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Dorr’

This is the oirculated sgenda for the FAND-Oabriel Conf

which I hope all ef you have available, The starting hour| was /7:‘:/’/;’
wrong, it was a mistake of ours and I am sorry, o it the "/
norning segsion will be a half hour shorter and 1 am go to

elip ay introductory comments,

The purpose of the Cebriel Project you probably Imow, mosy of you,
The Question is whether an atomis war leads to widespread destruction
of husan 1life separate from blast and ordinary bomb effec That
is, for exauple, whether the radlioactivity intreduced by

explosion of atomic weapons is dangerous and at what 1%
becoues dangerous, Fow, there may be other aspectss I seq Colonel
Lulejian here - which are nonradicactive but which might Bave
worldwide effects. 4 suggestion of the Colonel's - Just

atanic weapons, I think a very interesting one, which have
widespread offects on the climate, So there are various pspects of
the Cabriel Project which are nonradicactive, but I beliefe it is
most likely that the most sericus effects of the atouie falling
in the province of Cabriel will be the qQuesiiom of wer

radicactivity, HNow the purpose of the RAND-Gabriel is tq considar
this problem 4n all its aspects in a sumrer study and to fresend

the conclusions to the Division of Blology and Medicine, -
Washington AEC, and the U,S, Air Porce I believe is also linterested
in it, There have beoen several Cabriel studies in the p which
have been vary good, I think, but which have had the weakness

that they did not proceed to a testing of the conclusiond, Ve have
taken the point of view that no matter how reasonable a get of
THIS DOCUMENT cor-:sr:‘rf ox«'zd_.}mc
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1.IBBYs
{ continusd)
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assumptions is that you can rake, in considering this projlem,

it is 30 sericus a question that it must be put to experigental
test, 5o the purpcse of the RAND-0sbriel has essen
sot up an experizental test program to determine which o
various poscible gets of sssumptions one might make in
of tbe Gadbriel prébhn. o we shall be discussing a pro
the point of view of wvhat wo may learn in the future morg than
froa the point of view of what we know now, I think one
cuite certain that the earlier Cabriel concl@im are p
rouchly righkt. I believe that the data will prodably
thes correctness, but it is just that the problea is such

cne thai 4f there by any doudt about the correctness of basio
ascumptions we must settle it by direct experimant, Thig is perhaps
a new slant which we hope that the PAYD~Gabriel will introduced
into this problesm, ‘ R
Te have asked you geatlenenf to cozs here to help. The freat wealth
of experience represented in this rocs can in a short s I think,
tell us whether the directions we intend to take ~ that s, the
directions which program we intend to recozmend - are likely to be
right, There are seversl basic quastions involved and these will
cose ovt during the ocourss of the wuenutioﬁ. %e hopq that tho
agenca will prove useful and interesting and oo the sec sheet we
have set forth, for the afternoon sesalons, some discusgion panels
oo vario:s problems, ¥e intend to convens this rmorning juntil sbout

1:30 this afternoon to present a sort of general x‘cviewHof the




LIBHY,
(contimed )

Lor-

whole problem, Wednesday and Thursday will be filled cut
mcre detail, but in the afterncon we hope to split inte
of seaimers or discussioa panels on several subjects,
first of these 1s comnected vith the metecrology pert
principally, the second cne is a saxpling on the wor

basis, the third is a problem of the measmrement of the 0,
the fourth is one vhich ve vish nov t0 defer until, say,
tomorrovw afterncon, though there may be scame hallway n,

we would hops to put it off wmil kncvledge of the technt

aspects has been presented, perhaps, If there is any to
ses further we might discues it, but I think at the momeng we
vill put 1t off until tomorrow afterncon on the classifichtion

policy prograns,

It may be rather time ccnsuming, tut I would rather like
introduce you gentlemen to ons ancther, I will just your
nanss = would you aind holding up your banis or standingd I
wvill just go dcwn the list, Swofﬁomphwhtﬁ‘m.

