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This pecms $0 be truc even for so-called "clesa” &cvices » espture in
the fuel is quite high, (Caloulated meutron mumbers and energiss for six typicel
wveapons arc ooutained in LA-2246, Goed mnm)mmmuurt.he Tz
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BIL 525. %he effect of the ghock wave upon these meutrons is not well kaown;
Monte Carlo ealculations by Biggers of ILASL indleate the bk of the neutrons stoy
ahead o tix: sauck wavu. This would put the source of gmmae rays shesd of the
shock but probadly guite elose to it. (Bome esloulations are outlined im lA-152C
waing the imterior of the shock wave as the source.) For the high pressure ranzes
the shell scurce charecter may be guitc prooounced as is indicsted by the data.
Follovin: tho explosion gmmma rey peaks but preceding tiatf, zamms rediation which is
‘learly @us to capture in mitrogen, Viere 1s & region of gaume redistion) TG
: Twhose orizgin 1s yeot unxmowa. mmmwxﬁﬂ*‘
&MmMMMMM,WRWW&W,mm
mmummm,ww:wmnmmmmwm
soen. mrmmumtztumwmmmmc

._.3%.___._..[ | o | T 62
a Vi "h.raer

.mmxumummqurmﬁT&wmw
the sbhook wmeve enhancemsnut of the latter gssoe. rediation.

The remaiaing rediation, sppearing after the nitrogen sapture ecmponent, ic
that due to fission product activity. The fission product gaome rediation time
dependence 1s given by 3 x 108%~0+300 107 10.5 L/ 0 ot 3 m per Kiloton by Btarmcr
of LASL in & re-svalustion of some dsts of Fermi's growp Guring the war, Ite
spectrun is also assumed to be the Motz gpectruz. The fission fregments remein
behind the shock wave and remain with the fireball. As the shock wave has tic
camxmmmuwmmmmmmmwwmm
thej (Cér shows a marked decrease sven before arrival of the ghoek wave and
a greater decraase following passage of the shock. The effect 1s grestest for
bizh yleld detomations and hLigh overpressurc regions. The enhensement for the fov
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of megaitude. (An upper limit may be cdtained dy sssusing all air is wemoved
between source and point of interest.) The rise of the fireball soutaining the
fission products makes the radistion fall off much faster thaa ¥he 3°1°2 wnich
Starner's rclation becomes at timos longer than 20 seconds. ‘
boﬂaﬂ;ﬁt&emxﬁhﬁmnmﬁmtorth:ﬂuimmoﬂmtmt
Mmu,ztumkumjpummmmmmmt
versus time. jﬂhnmmmmmmummmm
risc from EG4 data of which there is s large smount teksn since 1553,

There ax: alsc eavailubls moce recent data on fission product gmame redistion,
€.8., Gk Ri1dzs data, smi on nitrogen sspture data from Chalk River. Phese might
be better then thoss gaoted abovs.

I also suipect tiat tix eurves in P-23-20C are derived thoough Liedke's
(30C), AFEWP 1100, ealeulstions dons woder eontrwet to AFSWP snd bas the sbove as
& startiag point, It would be weetd explaring this possitility end if so try to
dstarmine the guality of the wak and ssve some labor. These caloulstions appear
t0 e t0 be wll doow but may leas to high predictions simoe elow’ risc apparently
was mezlectec. |

In looking over the overpressure varsus distance wamber you quoted to me I fins
they are wery sonservative relative to the ¥ Problas: whick w erc consider to give
GRsvers agmeloz wvith experimental data end are acospted by Porzzl of Armour
Bepearch Poundation. Liedtke, I beliewve, used resuite of Courant's (EIU) work.

4s I meaticeed befory, I belisve the data cbtaineé by Bvans Figmal laborstory
ought $0 b wosd to dalinegte the calewlaticas. The werk imvelved iz tbs computeilons
eutlined abovt 45 not large and esn be 40ns by 8 mwber of grount se I indleated
before.

Moy I also ask thet 42 you vish me to reviev anv work that the assumptions,
moGel, and pource O Lhe matzriel wesd fr the eampatellons b guolod. Unlostana. sy
in AVEWP-1100 and partlcuiiarly Ti-25-200 this has Dot Been 4oDe AlGeguately ano
beaci 21 ic &1ffioult to assaps thy guality o the wrolicllcng.
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In T-1009 (rough dreft), estimates vere made of the amounts of C%
Produced by detonations of clean weapons. It was indicated that C1¢ mey
represent the most hazardous radiocactivity produced by detonatlon of & clean
veapon and some comparisons were made with Sr®° hazard. Attention has
recently been focused on such & comparison by Soviet claims tha+ C!4 pro-
duction rendered the concept of & clean bomb meaningless (paper by Liepunsky)
and by similar statements of Linus Pauling and others.

It is the purpose of this memo to present & more detailed comperisonl
of C1* with the fission products and other induced activities, and to note in
vhat sense C3¢ may be taken to be a worldwide hazard comperable to fission
products -- even for a standerd weapon. Effects of tritium production will
also be discussed, -

In attempting to compare C3* with fission products, one must first note
the impossibility of meking any simple comparison. Of the longlived fission
products, Sr®® and Cs'37 are conventionslly regarded as most hazardous, Sr°°
is_believed dangerous, largely in that it may induce leukemia &nd bone cancer.
Cs'%" and C1* appear to be most hazardous in that they can produce genetic
damege and lead to the premature death of individuals in subsequent generations.
Genetic death seems & very intangible and theoretical thing comfe.red to leukemia

i but 1t is presumably just as real. For a second difficulty, C)¢ has & lifetime
which is nearly 200 times that of Sr%° or Cs?3, Thus damage due to C3* will
extend over several hundreds of generations whereas that due to Sr®° and Cs1%
vill be completed within a few generetions (although the Cs caused genetic
damege will not become completely manifest for much longer). In addition,
genetlc damage has & unique property in that heavily irradiated survivors of
local fallout may, through intermarriage, transmit a hazard in the form of
radiaetion induced mutations to the entire world. Thus to some extent the
effect of C!* must be compared vith the sum total of all genetic damage pro-
duced by fission products or by other local fallout.

]In this undertaking I am indebted to E. C. Anderson for pointing out the
relatively short residence time of CO® in the atmosphere, and to the article
by Liapunsky for indicating that one should integrate Cl“ radiation over a
very long tjme—se-gk : - . .
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Let us first compare casualties which might be produced by C!* and Sr®°,
In the paper by Langham and Anderson, summarizing Sr°° daiz, it vas shown that
release of 2000 Megatons of fission producis would lead to Sr®° in huren bones
which would on the average produce radiation levels in the bones equal to the
natural background. (This radiation doubling yleld of 2000 Mt was actually
arrived et for the area between 10° N and 60° N latitude -- but this area
includes most of the worlds population.)

Let us next estimate the yields which would produce sufficient C2* to
double the background rediation in humen reproductive cells. We ghsll then
compare the effects 'of doubling background in bones and reproductive cells,

We assume that most of the C!* which is produced starts out &s carbon
dioxide in the atmosphere. Anderson and others (Tellus IX (1957), 1) have
shown that the residence time of carbon dioxide in the atmosphere, prior to
ebsorpiion in the oceans, is of the order of 10 years. For the sake of defi-
niteness we shall assume that the C** has & half life in the troposphere of 5
years before absorption in the ocean. We also assume that this short time
corresponds to mixing the C3* with a carbon reservoir of .15 gm per cm of
earth surface. This carbon is mostly CO- in the atmosphere. The long term
carbon reservoir (ocean) with which the C3* is eventually mixed is about 8.0

gn/cnf .

From data in NBS Handbook 52 and assuming that rewmroductive organs are
effectively 1/6 by wt earbon (vhich is about the everage for the whole body)
we find that a C1* level of 1 pc per kg cerbon doubles the background for
genetic purposes. For the shor: term reservoir (.15 f;m,/cmz) this corresponds
o a total C!* production of 750 megacuries whereas for the long time reservoir,
it 18 4 x 10* megacuries. :

In T-1009 i+ was stated that about .02 megacuries of C!¢ per megaton
will be produced in & typical air burst., It is worth not;.ing that C3* produc-
tion per megaton is essentially the same for existing U.S, clean and standard
veapons. When Pauling and others speak of clean devices as "dirtier" than
standard ones, it is presumnbly becausc they have the ristaken impression that
clean devices release appreciably more neutrons per megaton to the a*mosphere
than do standard ones. For our devices this is certainly not so.

