOWARDS A SnyIFICANT EXPERIMENT IF
WE STRIVE FOR THE MAXIMUM UTILIZATION OF TELLER AS A CONSULTANT RATHER
THAN AS A CONTINUALLY DISSATISFIED AND REBELLIOUS MEMBER OF THE |
LABORATORY PD I RECOGNIZE THE POLITICAL IMPLICATIONS WHICH CAN FOLLOU
~ CMA ALTHOUGH I WOULD SUGGEST THAT BETHE'S PARTICIPATION CAN BE AN
.ANTIDOTE PD HOUEVER CMA VE CAN CERTAINLY LIVE UITH TELLER IF YOU WISH

TO TRY TO PERSUADE HIM TO STAY AND ENTHUSIASTICALLY j

END PAGE FOUR OF FOUR

- CCC END PAGE THREE OF FOUR , . {
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TAKE PART IN THIS WORK WITHIN THE LABORATORY FRAMEWORK OF EFFORT" PD
REF DIR DASH SIX SIX FIVE PD END OF MESSAGE , -

26/17292 L B Lo
/ o




i \,'r,:u«-: »v\pu:;‘ w.

TR e
LA

N

o

FROM

SUBJECT:

SYMBOL :

M mue—*'

AN

H(A410348) HARLO

7] MiiAZY L84

40 INBWLHYATO

€3 A A03GHAT

O4N| aAILSYTO 300 ON
"0k QADNVHO NCitvOL
A3aNITLAL NOMYN2BSHVID

&5

MIIATH NOLLYIIZISSvID3A ADMHMI

LDS ALAMOS SCIENTIFIC LABORATORY

N. E. Bradbury

DATE:
Edward Teller f&u—~:;;;;;;;aj"*‘*j
. |
Comments on Draft Memo of March 6, 1951 ]

With respect to paragraphs 5 and 6 on page 3 of your memo of ©5-6
March 6, I should like to make the following camments. I believe
that Darol has conducted thinge in the thermonuclear field in/the
most admirable manner, and for personal reasons I would vish that he

should continue to do 80. §
M R R

jYou know that I
‘am not preseing at present for any reoganization or change because
that might disturb the harmony of the ILsboratory at a time when united

effort is badly needed. The present proposal seemes to me either a .
mere clarification or, at best, a slight modification of present -
arrangements as far as thermonuclear work is concerned.

In particular, with respect to paragraph 5, I do not believe
that under present conditions it will be profitable to determine the
relative efforts necessary in the fission or the thermonuclear field
and then to continue to divide the responsibility of each division

according to proportions needed.

With respect to paragraph 6, I do not believe that it will be
profitable to continue to conduct thermonuclear work thrgugh a
comnittee like the Family Committee.

I should be most eager to discuss these things with you at the
earliest possible date. As you know, I have taken your advice and.

‘not discussed these things in the Laboratory.

I should most particularly want to emphasize that I would be delighted
for the maximum amount of continued colleboration between Darol and myself.
I think Darol will bear me out that there has been no lack of this on T
either side. I do not believe, however, that the thermonuclear work
can either be continued or directed on e part-time basis.

......
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: La.boratory consists-in the. fnrphzr- evelopn
progress in this respect” results: imndl
tary situation of this: countryis-I¥ 18 ef ,
importance, pa.rticularly in view of tha present- emergency.
~ hand, we do not know yet what the future: of fusion weapons will be. Some:
like the booster and the highball, may quite vell be of interest. for the:-
near future. The large thermonuclear weapons, ‘the super and the alarm -
:“&Ioék “definitely fall in a long-range.category. since: their outlook is "
uncertain and their time of development has to be measured in years. 0&
. the other hand, it would be ‘obviously extremely shortsighted to forego .~
~ the study of this field. -If such an attitude had prevailed in the: last
. war, there would not be any atomic weapons now. This country simply can.:
not afford not to know what- the possibilities.im the: thermonuclear fleld: :
In view of this situation, it would seem: to be unfair and unwvise::

‘are: .

if there exists & definite aepa.ra.tion of: responsi‘bility from that for: thg

fission work. The scope of- the vork ought. to be: defined:in. directives:
how much time-can: be: spm.‘ed for;

In the last wer, the eolntionf for such:
the- setting up of an entirely separate.organization: for: the nev. purpo
This may not be advisable at the: .present. time; fox several reasonss:: The
setting up of a new organizatio n would- pfodnce. considera‘ble time- delays.. ¥
and it is not yet. sufﬁcientlr clear how large-am: apparatus. would, be:
quired. The knawledge of. the‘handling of. fission veapons and of" uranium :
Y and plutonium fabrication’ =_-entimh concentrated’ ‘at. Los' Alamos. It would: .
' be difficult to build upra: eqpetent group:with' tl::l.s knowledge. elsewhere

'~""'A_Fins.lly, Los Alamos POssesses. already mo ,of thae::
: Lo .of
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[ main tasks of this Le Laboratory is thus not based on any question of person-

questions which might affec e WOIR Of N1t group. He would have complete
authority over manpower and facilities necessary for his work as approved
by the AEC and the Laboratory Director. The physical facilities of the
section should include first, all such items which are required for its work
but not for the normal fission business. While the genersl facilities of
the Laboratory should be utilized as far as possible, additions which are
necessary because the present ones are insufficient are to be placed in the
new section. It would be presumptuous for me to go into details since I do
not have an intimate enough knowledge of all branches of the Laboratory.
The danger that has to be avoided at all cost is that policy decisions are
influenced by conflicts of interest at divisional and lower levels.

It has been pointed out, and rightly so, that the setting up of such
a new section might produce a split in the Laboratory. This will not be
serious as long as the section remains comparatively small. The members
of this Laboratory have always shown such a cooperative spirit that I
anticipate confidently that there will be a continuation of exchange of
ideas, mutual assistance and close cooperation between the new section
and the other branches of the Laboratory. If, however, the time should
come for the actual construction and testing of a large thermonuclear
device, this will obviously demand a great effort and a strong organiza-
tion. The LASL could undertsake such a task within its present framework
only at cost of the development work on fission weapons, which in my
opinion will not decrease in importance. The new section, on the other
hand, would form a nucleus that could be expanded to whatever is necessary
without a disrupting influence on other parts of the Laboratory.

The foregoing remarks imply by no means a criticism of the previous
handling of the thermonuclear work by this Laboratory. j o }

_/The advocacy of a clear separatioﬁwaf_EB"tVU"

alities but it is of an axiomatic character. The thermonuclear work has

so far been developing in a naturel way as a sideline with people pitching
in whenever they could. I believe it is now at a stage where the interests
of the country demand its reorientation and a clear division and assignment
of responsibilities. In this way alone Jjustice can be done to both the
fission and the fusion work.

L0 Nrheine.

Distribution:

1A - N. E. Bradbury

34 - E. Teller
4p - L. Nordheim File
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Director, Institute fer Advanced M
Princeton, New Jm '

Dear Roberts .
Confirming our tentative arrangsments over ths telephone & fov weeks g L

2g9, I shell plan to be in ¥Vashingtom 15 June and retura to Prime otavtth{%ié
« "you during the late afternooa or evening. Uenarsl MoCormack's offiee will {1
‘ now of my vheresbouts during the day, and perhaps you cas leave word - Pz
there as to vhere and vdes we should mees. luumaln)huo sk yowr ;2!
secretary to make ressrvaticns for me far the zights of the 15th axd 16th, (3
1 am looking fervard very much te discuseing the sitwstion vith yow |[¢
before the meetings, xtuufmutntm-oummamtm-a
maclear field bas engendered are probadly cwt of proportiom to thum i
prodlems involved. Basieslly, I hope that this meeting can give both the |5
Gensral Advisory Committee and the Commissiocn some dagree of sonfidence i S
that the right prodlems ia the field are being attacked with the right 1
ewphesis. I alse hope thet it will give Los Alames confidense that we are |:: {N/:3
sesing the situstion vith resscusble clarity amd perspective. As you know, |- &=
I regard this meeting as ome in the norml cowrss of the Gemersl Advisory |[Ui <
Committee’s responsidilities and one very properly called after the first }(:-i= g
experimentsl obessrvation of deuterium~tritiwm duraing. If s philesophy of |z -
"Where 40 ve go from here?” cem be matutained, I see every ressom to hope |3 =
( : mtmtmuamtmubwuummmum. ,’;g%

-7 mtnm-uennmuo,mmuwuunm
things off might be something as followes

fxmﬁwummththw
tory program ia this field, insluding the vork viich may be done elsevhere
for us slong these lines. Wheye at all possidle, ke will endsavor to put

Fg::_-?’-‘f?-!ﬁ.“-"?‘"ﬁ ""';‘3
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ToAT T P ~~-rﬂvtp
U 4 LA A Jarp:

VA | g’n/“/

1554208000 24




teniative dates ixte tu-‘,um.

dm,MMm
mmummunmdu

vays subjest to molifi-

m.a tlomni o thm of tecknieal n-tuhq events.

B mur m eu-nn't sad Darel’s r-nm, I might make & fow
geneTel statements myeclf ss te the laberstory philcscphy im distriduting
m,mmmuumm.mu,-m-mnmmm;

- during the last year; its predadle extent during the next years the

mmammmmumnou.m-tma

' unnnuthttmmwm-'uchbmtm
'mnuqemmmn. T™he reasen for this is, of
sourss, te permit him full freedcom, &3 & consultant te the Genersl Advisory
Couxittes, to express opinicus which may 4iffer im emphasis or enthusiasa:
-:frutloumnlb‘thnuvuuhaunm,lm,!mu\
follow something of & "party line”. Actmally, I & nos believe there is
~ very mush difference in astwsl opiniem betveen Bdward sad myself ia these
matters except vith respeet to degree of exphasis, the philesophy of test
preyeretion and tost time ssale and the mature of thermonuclesr develops
mnt ednintistration.. mcmmuth«mmuummm
© the Gensyal Advisory Committes wiless tde question of separste
~.,_hmm“ez.mnuu-me&u-nmumtuW/
mnn —

: nnnymummuwmmtnmt-w.ux
" shall try to see that you reseive youwr copy a¢ far in advance of the
muumxm-mumoummmwm

‘ﬁﬁmtnnﬂl-ﬂlﬁa.lu,

¥ R W
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e
,um: al "‘““" “M” ..nh ssion-fusion effort, test

2. Oppenbeiner regards JRordhein, Teller, Wheeler aad
80 en
sonsultants to the GAC (the ;pnhu’sbmmriu san:t
smaller Rhats in putting the ease dcfore the Jury). This will
nlup::i:l:t:w:ilmuwutmlyuwuoh
about en without laboratory stirisgs
restraints attached. I - ’ «

MEB/hge N. B. Bredbury
Directar
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On Monday there will be a discussion in the Teoch Council concerning the
Laboratory program and in particular concernirg the question whether cur
) effort can be so increased as to make the Super Bomb feasible within the
foreseeable future. T should like to present to you my views on this
matter in this memorandum. In this way, I hope that more thought can

be given to the question before Technical Council convenes.

DETERMINATIO
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I would IMke to outlipe why it is essential for us to develop a Super Bomb
et the earliest possible time or else be sble to say with reasonable con-

/]
"2' B

sl .
E 20 § fidence that the Super is not feasible. The arguments that have led me to
atzz 1B this conolusion are of various kinds.
] E I
olz€ &g

o w = ud v

it = JPOLTTICAL CONSIDERATION:
v = =

It is my conviction that a peaceful settlement with the Russisns is possibl
only if we possess overwhelming superiority. We do not now possess such
superiority. The most promising prospect to scquire a great lead is by anm
early development of a Super Bomb. I am sure thet such an accomplishment
will in itself not solve the problem., Most difficult political questions
will elso have to be solved. But early possession of the Super Bomb will
give us another ‘chance in the political field. Without a Super Bomb suoch
another chance is not likely to arise.

».

:‘hs

RUSSIAR PROGRESS:

The fact that an stomic explosion took place in Russia at this early a date
|-has conasiderable significance, I} seems that the Russian rate of progress

:is st least ocomparable to, if it does not exceed, the rate of progress in

¥his ocountry. The Russians have started working on the atomic bomb approxi-
fately in the summer of 1945. They sre likely to have given consideration
3o the problem somewhat earlier but it is hardly probable that the total

%ime of ressonably intensive effort in Russia has exceeded five years. This
%1::9 is approximately the same as the time that was peeded in this country
30 make and to explode an atomic bomb. Thus the rate of progress in B
<is oompareble .to the rate at which we have been working during the
_ij)rount rate of progress in comparison is far slower than in wag

deli

o an claisification) (DafBs dnzun
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I &I?t is probable that the Russians did not explore as many pg

qohieving an atomic explosion as we did. It is also proj
N;tﬁuuhns have not put into their atomic development ¢
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3 ‘ :”,iilnborate scientific end technical effort as we did. <
,Slf g;:hhat their accomplishment is not equal to our wartime aW¥Omplishment. i:;’ 0
! 3 ,-gi_._jhis is so, however, it merely proves that the elaborate precautions which ""r,g 2o
| ;& we took in our stomic development was .not absoluge: 85¢
E

(

Je <§

r -

2N
1

vy &

NG

£

P&

(]

=

[ &)

-

o

19

h

wi

n

[+]

r—t

(5]

ty auticrily of Lhe U.

Fer
pF M.




o

N7 ey . . % : A '
' Russians continue to make actual progress faster and if we lose the atomic

armament reace, it will make little difference whether the reason has been

the particular brilliance of Russian scientists or the exaggerated csution

and thoroughness of our own group. -

i wy

"-—-"f-".’ 1

A detailed possible picture of the Russian progress can be imagined slong
the following liness

The Russians probably were familiar with the plans for the Canadian heavy
weter pile. The captured Germsn scientists also knew of plans for heavy
water piles. There are two major technical difficulties in the comnstruction
of such a pile. One is the febrication of metallic uranium. This the Russiens
have probably learmed from the Germans, The other is the production of great
quantities of heavy water. There are several ways to accomplish this, Ome
of the best techniques is the distillation of liquid hydrogen. The necessary
low temperature technique is quite well developed in Russia. The Russians
may therefore have had a pile of the approximate efficiency of the Chalk
River pile as early as 1948 or even 1947. The extraction of plutonium from

i such a pile is a difficult job but can be more easily accomplished if the

‘ precautions taken for protection of personnel are less elsborste than those
taken in this country. Such precautions are and must be a paramount con-
sideration in our country but the same is not the case in Russia. A pile of
the Chalk River type working steedily at 30 megawatts can produce material
for a trinity bomb in less than a year. It can produce material for a gum
gadget in two years. It is quite possible that the Russians have made s
successful implosion. It is also possible, although perhaps somewhat less
likely, thet they have used the gun assembly and that the actual nuclesr
explosion wes performed with a reletively inefficient gun gedget.

The above description gives the Russians credit for a minimum of scientific
and technical progress, Even if this minimum is accepted, further Rugsian
progress can be anticipated glong the following lines. The Russians probably
will build further heavy water piles. They may also build emall) piles work-
ing with soms of the plutonium whiok the heavy water piles produce. These
aims can be rapidly accomplished if no excessive demands are made with res-
pect to high flux, resistance of materials for irrediation or with respect
to breeding properties, The Russian rete of production of plutonium may
equal the rate of our production within a year and indeed we have no absolute
assurance that our procduction has not been alreeady surpassed. It is there-
fore not impossible that the Russiens should overtake us even in the matter
of the stockpile which is the one item which never has been neglected in the
United States, ' '

An even more dangerous situation seems to exist with respect to neutron ex-
cess. This neutron excess is much greater for heavy water piles than it is
for graphite piles and of course even greater for plutonium piles,
is reasonable to assume that the Russians either are already ah
this respsot or will be ahead of us in the near future,

in several
uction of
tion is an im- /

The number of available excess neutrons is of decisi
war time applications of atomic energy. (Among the
tritium is probably the most important since tritiu
portant component in the production of the Super BomD,
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S Therefore, it is quite possible tha e Russians will ‘poseess a Super Bomdb __ .,
within e shert time, The ressons for this conclusion can be summarized ‘f

R

1, The Russians have been evidently working with considersable
speed end efficiency and their efforts are not likely to slacken

now,.

2. The Russians are likely to have produced their plutenium in
heavy water piles. Thus, they may even at present have consider-
ably more excess neutrons available than we do. Their tritium
production may thus surpass ours in the very near future.

S. The Russians had greater assurance than we did during the wer
concerning the feasibility of the fission bemb. It is therefore
not impossible that even during their work on the fission bomd,
they may have made thorough prepsration for the time after the
fission bomdb has exploded. This preparation might have included
work on the Super.

'i 4. Our discussions have so far concentrated on designe of the
Super whose feasibility can be proved theoreticelly. This has
led to complicated--perhaps unnecessarily complicated--arrange-
mente, Simpler ways of detonsting a Super may exist and may be
discovered by the Russians,

If the Russisns demonstrate a Super before we possess one, eur situation will
be hopeless, In case of war, we can hardly hope to survive and it might even
be possible that under such conditions, the Russians may force this country to

surrender.

TRITIUM PRODUCTION IN AMERICA: : —_

o ;:?§§E?;F533ni dévelopmeﬁth and discunaiﬁha hive Qhﬁwn éﬁgé';;;~;;q;1r;
smounts of tritium may become availsble in & relatively shert time. These de-
velopments are:

£:69

1, The techniques of tritium production have been improved by
the use of lithium sluminum alloy.

2. Informetion from Chelk River indicates the immediate fegsi-
bility of heavy water productionm piles,

A,

S. According to recent information received, the production of
1/10 ton to one ton heavy water per day would not be an expeneive
¢ undertaking. In particulsr, it seems that a distillatien
could be set up at a cspital cost of about $7,000,0
duction cost of about $9,000 per ton of D20 for
of producing one ton of heavy water a dey. e a
supply thet heavy water production is not 1{
bottleneck in the comstruction of heavy water
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4. Early increase of tritium production could be had by cella-
boration with the Canadians and use of their Chalk River pile.
An estimate shows that this pile could deliver 25 grams of :

tritium per year.

up immedietely by use of enriched slugs.

6. Sdmewhat later, the construction of highly enriched piles
will reise the tritium production,

Thus, tritium could be vroduced in three steps; Immediately, in the Hanford
piles by enriched slugs and in the Chalk River piles, in the near future with
the help of more heavy water piles and somewhat later by strongly enriched
piles,

LABORATORY PROGRAM:

'g. Comsidering the arguments given above, it seems quite possible that the bottle-
' neok in making a Super Bemb will be lack of theoretical knowledge and lack of
technical knovxhow in the Los Alamos Laboretory. As indicated the problem of
tritium production is not likely to be the bottlepneck and we must thus aveid
the pessibility thet this Laboratory slows down progress. I should therefere
urge that we give to these two problems top priority. I should like to re-
commend the following three immediate steps:

l. Lay plans for an esrly speed up and reorientation of Lab-
oratory effort.