Rell call

kmulmmm,umwmumm
during the next two or three days, if you would mske noths on
your particular £isld of interest, Particularly if they]are
critical, 1: you dontt agres with the presentaticn o
conclusicns and wvrite thess dcwvn and leave them behind




LIBRY:
(contimed )

- fication questiocn, We bave two parts to the rAN

that wve can uce thea in the preparation of the fimal
This, I think, wculd de one of the mcst valuable cont

three panels, if you sc chocee, I think that the s
problen has very important aspects which you might f£irf

ars invelved in scme of these samples might alse
scme of you, and the Pansl A, vhich is principelly me
aight also be of interest to you,

Before we disband, iz abcut 20 nimites, for mcrning coffee or
begin the formal presentation, I would like to raise Yriefly,
for your information and oonsiderstion, a rather
problea in the Galuwriel task, This s vhat ve call the |

that arbitrarily decided all the disseaination of atoslh debrls
that cocurred in the first week aftes implosicn of a b
would be vhat we called local distritutiocn, and this
sutcmatiocally be olassified information, And then we sgid tiat




LIBBY:
(contimed )

ey

the dlssexination of bosd debris cn & vider basis might Wil
be unolassified informaticn, Inscfar as the purposes of
Gabriel are conoernsd the isctopes involved fortunstely spe
10 Lhave very little significence fcr long-range detection or
very 1little possitility cf revesling any details of our
personal cperations. The precocupation of this questicn
vmlusahtmnwmmumlfmmtm_
of doing the testing and msesursz:eat are so great that 1§ would
be almost iapcssible to do it cn a classified basis,
this is the question I wvant to laing befcre the group £
your infcrmation and copsideraticn, the quastlon cf whetie
it sesas pecessary to declasaify is. HNcv, I aust point
that it is nct entirely & questiocn of RESTRICIED DATA,
at this pcint I might ask Mr, ¥orse Salistury to m ake ajeczd -~
of definitive statement, Mr, Sallstury is head of the
Informtica Divisicn, 1s that ocrreoct? Techunical and ¥
Information Division of the Washington ARC, and 4f you &
chject I would 1like you to make & scrt of definitive
of the werrles, cutside the RESTRICTED DATA question, W
may be involved, Ry the wmy, this ocnference iteelf is
classified infcrmation, that is it 1s desired that the «
of this conference mot be put in the newspapers,

2%




SALISEURYs

" »ain outlines. There is quits a bit of prticuluiutﬁm

. at all, who are quite sincere, but who are quite dogmatie

Mr. Chairaen, this can be very brisfly stated in ite

that could bs done if you wanted to plunge into all of] the
posaibilitias of troubls, not in the field of revelatiin of
technical material that would aid the opposition, but in the

field of psychological irpact at home and abrosd. At
your basic problem is that thers is en under-current,
ground swell of uneasinsss going thméh the populsti
much cutside any rational consideration of what the h

pretiy

and the effects of atoale weapons explosions are. P
it comes out of a superstitious fealing and after that,] there-
fore, becauss of this 1dea a typs of reasoning that
weapons explosion being followed by tormadoss, being fo
by extraordinary rains have been the cause of these th .

It bas been quite troublesons this spring just from the|sheer
volume of handle of latters from pecple who are not aaljcious

about their belif that atomis weapous explosions are re:
sponsible for weather anc-anq a‘nd ought to be stopped;
This has manifested itself in statemants of two Congr -,

even, and lstters have come from Congressional Comait te
the Air Yorce, the Army, the Iuﬁxar Bureau and the m

asking for statements on whether or not there is a con~

noction.




ORI1GGSs

SALISZUXs

TELLZR3

SALISBIRYs

" spbculation on the subject. Fow, in the interstional

May I ask shether this is an argument for or against
classification?

It 1s an argument against avowing that the United smﬁ-
government i{s making a study of this character,

This 4s hard to understand. One doss not coaxbat proju&ico
with absence of study.