From the above ve see that detonztion of about 3.7 x 10% megatons would
Produce sufficient C!* to approximately double the redietion level in gonads
for short times. The C)* concentre:ion would be expected to decay with a balf
life lixe 5 years and as it came into equilibrium with the oceans to approach
8 long term level which is & factor 53 (8.0/.15) lover. It would decay from
this lover level with the half life of C3* (5600 years). 2 x 10° megatons
would double the radimtion level in gonads over the long term,

Let us next compare casualties per r delivered to bones with casualties
Per r delivered to gonads. The only way in vhich one can arrive at a definite
compaerison here is by piclking some definite numbers vwhich have been suggested by
experts in the field of radiation biology. I shall assume that Sr®° will produce
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leukemia such that per r delivered by Sr®° to the bones of an individual
there is one chance in 10° per year that that individual will subsequently
develop leukemia because of that r of rediation. This number was suggested
by Lewls (Science 125, 965 (1957)) from an analysis of experimental data. It
is in general agreement wvith the casualiy calcwlation of langham end Anderson
vhich took about 109 of preseni leukemia cases caused by radiation. It is
exactly e factor two less ihan the number used by Liapunsky. (Liapunsky took
2 x 10 ® which Lewis suggests as the probability for irradia<ion of both bones
and lymphatic system rather than 10 © which Lewis suggested for bones elone.)
Assurdng that an average individuel will live 30 years after receiving en r

we find the rrobability of death by radiation induced leukemla to be 3 x lo'é/r.

Genetic hazard due to radiation has been discussed by Muller (How
Radiation Changes the Genetic Constitution -- Bull, Atomic Scientists 11:329)
end in the 1956 report by the Committee on Genetic Effects of Atomic Radietion .
of the National Academy of Sciences end Netional Research Council. The genet-
icists point ocut at great length their lack of definite lmowledge as to the
effect of radiation on human genetics, BHowever they do meke estimm<es of
genciic damace per r delivered to the gonads. As epplied to a lang temrnm
increase in radietion such as for 014, and for a constent pepulation the genet-
icists esiimate tha* per r delivered to reproductive organs of en average
individual (including those above rggroductive age) there will be produced:

(1) with probability about 2.5 x 10 ° & tangible genetic defect (such es mental
defect, epllepsy, etc.) which will show up in first gereratio: children (2)
with probability about 2.5 x 10 * & tangible genetic defect which will show

up clearly sometime (3) with probabili<y eboui 2.5 x 10™> & mutation which will,
statistically speaking, be eventuelly eliminated from the rece by premiure
deaih of az individual. It appears et this time 2mpossible tc understend the
significance of mutations of this sort (3) in terme of hummn suffering or
burden to society. The geneticists state that their estimates (of (3) above
in particuler) may be in error by & fmctor 10 either way. Muller eppeered
rather confidenti that the probability of & mutation (3) was very likely larger
than above.

Surpose now thet we take &s a geneiic deeh either a mutetion preoducing
a tangible genetic defect ((2) above) or a mutation which will eveniually be
elininated ((3) above). Comparing these probelbilities of genetic death per r
with probabilities of leukemia per r, we find that reproductive organs are §
or 0 times as sensitive to radiation &s are bones, It is to be noted thet
Liapunsky took criterion (2) above.

We are now in a position to compare the genetic casualties produced by
Cl% with the leukemia casualties produced by Sr°°. For example if we assume
that C!* damere includes that produced over the entire €% lifetime and if
we assure that each mutation is a legitimate casualty then we find 125 airburs<
megatons are required to produce the same number of casualiles a& are produced
by Sr® from 2 x 10° megatons of fission products., This lov mumber is arrived
8t by dividing the C!* long term genetic background doubling yield (2 x 10°
meszions) by the ratio of C1* 1o SrP°. nalf life (200) times the retio of genetic
to bone sensitivity (80 countiing each mutation as a casualty).
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It can be argucd that it is unrealistic to integrate the C'* damage
over all tine as we have done. Certainly there are some isotopes wnick have
such long half lives (eg., C1°° with nalf life of 3 x 10° years) that it would
seem nonsense to integrate over all time for tliese. We have assuncd & comsuant
population over ~ 10* years in computing C2* casuslties. We have further
assumed that it will notl become poesible to prevent or Gecrease the effect of
radiaion induced mutailons. Because of these uncertainilee es to the long
term effect of C* we have also estimnted the number cof mutations which would
be produced in the firs: generation or two. For this purpose we dlilute the
€' in the small C rescrvoir and give ii & balf life of 9 years. The iniegrated
damcge for & given yield and such & short-term calculaiion is less then the
above estimated long term damage by & factor 21 (effective half life ie less
by factor 5000/, buti concen:raiion higuer by facwor Of.15; 500C/T x .15/8 = 21),
The resulis of ihese calculaiions are summerized in Tatle I,

For orieniatlion, we note that cach eniry of Tatle I, with our assump-
tions, corresponds ‘o of the order of 5 x 10° casualiies. For exsxple in the
case of Or”° the 2 x 10° mega:ons of fission producis would irradiate the
world's population (2.5 x 10°) with avout 6 r apiecc (.15 r/year for assumed
+C years)., Muliiplying the 1.5 x 10'° man r by probatility of leuremis per
r {3 x 107°) lcads to abouz 5 x 10° casualties, or .2 czsualiles per kilcion.,
Lote what 5 x 1C° € casualties spaced over 200 generetious would imply only
2500 casunliles per generation or only one induced casualiy per ~ 10° crdinary
deaths. '

The quesiion should now be rzised whether <here are other fission pro-
duels or induced aciivities wiich could lecd 1o comparablie damnge. Froum the
da'a of T-1009 we sce %ha:i Cc®® produced in very poorly chosen WeApon compon-
ents could be & hazard approaching that due to shori term C1%, It remsins to
discuss H° and €537 which were noied by Lispunciy.

As regards iritium, analysis of swordiail calculaiions revegls tha: for
burnirng of conveniional clean devices, cne must expect &t least 10°® iriions
left over ger megetion, and in some instiances twc 1o three times this number.
Taiing 10°%, we produce 5 Mc iritium per megaton. Libby (P.R. $3, 1337 {1954))
esiimeted that an available world iritium inventory of 1800 grams, groduced
mos.ly by Coemic Rays, leads to a triiium to hydrogen raiic of ~10~ 7 in the
oilosphere. This implies that tritium in the biosphere is on the aversge in
equilibrium with a reservoir of about 10 gm/er of hydrogen. By this is meent
that 1f one ‘akes 1300 gm of iriiium and mixes it with & hydrogen reservoir of
~ 10 gn/ca® of earth surface, he finds H3/H ~ 10737 a5 observed in animls.
This same reservoir should be effective in diluting bomb made tritium. If we
assume Lbet gonads have average body composition, then from NBS Handbook 52
we see that about 20 uc of iritium per kg of hydrogen would double the gemetic
baciground radiation level., This would be producad by aboui 2 x 10° megaons.
It follows that the iriiium genetic damage would be closely comparable to short
term C!¢ geneiic dammge. With our above numbers we actually obiain 5 x 10°
lcgatons for tritium damage equivalent 1o C}* dammge from 2.6 x 10°® Mt. Low-
ever ilhese numbers are uncertain enough to be equal for all practical purpcses.
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C14

genevic casualiies equal 1o the number of leukemia cesualiies produced by

fal . :
Sr¥° from 2 x 10 megalons fission.
for equivalent gene:iic damage by tritium &hd csi™7),

Integrating C!* radiation
over all time with siable
population.

(For comparison, yields are also given

Integrating C1% radia<ion
only over firset generutions.

Counting each inherized
miation vhich mus:t be
elirtinezed from geneiic
swrain as a genetic
casualty.

125 Megaions

2500 Megntions
{Cst37 06 M- fission)
(T 000 M: fusion)

Counting as genetic cas-
ualties only +those
rmrietione which will lesd
Zc “tangible gerietic
defects,”

1250 Megatons

26,000 Megatons
(€s137 5 000 Mi fission)
(T 0,000 Mt fusion)
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For Cs!®7 we use the data of Anderson, et al. (Science 123, 1273 (1957))
where Cs?>7 was reported to be present in people and producing about 1% of back-
ground radiation (as gamme rays). A biologicel half life of 140 days was sug-
gested. If ve assume that this 1% level was caused from 5 megatons of fission
producte? , the background would be doubled at about 500 megatons. If we assume
& half life in the body of 140 days, it is found that this 500 megetons of

-fission products would produce the same number of genetic casualties as our

rrevious 2600 megatons of short term C3*. Thus in this enalysis Cs!®7 appeers
intermediate betveen long term and short term C!*., Evidently genetic easualties
due to Cs'" may exceed leukemla casualiies from Sr®°. This Cs’®7 estimate is
rather uncertain (chiefly because of doubt as to the validity of the 5 Mt and
140 day half life for the above) but it should not be off by as much as an order

of magnitude.