2. Obtain personnel capable of accomplishing the necesssry

Job in the shortest posasible time., I believe that the Labor-
atory should make an all out effort to try to obtain on a full
time basis the help of the people most useful to help the
Laboratory in the development of the Super Bomb, such as Enrico
Fermi and Hans Bethe,

&

S. Call a conference in November for the discussion of the de-
tailed steps which have to be undertaken inside and outside of
the Laboratory in order to produce and test a Super in the short-
est possible time, This vonference would try to unite at one
plsce much of the theoretioal and experimental tep talent from
outside the Laboratory who cam help and advise on details.

In more detail, I envisage the impact upon the Laboratory somewhat as follows:
The Super program would become the No. 1 objeotive of the Laboratory. However,
this would not mean that work on other important phases such as a small weapon,

e penetrating weapon, et cetera, would be stopped. Only in ceses of an ir-
resolvable conflict between two programs would the Super program take precedence.
In the early stages probably the largest burden of work on the Super pro'
would fell on the Theoretiocal Division. After that various cencr

would have to be explored. =

o
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2. T " T Qope_aof the first objeotives would be to
‘T)C?é; step up the date on whioh one can hope to preduce a successful booster.

E (%\ TIME SCHEDULE

If the Laboratory can marshall the necessary support from Washingten for a
really vigorous program, the problem of construction and detonating of a
Super might be attacked with the same speed with which similar problems were
sttacked during the war. I realize that this program calls for an all out
effort, However, I de not believe that anything less than such an all eut
effort would be commensurate with the responsibility which this Laboratory
has undertaken with respect to the ultimate safety of the natien. It will
be essential that all members of the Laboratory ocontribute fully any ideas
they may have how to accomplish the technical details of this job,

CERrThE
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Whatever statements the Rational Military Establishment or the

AEC bave made or may mske concerning the effect of the detonation of a

Russian bomb, this Laboratory should admit at least to its own personnel E“’

fe) l ao
gl 5 that the current Laboratory program has not been geared to such an event Eo :
Ble o5 | . E‘g -
E 2887 (J& || 1n 1949. Rather, it has been tacitly assumed that this event would not Em:
ojy=53 |99
g §§§§g§gf occur before 1952, a date beyond the expected 1951 fruition of current g
Sooo=gkl
ClEECGuesg ' €
@ § giggggg Programmatic work. At the very least, therefore, the Laboratory should v
SjEéhscaag -
;;2 §55°§§§,§ coneider that it has lost some three”  of time. Nor is this all,
- } %) :i:" -«“t_ﬁ:, 'A‘.'r..'
‘% < \N ] Tor the simplest a.ssmnptions(afs _.relatiVe rate of progress of this
i ,
o country and the USS( give strong support to\t)he contention that it
g
would be dangerous to assume that t.heir ;pr)gress is any less than ours;
in fact, it can be qu:lte logically ﬁaintained that it is appreciably —
= J
greater It 1b - therefore 5 1mperative that the Laboratory's role in Ug;
==s-
_this nev 5:ltuetion be. en.mined most thoroughly. This has been in m%ﬁ
%l—
L~ :
procesa 1n’ porti‘ons of the Laboratory but views must now be exchanged %EF
\\“‘_ o j,n.u" %
on & basis among responsible Laboratory personnel, especially m%g
since the Laboratory program is to be discussed with tle Commission —
on October 19.
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Certain trends of reactions to the situation sre apparent. They range
from an all-'out effort to make a real discontinuity in the balance of power
as rapidly as possible by developing the super-bomb to almost a "business
as usual” attitude but involving as much speed-up as possible in the normal
type of business, the production of present-model weapons. The Russian
achievement should teach us at least one thing: that our state of
ignorance of their efforts is so nearly complete that we should no _longer

assume any time scale for their developments but rather choo_ae our action

&\

80 as to strengthen owr position as rapidly as possible and maintain a
rate of progress limited only by our resources for a relatively long
period of time - In other words, we can neither Jeopardize the future for
short-range achievements nor such achievements at a coat of longer-term
progress. For this reason it would be unwise to choose a single course
of action for the whole Laboratory effort. One may be as important as
another, depenfling oﬁ the time-scale of international developments.
Another general comment may be made. It is evident that no one now
‘ has the wisdom to foresee the method by which a resolution of the East-
West difficulties may be achieved. Nevertheless, the longer the time
before war is resorted to in a vain effort at resolution, the higher the
probability that an alternative may appear. Since 1946 this country has
pursued a policy, among others, of military strength, based on the atomic
bomb, as a deterrent to war. Ko other policy seems likely to be
accepted. The position of this Laboratory as the atomic weapon research
and development facility of the nation in the instrumentation of this
policy has been and ‘u quite clear: +to maximize wae nation'a strength |

in the applications of nuclear exploaiires for military purposes.

m UNCLASSLE 10D
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In accordance with the point above, that no single course will be
clearly desirable, a few possibilities and brief comments on each are
listed below in order to suggest the type of erfort vhich should receive

attention. It is certainly not an all-inclusive listing.

1. Super-Bomb
This possibility has been more thoroughly discussed than any other
and is discussed in a memorandum by Mr. Teller. The salient points are:
1 | a. The development may be relatively simple.
b. The Russians may very likely be further along than we are in
both the weapon itself and matters of production.
c. Possession by one side would shift enormously the ba]gnce of
pover.
4. A vigorous effort in all departments by this country could

possibly result in a test by 1951.

2. Present Program

l . In the absence of a Russian Super-bomb an acceleration of the preseat
- program may be the best protection of our position for the short-term.
a. TX-5 increases military potential through greater deliverability
through smaller size and weight.

b. TX-5 developments applied to present size will increase damage

per unit, no change in number of units. 4 ’_DO‘B

° | | /by

a. Booster increases damage per unit and number of units. Also

provides valuable information on thermo-nuclear reactions.

gEmamr UNCLASSIFIED



_ SESREF  UNCLASSIFIED

A less thorough exverimental program before test would advance

the date of test. \

3. Extsnded Present Program

- Dl

e

. b-l v .

I Greater efficiency, larger damage per unit, fewer units.

Possible super-bamb initiator.

c. "Bethe-bomb"
Greater efficiency and damager per unit at no great cost in
numbers.

d. Alarm Clock
A special type of combination fission-thermonuclear reaction

weapon producing widespread radioactive effects.

a k. Production of fissile materials
lLaboratory strength applied here or elsewhere to problems of pro-
duction could result in more present-type weapons at cost of new weapon

developments.

5. Propulsion
Applications of nuclear emergy to propulsion of ships and/or

aircraft could increase our military potential.

SEWWE-T ;N1 ASSIFIED
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6. Guided miséiles

An acceleration of this program for this type of delivery could be },\é -
undertaken.. For short range use, presently planned missiles can ca.rryr -
L - &)

T. Autocatalytic schemes

A successful scheme could appreciably increase deliverability.

8. Other military applications of nuclear explosives
Mines, torpedos or present unconceived uses may increase effective-

ness.

9. Radiological warfare
Although some work is undervay, great acceleration could take place.

Requires special emphasis on production and methods of use.

10. Fundamentals
 The long-term position could be improved by more vigorous fundamental

research in high-explosives, nuclear physics, chemistry and metallurgy.

W

J. H. ey
Technical Associate Director
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Los Alamos, New Mexico

Dear John:

I have considered carefully your suggestion to recapitulate the
discussion which took place in the presence of Senator McMahon and Mr.
LeBaron on November 15th. I think I can remember accurately the main
ideas which I tried to put across concerning the feasibility of the booster
and of the super. There is no reason for any change in these ideas. What
follows below, therefore, will be both a restatement of my previous opin-
ion and the statement of my present opinion. ‘I understand that you will
want to transmit this letter to General McCormack and to LeBaron.

[

booster which must be dis-

~ _ ? R —
| o : 1/ IT¥ Is this booster which we plan to

“Bhoot in the Spring of 1951.7

/
f
?

There are two distinct mod
. cussed in connect with the

£3

. by the system of{ external or internal boosting.]
N——

A shot involving either of these two boosters will be & test of
the feasibility of thermonuclear reactions. In this respect, it will be a
test of a part of the theory on which the super is based. There is, how-
ever, little doubt that the TD reaction will actually take place under pro-
per conditions and therefore this test in itself will confirm only a part
of the theory of which we feel fairly certain.

It is planned that the tegt of the booster will be accompanied
by a detailed investigation of the(lh million volt neutrons emitted in the
TD reaction] It is hoped in particular that we shall be able to follow the
production of these neutrons as a function of time. Such experiments would
be of extremely great value in the plan of comstructing the super and would
actuslly have to be repeated whenever a model of & super should be tested.
Success in predicting the time-dependence of the ik million volt neutrons]
will give us confidence that the engineering of a planned super has a sound}
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Dr. John H. Manley December 13, 1949

The question has been raised whether fallure of the booster test
would indicate that the super is not feasible. The answer to the question
will depend on the kind of failure which we may encounter. The fallure may
be due, for instance, to predetonation,

in wvhich case the booster will have \
)\ little on the planning of the BM 3

L

Ly _fhus failure to observe the expected amount of thermonuclear
Y “veaction in the booster need not imply that the super is not feasible.

ok SR e
SR

Present opinion on the feasibility of the super i1s necessarily
speculative since all discussions rest on theory alone. On the other hand,
‘ no serious objections have been raised to the present plans and I feel that
ultimate success in construction of a super is probable. I do not like to
state probablilities of this kind in a percentage but I do want to imply that
the probability of success is considerably better than 50%.

, IR B ’
~1 would not hesitate To uttzerit6 this probability a percentage greater than
90%.
'''''' ] ] Further mathematical

verification of this expectation will proba.bly be available by 1950.

UNCLASSIFIED
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Dr. John H. Manley -3- December 13, 1949

It can be therefore concluded that the test of an appropriate
booster together with supplementary mathematical work will provide an al-
most complete proof of the feasibllity of the super and will at the same
time accomplish the major development in the engineering of the super.

'/z" , / —{CZ

Edward Teller

ST UNCLASSIFIED
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x §§”g§ During my ten days stay here, I have considered same of the
23 .
g {jg phases of the calculations concerning the Super weapon. My opinions

on this are obviously tentative, both because of the incompleteness

of the calculations and because of the short time I have spent on this

A9y Vo4

MIAATY NOLLVYDIAISSVY1D30 ADBINT 40 AINFNiIYVYLIqg

subject., However, I thought it might be of same value to set down my

LN
"I'E. e
20

~(@]
gog 2z present thinking,
LEE :5% 1) I believe that the last calculation by Ulam and Everett \\dé
;ng,g_ ‘33‘3 3 47
3%3%323% definitely indicates the dying out of the reac;.}ﬂ 6
S Og 48
e
2
8 . - .
| SThis dying of the reaction is to be expected on qualitative
"_L____—__\l
consideration,
.
« 2) I expect that also the proposed Aberdeen calculation will DO

die out,

o)

ﬂpect , there-

fore, that it will be impossible to raise any pure deuterium to burning
temperature in the Aberdeen problem,

3| _ | | lDz)(
| / )
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.
believe there is about an even chance that this amount of tritium will

set off a spontanecus propagating reaction in pure deuterium :LE the
inverse Compton effect is neglected. .
Proposals were made for a simplificstion of the calculation of
deposition of energy by alpha particles in the TD reaction. It was
also proposed to increase the thickness of ‘the zones in order to sim-
plify the calculation. It would be most desirable to think of further
simplifications and improvements in the calculation procedure. In

perticular, & method is needed for taking into account the shock which

will undoubiedly develop,and it would be most desirable if this could

be done by an integral method,
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will be needed because the detonation propagates into larger volumes.

- | o , ﬁuld be desirable -
§ — . 4, - A

if some simple method of calcuat.ing this problem could be devised. é/@)
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7) Efforts will undoubtedly be made to reduce the amount of

| —_—

tritfum needed for initiation by implosion., \ /\\ o
SO =
v
o3
; : fabneidefzzg the z

high efficiencies which are expected from ordihary implosion weapons, it
seems to me very improbable thst the Super weapon will be justifiable from
the economic point of view,

However, once we have gone this far, it seems to me essential to
come to a real decision on the feasibility and economics of a Super bomb,

- 1 therefore believe that calculations should continue as rapidly as

possible in order to find out exactly the minimum tritium recuirements
for a Super weapon and to decide the question of whether pure deuterium
will propagate the thermonuclear reaction at all.

I also think that the 1951 tests should proceed essentially as

planned.

!@!
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THE NEED AND PHILOSOPHY OF FIXING UPON
A THERMONUCIEAR DEVELOPMENT PROGRAM

c" L’( .

sl
M;.rch 15, 1951 ‘(/( Wf¢
j,

The need for such a program, which will, of course, require modificationuéé’jv

SAB"],QODQ'(‘, DOOOO

IR

with time, 1s illustrated by the following points:

l. The general advantaée of unifying the effort toward definite goals, £

g
;g £/=L

finite accomplishments qﬁg)be attained with a limited effort. Wide dissipatioﬁ

with either relative priorities or defined time sequences, in order that

of the effort over a very broad field can result in little accomplishment
anyvwhere. ({n the other hand, extreme narrowness can result in "missing the
boat" and new, important ideas must not be neglected.

2. In order to establish a sensible fraction of our potential to

each of our three main technical activities, basic research, fission weapons,

-and thermonucleonics, fairly detailed programs and objectives for each must

be studied and compared.

5. In order to insure that the fraction of the Leboratory effort agfeed
or decreed to be devoted to thermonucleonics nof be sfolen by another activity,
especially in some of our hectic periods, different sections of the Laboratory
must be working upon fairly definite phases so that judgment can be made upon
both progress and actual type of work being done.

L, For purely political reasons we need a rather definite program and
objectives in order to report progress in a meaningful way and thus avoid,
possibly, criticism of making no progress in the field or of not really trying
to make progress. Up to the pfesent this need has\been satisfied by preparations

for Greenhouse tests - a definite goal marking a definite stege in development.

—= ——= RESTRICTED DATA
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In formulating such a program the following points should be considered:
1. The present phase of the thermonuclear program was started about a
year ago with the single idea of developing a super or H-bomb. If this was
not the case in the minds of some of us at Los Alamos,‘it vas for many of us,
and is largely true outside the Laboratory. Thus, there is a.solid, and
to some extent politica;jreason for expending the major part of our thermonuclear
~. . 1., effort toward determining (a) the feasiblllty of making a deuterlum-ournlng;
. :Mbomb ; (b) if feasible, the mlnimum cost (in terms of neutrons, fissionable
materlal trltium) anéd (c) if feasible and suffic1ently cheap, the practicable
@»dgm wytHK-ond UL,
shape, weight and similar characterlstic%A Until ‘such work is accompllshed)

other ideas, e.g. alarm clocks,should receive only minor attention unless

they appear upon such cursory study t0 be very much morevpradicable, easily

attainable or usefulj

The premise here is, of course, that we do not and will not have sufficient power

. to accomplish work at an acceptable rate in more than one of these difficult

fields at once.

<l

{
It is not obvious at present what form

—J
a succeeding test should take. Under these circumstances it seems wrong to try

to manufacture a test, and certainly wrong to choose its date at the present
time. Logic would indicate proceeding with theory and other development,

including assimilation of the Greenhouse results, until the need for a

UN CLASSIFIE
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specific expermentai test arises naturally in the course of the work.
This philosophy also has the advantage of not dissipating scarce man
power upon the details of a test model before general principles are
established. |

3. Very definite goals in a time sequence should be established. This
psychological aid should, to a large extent, supply any need felt for a
deadline of the type appearing from test dates.

L, Tnere appear to be enough problems and questions known to constitute
the basis for a program. Thus, the plan, at this stage, should be to direct
the program toward answering known gquestions and not to try for several
months, at least, to provide facilities or manpower to handle simultaneously
problems which have not yet been thought 6f but which will surely turn up.

The program may need revision to meet these problems as they arise.

- /" o
//(-‘{?/“19': f;,-— vl vl
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Some of the important projects necessary for a rational thermonuclear program.

A e — —

- THts WIIT b€ completely set Up by Johnny von Neumann,
TBEvans, etc. this summer. If the machine exists by July or August, the problem .-
may be settled once and for all - say before October. If there is no Maniae
in sight, it has to be done on another machine with less detail perhaps, but
still will be better than the Fermi-Ulam calculation. This is a must for this

year.

- - 7" /Grenting the absence

Xing one Bhould estimate the probablée efficiency of this system ' Y
and the initial tritium expenditure for various assumed compressions.

The work of Nordheim, Richtmyer, et al., must be continued at all cost and

a calculation on some machine made before the end of the year,

5. To evaluate the feasibility of assumed compressions, a lot of theoretical
effort 1s necessary. It would seem to me that with the greatest effort it

Igggggg 51111 will take several years to evaluate and design
S=2=33
23 2= a). the heterocatalysis
2| <2
S]] OF
5 g;’f b). theoretical predictability of ;nixing of materials

4, The points discussed in 3 could be studied experimentally on scaled
down models of various sorts. The theoretical work to devise and interpret
meaningful models is difficult and it can hardly be hoped that this will be
completed soon.

4

M3IATY NOILVOIHISSY 1030 ADYINT 40 ININ1IHVAIQ

~ 4
3 2830204 5. Various cures for ailments of thermonuclear reactions, e. g., walls
gg 3 52z|5fvith vonderful properties, hydronuclear possibilities - interesting study
géég;;g;;; for years to come.
m Nz PP o
$z275%35%
3§§ 33 ?,gg 6. For all schemes a little study of military interest of such devices, i. e.,
gz ggg& the deliverability as a function of estimated size and weight - equivalent cost
EE g‘égg in fission bombs and the area of destruction.
=
K L0S ALAMOS §. Ulam
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L0S ALAMOS LABORATORY PROPOSED THERMONUCLEAR PROGRAM
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The considerable success of the thermonuclear shots at Eniwetok ¢

and the rapid theoretical development of new thermonuclear devices create ,
u)"’ dﬂf‘
It is, however,

& rapidly changing situation. It is, in this situation, impossible to

propose a realistic program extending over several years.
desirable to summarize the status and the immediate plans for at least

the three devices which have been considered prominently as possible

realizations of a full-scale thermonuclear explosion.

-
Consideration of booster weapons is omitted.