One does combat prejudice with fact and the point herefis that

until the study is completed we do not have fact. Youhave

& thingz that 1s in process of becoming, not in process

beinrg and the epeculators go ahead and speculate about it and
the propagandists in the international field go shead

use it as a clud to beat you with, There is also, in the
domestic field, a growing feeling that the fallout buai;ul
is putting the health of various comxunities at hazard.] We
have had to pay considerable atteation to tals ides in |
sexi-snnual reports - both the thirteenth, which a ia
January, snd again in the fourteenth, which will appeariin

July. The stirring up of another round of discussion
what are the hasards in advance of being gble to say *
study has revealed, thus and so,” is likely to be h

rather than helpful. Certainly, I should think that nolone
would say that when the results are obtained they shoulq be
withheld, but I do think that prudent people will say t
until you o have results in hand you don't touch off




SALISBIRY
(continued)

¥ "RRBY

-

field you have, of courss, the possibility that, as in|the
case of the germ warfars propaganda drives of the sm+
group, this ~ if avowed officially and made a point of
openly for sll the world - may be seized upon and made %m
basis for anoiher type of propaganda campaign and we
suffered considerably from *he germ warfare caspaign

are still suffering froma it in the international relati
field. These are the basic things clear outaide the
position of whether you want to withhold the facts, the
toéhniquu, etc., stc., from the world for putposes of
protecting our military and technical position.

Thank you, Kr. Salisbary. The principal isotope with wfich
we ars concermed 48 strontium 90 -~ gs will be seen la -

80 vhat we are talking sbout 18 collecting samplss to

determine the distribution over the world and parti

in tﬁc biosphere and particularly in human bodies of th
20 year isotope produced in iamt.hi.ng like 5 parcent fispion
yield from ordinary atomic weapons. This is the prodl to
got the samples and t0 determine what is the distribut

and what is the result of the firing off of some L0 bombj,
Now, the previous (abriels indic;tod that there would be|no
real danger. The estinmates varied someshat, but they al}
agreed t)ut; the present level of radiocactivity is likely(to
be very small. Is this not correct, sir? I don't belie




LIBRY
(continued)

VOICEs

SERSOAY |

any of them had any real worries at the present time, |Row-
ever, thers is enough as & result of the bombs that hate been

shot 30 that wscan answer the vary important questiom, Fmat
would be the distribution 4if you did have an atomic s 80

you ses, though we are very much concerned in det
anount of strontium inm your dones we have no fear that Rhe
azount to be found should scare anyone, so I wonder,
Szlisbury, zhether there isn't some unnecessgry worry apout
the magnitude. If yourealize that averycns who waars
wristwatch has much more radicactivity, exposure to r
activity than would result from this kind of tainge.
this is really a very tiny azount of material, I tiink jhat
this puts it in a very different light. Of course, my rhoh

persuasion sbout it 1s a qQuestion of the nacessity of i}.

Dr. Bugher, I belisve, feels that this may not be so, tjat

the sarples gan actually be gotten. Iﬁ is difficult foF me
to see how thase semples can be gotten with surficiont -
patch and in sufficlient nucber 2s in a sufficiently
economical faction so that one can proceed with this u+v
on a classified basis. IXXTEEXEEIXMEXXXEIE

If you wouldn't aind sir, I would 1iks you to make a r
or two about this -~ if you wish. The question is of genkral
concern. I would like the whole conference to think aboht it.