Most of the genetic casualties which we have been discussing would be
expected to occur (in the sense that the mutant genes are finally eliminated
from the populetion) only meny generations after the damaging radiation is
received. Thus, it is to be observed that any highly irradiated survivors of
local fellout will in themselves constitute a long range genetic hezard. By
intermarriage this hazard is also rather world-wide. To see vhether this is
an important effect compared to the long term Cl‘, let us compare the rediation
(r) vhich might be received by survivors of local fallout with rediation
delivered world-wide by the C%*, Suppose for example that there is & thermo-
nuclear var in vhich 2 x 10® megatons are detonated, half as surface and half
as air bursts. One might expect like 10® survivors of local fallout each one
of which has received an aversge of 100 r. Thus like 10'° man r of genetic
damage vould be done by more or less local fallout. For a wer vhich deposited
& different amount of radiation (i.e., different size war, more or less air
bursis, or clean vs. standard weapons) one:would expect & slover than linear
variation of damage with radistion. This is because there is & non-linear effect
in that people who are close to 8 detonetion or too highly irrediated die and
cannot become genetic hazards.

The C!* produced by such a conflict would amount to 1.5 x 103 Mt airburst
and would deliver only 2.3 x 10° man r to a stable population of 2.5 x 10%
people and integratied over all time, Thus it appears that for a war of such a
magnitude, a larger amount of genetic damage (vhich is more or less unavoidadly
world-vide) would be dome by local fallout rather than by C!¢, For e war of
the order of 10* me?tons (or for & smaller war in vwhich most detonations are
air bursts), the ¢! danage mighi be comparable with genetic dammge due to
local fallout. For weapons tests, in which irradiation of people by local
fallout 1s minimized it appears likely that long range damage by C* and Cs¥™7
produce most of the genetic casualties.

Note that most Csl27 in people appears to come from fallout directly ingested
by animels (or people} «id not vie soil and plants.




T-1026
Page 7

N (!
-

Let us now discuss what conclusions can be drawn if one acceptis genetic
casualties as a real world-wide hazard. First of all, for an air burst (or
test) there will be no significant local fallout and C!* will constitute a
ma jor source of genetic casualties vwhich in turn mey be a large fraction of
all radiation caused casuaslties., Devices which are clean, in the sense of
deriving e small fraction of their yield from fission, currently produce
essentially the same C!* per megaton as standard devices., Hence air bursts
of such clean devices may lead to geneiic and radistion induced casualties
vhich are comparable to those from a standard weapon.

On the other hand, for & wartime thermonuclear surface burst, it would
be expected thet local fallout would prodice most of the genetic casualties,
and thus the most severe vorld-wide hazard. It follows from the discussions
of T-963 that the locel fallout from & conventional clean veapon detonated
over typiecal ground would produce fewer genetic casualties than fallout from
8 similar detonation of a standard weapon and that the gain would be by about
a factor two to four, It now appears that differences in local fallout mey be
the only imporiant distinction betveen the effects of current clean and standard
Weapons,

These considerations point to the conclusion that & truly clean bomb
should not only derive a very small fraction of its yield from fission but it
should also release relatively few neutrons to its enviornment. In addition
1t should relemse relstively fev harmful radiocactive products like Co®° or E3, Dk!
\

It is8 certainly possible to desjign devices which release fewer neutrons_per b
megaton than current weapons, /] . ' (3/
. m—— e - —r -
su ce one coO ’ < ° nsiderdbtle MBSE &nd 106s O

Yield, prevent escape of most of the fast neutrons, and some of the thermalized
neutrons. One could perhaps achieve & reduction of neutrons out per megaton

by up to a factor 10 in some cases. However it is difficult to see how to
avoid leftover tritium or escape of many thermal neutrons, The tritium appears
to impose limits on the cleanliness of any weapon which is allowed to diecharge
to the atmosphere.

Finally one may inquire as to vhether it is possible that C* produced
in a thermonucleer war may threaten the genetic annihilation of mankind.
Geneticists appear to vorry about this possibility if one doubles mutation
rates, This corresponds to0 en increase in background radiation by about a
factor 10 and thus to 2 x 107 Mt, Thus there appears to be no immediate danger
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(Sugnature of Originator gr
, Classifying authority)

The purpose of this letter is to make some nreliminary estimates concerning cle¢n,/
tactical bambs. Such estimates could be made with much greater certainty and :
precision later this year after Plumbbob results are available and analyzed. How-
ever, because of the great interest engendered by the recent recognition of the
Possibility of producing clean tactical weapons, it seems worthwhile to make such
estimates at this time even though they are of necessity very rough and tentative.

- -

Dear General Starbird: ther

mves a possible set of seif con-
sistent time scales baseéd on assuming "good luck" in solving some of the basic
design problems inherent in the types given in Section I, and Section III discusses’

-he importance of cleanliness in tactical bombs, and attempts to describe in a ery ..
rough but fairly concise way the meaning of various degrees of cleanliness as
applied to a specific tactical application, namely, the use of a ground burst
ageinst 2 hard target in friendly territory or near cur own troops.
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I. Possible Types of Clean Tactical Bombs

The following is a list of three possible types of clean tactiesal
bombs, including estimated dimensions, weights, total yields, fl.,sion

yields, and special materials costs. .
&)
They are listed in inc¥eé&sing

e .
wkmgmshoula be eémphasized that no experimental

shots have ever been made of any of the types listed below, either in
o device or prototype form; the characteristics given are extrapolations
Qi based on application of the theoretical methods which have proved suc-

cessful in the past in the design of other types of weapons. These

OTHER (SPECFY):

DEPARTMENT OF ENERGY DECLASSIFICATION REVIEW

extrepolations do not at present indicate that such characteristics

a
3 can certainly be achieved, but rather, that with continued R & D work,
characteristics in this general range can quite probably be achieved.
8 —
s a TYPE I: A(miniaturizedjstandard type two stage clean bomb.
ol g.‘g This type of bomb could probsbly be made with the
% %E following approximate characteristics:
2Quses 3
as;ggg =5y PRV QI.A'QlE ‘
- N<-z_\.|.\‘, l\f‘ L\-‘:ﬁ o
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Icngth - !+o" - 50"
TYPE II:

e e e———— e —————————

Length - Lko" - 5o

TYPE III:
Doz L(3) ! :
. , - 1This
Type can probably be made with EE?=T31137{££I;;ry

approximate characteristics assuming that the basic
design is feasible.

Do o(3)
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Length - 50" - 60"

II. Possible Time Scales for the Various Types

This section gives a possible set of self consistent time scales
for developing the three typess of devices listed in Section I. 1In
order to meke up this schedule, we have made the following assumptions.

—,

1. |

L‘- e
2. Tnhe "breaks" will be with us at virtually every step
of the development.

3. There will be no net increase in weapons R & D effort,
but the program will be given a high priority within
the effort availeble. Some other progrems now tenta-
tively scheduled for Phese.  III will have to be. dropped.

L. Each design problem can be solved in reguler sequence
by contipuous extrapolation as the development proceeds,
i.e., no new R & D "break-throughs" ere required.

e The following table gives a possible weapons test program for the
development of the clean tactical weapons: :
Device Test Weapon Prototype Test
| Hardtack } Type I
| (Pacific, 1958) ' Type II
! Neveda, 1959 | Type II — — , Type I
‘. | Type III. ) Type IT (2)
- i |
1960 Type III Type III (?)

Tue following table gives a possible joint UCRL-Sandia Weaponization
Program. Other weapons are also included to indicate what other programs
can be carried on at the same time as a serious program of tactical clean

weapons development. The dates given are the fiscal years in which the

indicated weaponization program would begin. These dans a;h¢_of gourse,

\ o SR04 TA
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very tentative and are intended primarily as examples of what might be
done, since they depend on all of the speculations and estimates above,
as well as on IMA-DOD estimates of relative importance and determination

of priorities. e —
FY 1958

L Fa
Doz - bz

FY 1959

FY 1960 N:Lke Zeus, Polaris

(R

L3
/

{

Assuming that all of the above time schedules can end will be met,
the following is then & list of the dates at which the various types
might enter the stockpile:

Type I - CY 1960
Type II - CY 1961
Type III - CY 1963

FY 1961 Clean Type III, ? NS,

IIT. The Meaning and Importance of Cleanliness in Tactical Atomic Bombs

The reason for developing and producing clean tactical bambs is to
provide the armed forces with nuclear weapons of low and intermediate
yield which can be used in situations where, because of radioactive
contamination, & tactical atomic weapon of the present. 100% fission
type cannot be used. Perhaps the most important and easily described
3 situation of this type is that in which it is desired to remove or
destroy, by means of & ground burst, a hard target, such as & deeply
dug in enemy or an eirstrip, in friendly territory or in close preximity
to our troops. As indicated by an overzll analysis of the recent Army
'"Sagebrush" "\exercise, (which involved, among others, ground bursts on Dos L/=
Birfields), such spplications are very dangerous, or, more probably, N
generally impossible using the present day atomic weapons. 1In the case ‘\
of high air bursts, in which the fireball is well off the ground, the
situation is less bad in the present case of pure fission bombs, since
the radioactivity is generally spread out over a very large area end &
very large number of tactical size bombs can be used without spproaching
the world wide "Sunshine Limit." However, even in this case, there is
still the problem of possible serious localized "rain out" which problem
would, of course, be greetly alleviated or completely removed by the
use of clean bombs.