It is expected booster

weapons will be useful. It is clear, however, that sound theoretical

expected prior to a full-scale Maniac calculation. This calculation is E

= ‘“
. calculations are needed before effective weapons can be developed and

ne= §e
%E_-fé it is furthermore clear that both the effort and the result to be expected -
== 2R3
égg from these developments are significant but moderate. g-’”
:*"i’; jo 3
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i g . No reelly significant progress in this matter can be S: g,
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being prepared by J. von Neumann and some staff of T-Division. No sig-

nificant expansion of this group is necessary except possibly for the period
of the actual run on the Maniac.

NSV K

In preparation for the work on the Maniac, some theoretical

SRV T8
P S
YOS

ToRN

. celculations are needed which are carried out by Breit and collaborators.

TR

)
\

It is recommended that these calculations be continued
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In order to clerify the behavior of the inverse Compton effect,
calculations have been proceeding at Rand, under the direction of de Hoffmann,
from the Los Alamos Laboratory, with the help of Stein. These calculations
have proved to be useful as preparation end orientation for the proposed

Maniac ecalculations, and it is recommended that these calculations be con-

tinued as long as the Meniac group considers them valuable.

Further calculations by analytical methods have been carried out
It is considered that these calculations have

by Bethe and collaborators.
served thelr valuable purpose and that this most efficient group should b?i?
Q'\g?

|

rmmwmwﬂWMM“ ,
|
L_ Unger thgse conditions, it may be expected that results will be
availaeble eariy in 1952. It 1s not recommended that any further experimental
or developmental programs be carried out for the exclusive purpose of the
Measurements of DD and DT cross-sections are continuing.

employed on more urgent problems.

super calculations.
These are relevant for all thermonuclear work. The same holds for the

opacity work ip_ChicggQ:‘d
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or else that no such test swill be proposed.

o __.,—// ~ —

| Reasonably complete and conclusive calculations seem to be simpleiif%?
Such calculations are now scheduled to start on Jume 15 and will probably
start somewhat later than that date. |
An active group consisting of Nordheim, Peck, Richtmyer and col-
leborators is now working on this problem. This group might be strengthened

by the part-time work of Goertzel and possibly by Scalletar in the fall.

[V

|

./ Marshell Rosenbluth and others

IR -
e U

have made recently éonsiderable progress in discussing this topic. It will
not require great effort to follow up these developments in case they should

turn out to justify the promise which they seem to show at present.
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—ﬁuthhe necessary high compressions can not be obtained by means of

high explosive implosion. It is planned to achieve these high compressions

with the help of radiation implosion originating in a primary fission bomb. ];)

z

} 613

e
The potential promise of this @evice seems at present the highest

of any device as yet proposed. On the other hand, least consideration has

been given to this device and. the possibility exists that a decisive flaw

will be found. It is therefore proposed that highest priority be given

during the summer of 1951 to a detailed investigation; §

",
Some work has been done on this device by de Hoffmann, Hoyt, Bethe, Ulam,

von Neumann, Teller, Wheeler and others. In addition, it is recommended

that & considerable frection of T Division at Los Alamos, a considerable

fraction of the summer visitors ‘at Los Alamos, and practically all of the XX;;
Princeton group concentrate on the problemsL;r It tﬁ}
is hoped that by early fall of 1951 one will have concluded that either the

very highest priority be given to the immediate technical development of the

y

i]i that the main effort should be

concentrated on other thermonuclear devices.

PN
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No discussion of the test date is justified prior to the presen-
tation of a reasondably detailed theoretical design which can be considered
final at least in its main features. Every effort will be made to make the
design as simple as possible. In particular, it will be attempted to limit

the observational program connected with the tests to essentials. One may

hope to obtain in this way a proposel which can be carried out ina period %
less than a year after presentation of the preliminary model. ‘)
¥ YA AT gt - —‘*\_\\r

It seems therefore sdviseble

T
Ao

to proceed without delay with the necessary Jobs of maintenance and expansion

ey

of cryogenic equipment on Eniwetok., This last recommendation need not, of
course, be followed if an alternative method of liquid deuterium delivery

and handling is found.

N. E. Bradbury
- H. A. Bethe

. XK. Froman
C. Mark

W. Nordheim
. Teller

1
HEHqO
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8 device be proposed
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pfﬁcted for boosted implosion devices by usi tThermonuclear reactions over
those obtainable by more conventional means using fissionsble materials and, in

view of the very heavy program of other work, no specific programs in this field
are foreseen in the near future.

"’N?S’éreat gains have been

Two important points should be made clear _;@wmmm \
i ]It is believed that there is insufficient evidence .
‘ .- now to assign very different priorities to these systems, but more relevant Vég

information will be available in the Fall of 1951 and by that time, or by

.- June 1952 at the latest, meaningful relative priorities can be assigned and th)éb

work greatly concentrated. It is also not clear that a system upon which work
may be concentrated several months from now is at all accurately represented

by the present conception of any of these three devices; it may be a combination
obJject or have presently unimagined features. Second, the target dates given

L3

might be at the indicated stage on the assumption that the particular device

has a priority over-riding the others after early 1952. In general tests will
be limited to the theoretically promising items which appear capable of meeting
militery worth criteria in the foreseeable future. ? K M .

Y. GENERAL.

manop s,
A

d

Efa

TARGET DATE: Rough draft of report scheduled for August 1, 1951. gg?};

g g
PRICRITY: A. 2E- "
0o 3
==
s PERSONNEL: ILASL theoreticisns and groups J-1 end J-7. B85
I3 A 22 3 [= I
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l. Greenhouse Results. l)
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. under each of the devices are estimates of the dates at which the development =
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2. Mixing.

Theoretical considerations of the general problem of mixing as applied to
any thermonuclear device. Objective is to determine the feasibility of making
significant progress toward the solution of this problem by theoretical and
calculational means.

TARGET DATE: JANUARY 1952 for review of progress and determination as
to vhether or not further effort should be expended along

these lines.

PRIGRITY: C (low priority because the extreme difficulty of the problem
makes it seem not very hopeful for valuasble results at an early
date).

PERSONNEL: Princeton Group.

3. Radiation Implosion.

Radiation implosion and other heterocatalytic methods.

A. Theoretical.

Appropriate calculations as indicated below under the

-

TARGET DATE: January 1, 1952 for basic theoretical and calculational methods.

C PRICRITY: B, but changing to A if required for an A priority development.

PERSONNEL: Teller and staff and T Division.

B. Experimental. —_
Vo
b

4, Boulder Cryogenic

\)

; _JApart from testing the large hydrogen 1iquefiers now
onstruction at NBS and installing one of the plants at Eniwetok, probebly the
first job to be underteken is to solve the problem of storage and transportation of
liquid hydrogen by trucks or tank car. . e vz
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TARGET DATE: Work in the near future is being planned to meet a requirement
for large or complicated dewars to be used in a test in the
spring of 195k,

PRIORITY: Different for different phases and dependent upon the priorities
of the different systems.

PERSONNEL: National Bureau of Standards with advice from LASL.

5. Military Worth.

A continuing study and intercomparison of the economics, deliverability and
military worth of each thermonuclear device as envisaged at all times during its
development. Criteria are to be developed to be used, in part, to determine at
appropriate times whether or not to proceed with further theoretical and calculation
work or with a test relating to a particular device. It will be a general principle
not to make an early test of a device whose development into a deliverable weapon
having acceptable military and economic characteristics cannot be foreseen as
practicable. The point of the whole program is to produce a weapon, not merely to
demonstrate the feasibility of a large scale thermonuclear reaction.

Personnel carrying out this study will necessarily have to be conversant
with the economics and military worth of fission weapons. It is proposed that this
group have the responsibility for evaluating military worth for both fission and
thermonuclear weapons, and, thus, perform a needed function in the fission weapon
field. It i1s not intended that this group undertake the theoretical work in the
field of weapon effects and phenomenology.

TARGET DATES: To coincide with dates of important decisions with
respect to the several devices as indicated pglgg:__gggiﬁ Nov
example, the alarm clock deeision schedu;gfaalis for a ‘decisic
whether arnot to proceed with alarm clock development at
high priority and comparisons should be made with the picture
of the equilibrium super at that time.

PRICRITY: A.
PERSONNEL: A new LASL group (to be formed).

6. Cross Section Measurements.

Improved measurements of the (D,D), (D,T), L16 and similar cross sections

at relevant energies.

TARGET DATE: June 1952,
PRICRITY: A,

PERSONNEL: P Division, C. I. T., and other laboratories.

UNCLASSIFIED




b

UNCLASSIFIED

At any time at which it appears very likely that L16D and L16T may be

used in one of the devices put on high priority (for example, at the time a .
decision is made to build a lithium isotopic separation plant) studies will =
undertaken of fabrication methods for these compounds. A certain amount of
fundamental work upon the physical properties of these compounds is presently under
consideration.

B

7. Lithium-Bydrogen Fabrication Studies.

TARGET DATE: Acceptable fabrication methods by the time the separation plant
is in production, possibly November 1952.

PRIOGRITY: To conform with that of the device in which its use is contempla:
PERSONNEL: CMR Division.

4 8. Opacities.

The calculation and tabulation of opacities will be continued, at least
throughout the next year, upon substances of interest to the thermonuclear program.

TARGET DATE: July 1952.
PRIQRITY: A.
g PERSONNEL: Argonne National Laboratory.

II. The SuBer.
A. Theoretical.

-

—-—

N '\K ‘\.‘
A EA<£;
l. . j e

p

\

L

=%

s Ve,

Preperation for and calculation on the Maniac under the following
conditions: wall effects neglected, zoning of energy deposition, normal
density, best present values of cross sections, non-relativistic inverse
Compton effect, hydrodynamics included.

These calculations are designed to determine allowable initial
conditions, effect of variation of radius, estimates of the amount of
tritium required and fission bomb yield required to ignite the deuterium,
ater—Some of these cglcplations, or modifications of them, may be pertinent
|, B and problems directly relevant to the latter may
’ {D be undertaken in thIs E6¥1€L. The coding for the super problem is now nearly
\9 completed.

UNCLASSIFIEI
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TARGET DATE: Coding to be ready when a Maniac is ready to take the problem.
Completion of several Maniag runs by January 1, 1952,

PRICRITY: A.

PERSONNEL: T Division and von Neumann (Rand).

2.7 ‘ )

| B -

Preparatlon for and calculation on the Manlac of the propagation

including wall effects, relaiviestic effects, eTg44_ggg d_special devices A
¥

or conditions designed to imorove the reactioni T
[

i\
i

These calculations follow A.l. above and are designed to go a long way
toward determining the feasibility of the super if A.l. has not already
done so.

TARGET DATE: To ¢ove? the field may be a long Job, but the objective
is to be prepared to make Maniac calculations including
significant improvements and wiations over the preliminary
calculations during the spring of 1952.

e vk

PRIORITY: B, for the present. This priority may be altered either
direction depending upon results of the preliminary calculatio:
and military worth studies.

AR

PERSONNEL: Theory by Princeton Group, Breit and Bethe (problems distribute
calculations by T Division and von Neumann. s

i ) 'Decision whether or not to undertake this Work seriou“Iy‘Eg'
to be made by June 1952 and will depend upon the results of Maniac
calculations on propagation and of military worth studies.

A

TARGET DATE: Completion by January 1953 of the theoretical work upon which
to base the design of primer and booster.

PERSONNEL: T Division with probable request for Princeton Group to aseist
in certain phases.

B. Experimental.

1] | e

N %
> If the
former, experimental studies will be required (possibly some experimental S
work in either case). This work will be closely tied in with A. 3. above,
possibly lagging somewhat. @ Y
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TARGET DATE: Completion of experimental study required for design of
test object, April 1953.

PERSONNEL: GMX Division.

2. Experimental studies on equation of state of liquid hydrogen and

deuterium if results of calclations indicate by June 1952 that the

uncertainties in our knowledge in this field are determining or very
e

important factors. |
- {No specific programs in
ield are P €4 Po¥ the near future but some preliminary experiments are é

under consideration.

TARGET DATE: JANUARY 1953. b’b
PERSONNEL: GMX and CMR Divisions.

3. Nuclear detonation tests as may be required for significant further
progress. At the present time no test other than one of a real super,

although possibly one of low yield, appears to be required.

TARGET DATES: Completion of design of super for test,“May@laji Test !
of super if 1t meets the various criteria, | g 195h4, | _

PRIORITY: High, if decision is made to test the super.

PERSONNEL: T, W CMR GMX, and J Divisions.

IIij\ o T e e .

Lt

- e e S
. It eppears that the NBS SEAC cen handle this probl \Sj§2

l
‘ ’ T S Probably
"8€Veral runs will be made With the general objective of dete

minimum acceptable values for compression, tritium content, and initiating
fission bomb yield and the relations between these quantities. It is
hoped that these calculations will be sufficient to determine whether

H. E. implosion is adequate or other means such as radiation implosion

are required and to supply reasonsbly good data for considerations of
nmilitary worth.
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TARGET DATE: November 1,1951.

PRICRITY: A.

PERSQNNEL: Nordheim, Richtmyer and other LASL theorists. “‘?\E,’
T e T DR " y A

2. : o 2™
— S e - St RS &7

If the results of calculations on the idealized alarm clock are
encouraging, calculations relating to actual designs inclunding lattice
effects, fission bomb core, and specified implosion systems will be
undertaken in November 1951.

TARGET DATE: June 1, 1952 for completion of calculations relevant to
designing a test object.

PRIORITY: High if the alarm clock is given a high priority in the Fall
of 1951, low if one of the other devices is given a higher
priority.

PERSONNEL: Nordheim, Richtmyer, and other LASL theorists.

Experimental. Xi%i

-
|
|
‘.

PRICRITY: High if undertaken at all.
PERSONNEL: ORNL.

2. Certain implosion-type experiments using H. E. may be reguired
during design phases.

TARGET DATE: Fall 1952.
PRICRITY: Dependent upon results of calculations.

PERSONNEL: GMX Division assisted by CMR.

UNCLASSIFIED
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%, Nuclear detonation tests as may be required for further progress.

It appears that any such test for the purpose of learning about
mixing or radiation implosion would cost roughly the same theoretical
and experimental effort as a test of a real alarm clock. At the present
time no test other than one of a real alarm clock, although possidbly
one of low yield, is proposed.

£
DO

TARGET DATES: Completion of alarm clock design January 195%. Test of
4 8larm clock if it meets the verious criterie, Fall 1953. \

| PERSONNEL: T, W, CMR, GMX, and J Divisions. =g
A. ‘Theoretical. &):b
1.

General Feasibility Study.

— - g e e

[CFude estimates are to ve
msué—bf the necessary temperatures and compressions required for propagation,
the amount of tritium required, the required yield of the initiating fission
bomb, the yield required from any fission bomb needed to implode the

device, the yield of the device and the timing. These estimates will take
into account the hydrodynamics of the expending and burning phase, the
transfer of energy out of the reacting region by radiation, the transmission
radiant energy from the bomb initiating the implosion,. and the prosress ot____
the implosion,.,

K]
A
P
S ,‘ v A T R LT AT e

TARGET DATE: October 1951.
PRICRITY: A.
PERSONNEL: Teller and staff with the aid on specific problem by T Division

and the Princeton group.
work.

The latter may carry a large part of ti

UNCLASSIFIED
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f' 2. Advanced and Design Calculations. Yfﬁi

‘ Machine calculetions, probably on the Maniac, of specific design \i)
components to be undertaken if the results of the feasibility end military

worth studies placeg “fon high
priority. The time scale for this work is difficult to estimate because
the conception of the device is so recent that a great deal is not known
about it.

TARBET DATE: No date specified but the theoretical design criteria are
required at least nine months prior to any test of the device.
Thus, for example, if the device were simple enough that it couls
be prepared for test in the spring of 1953, this target date
would be June 1, 1952. 4

,Qx,-

PERSONREL: Teller and staff and T Division, with aid as request,on

1 specific problems by the Princeton Group.
o
B. Experimental. 7 - )
T T 777 [it is conceivable that
& test of The device coul e spring ol 1953 if it is not
attempted to carry a parallel program at the same priority on the super
g or slarm clock,

TARGET DATE: Determination as early as possible following the general
feasibility study whether or not to attempt an early test.
This should be done by May 1952, if a test date of spring 1953
is to be attempted.

PRIRITY: High if a decision is made to test\_¥ - ‘

PERSONNEL: T, W, CMR, GMX and J Divisions. “‘
2. See Item II.B.2. above. ‘

3. See Item IXI.B.l. above.

e,

[
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PRICRITY: A.

PERSONNEL: W, CMR, and T Divisions (J Division for testing.)

Comments on the Proposed Program.

(a). Target dates for nuclear detonation tests lead to the schedule
given below. These dates are mutually exclusive in the sense that each represents
the earliest conceivable date for a well planned test if the priority and effort
expended on the other devices is relativeysmall,
i

Spring 1953

Fall 1953 - |

e ————

S

Spring 1954 - a super o
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No nuclear detonation tests are planned for auxiliary purposes such as
proof-testing a calculated heterocatalytic implosion scheme or as an experiment
to study mixing. The reason is that such tests would cost roughly as much
effort as the test of a final device and their inclusion would delay deveéiopment

of these devices.

(b). A greatly reduced emphasis is to be placed upon complicated experimental
technicques for tests (like Dinex, the X-ray measurements, etc.) because the
important experimental results desired from the proposed thermonuclear test shots
are obtainable directly from the yield, although certain, possibly simple,
diegnostic experiments will be desirable. Thus, the groups which performed
these complicated experiments on Operation Greenhouse need not be held intact
but should be built up again only when and if it becomes obvious that such
measurements must be made in future tests.

S S J This will bé"’s“ilfff(:im

allow a test of whichever—thermoniclear system 1t is decided to carry to the !
test stage. Thus, no additional tritium production is requested at this time.

DF:b |

Darol Froman
June 12,xxt 1951

four copies typed.
rough draft.
11 pages.
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October 1, 1954

THERMONUCLEAR WEAPONS
Period 1946 to Jamuary 1950

(Draft version of & section for & history of
technical work at lLos Alemos since the waE)
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THERMONUCLEAR WEAPONS

I. STATUS AS OF EARLY 19L6

On April 18-20, 1946, there was a conference st Los Alamos on the
subject of the Super. A large proportion of the persons who had been
investigating the possibility of thermonuclear weapons &t Los Alamos
bad cont;nued work on this problem up to the time of this conference.
A'general description of the device then considered is given in two
reports: LA-551(1) (prepared for discussion at the conference), and
1A-575(2) (the conference report). The feaults of work up to that time
are Indicsted or embodied in these reports, the unresolved problems as
then perceived sre referred to, and the requirements as they were under-
stood at that time of further work slong many different lines wvere
listed. A similar summary of the status of the program and work yet re-
quired was given in LAMS-29O(3).