/0



VOICE:

(continued)

BUGH®R:

It is,in oy opinion, perhaps trus that we just (nn't
this assay on a classified basis. Now, Iuybcqut\t wrong
about this - it is a question of procurement of t;\o »

8 question of whether you think you can procure emougly saaples
from all over ths earth, particularly the type of h bodies,

in order to rake this mcasurezant possiols,

I think, as Or. Libby has indicated, the discussion renlly
of the problems of classification and such matters of policy

will coma someshat later after the progran itself, ¢
scientific crientation of 1t, has bLacome somewhat more] clear
in our nminds. For that reason, I thirk he has ¢chosen have
that panel concerned with those things actuated somewhit later.
T:.e points thet he rsises are, of courss, very pertineht to
the program with which v§ are concerned and Nr, Salis has
nade clear some of the problsems which are not related jo the
scientific issue, but do conoern themselves with puc , ro=
lations and political questions in which there are almgsh
endless rasifications. From the standpoint of getting|material,
I have felt that a firet thing is to define precisely 3

materizl we need, whet material we wish to have and Ir¢m where,
and when re do wish it, under what circumatances must jt de
ocollected. Having decided those things then one is in
position to consider what ars the ways in which one caf] procesd

to accurmlats this maote-ial - togethar with the neces

/]



EO_HER:s
(continued)

o Taerny

documentation of 1ts source and 20de of collection, Ijaa quite

prepared to agrse that a system of sample collection h is
in itself classified is likely to get into consideradbl
difficulty. On the other hand, there is almost always more
than one way to skin amy particular cat once you get to
that concrete problem of how do we do this particular Be
I, nysslf, do not feel particularly apprehensive about [the
problea of sampling collsction withmt.pnhncity, as fgr as
the objectives are concerned. Dr. libby has mantioned |the
importance of securing huran material and which is, I think,
vary fundamantal, ia thie program. Ultimately ilhat is ]
we are going for, is an evaluation of the human risk wfich
attands a large scals atomic weéponl program, and, of dourss,
e the

tehind that then lies our judgements as to how axtensi

wiole atoxic energy program in this country may be so thad 5 -
ths human objective is certainly pertinent and vory xuch te

the point. The probles of obtaining human material ‘
usually far more difficult than those of classificati
Those of you who ray have from time to time sttexpted
aatopsy raterial, for example, in this country will a
that the prodlems vary from region to region of the ¢
and actually from cocrunity to coamunity. Thers is
difficulty, for example, getting antopsy mgterial, g
spasking, in university coemunities where therse are ws
known zedical schools, where the idea of autopsies has

/&




BUGHERs developed over a considerable period of time than the
(continued)

e 19
in a remote community whers many faotors come into p |
having nothing to do with the question of medical mot
There are very many difficulties in this area, but I
feel that we can solve them and, just in passing, rec
you that we have operating in Japan at the present t
prograa supported by the Division of Biology and Madicine
devoted to the study of the human effects, in a long-
sense, of the bombs of Hiroshima and Nagasaki. That p
does involve a great dsal of autopsy work and human ma
from that source, at least, I think can ba assured withi no
very great difficulty at all. There are some other ar
where we can obtain human material through other types
functiocnal spproach relationship. In each case a wholgq set
of speclal problecs attendant from that locality, buat
are rnot classification problens in that case, and they
revolve arcund _ouur matters, 30 that I think from sy »
point, as I look at the prodlem of sampling, I certal
sgree with Dr. Libby that sazples are fundamental to §
program and must be obtainsd. I am perhaps not quite s
pessinmistic as he is, that samplas cannot bes collected
thers is widespread information. The prodleas of coopejatiom
of people and 0o on are, of course, complex ones. I hofe that

as the prograa is more clearly defined that specific obJectives
are pamed, then we would be in a position to discuss, fdb

-t ot Energy
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exampls, with the Departzent of State various persons phe
mst come into this sort of thing and just how we go
to do particular things,