None of the bombs listed in Section I ere, of course, absolutely
clean but all of them represent very large improvements in this respect \.[
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_over the present stm;]@_._[ o )

7

Daog bz
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It may be noted Trom the tables that, for most of the cases
T cons3 dered, the area of 1ethal ra.diation is less than the area of other
lethsl effects. | = o , \

=

Dos b(3)

All distances given in the tables are for unprotected personnel in
the open. The ranges and areas of the various effects are either taken
from “Capzbilities of Atomic Weapons,” AFSWP, Rev. 1 June 1955, or have
been calculated from basic data given there. All of the numbers, of
course, are very rough estimates, both because they are for one particular
set of field conditions (i.e., an average wind of 15 knots) and because

__some of the necessary important inmput data are not acc %
( Boz besh

The detailed distribution of such intense radiation
Tields have not been measured and there is in fact some doubt as to their
existence). The various assumptions made in preparing the teble, and the
uncertainties and limitations inherent in such en oversimplified treztment
of the problem are given immediestely following the tzbles.

TABLE I - Area in Scquare Miles for Various Effects

Fission Yield & Effect Total Yield ,
T ] b v
1005 %00 R . .
50 R !
1 }' 400 R
50 R
7 b %
%00 R Do ¢ b3
50 R
400 R
- 50 R
Direct Casulties
Produced by Blast




Brig. Generzl A. D. Sterbird July ll, 1957

TAEBLE I - Area in Sguare Miles for Various Effect - Continued

Fission Yield & Effect Total Yield

Frame Structures ——
Destroyed by Blast

Thermal Radiation _ |
(10 cal/em?) :

TAELE II - Range in Miles for Various Effects

Fission Yield & Effect Total Yield

[ ] Doo b3

) ' = -
100% k00 R A dies b}
50 R . ?

400 R
50 R

DL “
" B(Y) 400 R |
50 R

N Loo R of range | DI
available ; ~

50 R ] \
B : w

-Direct Casulties
Produced by Elast

Frame Structures
Destroyed by Elast

Thermal Radiation
(10 cal/em®)
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The assumptions and limitations of the table are given below:

1. Winds - The handbook gives the fallout range parameters for -
wind pattern having an average velocity of 15 knots. The
range given is the distance downwind (as determined by the
winds & around 10,000') at which a given dosage would be
found. The crosswind range is about 4 of the downwind range
for large dosages, and the upwind range is, of course, smaller
still. For winds differing from those assumed here, the fall-
out situation will differ also. In this brief analysis it has
not been possible to include these cases.

2. Determination of Intensity - It was assumed that if a pure
Tission bomb gives a dose of R at a point P, then a clean
bomb of the same yield fired under the same conditions having .
Ta ratio f of fission to total yield will give fR at point P.)
“This assumption should be precise except for the added effects
of induced activity which 1s discussed below.

——

AR

mere is some doubt that suct

Ty high dosage st at all, except perhaps in very localized
hot spots, in which case the "range" and "area" of lethal fallout
may be much smaller than indicated.

3. Time Spent in Radiation Field - All radiation doses have been
calculated for the case where an unprotected person is at the
indicated renge from the time at which fallout begins until
five hours after shot time. TFor other time intervalsand for
the higher dosages, the dosage rzte mzy be very roughly estimated

i, as follows:

L

If the time spent in the fallout zone is from time-of-fallcut
to tme-of-fc.llout plus one balf hour, then multiply dose by
about 3.

If the time spent in the fallout zone is from one hour after
shot to ten hours efter shot, then multiply dose by about 1/3.

If time spent in fallout zone is from time of fallout to one
month or more, then multiply dose by about 1i.

L, Radiation Protection Possibilities - According to the handbook
quoted above (pg. 1€), very simple precautiox}gt_:_a.n_g,axu_\
ceduce the fallont radiatinn Ancacae roenaiwed S \

| \/@:— vz

T 1T would

e et e e -— -
. 1o,
.

[

1
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seem that if one affords himself of the reductions afforded by any

of this type of protection (except perhaps the last) for the first ;
few hours after the shot, and then leaves the fallout zone rapidly
(even on foot) that then there may well be no place where it is ‘
possible to survive other weapons effects and yet receive a2 lethal
dose of fallout radiation in the case of a clean tactical bomb
surface burst. Ll

. I-
The Effects of Neutron Induced Activities in the Soil - The relative
importance of neutron induced activities depends on the type of bomb
(cleanliness and neutron leaskage) the type of soil (particularly
the sodium content) and the time at which the comparison between
fission fragments and induced activities is made (because the time
dependences are very different). It is, therefore, impossible to
give 2 comparison between the two types of activity which is at
the same time concise and accurate. However, celculations made
using the following typical example will give an idea of the
relative importaznce of induced ectivities. [ -

" " \We hav& then calculated the dosage

"to be expected at various times, compared with the fission fragment

activity, and then determined what fission yield to total yield
ratio (i.e., the cleanliness) e bomb would have to have in order that
the fission fragment dosage and the induced activity dosage be equal.
This equivelent fission yield to total yield ratio is given below
for various time intervels.

TABLE III - Added Effect of Induced Activity

Time Interval Equivalent Fission Yield
(burst time = zero) to Totel Yield Ratio

15 min. to 5 hrs.

15 min. to 1000 hrs. _
5 hrs. to 1000 hrs. 906 L¢'~1
1 min. to 6 min.

The relatively high velue of the last case is due to the aluminum,
and, of course, does not apply to any point more than one to two
miles from ground zero, since the fallout will not reach there
until after this short time interval. For the 400 R dosage cases

of tables 1 and 2, only the first two caifs__ml.l: since most of

the dosrzc_:omes in the first few hours. . R
COSAIL_-OmES — ‘

'In fact, by coincidence, the added

e€fTective fission fraction Is &pproximstely equal to the fraction
of sodium in the soil. .

[
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6. Weight Penalty_:f,"

j
|
|
|

We believe that the above rough discussion of the meaning and evaluation of

July 11, 1957

cleanliness is sufficient for use es a guide to the development of clean tactical

bombs. However, we must point out that much better experimental datza 1s needed

: I 4 Ay
U b2

for imput to further calculations, and that many more cases (other wind conditions R

burst conditions, etc.) must be calculated in order to get a re
of_the value and increased usefullness of clean tactical bombs.

SR
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The meeting of the Tech Board yesterday greatly increased my
feeling of uncertainty concerning the future Laboratory program. I
am particularly worried about two points.

~ First, that decisions may be reached in Washington concerning
the test sites and the timing of the tests without full knowledge of
what disastrous effects such decisions may have on the work of this
Laboratory and in particular on the development of thermonuclear

weapons.

Second, that in the absence of a definite date at which thermo-
nuclear tests mey be performed, the work on the thermonuclear weapons &7
may lapse into an insignificent role. If this should happen, I should fiﬁ»\
feel that it would be inappropriate to cut back our thermonuclear pro- [
gram in this way without a full understanding of what we are doing gg j
and without informing the proper authorities in Washington that the e
program is running on a low priority.

In view of the above uncertainties and worries, I do not see in
a clear way what course the work of the Family Committee should teke.

I should requeet urgently that I have in the near future an
opportunity to talk with you about these questions.
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0 Divisiomn Iuders anf Assistant Directors
FROM: - K. E. Bradbury

1. Attached herevith is a draft memorandum covering a somevhat
revised definition of the duties of the Technical Associate
Director. -

2. This matter and others will be discussed at & wmeeting of
Division Leaders and Assistant Directors on Monday afternoom,
March 12, at 1:30 PM in wy office.
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FROM: ¥. B. Breftury, Director .
SUBJECT: Technical Associate Director’s Responsidbiliti
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The duties and responsidilities of the Technical Associate Director
have spparently lacked clarity in the past, and now require extension and
revision as vell in viewv of Mr. )hnlloy'o departure. This memorandum is
1ssued to redefine the ststus, duties, and responsibilities of the Technical
Associste Director in the light of the current needs of the Iaborstory.
Incidental to this, some additional statements are wale with respect to the
laborstory's organization and séministration.

Organtzstion. The group, ivisional and deportaental structure
of the Iabontory remains unchanged. Certain members of the Director’s Office
lnve duties in addition to their staff functiouns, completely asalogous to
those or & division lesder. Bpociﬁa.uy the Auutaut Director for Adminis-
tration 1? respcnsihle for t.be Supply and Property, Persoanel, and Accounting
Departsents, the ustness Office, the Bulget Office, Mail and Records, and
Graphic Arts. !he Auistant Director for Engineering 1s responsible for the
hgimrinc w The Assistant Director for Productios is responsidle
for the Shop Depsrtment end the SP Control Group. The Assistant Director for
Clessification nnﬂ Security is the Documentary Divisiom Lesdsr. ‘

II. Director's Office. The staff functiocns of the Assistant Directors
for Administrstion, Classification snd Security, Engineering, Production,
Sctentific Personnel, and Weapon Development, end of the Technical Associste
Director are to edvise the Director with respect to Ladorstory prograa and

opsrations Mathelr respective fields and to represent him in specified respects.