The qualitative pattern of the weapon in mind at that time was

%
quite specific. !,; o o . J:]:%)(:

(ldprime Facte Proof of the Fessibility of the Super”(April 15, 1946);
written by: 8. Frankel, work done by: Teller, Konopinski, Frankel,
Hurwitz, Landshoff, Metropolis, Turkevich.

(2)"Report of Conference on the Super" (Issued June 12, 1946); written
by Bretscher, Frankel, Froman, Metropolia, Morrison, Nordbeim, Teller,
Turkevich, von Neumann.

(3)"Super-Gadget Program"(October 8, 19h5), Teller, Konopinski, Fermi.

L . UNCLASSIFIED
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The estimates available o e behavior of the verlious steps end

links in this sequence were rather qualitetive, snd open to anegtion §

in detsail. —/T

. e ———— . o . %E
Y

\ll——/j As it vas, the studies of this question had merely sufficed to

RS UNCLASSIFIED
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show that the problem was very difficult indeed; that the mechanisms

by which energy would be crested in the system and uselessly lost from

it wvere comparable; and that because of the great complexity and

variety of the processes which were important, it would require one

of the most difficult and extensive mathematicel enslyses which had

ever been contemplated to resolve the question -- with no certainty

that even such en attempt could succeed in being conclusive. ]

! | e
&3

Coray,

. "The requirements for meterials, engineering developments and more
detailed understanding of basic physical processes were impressive,

end "would necessarily involve a considerable fraction of the resources
vhich are likely to be devoted to work on atomic developments in the
next years" (ref. (2), p. 46). An active progrem to reeslize such a de-
vice was thought at the time to require amounts of tritium beyond the
reach of the Hanford plent to produce in any relevent ti.e, so that the
building of something like a 100 megawatt reactor for tritium production
was probably involved. It was suggested that facilities for the pro-
duction of urenium 233 and/or the separation of plutonium 239 would be
desireble. The need of facilities for the production end storage on a

large scale of liquid deuterium and other cryogenic engineering work

UNCLASSIFIED
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vwere pointed out; but these appeared to be relatively straightforward

requirements. Lsboratory experiments, measurements of cross sections,

and studies of properties of materisls and the behavior of fast jets

1)
~——— — i!\\
vere necessery.’) ‘ -~—;]‘ =
e E_‘ .
, ‘o

e ———

The requifements, however, which were qualitatively most difficult

to meet were those involving theoreticel study of the behavior of the

verious steps in the process.7 : ‘—5;] Lo

j;;h;;dition, before the properties of any

ectuel design could be discussed, it was necessary to obtain a much more

detailed picture than had yet been developed of the flow of energy from
the immediate region of an exploding fission core. A successful treat-
ment of this last problem -- which was also importent for the fuller
understanding of fission explosions -- itself required the results of
laborious calculstions on the opacity of materials at tbe relevant temper-
atures which were then being conducted by a small group which had recently
moved from New York to Chicago. And, indeed, each step in the sequence

posed a family of difficult problems(h).

9
o~ &
,:/‘\\ \
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The prospects for realizing a thermonuclear weapon along these lines
were problematical. An active progrem to establish what might be feasible
Avould compete at many points for the resources of effort and materials re-
quired for the immediately necessary progrem to improve and expand our
stockpile Qf fission bombs, and at some points depended on advances in
our understanding of fission bombs. It was against this background that
it vas proéoeed (in a letter from Bradbury to Groves; November 23, 1945)
that at least for the interim period, during which the future pesttern of
the Los Alamos Lasborestory was being considered, the work on the thermo-
nuclear program at Los Alamos consist of: seversl lines of laboratory
experimentation, theoretical studies as practicaeble conducted in active
consultation with Teller, and requests for small amounts of tritium as

needed for experimental purposes.

UNCLASSIFIED
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II. FROM 1946 TO END OF JANUARY, 1950 UNCL AS CEF}ED

A. GENERAL

Starting from the stage represented by the Super Conference,
definitive progress towards obtaining or trying out a.model of the
type discussed required es a preliminary step a very great extension
end refinement of the theoretical and quantitative considerations
involved. " Moreover, the possibility of opening up any radically dif-
ferent epproach to a thermonuclear weapon also depended almost ex-
clusively on further theoreticel insight. (As late as August, 1950,
in an appendix to a "Thermonuclear Status Report," prepered at Los
Alamos for the GAC, Teller and Wheeler, in discussing the "Scale of
Theoretical Effort," made the observation that, "The.required
sclentific effort is clearly much lerger then that needed for the
first fission weespon. .... Theoreticel analysis 1s a mesjor bottleneck
to fasiér brogress «eee ") Consequently, the account of the progress
during this period will be given with primary reference to the
theoretical work on problems of importance to the thermonuclear field.

Of course, some experimental studies (mainly: cross~section studies,
observation of behavior of fast Jets, investigation of properties of
liquid hydrogen) were continued across this period and occupied, on
an average, the major part of the attention of something like two of
the fifty or so experimental and engineering groups in the Laboratory.
Such work, howvever, was mainly in the nature of acquiring data which
vas believed would be needed in connection with eny attempt to estimate

the behavior of & thermonuclear system. It was unlikely of itself to

UNCLASSIFIED
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reduce the difficulty of undertaking a theoretical estimate, nor to sug-
gest an essentially new epproach to & thermonuclesr veapén. In addition,
although work of an experimental and engineering kind was known to be a
necessary and heavy component of any thermonuclear program, it could not
rise to the high level of a full attack on the significant outstending
questions until the theoretical understanding of the processes involved
in a particuiar system hed advanced to the stage at which sﬁch questions
could be isolated and clearly defined.

There was also a considerable body of theoretical work which stood
in a similer relationship to thermonuclear studies. The work referred to
could not be clessified as distinctively 'thermonuclear,' nor was it con-
cerned with the detalls of any specified thermonuclear system; but it
vas background work which it was recognized would have to be got in hend
either before or while undertaking the deteiled design of any likely type
of thermonuclear system. Among such lines of necessary background
theoretical work may be mentioned (1) work on opacities and equation
of state of materials, (ii) great numerical refinement of the picture
available of the processes occurring in a fission explosion, and (111i)
advances in the general area of computational ability, both in the
matter of computing equipment and also in the field of computing technigue
and experiencg. Very definite progrese (some of which will be referred
to belovw) was made along these various lines between 1946 and 1950 and
helped provide by the end of 1949, & very much greater theoretical

capability with respect to a thermonuclear (or any other) program than

vas available at lLos Alamos in 1946.
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B, RESOURCES FOR THEORETICAL WORK

In this section it is proposed to discuss the growth of the
Theoretical Division at Los Alamos (carrying this through to the end
of 1953) since this indicates the context in which the particuler
studies referred to later were undertaken.

At-Los AJAios, the Theoretical Division, in addition to the
persons who might generally be considered to be trained or cafable
in some branch or branches of theoretical physics, has always in-
cluded & considerable number of persons ascting in some feirly well-
defined supporting role -- such as computers, secretaries, assistants,
computing machine operators, and others. Something like two thirds
of the totel personnel of the Division have normally been in this
latter group. Although the conduct of any appreciasble program of
theoretical work is very heavily dependent on the ability and skill
of the persons in this group, the content of the various studies --
their quality, soundness, and degree of nevelty -- is almost totally
dependent on the ability of those identified as theoreticians. The
separation suggested here cannot always be made with absolute precision;
but it can be drewn sufficiently closely for the purposes of the follow-
ing Table, in which the total number of persons in the Theoretical
Difiaion, who by training or experience were in a position to help
deternmine the objectives and quality of the theoreticel program, is
given st the end of each year fram 1946 to 1953. By no means all the
persons indicated were (or could properly be) ever at one time fully

engaged on immediate weapons' problems, since studies similar to the
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background type of work refefred to above, as well es sqpport of the
activities of other sections of the Lsboretory, not to mention the
occasionsl partial gratification of the aspiretion of everyone trained
in pure science to make his own recognized contributions to advances
in knovigﬁge in those sreas vhere he feels he has ideas to contribute,

together usﬁally occupied something like half of the sttention of the

group.

TABLE
End of: 1046 1047 1948 1949 1950 1951 1952 1953
Number :

Los Alamos Steff 8 12 14 22 35 ks 45 51
Full Time Con- 2
sultents at Los - - - 2 3 l l -
Alamos (See Below)s
At Matterhorn 2

(See Below) ) ) T

In eddition to those holding a ‘permsnent' appointment to the staff

at Los Alamos, the following groups should be mentioned:

(1) Consultants. Ever since the war the theoreticel program at
Los Alamos pas benefited greetly by being able to obtain the services
of a lnrg§ #nnber of sble and distinguished consultants. This, for the
most part, has been in the form of the consultant working with and among
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the regular steff for en extended period of from a few weeks to three
months or so during the summer, sometimes with an sdditional period of

a fev weeks in December or Jasnuary, and usually coupled with brief

visits at other times eitber of the consultant to Los Alamos or of

Los Alano@ persons to the co#sultant. The exact pattern hes, of course,
varied betfeen various individuals end from year to year with each in-
dividual, j!b give an indication of the quite impressive assistance
obtained in this way, since the time of the Super Conference, the follow-
ing notable instances sre cited (though it would be easy to extend this

list):

H. A. Bethe: brief visits 1946, 1947, 1948; about two months each
year, 1949, 1940, 1951; about eight months 1952, and

three monthe in 1953,

E. Fermi: visited each year from 1946 to 1953 except 1949; about
six weeks per year on the average (between two and ten

veeks each year) for these years.

G. Gamow: about twelve months between June, 1949, and September,

1950.

F. Hoyt: eight months between July, 1946, and January, 1948; brief
visits January, 1948, to December, 1949. Joined Los

Aianos staff in July, 1950.

E. Konopinski: three veeks in 1946; four months in 1950; three

months in 1951.
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L. Nordheim: one month in 1947; brief visits in early 1949 and

1950; full time September, 1950 - September, 1952.

E. Teller: nine months between July, 1946, and June, 1949; full

. time from July, 1949, to October, 1951,

J. von le”mnn: tvo months per year on the average (between one
" and three months each year) from July, 1946, to

December, 1953.

J. A. Wheeler: full time from March, 1950, to June, 1951; after
which continued to be heavily engaged in the program
through Project Matterhorn until March, 1953. Two

months at Los Alamos, July - August, 1953.

(11) Project Matterhorn. In July, 1951, J. A. Wheeler established

and directed at Princeton a group known as Project Matterhorn to engage
in the program of theoreticel studies of thermonuclear weapons in the
form thgn being considered. This group worked in collaboration with the
work at Los Alamos. After the formation of the Livermore Laboratory, it
made plans to discontinue its operation and the contract was formally
terminated on Merch 1, 1953. BSeveral members of the Project continued
vork on the terminal and summary reports of Matterhorn work into the
swmer of 1953. (The present Project Matterhorn, working under L.
Bpitzer on the problem of comtrolled thermonuclear reactions, began its
vork about the same time and was originally called Division 6 of Project
Matterhorn. It véa operated under direct contract with the AEC ami con-

tinued administratively unaffected by the terminastion of the group
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-
UNCLASSIFIED

(111) Opacity Group at Argonne Lsboratory. The war-time group

working at Columbia under the direction of Maria Mayer on the subject

of opacity of materials transferred its operation to Chicago at the
beginning of 1946, and continued as & Los Alamos-sponsored progrem in
the Argon;e_“.l;aboratory from then until 1952, In addition to con-
tinuing oggééional assistance from Teller and M. Mayer, this program
occupied onthe average the attention of about two persons (on the

scale of the Table above). At least until the advent of modern comput-
ing equipment, numerical calculation of opacity values was an enormously
tedious underteking and it wes extremely difficult to arouse, and
particularly to sustain, the interest of capsble persons in this program.
This program of study, which is yet by no means complete, was contracted
to the Rand Corporation in the middle of 1953, where a considerably

larger group is attacking the problem with the aid of modern high speed

canputing equipment.

(i'v) Group at Yale. In March, 1950, arrangements were mede to have

Gregory Breit direct the part-time work of four or five senior graduste

students at Yale in the study of some of the basic interactions betwveen
A T e
nuclei, electrons, and radiation.f! } N

= o

————

L S f'“/ Studies of this generel type (required in comnection

]vith mprond calculations on thermonuclear weapons; but not in themselves

involving weapon design date) have been continued under Breit's direction

through to the present. Incidentally, among the problems to which Breit
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has given considerable attention under this arrangement, has been that
of checkihg, refining and extending the consideretions first spplied
by Teller and Konopinski in LA-602 (August, 1946) to the question of
wvhether or not the concentrations of energy provided by possible
themonuc;qat explosions would threaten to ignite the earth's atmosphere
‘or the aegéf Such consideration has, of course, continued to show that
such 15n1£;on is probably impossible and that, even if possible, there
are a cdnsiderable number of orders of magnitude lecking between anything
yet contemplated and the conditions which might be required.

One final comment on the subject of the Table seems appropriste.
0f the eight theor;sts at Los Alamos, at the end of 1946, three had
Joined the staff after July 1, 1946, and only one (Landshoff) hed been
preoccupied with work on the thermonuclear progrem before the time of

the Super Conference. By late 1946, however, three of these eight were

chiefly engaged on specifically thermonuclear studies.

C. BRIEF CERONOLOGICAL ACCOUNT

A partisl calendar, with notetions, is given below to provide a
picture of the time sequence of the developments discussed. This
"calendar" is largely abstracted from the monthly progress reports of
the Theoreticel Division during this period, and reference is given
only to items vhich appear to have had a continuing significance in
telatiah té'fhe thermonuclear field. There was, in addition, of course,
a8 large body of theoretical work involved in connection with the develop-

ments in the fission weapon field described elsevhere in this account.
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(In the following section, the progress of work along @& number of

specified lines will be traced across this period, and some of the

items merely referred to in the present listing will be discussed

rnn'ther.):

May-&pﬁes;ier » 1946: All the individuals engaged on the studies

| ond calculations discussed at the Conference wind up
’fou-k untiemy at that time end prepare final reports,
with the exception of Landshoff, who remains at Los
Alamos end continues studies of the properties of
detonation weves in pure deuterium. (Landshoff re-
mained at this problem until summer, 1947.) From mid

July to end of September, Hoyt works on same problem.

September, 1946: Teller proposed the system called the "Alarm

Clock," and Richtmyer tekes up problem of estimating

performance.
October, 1946: Evans takes up study of detonation in deuterium.

November, 1946: LA-610, first Alarm Clock report issued by
Richtmyer. Report contains arguments of feasibility
in principle, and rough estimates of efficiency and

bshavior.

December, 1946-January, 1947: Landshoff, Mark and Richtmyer make
estimetes (embodied in IAMB-560) for use of deuterium
(or deuterium and tritium) placed close to the core in a

fission bomb test to check predicted festures of thermo-

nuclear burning.r 3 R U‘N CLASSIF .IED
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January-February, 1947: Richtmyer starts to develop an improved

N Halak
.
UNCLASCIFIED
theory of efficiency of Alarm Clock. Discussion with
Teller and von Neumann of possible application of ed-
venced electronic computing equipment (tben_ in esrly
stage of design at Princeton) to los Alamos problems.

February-March, 1947: Studies of equation of state and related
problems, pertaining to thermonuclear as well as fission
devices, reactivated at Los Alamos as H. Mayer Jjoins
staff. "Monte Carlo” method of camputation proposed by
Ulam, end LAMS-551, outlining prescription for applica-
tion of method, prepared by von Reumann, with edditionsl

suggestions by Richtmyer.

March-April, 1947: With Teller, planned program for summer, 1947,
primary objectives being to: continue studies of detona-
tion in deuterium and Alarm Clock, develop Monte Carlo
method, initiste work on obtaining method of calculation
of radiation flovw in exploding fission bomb, study the
proposed experiment to check ideas on thermonuclear burn-
ing, and prepare status report on thermonuclear systems.

(This last resulted in IA-643, September, 1947)

May-June, 1957: I1A-636: "Improved Theory of the Alarm Clock," \0 _
_— o \ '

issued by Richtayer. | i :
N A S — é(’i
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July, 1947: Nordheim joined Richtmyer in study of Alarm Clock.

August, 1947: Efficiency calculations for a number of possible
Alarm Clock configurstions campleted with the scheme
vorked out in LA-636. Landshoff takes up work on

:ad:lation flow in fission bombd.

Bep‘tenber, 19‘07 Further Alarm Clock examples calculated (LAMS-625).

T s e .

1A- 61&3(5) issued.

N

\

AN
ALY

|

(As the thermonuclear

C g

S
principles involved in the Booster were not essentislly

different from those embodied in LAMS-560, consideration

of the Booster soon superseded further consideration of

the LAMS-560 type of proposal.)

October, 1947: Richtmyer starts to plen a fully-detailed machine
celculation of the course of a fission explosion. (This
turned out to be a two year program, and the first ex-
‘ample was actuslly calculsted only early in 1950.)

December, 1947: Work started separately by Landshoff et al. om
simpler and, bhopefully, faster fission explosion calcu-
1stion. (8ince Richtuyer's problem came to be known as

E’IA-@B: "On the Development of Thermonuclear Bombs." (September 30, 1947.)
Written by: E. Teller; Word done by: F. Evans, F. Hoyt, R. Landshoff,
N. Mayer, L. Nordheim, R. Richtmyer, E. Teller, E. Zadina.
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"Hippo," the work by Landshoff was known as "Baby
Hippo.") Preliminary consideration given to pre- ceres

paring & deteiled calculation of the propagation
: ‘ Qﬁ & . Ce
% @€ burning in deuterium for handli.ng on the elec- m o
' T & ks
#ronic caputer expected to be completed at

: o G% L]
=y § #rinceton within a couple- o:l' years.

— — AV
January, 1948: \ )

- | S Pog
éz?)

et T

s TR At
i a——

(From January throush April a considerable amount of
effort was required in connection with preparetions

for the Sendstone tests and consideration of results.)

February, 1948: First autometic machine calculation of Monte
Carlo type prepared for handling on the ENIAC. (Monte
Carlo calculation techniques were expected to be re-

qQuired in the detasiled calculstion of deuterium burning,

> @ well as other ty‘pe. of‘*;robleus )
& ésé

March, 1”33 Richtayer (and von lemnn) fotroduce so-called

1‘- 'y
d‘mcouty trestment” of shocks, m-671. (This

techn:lqt_le » wvhich was devised to meet needs arising in

comnection with Hippo, reduced the problem of calculating

UNCLASSIF
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the progress of shock fronts in explosion (and im-
plosion) calculations to mansgesble proportions on
automatic computing machines, end wes of profound

value in very many of the calculations undertaken

.. subsequently.)