Thank you - Dr. Bugher. I would like to say that I ha
never had anything but respsct for the magnitude of th
problen. of presenting this task or request for informatiion
to the public. I have never besen convinced that it t o
be put into the papers. FXhat I would say is absolut
essential is to be able to talk freely to peocpls who
be able to halp you. Now, I don't kmow, maybe u_ml be the
best thing to put it into the papsr, but I hand't that
particularly in mind. It was more & question of being tbll '

to tell peopls frankly and clearly that you were after
81'90, and why you were after it, and why you nesded the
sa=ples and then they might be able to give you better
than you thought about - u;d mizht take an eamthusiastic
terest in helping you, snd send it to you and pay the
themselves, and it aotuslly comes. The governament is

any alscrity frequently. It is so discoursging for an
pental man t0 see how slowly things happen through the

certainty - that this slomess will result from classifi
and this is the basis for oy remarks. You just won't dojit.

rgy
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LIBDY s It isn't that it couldn't be pushed through if you r
{continued)
wanted to do it - and give up a lot of other things -~ bht

1t just won't be done easily and well on a classified is,

this is xy position.

Departma=t of Enorgy
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LIBBIs

BUGHER:

LIBBY: (or KULP)

=27y

The main part of the earth's surface, of course, is oc
you think, ¥r, Kulp, that we could cbtain samples of th

8 3 °
A0

water from the top of the bottom, that is, the newly fal]
sediments, and of the microscopisc life in the sea? Coull

'gi

obtain this on & classified basis? ¥1ll you tell me what

omn slant would be about being asked to furnish thess sagples,
(a) on the basis you were told it was on & 5r°0 assay (v)
you were told...I doa't know what you would say, Dr. »

that it was...for general purposes?! For classified p es?

Fs have soms programs, for example, dealing with Quantities of
trace elemsents in human bodies from various parts of thejcountry
in which we don't say we're after one thing — we're t to
get a8 much information as we can, In the marine fisld we would
nhthosmpeoplunotonlytohhspo, but to think[in
terms of their own interests,

But far example, suppose you were making a ocruise o:t of
Fall®eeeseo(I may say for the rest of the people here
¥r. Kulp 1s connected with Columbia snd the oceanogr work

with Mr, Ewing.) ¥hat would be your slant? You see, I

say that you would react as followss You would say, &

we'l)
do this, but then forget about 1t, and you wouldn't ac |
take any real interest in it, and naturally it's real
for you to take some cores and atrain out this fine mierqpscepis
life, bottle it, and then to bring back these many gallors of

water in barrelsj it's real trouble, and you gust wouldn'p quite

o]
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KULPs

LIBEY)

Departmant

!_2714.,.,“ .

LIBBY: (or KULP) get around to it, whereas if you were interested in

strontium assay problem and realised that the o
thers was no minor intereat to oceanogrephy itself in

make the measurements yourselfj not only collect the
but go right through it and furnish the data. Have I guek
Your reaction cerrectly?

Pretty nearly. In the worldwide assay, I think the in .
point is that we're on a classified basis, and it would
impossible for these research ships to get a wide encugh
distribtution in a certain period of tize, whereas if you
Just ask any ship of a major line and ordered some barre
on doard simply because the captain was intereated in

you years to do the saze thing, As {ar as the bottom sam
mmetmed, that's a problem of techniyve, and only a
vessel equipced with very special equipment to take it,
alght only want a few samples anyway. .

I don’t bellevs that I presented Dr. Bugherts point quitse pight.
I don't believe you would have sent out a classified vessql,

You would have asked Dr, Kulp to have given the sazplss hout
his knowing why you wanted them, Isn't that what you wo:

dcne? Or you would have given him an excuse for that sanm

was only a part

nt - 1r(:\]

ou wanted it,

/7
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LIBEIs

BACHERS

Denartment of Tnergy
s T

I think we're arguing about something we might p.:;
debating a ocovple of days from now, But I don't think thi
once we get this saxple of seca water that we would eonf
ourselves strisctly to Sr’°, and, the opportunities would |
too great to do other things. I think we'd be interested] in
thes organic constituents - elexzents which are present

various and all amounts,

Yell, I'm not sure that, unless someone else has a poin
camaent, there is any pwpose in continuing this discuss

at the moment, Fe'!ll have this panel perhape tomorrow

noon or maybe Thursdzy, but this will be the cnly tise foy the
whole group to discuss this, I would much appreciate youw
leaving comments on this point, end if enyons has any remdrks
to make,...¥re Bacher, would you care to make a remarkt

dca't want to force you to, but....