1] =e/



T™he detailed staff Suties of these individuals may be defined in later memo-
Tanda wvhere there sppesrs to be a need,

II1. Standing Committees Appointed by the Director. The success of the
Laborstory's technicsl prognn is very strongly depem!cnt upon the sccosplish-
ments of these committees. Although they are forwally edvisory to the Director,
mmmimdmucmitmmwucmiaerdcwm

equivalent to directives to the various divisions unless and until specifically
d1sapproved by the Director, and divisions snd deperiments are suthorized to
iwplement immedistely such Tecommendations. Cases of conflict resulting frow
such recommendations should be brought to the Director's sttemtion promptly.

" IV. Duties and Responsibilities of the Technical Associste Director.

A. Those of the Technicsl Associate Director are as follows:
_1. To asguse the direction of the Ladoratory in the adsence
of the Director,
2. 70 bde s meaber of the laboratory Construction Flanning

3. %0 de responsible for the preparation of ladoratory tochnicll
correspondence, including replies to technical ingquiries from Washington or
elsevhere, excluding, however, those matters normally handled by the Assistant
Director for Production, those matters handled by the Chairmen of the joinmt
Los Alamos-Sandia committees, and routine technical matters norsally hondled
at the division level. |

8. To act es ulternate for the Director with respect to technical
research and developuent contracts or arrangemsnts vith agencies outside the
Laboratery except those directed towar2 J Division activities, which are
noraclly negotiated and supervised di.tectly by J Division. In particulsr,
vhenever action by the Director’s Office is required concerning such arrvange-




uents in the fields of thermomuclear research, eryogenics, initiators, and
| nuclear seasurements, such action will normally de emby the Mni
Associate Director. PLeaidonik

5. With the aild and advice of the Assistant Director for Weapon
Development .nd other appropriate leboratory persomnel, to study cnd recommend
€0 the Director, from time to time, the desirsdle over-all Ladorstory and
individual division effort to bde assigned to its major fields of research
end dcvclopnnt.' In particular, to recommend in the near future the propor-
tiocovate efforts to be expended upon fundswental research, fission weapon research
and development and therwonuclear research and development, ronawing a
deternination of these proportionate efforts by the Director 1t shall be the
duty of the Technical Assotiate Director to follow the vork of esch division
t0 insure that esch major field is receiving approximstely its allottgd share
of the effort. These arrangements vuymuupernuous s on_:~.1 Committee
for Weapdn Developmsnt.

6. With the aid and sdvice of the Assistant Director for Weapon
- Deﬁziomt,ﬂ the Family Comsittee snd such others an are deemed sppropriate,
to deteruine, recommend snd wodify as neceum.vit.h tine a detalled program
for the entire therwonuclear erro:?t. Folloving spproval of such & program, the
Technical Associate Director will represent the Director in desaling with divisions
and outside sgencies to implement it. The directive to the Family Committee
will réquire revision mder the circumstances.

7. With the aid and advice of the Pission Weapon Committee and
_tbe Initistor Committes, to determine snd recomsend a detailed progrea for
thé Ladormtory effort upon both internal and external initiastor development.
Following approval of such a progrsm, the Technical Associate Director will
represent the Director in desling vith divisions end outside sgencies to

{mplewent 1t.
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8. With the Opriate Laborstory persommel
to study and recommend, from time to time, upon any organizetionsl changes

which will incresse the efficiency of accomplichment of the techanical prograsm.
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A SEPARATE THERMONUCLEAR DIVISION
0000

* thdunm.lkﬂﬂﬂﬂ..k""" IﬁﬂﬂiCL%giéingBLE
ﬂ'}— Advantages over present organization. 0s-6 ]

1. The personnel of the division have a major single objective,
namely accomplishment of the thermonuclear progrem. Thus, a great part
of their effort is expended on the program and much time spent on anything
else becomes apparent and needs explanation.
2. The direction of the program becomes administratively simple
l and straightforward. There is a well-defined group of people available.
Their potentialities can be estimeted and progress predicted. Conflicts
about what an individual or unit should work on are less likely than if
they have additional responsibilities and conflicts are easily resolved within
a single ﬁivision.
3. In recruiting new personnel for such a division it is clear to
them that they are to work in the thermonuclear field and will not be
expected to dissipate their efforts on other pursuits.
4, Correlation by the Director's office of effort in several divisions
i each of which has additional responsibilities, isudifficult compared with
similar correlation by e single division leader within s division having a
single major responsibility.
5. Some very influential and importent members of the Laboratory staff

believe strongly that a seperate division is greatly advantageous. Therefore,
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Disadvantages and methods of overcoming difficulties with present organization.

1. The rather marked benefits now acqﬁding to both the thermonuclear
work and fission weapon development from the thought and ideas contributed
by men working mainly in the other field ;ould certainly be reduced and
probabiy lost to a major extent by formation of a separate division.

2. It would be extremely time consuming, wasteful, costly5geo—
grahpically inappropriate or otherwise difficult to duplicate many functions
of the Laboratory which may be needed for both major fields of weapon

the advocates
development. The writer does not know Jjust to what extgg}/a separate division
wish to carry the separation. It can be imagined almost anywhere varying
from the present organization to a separafe laboratory structure including
personnel, property and shop departments. It is assumed here that the intent
would be to include in a thermonuclear division those activities which are now
carried in that field by the technical divisions, viz.: T,P,CMR, GMX, and
J. Although certainly not comprehensive, the following illustrate some of
the difficulties of a separate division;

(a) Testing of nuclear explosive devices. The duplication of personnel
end activities in J Division in logisties, military assistance, ete., is absurd.
Site duplication or difficulty with two bosses is patently in(®ppropriate. It
seems J Division should continue testing of both fission and fusion devices.

(b) Separate staffs to design and measure safety etc., of the fission
bomb parts of fusion devices (work of W-1 and W-2) are not very feasible to
obtain personnel-wise and facility-wise (build a new Pajarito?). Nor would
it be efficient because there would be long periods of inactivity with sudden

bursts of work which would require a big crew.
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(¢) Remarks similar to those in (b) apply to equation-of-state
experiments, implosions, H. E. production, metallurgy, development of
fabrication methods,etc, in GMX and CMR divisions at present.

(d) From the above, it appears that a separate thermonuclear
division would be made up essentia;ly from personnel and units now in
T and P Divisions with, perhaps, some additions. In these divisions
there are many grdups and facilities useful to both major fields. Do
we give the cyclotron and its crew to thermonucleonics, the Van de Graaff
and crew to fission? Surely we sometimes want both in each. Do we divide
the crew on each into two groups working alternate periods on the two kinds
of problem? Surely it is more effective to have the whole crew, which has
learned to work as a unit, tackle the different problems successiwly. How
can we divide an operating group - say that on the Van de Graaff or that
operating the IBM machines - equitably and in a way to keep good morale?
Groups resist being split up. Who gets Taschek, Hemmendinger, Hammer,
Carlson, Coon, etc.? How‘do we asslign responsibility, division-wise, for
property control, maintensnce etc., on facilities owned by two divisions?
What do we do with people who insist on having ideas, and working on them,
in both fields - e. g., Ulam? It seems to the writer feasible to select
some personnel and units (perhaps groups) in T Division and assign them to
one or the other field, if there is no major equipment involved. It also
seems feasible to program the work of other groups to include work in both

fields - and surely we shall want to use the Masniac in both, for example.
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The biggest reorganization which seems useful in this respect is only a
minor shifting about in the group structure of T Division.

3. Some very influentisl and importent members of the Laboratory
staff believe strongly that a separate division is greatly disadvantageous.
Their morale and therefore their effectiveness would be decreased by the
formation of such a division.

4, The laboratory has been gradually built up to do a very diversified
set of jobs in ccnnection with atomic weapons. Many of the talents and
facilities cannot be split because they-exist in units (one perscn or one
machine).

5. If a separate division is formed, its personnel policies, pay
scales, etc., must be identical with those of the rest of the Laboratory
or the ILesboratory will simply fzll apart. Thus, with a little care, recruting
to do thermonuclear work should be equally easy under either organizationsl
system. |

6. A strong stand in the Director's office can ass&ﬂé‘equitable
distribution of effort in a given division about as easily as the personnel
in one division can be kept untouchable by another.

From conéidefations such as those illustrated above, it is my opinion
that LASL can be very much more effective in each of its major fields of work
G nfsiiiee B frana T Gofet grpamagnZon

nthan by forming a separate thefmonucléar division. This does not mean that I

think each person must necessarily try to contribute in more than one field,

nor do I believe our present organization is anything like perfect. There are
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many minor organizational changes I think advantageous and there are undoubtedly
activities going on which take man-hours but do not contribute sensibly to

any of our major programs. Poesibly these things can be improved. In any

case, it must be clear that it will take quite a lot to convince me it would

be advantageous to form a system under which it would be quite difficult, or
taboo, to call upon any talent or facility we may have to meet any special

problem arising in either of our important programmatic fields.