July, 1948: Detailed study begun of behavior of a Booster system
“(considered either as & test of thermonucleer principles

or a possible weapon). Work begun on equation of state

of paraffin (wented in connection with possible experi-

mental gadgets to test ideas in the thermonuclear field).

August, 1948: Study of the scattering of neutrons by light elements
to obtain data required in connection with various calcu-

lations (Booster, hydrides, and deuterium burning).

£ )
|
September -October, 19h8i_‘ff:zgﬁig= _
"~ e
4
1
i
| : . e
i Also LA-T13, "Further Booster Calculatiomns.

These were the first detailed studies relevent to the INCY

proposal to test such a device in the tests then scheduled

for 1951.\ - s’

From this point on, the planning

UINCLASSIFIE
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and prepsration of this calculation, which naturally
came to be known as the Super problem, was continu-
ally kept in view, with the objective of heving it
ready by the time the camputer at Princeton should

be ready to accept it. Dr.and Mrs. Evens were
lainly responsible for the preparation apd eventual
execution of the Super problem. In this tremendous
undertaking, they had, of course, the benefit of
suggestions and assistance from many persons on many
aspects and details of the work. In particuler, they
relied on the continuous and pervading interest of
von Neumann, who advised on almost every detail in
the problem. As it turned out, the campletion of
the machine was much later than had been expected in
September, 1948, and it was not in shape to teske this
Problem until about the end of 1952. The first two
examples were calculated in Princeton between

February and July of 1953.)

November -December, 1948: ’ ’ - /

3
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- prepared by Evans, von Newssnn and Ulam.

January, 1949: Metropolis authorized to proceed to form group to
build an electronic computer at Los Alamos along same
general lines as computer at Princeton. (Actual work on
the machine was under way by spring, 1949, snd the computer

began effective operation in the spring of 1952,)

January-June, 1949: Work continued on many of the problems mentioned
above; in particular: -Hippo end Baby Hippo, the detailed
prepasration of the Super burning problem, and various

features of the Booster.

July, 1949: Work started on equation of state for hydrogen, required

in connection with the Booster and hydrides.

August, 1949: Beveral calculations concerning details of behavior of
D-T mixture in Booster begun.

September, 1949: Warries raised about possible damaging effects on

Booster performance of mixing between uranium and D-T.

UNCLASSIFIED
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of mixing with intention to use results to guide
Booster design.

October, 1949: Work begun in July on equation of state for hydro-
gen 1is ccmpleted(é), and data made available for implo- .

'aian calculation of Booster design. \:>

Baby Hippo calculation reaches stage at which it begins
to give results. These are of interest both in connection
with preparetion of Hippo and details required in consider-

ation of Booster.

Novéhber, 19h9: Implosion calculetion of proposed Booster model gives
disappointing results, indicating need of seeking improved
design.

Many discussions by Teller et al. of details connected with

the Super problem.

(6)1a-2004: "Tne Equation of State of Hydrogen;" written by J. Reitz
Work done by: Bethe, Longmire, M. Mayer, Reitz, M. Rosenbluth,
Bternheiner, Teller.
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1049: Preparations of the calculation of the Super problem
far enough advanced that remaining detalled work can be

completed much faster than the computing machine required

_to handle the problem. Work on problem preparation conse-

quently suspended until such time es machine more nearly

‘aveilsble.

‘Deteiled vork started on preparstion of a machine calcu-

lstion of the proposal of LAMS-831 to study the ignition
of & sphere of deuterium. Simplified hend celculation of
same problem begun by Ulem and Everett to provide informa-
tion sooner, even though this information would be less

precise.

/_{:, o / vis-

cussion started of particular designs tl'.o be computed.

First model of IBM Company's CPC delivered to los Alamos.
(This machine represented an enormous advance in cepacity,
flexibility end speed over sny computing equipment avail-
able at Los Alamos up to this time. It required, of course,
several months to obtain experience needed to meke full use
of its capabilities.)

Coneideration of controlling time of initistion of Booster
iﬁl_ieate ways to relieve difficulties met in Nevember.

N S

January, 19'50311

|

e
|

\

e
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i
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N /——.-.\—-i

UNCLASSIFIED



— 23
UNCLASSIFIE

Baby Hippo calculstion reaches stage about half way
through explosion. Hippo calculation almost ready to
start in Newv York. ‘
Spherical Super machine calculation trimmed to fit on
the ERIAC, with plan to prepare fer first calculation
‘during spring 1950. First example of hsnd calculation
“continued, with results expected before the end of
February.
H. Mayer completes “The Super Pocketbook" (LAMS-1066),
chiefly a sumary of two lectures delivered by Teller
to the Technical Council of the Lsboratory a .coupie of
months previously. The report outlines principles of
the Super and gives basic formulae and up-to-date
physical date, a8 well as estimates of damage from an

assumed 4O megeton Super.

(January 31, 1950: President Trumen's announcement concerning work

on thermonuclear weapons.)

D. SUMMARY OF PROGRESS ON SOME PARTICULAR PROBLEMS
In this section it is intended to identify the more significant
problems or progrems considered, indicate the progress made in the period
1946-1949, lnd describe the stage reached by tbe end of January, 1950,

i) Calculation of Details of Fission Explosion. The need of such

calculation vas clearly stated in the Buper Conference Reports of 1946.
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In & "Program for the Theoretical Division," drawn up by Fermi, Richtmyer

and Teller in August, 1946, this problem is put in the foremost position

_—
—

as being necessary to p:qvide the basis for improving fission bomdb de- Vs
Si Ve

'1@3:}

y
"he advent of the Alarm Clock in \9

L

e - S

Septenber, 1946, placed anr additional, and even more specific, emphasis
on the neod for detailed understanding of the processes involved in a
fission explosion.

Starting in the late summer and fall of 1947, two major calculations
were underteken on this problem. These calculetions came to be known as
"Hippo" and"Baby Hippo." Baby Hippo wes conducted by Landshoff, and re-
lied on the computing facilities at Los Alamos ~- which at the time con-
sisted of a group of computers using desk calculators and another group
using the IBM equipment then svailable. Hippo was conducted by
Richtmyer, with the intention of making as effective use as possible of
advanced camputing equipment. It was expected that Hippo would require
ebout & year to prepare (since much new ground in mathematical computing
technique would have to be broken), but when ready to run would go much
faster than the other calculestion end provide much more detailed results.
Baby Hippo, on the other hand, would get sterted sooner, probably give
some results faster, but most particularly give a foreteste of the nature
of the difficulties not foreseen at the start vhich could belp guide the
planning of Hippo. Things happened pretty much ss expected except that
each approach was about twice as hard es imagined at the start and
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22

UNCLASSIFIRD

required twice as long to accomplish. In January, 1950, Baby Hippo had ™
given a picture of the events in the core and tamper of the Trinity

bamb up to about half way through the explosion. Early in February,
1950, Hippo was checked out on the IBM Company's SSEC in New York end
Baby Hippo vas discontinuved. (By June, 1950, twe Hippo problems

veré couﬁleted, and deteils of behpvior provided by these were used as
guides for estimates required in studying designs of experiments pro-

posed for Greenhouse.)

} , —
11) Calculations on the Super. i‘ BT
- ’ =

f
_{n all of these studies some of the

relevant effects were neglected so as to allow analytical, or simple
numerical, treetment. It then became clear that only a full-scale treat-
ment in which all the important processes were simultaneously taken'into
account could give significant infofmation. This could only be approached
by an elsborate numerical calculation of a magnitude which would obviously
tax the resources of the most advanced machines then being designed. No
adequate machine was expected to be operating in less than a couple of
years from that time, and in fact it was over four years before the first
of these appeared. In the meantime, work continued on preparing the

Sufer problem 8o as to be able to take edvantage of the machines as soon
as they became available. By January, 1950, these preparations were in

a stand-by status, still waiting for the difficulties in mechine building

to be overcome.
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In December, 1949, detailed work was started (chiefly by Calkin,
Dr. end Mrs. Evans, Dr. and Mrs. von Neumann) on the prepsration of
a machine calculation ﬁich was expected to require about six months
to get ready. (This celculation wes started 'on the ENIAC at the
beginning of June, 1950, and contimnued into the sumer.) In December,
1949, also, Ulsm snd Everett started a simplified version of this
calculation by hand. This would give less detailed results, but give
them sooner, and the difficulties encountered would provide guidance
in the prepsration of the machine version. Lacking calculations of
this type, estimates of the amount of tritium required to provide

possible ignition conditions for a charge of deuterium were necessarily

on a somevhat subjective basis. |

the end of January, 1950, this first calculation was about half complete.

[ R
| Ve
/ 2
|
t
| /
gy ’ A —
(111),Alarn Clock Btudies. The Alarm Clock system was proposed by
Teller in Septem\?er, 19“60 i V o T — LAY
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- ‘ This provides more heet to continue »the process. -
Work started immedistely to obtein estimates of ignition conditioms
end availadble efficiencies. In LA-610(7) s 1ssued November 15, 1946, L\’t‘
the conclusion is given,‘\i\ S *i ‘/f~
T —

jMeasurements of relevant neutron
reaction croess sections were undertaken, and improvements in the theoreticel

trestment were developed (LA-636, June 26, 1947) to enable specific

mm-&o: “A New Thermonuclear Byatei:;" written by Richtmref, wvork done
by Richtayer, Teller.
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calculations of essumed models to be made. These would indicate the

UNCLASSIF:!
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size of system required to produce a gtated yield, and, of more immedi-
ate interest, allov one to determine the size of the explosion required
to get the reaction vell started.

By the end of Septewber, 1947, calculations bad been made on
several models. The results are discussed by Teller in m-6h3(5 ).
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In proposing a program of reseerch and development, Teller suggested
a8 number of cross eectioﬁ measurements; bomb tests of the sort described
in 1AMS-560; an attempt to make use of high speed computing equipment
when it should be availsble (then expected to be about two years off) to
improve the calculstions of Alarm Clock behevior; and continued (LA-643,
p. 37), "I think that the decision whetber considerable effort is to be
put on the development of the Alarm Clock or the Super should be postponed
for approximately two years; namely, until such time as these experiments,
tests, and calculations have been carried out.”

After September, 1947, in consideration of the enormous difficulties
of igniting an Alarm Clock system of the type considered, or of achieving
a practieii‘l; useful object by any means then envisaged, further study of
the Alarm Clock was soon laid sside. One of the persoms, for instance,
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who through most of the preceding year had participated in studies re-
lated to the Alerm Clock, turned his attention to work required in con-
nection with Operation Sandstone. As mentioned esrlier, Richtmyer, who
had conducted the detsiled study of the Alarm Clock, took up the problem
of obtaining e realistic cslculation of the behavior of a fission ex-
Plosion.  Awong other things, experience with such calculations veas a
prerequisito to the improved calculations of Alarm Clock behavior re-
ferred to by Teller in IA-643.

At the end of January, 1950, therefore, the understending and pro-
spects of the Alarm Clock were in essentislly the same state as indi-
cated above. Systems of this kind were believed to be feasible in

principle, and capable of providing arbitrarily lerge yields. |

-
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(iv) The Booster. The Booster, or the boosting principle, refers
to the notion of a fission bomb whose efficiency is increased by neutrons
obtained from the thermonuclear D-T reaction, the D-T being in or close

to the explod core and heated to the int at which the D-T burns at
xploding point &%t & . A,

same sufficiently early stage of the explosion.]

Possibilities of this general type were recognized at least as early
as November, 1945, when tbey were included in e patent application filed

at Los Alamos. The designstion "Booster" only became general after its

use in LA-643 in September, 1947.

(A note on the Hydride: The peutronic properties of an exploding
uraniun hydride assembly bad never been calculated properly st that time
(Septexmber, 19i7). This was a very difficult undertaking, with the
techniques, sxperience and equipment then availeble. Starting early in
1948, efforts were mads to obtain realistic calculations of the time-
constant (alpha) of an unboosted hydride device by use of the Monte Carlo
method on the ENIAC. From scme time in 1948 up to the end of Janwary,
1950, s model of e Hydride was considered to be one of the objects to be
tested in the 1951 Pacific test operation. A very considersble amount of
calculation was devoted to the problem of determining s favorsble design
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and estimating its performsnce. This study derived a large part of its
impetus from Teller's deep and persistent interest in this type of

system, which seemed in principle to offer the posesibility of obtaining

at least & small explosion from e smaller smount of active material

than would explode at all if used in the form of metsl. This possibility,
and- the possibility of combining this feature with some use of the boost-
ing principle, mede it attractive to explore the situastion in detail. By
the end of 1949, however, the results available were distinctly dis-
appointing and the Hydride was dropped from the immediate Los Alamos
program in February, 1950, to permit the substitution of one or more ex-
periments involving thermonuclear principles in additiom to, or im place
of, the test of & Booster vhich was already scheduled. The properties

of hydride systems continued to receive sporadic consideration from in-
dividuals et Los Alemos, without snything of sufficient promise to require
immediate attention being uncovered. The study wes only taken up again in
a concerted way by the Livermore Laboratory im 1952. It was still a diffi-
cult problem.)

In the summer of 1948 a deteiled study was begun of the application

of boosting to a device of the general nature of the Sandstone Zebra

model. Such a proposal, it was believed, would lead to a relatively
clean eiperiment on the progress of the thermonuclear burning end the
efficacy of the boosting process since the fission part of the system
would not be too different from systems alresdy tested. A full scale
test of the model which would ultimately result from this progrem of
study was put on the list of shots to.be made in the next overseas test
operation yhich vas planned to be held in 1951.

These studies, wvhich wvere in generalkdirected by Teller, were
carried out in their first stages by Rosenbluth and Reitz. By the fall

of 1948, a number of points bad been checked (LA-T04, LA:ZEElijA__ ﬁg Y
e ey : “ PR (oL(b‘
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Study of the Booster was continued through 1949 and, starting early

I

in the -hnher, ves grestly intensified. A number of unanticipated prob-

lens were turned up, and overcome: |

A large number of people necessarily became involved in obtaining
the information required for the many different sspects of the study of
the Booster: Lendshoff, because of his experience with Beby Hippo, to
calculate the transfer of heat from the fissile materiels to the D-T;
Evans, on the ignition end progress of the D-T burning} Reitz and
otherl(s)eiqn the equation of state of hydrogen, expected to be needed
in connegtion wvith the implosion celculation; the members of the "im-

plosion group,” under Hammer, to calculate the progress of the implosion;
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the various persons who had experience with the neutronics calculations

required for standard fission bombs, to provide date needed to resolve
the timing question mentioned ebove; Bethe, Longmire, and others, to
devise methods of obteining estimates of the probable progress of mixing
and to -;ilwfhese estimates; many others outside the Theoretical
Divilion, zo measure cross sections and other quantities required ror the
calculations, and to solve the mechanical problems involved in handling
D-T under very high pressures. Almost 8ll of these aspects of the
problem had been taken up before the time of the first Russian test in
September, 1949, By asbout the end of January, 1950, this work was far
enough advanced to allow the choice of & model for which each step,
sterting with the HE implosion through to the end, was to be calculated.
This chain of calculations was expected to be completed sametize during
the summer of 1950, and at that time, provided no mejor surprises were
"encountered, it was hoped to freeze the fine details of the design. (In
the event, things proceeded very much in this fashion except that it

took &8 little longer than expected. The last details of the design for

the Greenhouse Item Booster model were frozen late in October, 1950.)

v) Calculational Requirements. Already during the war, the

Theoretical Division at Los Alamos had been forced to make very heavy
use of extensive numerical calculation. There wvas a large group of com-
puters nsii&fdcnk calculators snd there ves an installation of IBM

accounting iﬁnip-ant, vhich was being run twenty four hours a day
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calculating implosion problems. At that time, this last was probably
the largest and most complex calculation being handled on & routine
basis anyvhere., Tbis computing effort, which was considered very
lerge in those days, was required for the problems arising in connec-
tion.vith the design of the first fission bombs and with rether
echematic-célculationa of the explosion of those devices. As mentioned
above, a detailed calculetion of the progress of a fission explosion
(Baby Bippo).using these computing resources required many many months
to complete, even with the use of & number of severely simplifying
assumptions. To calculate this problem in noticeably more realistic
(though still far from complete) detail was probably physically, and
certeinly psychologically, impossible without the aid of computing de-
vices such as the (now obsolete) SSEC which only began to appear about
1948,

It was recognized very early that theoretical work on thermonuclear
systems'vould; for comperable realism, require enormously more arithmeti-
cal labor than had the design of fission weapons, and that it would also
be necessary to rely much more heavily on the information obtained by
dead reckoning. This mede itself evident in meny ways. The first step
in eny thermonuclear explosion system yet considered is a fission ex-
plosion. Somewhere in the middle of its history, it provides the_heat
required to induce the thermonuclear burning; that i1s, the starting
conditions for an estimete of thermonuclear behavior require a picture

of the state of things in an advanced stage of a fission explosion,
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vhich picture can itself only be obtained by calculation such as Hippo
or Baby Hippo. Thus, all the calculation normally required for design
of a fission gadget, plus more advanced calculations not absolutely re-
quired, simply bring one to the start of an estimate of the behavior
of a thzmnuclea.r system. No analogue of the experimental checks
vhich vere svailable with respect to fission weapons, such as critical
mass -eu:;enents » por the techniqueo used to explore the progress of an
1nploa:|.on » such as measurements of detonation velocity in high explosive,
Pin-shot studies, or Rala measurements can be brought to bear in this |
field short of almost impossible measurements on a full scale nuclear
detonation. Carrying on from there, the processes involved in the
progress of any thermonuclear reaction are in all respects at least as
complicated as those in a fission device -- involving the interplay of
hydrodynamic motions, transport of energy by heat flow and other processes,
and peutronics -- and the variety of the details of thermonuclear reactions -
is in many respects much more complicated than the details which have to
be taken into account in comnection with the fission reaction in esti-
mating the properties of an explosion. In the case of the ‘classical
Super,' these latter considerations are orders of magnitude more severe
than in thermonuclear systems such as the booster or Alarm Clock or
even the present day two-stage devices.

hg rinal major indication of the qualitative shift of emphasis
tovards ed..iéulation in going from fission to thermonuclear studies is
the rolidving. In the case of a fission explosion, a modest number of
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experimental facts which could be determined in the laboratory (and had
mostly been roughly ascertained before the Manhattan District wes formed),
along with rather elementary theoretical considerations, sufficed to show
that a fission explosion was feasible, The major part of ihe war-time
theoretical work at Los Alamos ves required to ascertain the detailn.qf

a favor;ﬁi;ldcsign, the mechanics of its a;aenbly, and estimates of its
perfornanézg- With respect to the clasiical Super in perticuler, the
very préo;;of feasibility (s;nce it turned out to be marginal) required
the.fully detailed calculstion of its behavior during an explosion.
Without this, no conclusive experimenf was possible short of a success-
ful stedb in the dark; since a failure would not necessarily establish
unfeasibility, but possibly only that the deuterium system chosen was
too smail, or too large, or thet the required ignition conditions had
not been met. (Since by now, it is very strongly indicated -- particu-
larly due to the studies made in 1953 -- though not sbsolutely shown,
that the classical Super as envisaged in 1946 will not work, it is

almost certain thet any early experimental test of such a device would

have resulted in failure and probebly bhave lead to premature abandon-

ment of the field.)|
- i I, S S - . e
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\
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L .\ These were conducted on D
| \ L2

the ENIAC, the most advanced computing machine in the country at that

time and, indeed, until sbout 1948. To trim the calculation to the

capabilities of the machine es it then wvas, & number of effects were ’T) ’

omitted. \1 B o

3
!
. S 3 ,
{ - i Vs . - - . Lot

i
i

! s

kl'be results of the calculation were pro-

~— - -

mising; but chiefly because of having ignored these effects, any one

of vhich would have overlosded the calculation with respect to that
machine.

Between the time of that first ENIAC calculation and the present,
there hes been a major revolution in the facilities and technique of
computing. No gualitetive change from the war-time situstion in the
resources available for Los Alamos work occurred until early in 1948,
et vwhich time Metropolis, of the Los Alamos staff, supervised changes
on the ENIAC at Aberdeen Proving Ground which trensformed it from a
somevhat inflexible mechine to one of the modern type, capable of handling
a long series of coded instructions without the need of physical adjust-
ments on the machine to take account of each seperste step. By modern
standards, the ENIAC wvas of very limited capacity. The SSEC (IBM in New
York c:.ty)ﬁuppeared the same year; but it was sowevhat slov and cumber-

some. The SEAC (Bureau of Standards, Weshington, D. C.), a couple of
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years later. The UNIVAC, in 1951. The Los Alemos MANIAC, and the
Princeton machine in 1952. The IBM TOl, in 1953. Los Alamos problems
were put on all these machines soon after they became effective. At
the present time, the major computing equipment at Los Alsmos consists
of the mnc and two TOl machines each running from eighteen to twenty
four hours ., day.

The :;ftect of this revolution can be indicated in several ways.
For exsmple, it has been estimeted that in the course of running the
Super problem at Princeton in 1953, which involved about three or four
months of effective computing time for eight hours a day, the number of
basic arithmetic operations (multiplications, additions, and so forth)
performed wvere of the same order of magnitude as the total number of
such operstions performed st Los Alamos (excluding the arithmetic done
on the Los Alamos MANIAC) from its beginning in 1943 up to that time.
A similar indication is given in the following Table. There, the times
required to compute an example of the implosion problem are indicated
at various periods. This problem, though improved in meny respects and
adapted to conform to the requirements of the machines used, is basically
the same as it vas in 1945 in that it is a calculation of the same
physical process, although in rather more detail now than then. (It
should be noted that this calculation is quite similar to one of the
basic eslculstions required in commection with the design of & two-stage
assembly dﬁice.) The Table indicates the ‘elapsed time' (time from de-
ciding to calculate a particular example until the results are availsble),

the 'peraonnel'ti;ne' (total man-months, etc., required to prepare and
——— UNCLASSIFIED
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handle the problem) and the equipment used. The change between 1945
and 1947 reflects improvements in technique of handling the problem,

and not improvements in equipment.

Date ‘4 - Equipment Elapsed Time Personnel Time
1945 : IBM 601 : 3 months 9 months
147 IBM 601 | 2 months 5 months
1950 IBM 602 1-1/2 months 2 months
1950 IBM CPC 3 weeks 1 month
1952 MANIAC 2 days 2-3 days
1954 IBM 701 1-2 days 2-3 days

All through the period from 1946 to 1950, the phrase ‘'vwhen high
speed computing machinery becomes availeble' keeps reappearing in reports,
usually in connection with thermonuclear problems. By the time (1951)
when the present thermonuclear program began to emerge ’ the log-Jjam in
computing resources was rapidly breaking. There was a period in 1952 when
the Los Alamos MANIAC, e model of the UNIVAC in Philadelphia and tbe SEAC
in Washington were all engaged essentially full-time on Los Alamos (and
Matterhorn) calculations for the new thermonuclear program.

The essential points in this metter of computing requirements are
that: <thermonuclear studies required undertaking many more calculation
end much more complicated calculations than had been attempted in 1945 -
or could be sensidbly handled with the equipment then available; and, due

to the revolution-in computing facilities which begen to become effective
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around 1950, the proposition of undertaking any purticuYet tegtéa
calculation has radically changed in character, in some cases to the
extent of being possible rather then impossible, and in all cases to
being manageable in a time of the order of 10 to 100 times less than
before the appearance of tbese machines. The calculations made in
comnection with the design of the Mike shot were essentially all made
in the year between mid-1951 end mid-1952. With the computing resources
available a couple of years before, it would bave been impossible to
compress the same amount of work into anything like as short a period.

It cannot be said that the present thermonuclear program could not
possibly have been handled without the revolution 1n computing equipment,
or before the revolution. It is clear, however, that it would have re-

quired many more years than it did to accomplish the same progress.

vi) Effort. If one omits the work on Hippo and Baby Hippo (whose
results vere used at least as much in connection with thermonuclear con-
siderations as others), there was sbout as much time devoted in the
Theoretical Division during this period to studies of thermonuclear
problems as to studies of fission weapons. This situastion did not apply
to the other mejor Divisions of the Laboratory, with the possible ex-
ception of the Experimental Physics (P) Division. The other Divisions
bad established programs underway in connection with fission weapons and
there were not, until the Booster began to take shape, specific objects
proposed in the thermonuclear field requiring engineering or hydrodynamic

JEEE. UNCLASKIFIED
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studies or development of processes or techniques. Some work related to
the thermonuclear field (the cryogenic group in CMR, the work on Jets in
GMX, for example) did proceed; but for the reasons indicated, it vas a
small fraction of the work of the larger Divisions of the Laboratory.
Indeedq, :I.t;:yu felt by sections of the Laboratory which had fission
weapon vorkto accomplish but 4id not yet ha.ve work in connection with
themonuch;r devices, that they were i:ot receiving as much detailed
assistance frcn the Theoreticel Division as they needed; a0 that in the
fall of 1948 a nevw group wes formed in W-Division specifically to carry
out detailed analysis of problems arising in fission weapon engineering.

As to the individuals on the Los Alemos staff who contributed, many
names have been indiceted in previous sections in connection with particu-
lar studies. This list is by no means exhesustive. In particuler, all
the members of the computing group directed by Carlson have at one time

~or snother been involved in executing calculations referred to. Their
time would naturally be divided between various programs roughly in the
same proportion es the time of the theoreticiens proper.

With respéct to consultants, some -- Hoyt and Nordheim, in particu-
lar -- vorked only on thermonuclear problems. Others -- Fermi and
Bethe, for example -- took an interest in any and every thing, fission
or thermonuclear, that came to their attention. von Neumann, also,
followed many different problems; but pertly becesuse of his great in-
terest in adnncod computing techniques, he gave most of his attention
to problems where the computing difficulties were severe. This naturally

meant that he was called on in connection with nearly every thermonuclear
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investigation undertaken, at least in this period. His contributions to
this work were direct and of enormous value, and, indeed, at many points
may be said to heve made it possible to undertake the calculations re-
quired at the time they were done.

Fina;ly, very special mention must be made of Teller's contributions
to this work. Although he took a direct interest in every aspect of
the.progran, fission as well as thernonuclea;, his most distinctive in-
fluence vasrin thefithermonuclear field. He discussed nearly every physical
detail of almost every problem underteken. He proposed many, though not
all, of the problems. He called attention to possibilities. He resolved
difficulties, elucidated camplicated phenomena, His speculations induced
speculation in others. The main thermonuclear studies would have continued
even had he not kept in touch with them, not only because the theoreticel
problems themselves were so challenging and interesting that people simply
couldn't leave them alone, but also because there was never a time at
which the moral responsibility of determining whether or not the Super was
feesible was not strongly felt at lLos Alamos. However, they would probably
have proceeded with less ingenuity, and possibly at a slower pace, without

the benefit of his keen physical insight and contagious enthusiasm.
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{ ~ violations probebly could be carried cut, that soms detection systess

i would (at a cost unimown to me) provide some unknown risk to the i
viclator, and that the risk of detection imcreases vith the mmber of
sucosseive vialations, 80 that one violstion may well be carried out
without getting esught but & series of violations is much riskier.
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I was asked to write a report on this subject, without being given
specific instructions on the terms of reference; therefore, I am using my
own judgment in defining the subject. In my opinion it would be misleading
to confipne the estimate to USSR weapons development capabilities in the
case of a moratorium. To put these capabilities in perspective, it is
—-—l‘:—‘i} necessary to compare them with development possibilities umder unlimited
- ‘2
z 5‘3 B testing, and also to compare USA and USSR capabilities. Furthermore, it
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There are thus considerable uncertainties in our assessments of the

present USSR capability. There are far greater uncertainties in estimating
Russian plans for future testing, either legal or clandestipe. In my opinion
the only reasonable way to proceed is to make the most 1likely extrapolation
of past performance and past interest of the USSR, rather than to assume
that they will try to do everything we can imagine.

This report will be divided according to various yield classes.
The present status end the likely future development is very different in
thege various classes.

Various possibilities should be considered regarding the testing.
One possibility is unlimited testing, another is testing limited to
underground and outer space but not limited in yield. When I have mde
estimates of time required for development I have always first comsidered
unlimited testing, and have assumed that it would take the USSR about the

same time to make a given amount of progress. If testing is confined to

underground and space but not limited in size, the times have to be increased,

probably by about two years for weapons which can be tested underground, and

more when space testing is required.

The third possilility is the Eisemhower proposal of 1. February 1960

psi UNCLASSIFIED
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eccording to which all atmospheric and underwvater tests would be prohibited,

while underground tests would be allowed 8s long as they cause an earth

disturbance equivalent to an earthquake of less than magnitude L4.75. PoE

ﬁ %0
2 The Eisenhower proposal would also prohibit tests in

outer space which can be detected from a ground-based detection system. Dol

b G

A hutnt o A A=A e oo P Sy

o /Accurate oumbers rust ewait further imrestlgation of ground

e

observation possibilities. -
The fourth altermative is the Eisenhower proposal plus a moratorium

on smaller tests, both underground and in space, for a limited time (2-5 years).
-
polz

b

This is the Russian modification of the Eisemhower proposa.l V

R SR

IRURRGUIPE 2T

7 N the Russmn delegateN nfr Ts#rapkin has propoéed
that smller e;'éismc 515naJ.s observed by the detection system could be
subjected to an on-site inspection. If the source of the signal were in
the USSR, the decision whether to inspect would presumably rest with the
West, but the total number of inspections would be limited by & quota
(MecMillan proposal). Thus it would be ressonsbly hazardous for the
contracting parties to cheat on the moretorium, except if they use effective
decoupling schemes (the Latter hole).

I shall refer in the following to possible development of weapons

under any one of these four alternative testing schemes.
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2. Military Uses
Very large H-barbs, 10,000 lbs and momr,; can be carried by

planes. Because of the development of rocket defenses and fighter plenes,
direct bombing missions by planes will probably decrease in importance in
the future. Planes may continue to carry out missions by means of missiles
Tired from the plane. In any case the importance of the very heavy warheads
will greatly diminish.

Large missiles are available, both intercontinental and intermediate

range. The Russians' missiles probablj can carry very large warheads ;

g s 7 AN RAEE B A v
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In fact our estlmates of the carrying capacity of Russien ICBN's hes been

based largely on the estimated weight of their largest warhead, which is

rather 2 circular argument.

l Moreover, it does not seem to me &

ANQ/JQF

reagopable military aim to destroy hard enemy rissile sites if the enemy
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2. Militery Uses
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This class of w

n, in my opinion

important of
all. Tne weapons may

ed as warll

for mobile missiles, either of

‘the Poleris or‘the:Minuteman type. Both of these missiles use warheads

- ) . , .
|

i

S

Do
;riMobile missiles, either on rails or underwater, con-
{ ! T

bG)
stitute the best safe retaliatory power we have been able to conceive.

Such a capability is especially important for us, making us reasocnably
safe against a surprise attack by the USSR.

liowever, in my opinion, the
USSR also must plan for a safe retaliatory capability because they cannot
- 4

know in what manner war might stert. With possible improvements in the
aiming accuracy of missiles, and with the possibilities of aerial survey
from satellites, even hardened stationary missile bases cannot be consi-

dered as very safe against surprise attack, whereas mobile launching
facilities are almost invulnerable.
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) 7 /A group of industrial contractors
lead by the Allison Division of General lMotors is engaged in this investiga- ;DDe
tion. E(E)
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A military use for light thef&ohﬁéieﬁimﬁérhéédsVWhich’is 6f£eﬂ men-
tioned is the anti-ICRM. 1In this area, however, further development of our

small warheads does not seem important to me. The problem in AICEM is not
ultimate reduction of warhead weight. Instead, the problem is the discrim-
S S

“ination between an enemy nose cone and a decoy. This discrimination is
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any case, AICBM is an area which ddeé‘not require further nuclear warhead

development.

3. Development Possibilities without Test
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ful, would in any case multiply the number of tests required and greatly
protract the time scale.) Thus, under the Eisenhower proposal, tests would

" be required in space with all the attendant complications and delay.

- -
r(An attempt to do so, even if feasible and success-
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c. Time Scale

ii. If o system of observation satellites is installed, and

if the test ban agreement is extended to outer space tests which can be

observed by the detection satellites, and if then the Russians still wished

2 S

to carry out (unobservable) tests in space, they would need to use elaborate
shielding around the tested weapon, and also to conduct the test at extreme

distance from the earth, such as 100 million ﬁilometers.:i ) 1
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I conclude that under the Eisenhower propbsél, plus a moratorium,
underground tests would very likely be of no substantial use to the USSR
for the development of small hydrogen bombs. Space tests would be useful
but would be very time-consuming if they must be designed to escape

detection.

C. large Fission Weapons

1. Status
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Our existing designs glve a good coverage of the interesting spec-

trun of size and yield. Ornly minor improvements could be made in cost of
% material,
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2. Military Uses
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a. USA. Modest improvements may be possible in size and cost.
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3. Development Without Test
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ijj. With the Eisenhower plan, plus & moratorium on testing.
If the Russians observe the moratorium their progress will be very limited,

‘.,( as stated in Sectlon 5b (Develorpmezrb Without Test) Do E

/ However, "Téaz"éwpkin's proposé.l k

that under e moratorium same seismic events which appear to be below 20 kT )05

150)

. should be subjected to on-site inspections would make testing;
hazardous. The additionasl precautions needed in the case of cheating,
4the restrictions of the areas in vwhich tests can then be carried out, the

requirement to remove all signs of testing before completing the test, the

making of new test plans, etc., would surely slow down testing considerebly, ]0 £
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2. Military Uses
There is likely to be same use in the field for warheads of very

small yields, e.g., when hostile and friendly troops are very close together. Dpf‘
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e e g S o o e st L
PSS Nt Sy

¥ © _ UNCLASSIFIED

L bt e Syt A ST cobiren 15




) Ze
hi w

{. UNCLASSIFIED ' i o

3..1‘ ﬂm Development ¢
- . TR o N e e bo
| S5(2)

(RS,




. UNCLASSIFIED SEwee  inf

i S B
i e H
e S A it o P i i e T s, .
H
¢
i

E. Very Small Fusion Weapons
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Novel ideas like this should, in principle, be encoureged. However,
on the basis of any evidence I have seen (and I have given this particular
question some study recently) it is my opinion that the development of

such a device would be extremei;,' difficult, and most probebly impossible
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= In the years tollowing FY '6l ausbers of the nower weapoas
7 deployed Incressed repldly, as the older ones were retired. | There
had been thirty types of weapons latroduced Into stockpile By 1958;
" of-these 12 had been_retired at an average age.of 3.8 vears, and those.
remalning had an sverage age of only 2.8 yesrs.] Clearly this country.
& WS, In 1961, heavily dependent on 8 very nev technology for Ity detense.

7B Tholm Suez and Hungarian eplsodes, the 1961 Soviet messive re-
sumption of testing, and the 1962 Cuben missile crisls are indications
“laternations! tenslion during the perlod surrounding the moratorium.

O L
o210 8pite of the morstorium, I3 phese threes were Initiated in the
ipetiod 1953-1960: In response to 00D requirements. (n addition to theater
S . 1990 - Included :werheods: for Folaris Al and AY and Minuteman | and

o Titon-|, ond Titen 11, as weil as new bosds for the
though-1he yesr-to-year nature of the moratorium inpiied
-beresunsd to develop the wespons In phase three, no
aade for test resumption until the Soviet series bege~

{

po&
w(3)
I
_Agilnsf this background, it Is sppropriate 10 review the Mstory of
stockplle problems during the soratorium and the yoars following. The
discussion will be ITmited to cases In which nuclear testing was either
indispensadie In the discovery of & problem or in the solution of &
pmbl-)orboﬂ.; cases.capsh nf dlscc nd sq an b roatl
on - boE
onltted, @ wugh 1n seversl such cases nuclesr festing b(3)

d0gly ladicated ss: the most cost-effective snd rellable course
action.. - It must be recognized, however, that nationsl policy

possidle-adninistrative actions impermissadie, so thet it is

-divorce: the subject of stockpiie problems from policy lssues

3
Y
v
£
»
4
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experimenits and essentlial post-moratorium tests described here
delineate the risk/benefit situstion with regard to one=point
ing.a basis for subsequent sdministrative Judgments; while
“atffected were retrofitted to the wost Inherently safe
: were lnformed by the test results as
deployment modes and economic
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A suitadle candidate replacement primary was delleved
10 be avallable, pending confirmetion by nuclear test.

Nuclesr testing of the replacement confirmed the
modification.
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the declisions to chenge the HE In case
its latermediate yletc, it

knowledgesble design personnel,
non-nuclear testing, and these
. . declisions were ratitlied by senior menasgesent. The chenges were desmed
2. 40 be minor extensions of tested experience. it testing had not resumec,
durlng the worstorium

{ of the weapons in phase three
thout test, in response to stated 000
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f. Summary

: mdfmlngmnwlnl”l.fmmlduubmm
follouing etfects on the stockpile of thet period:

Or; WeepOns .plm onuy defenses, inciuvding cﬂocts
~fisslon hestling, X-ray coused ssterial biowotf and

ic puise currents in detonstors, cebles,
: udofhrclocfmlcm - The experiments heve often reves!