Darol Froman

March 20, 1951
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foa > \;1 salternatives which present themselves concerning the future of thegsg
£ W V|-thermonuclear progras. ~
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fi = g A utaihd plan for a nev oite would enable one to Judge
S8 I/ Smore reslistically the advanteges and disedvanteges of a mev location.
£ W5 R :rhe past two veeks have been too short to formulate such s plan but I
jon NG IN[|=have tried to arrive at an cutline of manpover and space reguirements
s N2 |k 88 vell as some estimstes of the cost of principal equipwent. I em
._3 g’ : l: attaching this outlime for your use bLbut vould like to esphesize that
e £ 13 it is submittsd only in order tc put discussions on 8 more concrete
K -8 > basis and not as s definite proposal to the Commission. A vide choice
g . 3 " for the location of a site presents itself. 1 bave singled out Boulder
i “\i 3 > but have briefly discussed some other places tc shov reletive merits.
¢ Wiz .
83 NG &g . ¥hile I am undiag you this cutline in order to complete the
£ 2 NS picture, I am fully avare that in order to avoid delsy and duplication
al it might be of considerable adventage to keep the thermomuclear program
Ca o at Los Alamos. If anyone hopes to achieve practical results wvithin an

extremely short time span--such as & yesr--then a delay would be part-
cularly serious. Recent theoretical consideretions offer some prospect

of & fairly simple thermonuclear system., On the other hand, Los Alamos
carries & heavy burden in the fission developzent program and it $s not
evident wvhether & more prolonged and ambitious mgrn could be carried

out st xoc .unol .
lol Alamos s n wy opinioa ths bdest scientific ladoratory of
any mrut departasnt. I bslieve mevertheless that the followving
wmmwuumumwmmmww
program n -an effective way: A ‘
(.) Concentrate mmibzuw ru- the scientific
administration of the thermonutlear work in s

single individusl who sctively heads the pro-
gram and participates in its exploration as &

full-time Jjodb. .
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(b) Induce a considerable number of scientists,
including some nov outside the AEC to spend
full time on thermopuclear guestions at Los
Alamos,

These changes vould be effective only if they bors the fullest support
or tln uborltory ud-uhtrauoa. :

' e ~A nev site would cuto-uuu: meet conditions (a) and (b)
-bovc. -I» addition, considersble impetus would be given to the recruit-
ing program. The drive and enthusiasm in s project wvith a single but
large goal wveas shown in the early days of Los Alamos. A nev site should
operate in such a spirit and I believe that it is important that the pro-
Ject be kept relatively smmll. The top scientific staff might amount to
not more than 50 people. JFrequent discussions and daily contact on the
single subject of thermonuclear work would distinguish such a site from
the compartaentalization of ideas (not dictated by security) nov so pre-
valent,

As you bhave bheard from the Laboratory, I complied with your
vishes not to come to any personal decision before June, As & matter of
fact, I am nov planning t0 return from Enivetok by plane at the earliest
posaidble date. I shall be at Enivetok until about 10 days after the shot
and plan to attend a Reactor Bafeguard Committee mting in Bchenectady
on May 28th.

I unemly hope that a ngoroul prograr vill be planned and
that I may contribute to defense work by participation in the field of
Atomic Energy rather than by helping in other branches of defense.

Yours very truly,

Rdwvard Teller

- -261 co 0
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1. Introduction 51183

PThe felloving is an outline of a proposed thcmonucuu- p{muCLY Z1EASA

- © laboratory. :It is pot intended to ergus that s mev laborstory is o

. desirable.:-It is impossidble under the present circumstances to give //Z(o‘
. evea en spproximately correct and eomplete plan for such a laboratory. |

The purpose of this outline is t0 summarise--in ansver to questions

that have béen raised--the kind and size of operations as they might

‘be imagined at pressat. Specific figures given belov are intended .

. mostly w8 illustmstions. It is firmly believed, howvever, that the

final size of the laboratory should not greatly nrpul the estimates

we shall present. [I

Over-ell Scope of Work

To investigate theoret.icauy all avenues of thermonucleer
; to prepare for early intermediate tests {about 9 to 2k months);
Oto design and execute a full-scale demonstration of & thermonuclear
cxplouon, to design (but probadbly not to build) thermonuclear veapons.

zation, fpte) g

;!

hmcherpcriuntdvorkupouibh is to be farmed out

u,to existing AEC installations or to outside organizations. This policy
$vill help to keep the place small, utilize existing AEC laboratories

oto the fullest extent, and allov the m site to concentrate on essentials.

n

of seco

(Slg/

3. Bclentific Maupover ent Bquipment

In order to present a proposal in the most conerete tarms, the
folloving sections have been written with e specific site in mind, Boulder,
Colorado. In section &, the relative advantages of this loeation and other

locations are compared.

Bach field of work is discussed separately belov. Ad-inictnt:lvely,
mmrmmtummmmmuuam L

mmmcmmm,mumm
mumw ssientists, Junior peientists and technical aspistants.
mmwmwummammwumnm
. shertest possidle time. On the whele, expansion in most divisions would
.‘hnhunly—u Tor the test divisicn, this is not so. There follows
soacerning each fisld with mumt details left (vhers sppropriate)

. SUEmAYY .
to uazvum aypeniices.

N



A. Experimental Physics

Fundsmental measureménts such as cross sections, ete. will be
farmed out vhensver possidbls. This can be dons the more readily because
the relevant data are mostly in en unclassified area or sre declassifiabdle.
In sooe exceptional cases, such measuremsnts might be carried out vith
sdvantage at the sites by an axperimentel physies division.

Zhe main funetion of such s division would, howvever, be a different
. ons, It will frequeantly be necessary to carry out physical measurements on
‘.mm&u-mu.mzamnm.mmusma.
u:tobaut mnmwumw

m funstion of the phylieo division 1is to meke mutie
Mﬁhbvﬂld&h&nﬁpmmﬂmdmwﬁu
mumumrmm

The mr-on staff for the uparimtd physics division would be
T senior scientists, 7 Junior scientists and 5§ technical assistants.

B. Kleectronics

Delicate electronics equipment is needed in connection with the
vork of the experimental physics division, rsiiochemistry and taests.
Therefore a strong electronies group is needed. The staff may consist of
3 senior scientists, 10 junior scientists snd 10 technical assistants.
¥o particularly expensive apparatus is needed.

C. Chemistry

. To carry out the necessary tests, unusual struetural materials
wvill be needed and these materials will be sudbject to unusual requirements.
It is therefore necessary to have a group of chenists vho are fully familiar
with the thermonuclsar program. Inorganic chemists, because of their
knovledge of uwnusual materials, are needed to belp in the selection of the
right materisls. An analyticel group vill be needed, mostly for the purpose
of checking materials used in design.

Another important role of chemists in the project will be to
yarticipate in the test observations by analysing the radiocactive substances
produced in thc tests,

' The chemistry division vill therefore have to eonsist of sn
saalytisal, s icorgammic group and @ rediocchemieal group. Bach of these
thres grows vill Jeve approximately’ 3 seaior ssientists, 5 Junier scientists
end § ladorstory assistants. Bguipment vill be of the usual laborstory type
for ehemistyy, ;uwum;l;ua for haailing redicsctive materials eno a




D. MNetallurgy

The maximus smount of fabrication for test purposes will be
farmed out to other estadblishments. Vhers peculiar materials are asceded,
the chemistry division esn take over. There remains, however, the neces-
sity of uranium metallurgy, and in partieular of 235 operaticas (casting,
machining, ete.). %This job vill need & separste group, both because of
the hasards imvolved and because of problems of accountabdbility. !l’hil group
wmlﬁdEm&cm,}Jw&ummmmmu.

mmdnrticuluoquimtumhwmtm&ed
by the chenistry group. The fabrication of plutonium is a particularly
delicate and therefore expensive operation. It is plamned to svoid the
duplication of ey plutonium fecilities. Plutoniwm parts are not liksly
.whmmmmummuanmmmm
,Mmmmymhhhmhm\ymm

B. ZTheoretical Physics

This must bs a strong group. Requirements would de 12 senior
scientists, 15 Junior scientists and sbout 15 technicel sssistants, vho
vould include both trained and untrained computers. In case a strong
theoretical group is established at Princeton, these requirements mey be

¥. MNachine tions

It vill be necessary to Build a fast electronic computer (Maniac)
as soon a8 possible. Present daniac schedules indicate that it might be

Location of the project at Princeton would make the fast electronic
computer availadle at an sarlier date. Duplicastion of this mechine, howvever,
will remain & necessity since the Princeton electronic computer will not be
aevailable for full-time service.