-deficlencles: In our designs end heve alliowed corrective messures to be
taken and verifled. Most of these experiments require 8 nuclesr weapon

- source, snd most of our knowiedge regerding systém hardness/vulinersbility
. would not be sveliable hed testing not resumed in 1961.

in the past,
ﬂm Wlmmw.;m”rulm threet changed.




-} m‘M Nwlnmm 8 aumber of
weapon” systens -would have' hon doployed without test ia response
proul 000 requirements.. Many of these would have been subject
,dlﬂleulﬂn sinller to those described sbove, but we would not
) That few troubles have arisen (s the post-aoretoriun
" systems i @ ( dlnct result of the knouledge gelned after the resumption

.6. Ml lels and olﬂm
Z, In-order 10" rplm the mtorlu experience 10 the preseat time

- Ig that, at the tlme of the

-renalned 10 be fultliled lavolving

thester vespon systems. Todey, most known require-
hand with tested devices. future requirensats,

--ﬂmmﬂen is sgeln “Oﬂtlng on the deptoy-
M and tested weapons, atfecting most of Ivs
118 theater: systems. The new wespons In meny
ogicelly advenced, compared with those they replace,
loy.d durlnaﬂanc shortly atter the moretorium,
the new. Weepons was curtallied by the eerly lmpact
: mfy.-?"So-o lavolve new and ditferent high
ﬂnro is 0o stockplile eperience. Design Intent
, f-transistion:into production engineering In
in these mpocfs the perallel with 1 is striking,

mllol. 1n The 160%s ‘one-polint safety was the
-concern and caused meny problems In design later
70°'s plutonium scettering becems @ probien,
lopment of. Insensitive high explosive. (n the '00°s
Ton - (INRAD) prodiem may become severe. None of these
been folly resolved throughout the stockplle; all




B UNCL

.:: Rl labl 1 1ty/Contldence Testing Statistics

ASSIFIED

/17779

+ has besn cbserved that only rerely has & weapon been taten
stockplie and tired for assurence, and that |t lg "rere to the _
non-existence® for 8 problem revealed by the survellience -
2. 10.Tequire 8 nuciesr test for its resolution, | o

DOE
b(2)

-

rat statément Is partlally true, In thet only 8 tew wespor
orrectiy-described by these words. Howgver, this fact
ighed.agalnst. the background of the entlire test progre~
/e0rs. ~ In. the course of this progrem, & very large number
conducted .contributed directly to the contidence this

caf_ioorv -.W ot Tests/Interaction:
Confidence or Operationsi System Tests 6/6
Source for Wespons Effects : 2027
© Selsmic Calibration 9/6
. Other , - ... 6/6 e

5. AlT of these tests invoived war-reserve wespons drawn from the
-+ stockplle. But, In sddition, meny other tests relevent to stockpile
. confidence were identified:

Category : Nusber ot Tests/lInterac*ions

® Stockplle Primery (War Reserve) 9/12

1

_ i

Stockp! le-type Wespons i 24/24
.M‘ le=type Prisery | 69/10t

"8d3111on, there heve been 44 Vuinersbility end Effects tests
facted conflidence In stockplle wespons tn 116 lastances.  (The
ot pon intersctions Is grester then the aumber of tes?s

-maay tests lavolve components of more than one stockpile
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. The striking result of the study referred to Is the large nurter
of poste=proof-test nuclesr events that confirmed (in the great majerivy
of csses, but not all) the correctness of designs, particulerty of pr.-
maries, In stockplile, and the continued rellabliity of the nuclesr
weapon product. Results of these tests have been monitored carefully
by the (sborstories, and the tests have served as s partlal substityte
for stockplle relisdility testing that might otherwise have been corsic-
ered necessary.

This ralses two leglitimete questions: Wnat concerns 8bout the
reliabllity of the stockpllie might have arisen in the edsence of this
large body of tests; would strict "reliadliity testing™ have been more
common? And, what will substitute for this broad testing dase in tre
cese of the systems adout to enter the stockplie under a CTB, for w*ic
only development and proof-testing in genera| is in hand?

' lii_.strihntion :

{1\ = Jim Wade, DOD
A =-D. R. Westervelt
*ile

‘D. R. Westervelt, J-DOT, NS 668
28°-.D. M. Kerr, DIR, MS 100
38---148 - Gunning Butler, 00D

1C.- Rick Day, ALO, GAD,
-2C - Steve Masranen, ADPA, NS 195,
3(: - _G_C. _T?N, )
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\ INTRODUCTIOHN

This document tabulates and summarizes in several ways all
of' the nuclear weapon tests related to Los Alamos Scientific
Laboratory (LASL) stockpile weapons, both past (retired) and
present., Tests directly contributing to the development and
proof of eacn weapon are listed, as are relevant tests
conducted after the final proof test. e e e
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The initial high confidence that the laboratory has in the

reliability of its weapons is based on an extensive nuclear

. test program leading to final yield certification, followed by

S ~ production, with careful scrutiny of the production process to

ensure that the design intent is fully complied with. Tests

after the final proof test of many weapons have also been

conducted, for a variety of reasons; aside from their main

purposes, such tests have contributed in an important way to

‘continued high confidence in the reliability of the weapons in
the stockpile.

ﬁ
0

o

The report presented here 1is a result of action taken by
the Senate Armed Services Committee and the Committee on Energy
and Natural Resources. 1In May 1978, these committees submitted
a report (No. 97-961), together with additional views, to
accompany—the Department of Fnergy (DOE) MNational Security and
Military Applications of Nuclear Energy Authorization Act of
1979 (52693). Included in that report was a request for a
Jjoint report from the Secretaries of Energy and Defense on the
reliability of nuclear weapons, and the nature, extent and
results of past reliability testing. The text of the request
is reproduced as Appendix A.™
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The report also stated that "the study should present the
Jjudgment of the directors of the laboratories responsible for
assessing and or qualifying the reliability of nuclear weapons
on the ©potential importance of conducting nuclear detonations
for establishing and maintaining confidence in the reliability
and performance of those weapons." The statement submitted by
Or. Harold M. Agnew for inclusion in the joint report to the
Senate is attached as Appendix E.

In response to the Senate request, the weapons
laboratories were tasked by DOE Military Applications (MA) to
identify all nuclear weapon tests relating to the reliability
of the weapons in stockpile, both past and present., Those
tests were to be broken down into six categories. Definition
of the categories has of necessity been adjusted during the
study. Summaries from both LASL and the Lawrence Livermore
Laboratory (LLL) have been combined to provide the basis for
the joint DOE-DOD report to the Senate Committees.. Only a
tabular numerical summmary was used in that report; the purpose
of this document is to provide the detailed backup tabulation,
weapon by weapon and test by test, on which the LASL numerical
summary, submitted in November 1978, was based. The
tabulations presented here are augmented versions of those that
- were. used earlier.

Because of the stringent ground rules we established, many
tests that contributed to technology development, but not
directly to a stockpiled weapon design, were not listed in the
compilation, nor were many LLL tests that contributed in.some
way to the LASL technology base (e.g. Surfer tests).! The
synergism among all tests should not—t%e overlooked,. o

. The results of the study are presented, first, in the form
of apgregate numerical summaries in which total numbers of
tests and of test~-weapon interactions before and after final
proof tests are displayed; second, 1in the form of a tabular
numerical summary of tests in each of the six categories for
every LASL weapon (the form in which the study results were
provided to MA for the Senate report); and third, in the form
-of the detailed backup tabulation that lists all tests as they
relate to each weapon. To aid readers having varied
objectives, the backup tabulations have been listed in several
ways: by weapon number in numerical order; chronologically;
and alphabetically by event name.

UNCLASSIFIED
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DEFINITION OF THE CATEGORIES

In the development of this report we adhered to the
following test category definitions (not identical in wording
to, but not inconsistent with, the definitions in the final
report to the Senate):

1. Development tests, These are tests
(development, safety, proof) performed during
the development of the weapon prior to and
including any proof test. In Category 1 we
have listed all tests in the main stream of
the development (but not all tests mainly done
to develop a technology base), even though
some of those tests resulted in dead ends...

L - 1
2. Stockpile tests. These are tests of
weapons taken from the War Reserve (WR)
stockpile or the WR production line.
Components external to the physics packare
were changed.. in many cases for..the test| _

Y

3. Stockpile Primary Tests. These are tests
of primaries obtained from WR weapons or WR
production. Again, components external to the
physics package were often changed, but no
change was allowed in the nuclear components.

4, Stockpile-type tests. These tests
involved nuclear components the same as those
in WR weapons, but they may not have been
completely fabricated in the WR production
complex. In these tests the device tested was
considered to be equivalent in every
significant respect to the stockpile device,
without reference to the actual beginning of
phase 5 (the First Production Unit or FPU),
and without reference to the primary gas fill.

S
UNCLASSTETED
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The reason for the first (phase 5) is that on
some occasions tests have employed devices
finally proof-tested but for which the FPU had
not been delivered. ' The reason for allowing
gas~fill changes 1is that this happens between
proof-test and production specification with
some regularity.

5. Stockpile-type primary tests. These tests
involved nuclear components equivalent to !
those in the stockpile primaries, but they may
not have been fabricated entirely in the WR

production complex. Any primary test not in
Categories 2, 3, or 4, subsequent ¢to the
primary proof test, is counted in this
category. Again, gas changes did not

aisqualify otherwise valid tests.

6. Vulnerability and effects tests, The-
purpose of these tests is to gather
funcamental information on system and
component response to hostile environments, to
develop hardening procedures and verify their
effectiveness, and to satisfy requirements
that the weapon system = will operate
satisfactorily despite hostile attack ~as
defined under stockpile to target sequence
conditions., Such tests are a vital factor in
assessments of stockpile reliability. Other
effects tests that do not fall 1in the V&E
category are included by placing them in other
appropriate categories, when they involved a
WR or stockpile-like weapon.

AGGREGATE NUMERICAL SUMMARIES

(A) Actual test events (explosions)

For the case of actual test events (explosions) it is not
convenient to separate the events according to whether the
weapon affected by the test had or had not been retired from
the stockpile, because many tests affected both kinds of
weapons (weapons now retired were affected during their
stockpile life by tests that also were related to weapons still
in the active inventory). However, total event numbers in each

UNCLASSIF1D .
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category for all weapons, retired as well as current, are
tabulated in Table I.
TABLE I

TEST EVENT SUMMARY

o

. "
B Category 1: 197
B Category 2: 28
Category 3: 2
Category 4: 20
Category 5: 55

Category 6: 2%

These numbers when totalled exceed the actual number of events
(276) because 36 events appear in two categories, six in three
categories, and one in four categories.

" (B) Test-weapon interactions

/ié can also summarize the numbters in each category that
represent test-weapon interactions; a single test may have had
implications regarding the design - or confidence in the design
- of several weapons. This summary is obtained by totalling
the following detailed tabulations, and is more relevant than
bare event numbers when one is assessing the extent to which
post-proof-test experiments have contributed to stockpile
confidence. The result is given in Table II.

TABLE 11

TEST INTERACTION SUMMARY

Category 1: 298
Category 2: 35
i Category 3: 2
! Category 4: 21
©  Category 5: 85
Category 6: 38

In contrast to the event summary, the interaction summary can
be separated into numbers for retired and current inventory.
The total number of test-weapon interactions in categories 2

UNCLASSIFIED
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through 5 (that 1is, post-proof-test experiments) for the 26
retired LASL weapons 1is 55; the same total for the active
inventory of 18 LASL weapons is 88. The 1largest single
category in the post-proof-test set 1is Category 5, with 85

entries, of which 51 involve primaries of weapons still in the
active inventory.

WEAPON-BY-WEAPON NUMERICAL SUMMARY

The numbers of tests in each category for every LASL
weapon are presented in Table III; retired weapons are
identified by the letter R.

TABLE III

NUMERICAL SUMMARY OF TESTS CF ALL LASL WEAPOMNS

———— ——— e e e

b (2)
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Some of these tests, of course, have been unsuccessful to

that resulted from design errors later corrected, sometimes on
the basis of additional tests. The above numerical summary, as
it existed in November 1978, combined with similar data
provided by LLL, is the basis for Table I in the joint DOE-DOD
report to the Senate Committees. That report describes 1in
detail the methods used -~ including nuclear testing - to assure
continued high confidence in the reliability of the U.S.
nuclear weapons stockpile.

The striking result of this study is the large number of
post-proof-test nuclear events that confirmed (in the great
ma jority of cases) the correctness of primary designs in
stockpile and the continued reliability of the nuclear weapon
product. Results of these tests have been monitored carefully
by the laboratories, and the tests have served as a partial
substitute for stockpile reliability testing that might
otherwise have been considered necessary, This raises a
legitimate question: What concerns about the reliability of
the stockpile might have arisen in the absence of this large
body of tests? Reliability tests as such have been conducte

UNCL A STED
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... a greater or lesser degree, or_ have revealed.stockpile problems - ...
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for very few weapons (e.g. the LLL__W62 MMIII warhead), but
several are planned in the near future.

BACKUP TABULATIONS

The detailed data base from which the numerical summaries
were drawn 1s presented in tabular form. As noted earlier, the
tabulations are 1listed in three ways: by weapon number in
numerical order (Table 1IV), by date of the test events (Table
V), and alphabetically by event name (Table VI).

Many tests contributed to the development or
post~development assessment of reliability of several stockpile
weapons and therefore are 1listed rrepetitively; to facilitate
the counting process, each test is identified by an asterisk in
the date column the first time it appears in each listing. The
Greenwich Civil Time of each event is given as yymmdd, where yy
is the 1last two digits of the year, mm is the month, and dd is
the day. In Category 1, entries X, X1, or X2 in the
development or proof c¢olumns 1indicate that the test was
relevant to the entire weapon, the weapon primary, or the

i | | The COMMENTS on VAE tests
i generally describe the components exposed., The column headings
1/;9r’éach category carry a mnemonic aid as follows:

.
Category

1 D . Development !

1 S | Safety ) ‘

1 P . Proof

2 WRW . War Reserve Weapon

3 WRP - War Reserve Primary

y RW ' Reliability of the Weapon

5 RP : Reliability of the Primary

6 V&E : Vulnerability and Effects -

. ——
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In the COMMENT field of the tables, the word EFFECTS has
been included if the shot was a DOD or joint DOE-DCD effects
test; Category 6 (V&E) events may or may not have this
indication, The 1identification of effects tests was a
requirement of the originsl DOE/MA request that led to this
report. The letter F in the COMMEMNT field indicates that a
shot was a clear failure.

Other comments listed were limited by the space available

~and are primarily of wuse to the compilers. In many cases the

shorthand used is not self-explanatory. No attempt was made in
the comments to systematically describe the purpose of each
test.

The initial version of the tabulation, JDW0O-78-27,
contained information about the diagnostic measurements made on
each test, 1in order to allow a judgment regarding the test's
contribution to knowledge about the characteristics of the test
device, The diagnostic information is omitted from this
listing, but it may be included 1in future versions. In any
case, the information is available.

It is not wunlikely that the tables will require revision
in the future, but we expect such revisions to be minor.
Periodic:updating may be desirable...if _.the  document is
considered to have intrinsic value beyond its original purpose.

‘ Compilation of the data base was not straightforward. A

basic reference was the Test Information Index published by the
Defense Nuclear Agency (HQDNA 119M-11, 15 November 1977), but
that document alone was 1insufficient for the task. Also
helpful were the DNA Nuclear Weapons Characteristics Report

(HQDNA-48M, 15 July 1978) and A History of the Nuclear Weapons
Stockpile, FY 1945 to FY 1975 (USERDA, TID 26990, August 1976).

However, using these as basic guides, it proved necessary to
exhaustively comb the sources of 1local documentation and the
menories of participants in the weapon program to establish
what we believe 1is a consistent 1list of all tests in each
category for -every weapon. The tabulations maintained by
B.A. Wellnitz were indispensable to this task.

—
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The following individuals <contributed to the assembly of
this document; the authors assume responsibility for any errors
that remain.

G.0O. Allshouse, C.1. Browne, A.W. Charmatz, R.S. Dingus,
b.pb. Eilers, E.H. Eyster, T.R. Gibbs, BR.P, Ginzberg,
R.M. Henson, G.G. Hill, J.C. Mark, W.L. Mudd, W.E. Cgle,
R. Pollock, J.C. Porter, W.E. Preeg, J.L. Richter,
R. Rochester, H.H. Rogers, J.E. Sattizahn, T.L. Talley,
M.T. Thieme, P. Vander Maat, D.W. Watkins, J.J. Wechsler,

P.P. Whalen, D.R. Worlton, and R.E. Williamson. kithout an
heroic effort by L.M. Button we could not have met deadlines
set by DGE/MA in November 1978.
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THE DOCUMENT THAT CONTAINS THE TASKING 1S:

Calendar No. 893

95t CoxGRESS } SENATE { . Rrrorr
2d Session No. 95-961

DEPARTMENT OF ENERGY NATIONAL SECURITY AND
MILITARY APPLICATIONS OF NUCLEAR ENERGY AU-
THORIZATION ACT OF 1979

Jurt 28 (legislative day, May 17), 1978.—Ordered to be printed

% Mi. Stexwis, from the Committee on Armed Services and the
Committee on Epergy and Natural Resources, submitted the

following
REPORT
together with
ADDITIONAL VIEWS
{To accompany S. 2693}

L

THIS IS PART OF PAGE 10:

Reliability of nuclear weapons
In conjunction with the fiscal year 1960 budget requests, the
taries of Energy snd Delense are requested to submit to the
‘Tangress a joint report on the reliability of nuclear weapons currently
. and forzerly in the U.S. arsenal. Such report should document the
Dature, exteit and results of past relisbility testing and the amount
and associated asts of such testing as may be planned for fiscal vear
1980. In addition, the vaidy should presept the judgment of the direc-
tors of the laborstories respnsible for assessing and or qualifying the
reliability of nuclear weapons sn the potential importance of con-
ducting nuclear detonations for estlbhshmg and maintaining confi-
dence 1n the reliability and perfornance of those weapons.
The President is requested to seview and comment on this report,
drawing on the views of other -echnical and scientific agencies or en-
tities as he may choose.
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Apperdix B 46
UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY
(CONTRACT W.7408.ENG-36)
£.0. BOX 166}
LOS ALAMOS. SEW MENICO 87548
REPLY
(EFER TO:
satstor: 100 November 17, 1978

MajGen Joseph K. Bratton
USDOE/MA
Germantown, MD

Dear General Bratton:

The Senate Cormittee on Armed Services have asked me to express
my Judgment “on the potential importance of conducting nuclear detonaticns
(nuclear tests) for establishing and maintaining confidence in the
reliability and performance" of nuclear weapons currently and formerly
in the U.S. arsenal. 1 am happy to do so.

1 should state at the outset that I believe that the nuclear we2pons
we now have in the U.S. stockpile are entirely reliable. He initially
acquired this high confidence in the performance of each nuclear weapon
8s.a result of the careful testing we conducted to certify the correct-
o ness of the designs. At present there is a large body of data from cur
continuing test program that allows us to maintain that confidence. 1
..®  __shall sumarize some of the.relevant information later in this letter, .. —
The importance of this data base cannot be overemphasized, althcugh few
© outside observers seem to be aware of its existence. Thus the phrase
o “reliability testing” is often misused, in that its meaning is frequently
1imited to the description of tests in which weapons are literally extrected
from the stockpile and fired to see vwhether they will go off with the right
yield. That is almost never done, for reasons that will become clear,
™M yet testing is absolutely essential to our continued high confidence in the
P reliability of our weapons.

Before I turn to the specific data base that supports our confidence in
the stockpile, past and present, let me review again briefly the cverall im-
Q portance of the continuing test program: (a) The test program increases
our understanding of nuclear weapon physics, which remains incomplete even
after many years of theoretical and empirical study; (b) It maintzins the
competence of weapons designers and engineers so that they can provide pro-
fessional judgments when questions arise - as they do -‘about stockpile
weapons, or when those weapons must be rebuilt; (c) It allows the discovery
as well as in some cases the resolution of problems in the stockpile. As I
have said many times, I do not believe that the weapons technology base, on

An Affirmative Action/Equal Opportunity Employer
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MajGen Joseph K. Bratton -2- November 17, 1978

which our confidence in the stockpile ultimately rests, can be maintained
indefinitely without the essential empirical element provided by nuclear
testing. 1f testing is halted - without the clear 2nd assured precscect

of resumption within a very few years - a rapid decline in our ability to
make correct judgments about the stockpile is inevitable. Stockpile main-
tenance is a dynamic, not a static process. There will be pressures to make
"minor" changes in stockpiled systems that will force design judgments, We ¢
will be unable to confirm the validity of those judgments by testing. This
will either lead to a significant loss of confidence over the years or, alt-
ernatively, false confidence that is a result of our growing ignorance about
what can and cannot be done with nuclear weapons.

It is clear that there is an impartant synergism among all of the tests
that we do. Equaily - 1f not more - important, however, to our confidence in
the reliability of the stockpile are the many tests that involve either key
nuclear components of weapons in the stockpile or the stockpile wezpons
themselves. Such tests are not, in general, performed because of misgivings
about weapon reliability; they may be weapon effects tests, seismic calibra-
tion tests, operational system tests, or tests serving a number of other
primary purposes. In the process of achieving their primary objective, how-
ever, they additionally provide confirmation that the weapon or key weapon
component used in the test does function properly. This is not accidental -
most tests of this kind call for sources having predictable characteristics,
and the sources we know best reside in the tested stockpile. Every such test
§s in a real sense a reliability test, and it is against the background of

~ these tests that the relative infrequency of "reliability tests,” narrowly
defined, must be examined, .. .. . .

The exact numbers of tests that have thus contributed to our confidence
in the reliability of the stockpile wil) be provided and analyzed in a classi-
fied attachment.* I can summarize some of the information here, however. The
number of LASL weapon designs that have been retired from the active inventory
over the years exceeds the number of designs now in the stockpile by about 40%.
Many of the older weapons were in the stockpile for only a few years, having _
been replaced by newer designs well before any aging concerns arose, Yet, -~

"""" “during their lifetime in the stockpile, there were no fewer than 53 instances
$n which tests involving either stockpile {War Reserve - WR) weapons directly
or the key nuclear components of such weapons, those on which their reliability
depends, confirmed the proper functioning of the weapons or components (or, in
a few cases, revealed problems with the weapons). The actual numter of tests
fnvolved was somewhat smaller, because some tests confirmed the reliability-of
wore than one stockpile weapon. For the weapons still in the active inventory
the number of such confidence-building incidents is larger: 89. All of these
confirmations of reliability have testified to the continued operability of
the LASL weapons in the present stockpile. Over 20 of the tests in recent
years have involved WR weapons, while the rest have involved the most important
(from the standpoint of reliability) nuclear components of the stockpile weapons,
and speak directly to the reliability of the weapons themselves: All LASL
weapons now in stockpile have had the benefit of at least one, and in most cases .
several such. “reliability tests,” as shown by weapon type in the attactmeént. *

08 3|

D1 33

#The data in the classiffed attachment is included as part of the total
data in Table I of ‘this report.
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MajGen Joseph K. Bratton -3- November 17, 1978

] It s, 1 believe, generally understood that modern weapons have

jbecome more sophisticated and safer, less vulnerable to hostile environments
‘and to terrorist activity, and more constrained by economic and delivery

system requirements. As the duration of their retention in the stockpile

has grown compared to that of the earlier weapons, the number of tests that,
among other things, demonstrate their continued reliability has naturaliy ,
also grown. This signals a special problem in connection with the newest
designs_now entering the stockpile, replacing older weapons and providing...
new capabilities.” There simply does not exist a backlog of reliability ;
test experience with those weapons to attest to their reliability five,

10, 20 years hence. If testing continues, past experience suggests that

in the normal course of events such a data base will be developed for each
of the new weapons, as it has for the present stockpile. Without testing
this will not happen.. Further, problems that may develop will not be dis-
closed by testing, as they sometimes have been in the past. Combined with
the erosion of our expertise, this will serijously jeopardize our long-range
confidence in the reliability of some of the most important strategic

systems in the U.S. arsenal.

J hope that these facts will contribute to a better understanding of
the essenti2l role testing. has played in maintaining our continued high
level of confidence in the reliebility of the nuclear weapons in our stock-
pile, and of the necessity for continued testing in the future so long as
we depend on these wzapons for our security and that of our allies. ke
have established within the nuclear weapons comnunity what the minimur
- necessary level of testing would be for the narrowly defined purpose of
T maintaining the stockpile. ~—Without-the-minimum testing that is necessary  ~-—:i =
we will either lose confidence in the long run, or be lulled into false

3

™M
confidence without knowing that it is false. Neither result, in my view,
e would be acceptable.
© Sincerely,
)]
" Harold M. Agpew
— Director
o

' e , )
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Nuclear testing was nccessary,
however, to certify this. We simply did not know what the probleam was.

o o wme—

Pron omimtiou of the testing record, we believe that LLL experienced

Agila"mﬂm .after deploynent of the W4S. However, we believe that LLL
Wﬂ han*m -more vivid memory of the details, and we recommend that LLL
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tion - units were completed for four weapons systcems, B39
N34. One-point safety tests for their implosion
conducted in 1955-58 and safe pit designs had been envolved
R -
POE
(1&:

ST

~above systuu had boon tested for safety by Firing a nor'm




dotonator, and had been found to bo safe.

In the case of the B28 we were able to retrofit with a safer pit only as the
result of a happy coincidence. j




January 25,

Cyclotol vs 9404

il,l_plokslon«sys—tie'_-sr wore developed during 1957-58 for the W30, B41, BS3, WS3,
‘and W52, .

N

. nuring the 1958-1961 Moratorium two accidents involving the explosive 9404
oectn'red at l.os Alamos. As a result. the laboratory decided to discontinuc use
-of this explosive in systeas of largo size\ and to
mbstituto the less sensitive and less encrgetic explosive cyclotol in its place.

905

- /i New pit designs were relcased in 1960 and 1961
and pit FPU dates occurred during 1960-1962. Nuclear testing was rosumed
underground at NTS on 9/15/61.7]
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“It is of interest to recall that the Eisenhower Moratorium of 1958-1961 was
instigated by the statement of t.he USSR that they would stop testing. The
u.s. followed suit. [

my-’u there. The lusou should be delincated.
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of U.S. probicms connected with the

by ;nﬁciear testing.

.‘Piﬁioaéd Paragraph for Exccutive Summary

‘ﬁiﬁérience has shown that our warheads and reentry vchicles must survive in
. hostile environments that frequently change as our perception of Sovict defense
' ;c.pahility improves. Weapon effects tests at NTS are used to assess the ro-
.11ability of our warhcads against these evolving cncmy defenses. The cxperi-
monts have revealed major deficiencies in our designs and allowed corrective
moasures to be taken. Many of the defects were unexpected and could not have
beén Tevcaled except by full scale testing. Because we made corrcctions, we
" "have an increased confidence in-the-ability-of-our-tested-systeas to perform.
their required missions. Ih attack scenarios, x-ray fluences arc too high for
simulation except with a nuclear weapon as the source. Although many ncutron
attack scenarios can bc simulated using pulse reactors, other engagements in-
volve neutron pulse widths that are orders of magnitulc too narrow for any
!hroseeablc pulse reactor to simulatc. Thus we have to this time been quitc

upon nuclear testing to display tho Achilles' Heels of the surviv-




Just as .TD-Division and their counterparts at LLL have put varhcads
stockpilo that didn't perform as cxpectod, 30 have there also been
malshthenmofV‘E.'

T
:
{
Loy -

SatH

Dl

lth‘:ru that wo can pay a woight and performance penalty and provide ad-
d&:ldual hardening, for a conservative design, but only for effects and pheno-
mena. tlut we alrcady know about. In the community, we call the unexpected
1 ;"Achilles® Heels." We've met them before snd, without testing, we

.ii”nnltoo' - ?tlut we mit -u-n -:dnUNCLASSIF ,D




bov accommodated in the supporting document and mld descrlbo better the im-
‘portance of NTS testing to dosign and certification of reliability of our
hardened weapon systens.
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FINAL ACHIEVEMENT CALCULATION 0N(§50-86-2 AND GAO-SG;ﬂ

1. "Oxide Reduction Initiative®

{ Performance on the "Qxide Reduction Initiative" was determined as
prescribed G4 GAO-86;Z]and the Production Control Procgdure,
dated June 5, 1986. Achievement and award were determ1neq by the

amount of reduction acheived in the percentage rate of ox1de'
generation. The percentage rate of oxide generation was defined
as the ratio of the "Total Nuclear Weight of Oxide Sh1pped from
the 707 Foundry" divided by the "Total of the Charge Weights as
Recorded on the Casting Run Sheets“. The Production Control
Procedure established the criterion for matching oxide shipments
to the "accounting month" reports of total casting activity.
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Figure 1 shows a tabulation (and matching) of weekly oxide .
shipments and total casting activity for each of the.account1ng
months in the five month performance measurement period.

Czﬁe GAO—SG;Z]stipulated that achievement (for award purposes)
would be determined by calculating the mean of the three-month
moving averages (rounded to the second decimal place) for the
months of July, August, and September. Figure 2 shows the
calculation of the three month averages for July, August, and
September, and the calculation of the average of those three
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averages.
Poe b 3 Figure 3 Shows the award scale and the actual
achievement,
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2. "Pipeline Reduction Initiative”
Performance on the "Pipeline Reduction Initiative" was determined
as prescribed in GAO-86-3, and the Production Control Procedure, o
dated June 5, 1986. | ) | Doz oc
Performance (and award) was determinea_Ejifﬁé—Eﬁﬁgﬁi_pf reduction
-achieved in the "Issuecto-Ship" ratio.) = b oo g
\ T - v = r 2Dt
I _ S
The GAO specified that three weight ratios were to be calculated.
Doz =
e e Do o
’ " 0 o The
quantities shown in the "Total" column were used to calculate the
"Baseline" and "Goal" weight ratios.
 Figure 6 summarizes the calculations made to detgrmine the yeight
of material shipped; the amount of material requ1rgd to be.1ssued
| under baseline conditions; and the amount of material required to
" be issued if the goal conditions were met. -—
jqure J_shows the resultant award scale that was detgrmined by
GAO-86£§]and the calculated "Baseline" and "Goal" ratios, and the
achievement.
Figure 8 shows the quantities of material issued and shipped in
each of three months of the GAO performance period. It also
shows the three-month issue-to-ship that determined the amount of '
the award,_| - ~ e b(
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TABULATION AND MATCHING OF WEEKLY
OXIDE SHIPMENTS TO "MONTHLY"

ACCOUNTING
MONTH

CASTING ACTIVITY

TOTAL -
OF OXIDE
SHIPPED

(KGS)

TOTAL WT.
CAST IN
ACT'G MO.

(KGS)

OXIDE
SHIPPED
(Kes)

WEEK
ENDING
SUNDAY

MAY

27 APRIL .
4 MAY f 1%
11 MAY | 5
18 MAY |
25 MAY

&

0D
- “)

JUNE

1 JUNE
8 JUNE
15 JUNE

JULY

22 JUNE | —

29 JUNE

6 JULY |
13 JULY
20 JULY

AUGUST

27 JuLyY
3 AUG
10 AUG
17 AUG
24 AUG

SEPTEMBER

24 SEPT | !

31 AUG ||
7 SEPT [' ,
14 SEPT |

N
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CALCULATION OF OXIDE REDUCTION
ACHIEVEMENT USING THE DATA FROM
FIGURE 1
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/ ™ AWARD SCALE AS DETERMINED BY
"BASELINE" AND "GOAL' RATIO
CALCUALTIONS

| T _OF MATERIAL ISSUED |
RATIO OF w1 oF MATERIAL SHIPPED
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[DATA IS FROM PRODUCTION CONTROL'S REPORT OF 10-2-86)]

MONTH

JULY

AUG

SEPT

S
WEIGHT
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CALCULATION OF AWARD FOR[GA0-86-3
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FINAL STATUS REPORT ON THE “SUPPLY AND DEMAND" GOAL ACHIEVEMENT
OBJECTIVES, [GAO-86-1, 2, AND_3}

The follawing is a report of work accomplished through September,
}

.1986. |
LT A o i yhe (D)
. |
{
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1 BoE 6(2)
T e —— Te——————}
STATUS OF THE “SUPPLY INITIATIVE"
o
|z ;‘ | 1. Accomplishments
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This outstanding achievement on processing low-level residues was
possible because of the success achieved with the "Oxide _
Reduction Initiative" portion of this GAO. The supply of oxide
from the Building 707 Foundry was dramatically reduceq in the
second, and third quarters of FY-86. This allowed Building 771
to convert one of its oxide recovery lines to the processing of
low-level residues.

2. ISSUES

None

3. ACTION

Although the period of this GAO has ended, Building 771 wi]]
continue to concentrate on the processing of low-Tevel residues.
Recovery of metal from foundry oxide will continue, but at a
greatly diminished rate. The reduction in the amount of oxide
generated in the 707 Foundry is permanent and will continue to
decline.

4, EXPECTED RESULTS

With continued strong emphasis on the processing of low-level
residues, the backlog of waste drums will be rapidly reduged, and
a significant amount of plutonium will be returned to active use.
The reduction in drum backlog will also release valu?ble storage
space for more productive uses; and-reduce the p]an§ s exposure
to risk in the areas of safety, security, accountability, and
environmental issues associated with the drum backlog.

STATUS OF "OXIDE REDUCTION INITITATIVE"

1. ACCOMPLISHMENTS

Figure 1 shows the history of oxide generation from 0ctqber, 1985
through September, 1986. The figure shows the final adjusted
values for April, May, June, July, August and September. Thg
adjustments were made to achieve exact matching of week]y oxide
shipments to total casting activity in an inventory period.

Oxide shipment was then prorated (i.e., averaged for t@e
inventory period) to each of the two months within an inventory
period. (Hence, the oxide percentage is the same for the two
months in any inventory perijod.)
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Figure 2 shows the trend of the three-month moving average of
oxide generation (based on the final adjusted monthly values
_shown in Fiqure 1). | '
poc b(z

The reduction in oxide generation rates has dramatically_reduced
the_total amount of oxide generated.l _

_. [poe b(3)

T —

| ! i

N ‘ . bog L(®
__~-d_f”rTﬁE’3W5rd for the "Oxide Reduction” portion of the
“GAD s i

etermined by the average of the values (stated above) for
the m ul August and Se.t mber.,

| _ _ . — D b0
L]
ISSUES

Two things caused the oxide generation rate to increase in
September:

1. September was an jnventory month, and in preparation for the
inventory, the glove box line was cleaned, swept and purged of
_all residues. {

—— - _\036 0&7)
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2. The 707 Foundry did not have a normal supply of clean
plutonium buttons to blend with dirtier material such as
molten salt buttons and briquetted material. An analysis of
the source and type of material cast in the foundry in
September shows:

Clean Buttons -f

Dirty Buttons - A
Briquetted Material - Do b(?)
Solid Scrap -

[ . " The soTid scrap Dos H(2)

was clean material and was cast,dlnectlx.ln;o WR ingots in the

Yoe 5 173)
3. ACTIONS
The PUIP team has prepared a FY-87 plan that includes eight f’
specific projects to improve or replace equipment and improve
(
'?cgcedures and control. ! - ] g ! — Yo€ L(2)

4. EXPECTED RESULTS

’ ‘>poe b(3)
(= = _

STATUS OF "PIPELINE REDUCTION INITIATIVE"

1. ACCOMPLISHMENTS

Figure 3 shows the monthly values of ;ﬂg_f};;_g;;grsh1nf caLI;l’
ber, 198¢ Do (2>

"Th1s
“eXtraord dinary a“ﬁTEV‘_t‘_“‘mc ement was f'ﬁ"?ﬂ't’—ense' ctﬁmte

effort of the people in Building 707 to increase yields; reduce
1eadt1mes from 6 weeks to 3-1/2 weeks and accelerate the
orming product. |

poe (3
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Voe b(3)

—aamnd

Figure 5 shows the trend of Building 707 Inventory jzfm_gggg+,_\
1985 to September, 1986 (i.e., last_fifteen months).

bDozf L)

' [This was another major benefit from the PUIP

activity.

The award for the EPipeh’ne Reduction'yportiqg, of the GAO_iE |
determined by the three-month a e of thellissye-to-s Doe b(3)
ratiojat the end of Septem )

— . —
|

Iy

—~— S

2. ISSUES

The supply of plutonium buttons to the 707 Foundry is expected to
be 1imited (and marginal at best) for the next several months;

thereforey,;he_IP schedules for the next few months could be in
' 2 - S T, Do E b(3>

See Figure 5.2]

— "

DoE b(3

[ - - )
——
3. ACTION

The PUIP team has prepared a FY-87 Eiipeline ReductigﬁE]p]qn that
includes 27 seperate projects. These projects, combined with
Production Control's desire to maintain the short (three week)
leadtime established in September and the building's managgment
drive to improve quality and eliminate paperwork errors, will
cause the building inventory to decline.
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4, EXPECTED RESULTS

o o Doz b(3

B —_.SThe continued decline in inventory would measure
and reflect the continued improvement in the building's
production capacity and capability.

// 7 L. —— %M\ S

J. E. Kinzer,Director C. W. Weidner, Director W. F. Heston, Difector
Program Management Production Operations Plutonium Operations
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