u‘

G. Cryogeny

Liquid hydrogen facilities are essential for the oldest type of
thermonuclear, or Super, vork and in ell probadility will de required for
other types. Complste eryogenic facilities are being planned at Boulder,
which inglude a persommel of 5O scientists and an expenditure of $3,000,000.
The groatest sdventage ia moving the nev project to Boulder would de the
sdvantage of uwtilizing these fecilities to the fullest extent.. Actually
uwummcmmtmmuumummmtm
mhm ' ,

- Ifun mm 1s uwmma m, a vm muuyb.
: .mmumuu-ummmzmorsm-n,vmor

e guum '

The grestest dslays in estadlishing & nev site are likely to be
encountered im estadlishing & nev explosives division. Some duplication
of the facilities availadle st the sxcellently funetioning explosives
divisiomn at Los Alsmos oan not be svoided. Such duplication, hovever, ean
e held t0 & minimum by mot requiriag any high explosives casting faelli-
tiss. The high explosives lenses vhich thermonutlear work wvould nsed
could, in all probadility, be dalivered by Los Alamos. This might require
some expansiom of the Los Alamos facilities. Buch expansion, hovever, would
be much less expensive and much more prowpt than the astablishment of nev
facilities. The high axplosives parts fadricated at Los Alamos would have
to bs trunspoerted to the aew site. Ituwmorndmtmum
nev site {3 ot too far from Los Alamos.

mmmmmunmummmuuw
modify, in 8 slight wvay, the high explosives lsnses delivered from los
Alsmos. This will require high explosives machining facilities. In addil-
tion, fasilities will e needed to assemble the high explosives systems.
All these operstioas will require approximately 3 senior men (engineers),
& junior men (2 engineers and 2 high-ealiber machinists), sad 12 technieal
assistants (mostly machinists and some draftsmen).

In sddition, & firing group is meeded in the explosives division.
The purpose of this group is to investigats iz dstail the results of implosion
shots. This group will have to include 3 senior scientists {1 physieist,
1 slectromics men and 1 mechanical engimser), 9 junior scientists (5 physicists,
3m—ux-¢m&w uummmm

- iummmcmwn,mn.wv
<vmmnhuum .




- seiontists, & Junior peientists sand sbout £0 techaical ssgistants. MNany

. of the scisntists will de engineers snd many of the assistants, draftsmen.

3 ) uis 8 one-uillion electroa wolt x-ray
~ =achisg, Whish vill bo weed o isspest the test objects. . e T

. - s group will eventually % cne of the larger groups in the

= 1aboratory, It is, hovever, impossibls to plan tests at an extremsly early
date sad 1t therefers seems reascasdls to start this group vith only 3 senior
scientists eaad 3 junior scieatists. An early function of this group would

be to plan test operations and ¢o ostadlish the much digger group which will
B0 nscessary to exscuts these Operations. 7The eventual size of this group

may well consist of 100 seientists and technical assistants.

Bxistiag bhelp from other ladoratories such as WOL vill have to be
wtilizsed on & comtractual basis, One of these groups vhich is now established
at the Radiation Laboratory of the University of Californias has deen doing
vary useful work om the eylinder test. A further thermcnuclesr test progran
night wtilize this group effectively and avoid dispersal of able personnel
vhich night ensus 1if further therwmonuclsar tests are delayed too long.

K. Footography

A smal) photogrsphiec group inelwding 1 senior scientist, 1 junior
ssientist and & assistants would be highly desirable. Particular esphasis
should be placed oa high speed photography to be used in observations on
high expleosives work and ea the tests. :
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bk, Location
As indicated in section 3, Boulder, Colorado has besn chosen as

is flat and does not represent the topographical diffieulties of a place
1iks Los Alamos. The principal edvantags of Boulder is that the Bureau of
Standards cryogenic facility is €0 de located there. Bince this eryogenic

g
g
."‘"g
4
§
:

e nev "ANC towa". At Boulder, this would seem to be unnecessary since s
regularly established tovn with all facilities already exists. The vieinity
of ths large mstropolitan ares of Denver is also an advantage vith respect
to vorkmen 's housing, etc. The faet that a university exists at Boulder
and that the University of Denver is elose by should de considered advan-
tages, although neither of these universities is of the quality to provide
real scientifie aspistance., Commnigations to Boulder are very good, both
vymmm,muu»munmm.

From the point of viev of defense, Boulder seems to de ueclhnuy
located.

In the course of time it is probadble that additional housing in or
near Boulder will be required. The good climate of Boulder will make it
somevhat easier to provide such additiomal housing.

A few other possidble localities will be discussed balov. .
Princeton.- The great advantage of Princeton is the expected

me‘lm monohmummnu
be svailadble st

:
;
I
h
]
3
:
:

m-m»utorvmantumwm



Brookhaven.~ A location in Brookhaven would have the advantege
of an established ARC site as well as the availability of 8 nuclesr reactor
and a Van derCraaff machine. The savings on sccount of these installations
and of the probable availability of liquid nitrogen and bhydrogen vwill be
sdout one million dollars. JNear Brookhaven it might be difficult to find
an appropriate site for explosive sxperiments. With respect to distances
from Los Alamos and Nevada and with rupcct to mtioul defonu, tho sane
rc-rk. hold as for l’rheoton .

L Vchig‘o.- In Chicago, & Yan wun-rr, s D-D source, a mlur
reactor, lov tempersture facilities and high speed electronic computers
are expected to be availsble, Ia additiocms, comsidersble help could be
sxpected Tfrem the local scientific psrsomnel. The disadvantages of the -
distances from Los Alamos and Nevads, as well as the location vith respect
to national defense apply to & somevhat lesser extent thanm in the case of
Princeton and Brookhaven. The project eould be integrated administratively
with the Argonne National Laboratory.

The greatest difficulty of the Chicago location would probably
be to find an appropriate explosives site wvithin reasonable commuting dis~

tance,

Froe the point of viev of the AEC, the housing situation in the
cases of Princeton, Brookhaven and Chicago offers the advantage that in
these locations probably no mev housing projects would be undertaken.

A 8ite near Tonopah.- This site would have no advantage vith re-~
spect to existing facilities and might have the disadvantage that a nev AEC
town would have to be built. It would have the considerable advantage of
proximity to the continental test site and probably be well located from
the point of viev of national defense. Isolation might be considered an
advantage from the point of viev of security.

5. Sumary

A site at Boulder, Colorado has been considered. Total rejuire-
ments for the immediate future for scientific manpover are: 50 senior
scientists, 82 junior scientists, and 228 technical assistants. Table 1
glves a breakdowvn by fields of these numbers.

Tadble 1
L Sentior Junior .

- S e i Scientists Scientists Assistants
Experimental Physics 0 7 5
Rlectronics 3 : 10 10
Chemistry - 9 15 15
Netallurgy 2 5 20
Theoretical Physics 12 15 15
Computing 3 6 15
Cryogeny (1f in Boulder) 0 0
Explosives 6 3 24
Engineering 3 4 20
FTield Tests 3 3 0 . '
Photography 1 1 Y “
Shope 'S '835' 100
TOTAL 50 ‘ 228




In eech of these fields secretarial personnel vill work closely vith

the above groups. Technicelly untrained persomnel such as operators

for certain physics equipment vwill also work together with the technical
people enumersted in Table 1. These two groups should represent an extra

S0 people.

- Bpecific physical equipment is likely to take adbout 30,000 sq.
ft. %The ladoretory facilities for the 360 technical people plus the 90
non-techaical people working with them are likely to take another no,ooo
sq. tt. (buod on an estimate of 300 oq,. rt. per person). _

) Al tor co-t, 1t 19 ncomud ﬂnt dollar value is a poor measure
of the ml cost to the pation, vhich is that involving scientific mmapover

and equipment, In particular it 4s belfeved that vhersver purchase of

oquipment will in any way molmtc tho thn u:hcdulc of the hhontory

th:l-hngoodhtmtn

The cost of ujor cxperinnul oquipnnt would sesm to amount %o
about & to 5 million dollars. This cost does mot cover any expense for
buildings. It should de emphasiszed that dollar cost estimates cover only
specific technical installations considered adbove., Btandard equipment for
specific groups such as experimental physics, electronics and engineering
are not included and no consideration has been given to the very expensive
installations vhich field tests will necessitate. Eventual requirements for
equipment are likely to exceed the gquoted figures consideradbly.

In addition to the manpover and facilities directly connected with
technical work, there are requirements for considersble manpower and floor
space to maintain such a laboratory. Among these ore notes administretion,
document and library facilities, dbusiness and purchasing staffs, security
services, maintenance ssrvices, etc. The exact mature and location of the
nev site wvould dictate these auxiliary considerations and they are mentioned
here only to recall that manpover, cost and floor space estimates concern

the strictly technical work only.

The time schedule for a nev site could be such that a planning
and theoretical group spends the summer of 1951 at Los Alamos. Meanvhile
ground could be broken at the nev site and by fall 1951 rudimentary faci-
lities might be available to permit the first group, vhich would include
the theoretical pecple, to move in. Christmas 1951 might see some experi-
~ mental squipment in operstion and fairly routine operation might be expected

by the spring or summer of 1952,

Bistributiee ST
- Ooutraes pe — I
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APPENDIX 1
Details on Field of Experimental Physics

The measurements to be performed in the experimental physics

- division will not extend to checks of mechanical construction. ZThey

will be gonfined to investigation of phenomens like dehavior of meutrons,
of fissions and activated substances in the test objects. For such
mﬁo thc rouaving sppmtu 1- needed: R

5-’" -!—D Bource

| The D-D Bowrce is a lov energy (250 tﬂ) accelerator, It is

needed for D-D and D-T reaction studies. It will cost approximately
$30,000 and requires a floor space of about 1000 sq. ft. It is commer-
cially available,

Vater Boiler

This small nuclear reactor requires 1l kg of 1235 ana operstes
at an spproximate power of 10 kv, It is a cheap and flexible tool for
large neutron fluxes. One of its uses will be the production of radio-
active substances vhich have to be studied in connection v%t.h the planned
tests. It will cost approximately $100,000 plus 1 kg of U 7 apnd will re-
Quire a floor space of about 5000 sq. ft. The laboratory will have to
build 1t, but it is not a major undertaking. )

Vﬁ dcr Graar?

A small 2.5 mev Van der Graaff vill be useful as » source of
neutrons covering s vide energy range. It can be bought commercially
and will cost approximately $500,000. A floor spasce of sabout 10,000 sq.
ft. 1s required,

¥With high priority, these pisces of apparatus can be partly
bought, partly assembled within 6 months.



%

APPENUIX II
Details on Fisld of Chemistry

- The chemistry laborstory vill mot -ko unusual floor nplcc A
m\drnnh. The gensrsl expense of the agquipment of the laboratory
and of the specific instrunents is utinm to cost & 1ittle less than
one nmw Aol.hro. : o




APPEEDIX IIX

Details on Field of Machine Computation

: ';_.'.s‘,_: . .

“The co-t oc c r-n oloctmaic eel:mur is nm.y to bde be-~
tvoen .100,000 snd $200,000, Duplication of the MANIAC is likely to
be most successful 4f carried out at ome of the places vhich dy that
time will have built a first machine, 1.e. Princeton, the University
of Illinois, or Los Alamos. It would then have t0 be rented. The
rental is approximately $1500 per machine per month. The total floor
space required for the machines will be in the neighborhood of 3000 sq.
L.




APPENDIX IV

Details on Field of Cryogeny

' “Low temperature facilities will start opsrsting at Boulder
on January 1, 1952, This date meshss well vith the date when other:
: Wmmxnunummuu.mmu ntnmuh. :

It ﬁe m:oct is. ut up nt a ;hco aitromt tro- Bouldnr.
appronntoly $500,000 wvill be nesded for eryogenic equipment, exclwding
liquefaction facilities. Another $200,000 will be needed for a small
hydrogen liquefier and an additiomal $100,000 for a nitrogen liquefier.

. These tvo last iteme can prodably dbe saved if the project is estadblished
in the sast pear & place vhere ligquid hydrogen and nitrogen are available
comzercially, The establishment of & cryogenic ladboratory at a place

other than Boulder will probably take a time somevhat in excess of 6 months.




APPERDIX V

Details on Pields of Explosives

In ‘establishing the nav site, high priority must be given
40 the dbuilding of high explosive fecilities, vhich might esasily be-
come the bottleneck.  Even with high priority 4t is likely to take . .
months ar more t0 eatablish the machining facilities and the assembly
1ding. - The floor space required will probadly be less than 8000 eq.
£t. A 50,000 1b, miu-m.mmnuhnhhmnut
reasonsdly isolated location., Accordimg to regulations, {3 must be
2800 ft. avay - from buildings and 800 ft. from any pudblie highway, BSimi. -
lar time scales (approx. 9 months) will be needed to establish the faci-
lities for the firing group. The total high explosive facilities will

cost nppraxintcl: $1,500,000

E'O
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Partial statement made by Hans Bethe at Princeton meeting June 16-17, 1951-

. PUEBLICLY RE ABL)
" qs.6 Z
The main problem, at present, is to find out how the propose '
//Zé/%—

' thermonuclear devices will work. What we have at present, both
the estimates of compression by radiation implosionand those of
the functioning of the equilibrium super, are more than preliminary.
Much solid theoretical work will have to be done to make the
estimates firm, and even to decide feasibility. I agree very much
with Wheeler that preparation of a test, even the simplest one,
will interfere with this fundamental theoreticel work.

"When theoretical understanding has progressed sufficiently, a
test will undoubtedly become desirable. I believe the decisive
point about designing a test is that it be significant. I dontt

‘ think it is necessary that the avenue from the test object to a
military weapon be entirely clear at the time of test, but I agree
with Oppenheimer that it was a great progress when the Nevada
tests were designed to find out how certasin devices worked,
regardless of their direct relation to weapons.

"To be significant, the test has to decide questiomns which

cannot easily be decided theoretically or by small-scale experi-
ments. We have never tested & gun because we have felt confident
that we could predict its yield theoretically. The Tonopah tests
were designed to test central compressions in the implosion on
which the pin shots and Rala experiments had given conflicting
evidence. Similarly, the thermonucleer tests should be designed
such as to decide . .
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JCONTAINS AECR E S TR I CT E D DATA/ , , PWBLICLY, RELEASA
cron DEAN FROM BRADBURY PD I UNDERSTAND THAT EDWARD TELLER HAS %‘%
APPOINTMENT WITH YOU TO DISCUSS HIS STATUS AT LOS ALAMCS\PD FOR YOUR'
INFORMATION WE HAVE ASKED TELLER TO BE RESPONSIBLE EGR INITIAL.
THEORETICAL DESIGN OF SAUSAGE CMA AND FOR THE APPROVAL FROM THE
THEORETICAL POINT OF VIEU OF ALL THERMONUCLEAR ELEMENTS OF DESIGN
~ INCLUDING FINAL DRAWINGS PD AFTER EXTENSIVE CONSIDERATION oF IVDIVIDUALS
'BOTH INTERNAL AND EXTERNAL TO THE LOS ALAMOS SCIENTIFIC LABORATORY VE
HAVE ASKED DOCTOR MARSHALL HOLLOVAY OF oun STAFF HERE TO ESTABLISH ;m»zr
( COORDINATION BETWEEN THE THEORETICAL WORK GMA THE ENGINEERING DESIGN o

4CMA AND THE FABRICATION OF THE VARIOUS ELEMENTS PD REPRESENTATIVES OF ;j

AMERICAN CAR AND FOUNDRY ARE COMING TO LOS ALAMOS NEXT TUESDAY TO EXPLORE
POSSIBILITY OF THEIR TAKING THE RESPONSIBILITY FOR DESIGN ENGINEERING
AND POSSIBLY SOME FABRICATION AND PROCUREMENT PD ARTHUR D LITTLE WILL
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{ . OR CONSULTANT ON CRYOGENIC PHASES. PD'UNFORTUNATELY HOLLOWAY Is. NOT.

L . PARTICULARLY’ PERSONA GRATA TO TELLER BUT 1S CONSIDERED HERE’TO BE BEST
MAN AVAILABLE LOCALLY FOR THIS RESPONSIBILITY AND WE BELIEVE FIRMLY
THAT MOST RAPID PROGRESS WILL BE MADE UNDER THESE CIRCUMSTANCES RATHER

- THAN BY ATTEMPTING TO BRING IN AN OUTSIDE INDIVIDUAL UNFAMILIAR WITH

3 .
‘!’ g * THE PROBLEMS AND WITH THE STATUS OF THE DEVELOPMENT PD PARA- IF TELLER
1. t _' FEELS THAT HE CANNOT ACCEPT THE RESPONSIBILITY DEFINED ABOVE CMA_ I WILL (
ASK DOCTOR CARSON MARK TO ASSUME IT AND WE UILL MAKE MAXIMUM POSSIBLE-. '
. USE OF TELLER AS- A CONSULTANT PD. TELLER HAS INDICATED THAT HE WOI.‘II:DL’GgL
WILLING TO HELP IN THIS WAY PD IT SHOULD ALSO BE NOTED THAT DOCTOR HANS
BETHE WILL BE AT Los® ALAMOS BEGINNING EARLY NEXT. YEAR UNTIL I-'ALL PD
WE ARE PLANNING TO INVOLVEHIM IN THIS DEVELOPMENT IMMEDIATELY AND CMA
IF TELLER LEAVES CMA WILL VERY LIKELY BE ‘ABLE TO PERSUADE HIM TO BEGIN

TO DEVOTE TIME TO THEORETICAL DESIGN o
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