Well, réferring to a remark that Morse Salisbury made, cextainly
as long as one is making a study of a situation, it's praden

in not being forced to make premature conclusicns to avoid any
announcements and discussione, ete., and I think this was Rh
point that he was trying to make, This is certainly a prufient
thing to do, (n the question of how one goes about colleching
samplas, etc., I bave to eonfess sufficient ignorance of th
problens involved here that I don't think I'm really e

to an opinion, but if you lock further ahead in the problep of
boup what

when you come up with some answers, and lmow a little

N
HEY)
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BETHR:

Danartmant of Enerqy

your conclusions are, and then have a problem of final p
relations, we're faced now with a situation in which
probably no area in where there is morghocus pocus and
undarstanding than in the general problea af radicactivi
its effeots on hm. 4nd until we are able sowehow or
to put down sone of this mystery -- ap-rosch this pr with
a little detacment and a 1ittle understanding, we
never solve the final problem -~ this then comes back ag inte
the final problem of public relations —— and I'a sure tha} in

that stage Vr, 'Saliabury would agree too, that you're go
have wide .diesemination, much greater understanding of
problems of radicactivity than you have today, and this w
only be done if & good dsal of this prodblem and its
laid out in the open for more people to know, So, the
of what haprens in-between ought ia part to bo Jndgod not
by the protlem of the difficulties of collecting samples,
also by the fact that finally this is soczsthing where thou
iz going to have to becose much betier educated than it is] today
i€ it's going to understand what the protlea of tb fut

It seoms to me that probably hers the grovp at RAND &
knows quite a bit about radicactivity acd quite a bit xore|than .

the public knows, and it seems to we that we have everyth to
gain by making public today a large fraction of what we kn
Just to alleviate public concern about the matter,

TN
v
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i

I don't think we'll ever know about radiosctivity, Kot
that everydbody will be satisfied, I think that §f we w to
dispe] these fears that exist, we muat publish the facts §s we
learn them, Because of public relations, I think that it|is
quite clear that in trying to say things, one might say

much, ¥hen sombody publishes prematursly that he has a

for cancer, he certainly does not do any good to the

profession, 1It, however, had never bean jvropoeod to this
evil by classifying research on cancer, but by the most f th!‘nl
and better understood methods of professicnal ethics — if] you

do that you are called the name which you deserve to be ¢

It seexs to me that insofar as public relations difficult

are concerned thare is no doubt about it that thsy are ous,
and that the most careful thourht should be given to these
relations, However, it also seems to me that one of the
oriticiszs that can be leveled against us, is, that we keep|secred
Questions which influence the welfare of the population of |the
sarth, And I think abowe all, that I would liks to ses

justification for this eriticisa is avoided, I belisve thds
today we know enocugh to quiet doxn 2 lot of the doubts wh
exist even in the minds of very intelligent pecple, I that
one should be very careful about what cne is say'nge I
that any sttempt at keeping this gencral discussion secret
give rise to the king of suspicion which then will die prepisely
eeevhich will then, I should say, will die very much harder| than
the completely unjustified accusaticns about germ warfare,

‘Thede Cobments are g ful and enlighteninig,| We'll
have coffee and :

40




LIBH ¢

KFLLOQs

The presentation of the results of the RAND-Gabriel ltndj.

firet homr will be devoted to the local problem, that is
fallout in the first few days, M¥r, ¥ill Kellogg and his
asrociates will present this raterial,

The

the

*e will have to go rather fast in order to cover the wor
I'm going to
over, very btriefly, some of the work that we've done,

laret several nonths in an hour or so,

turn it over to Bod Papp, who will tell you in a little
about sample ctudy,
arbitrarily divided the Cebriel study into two parts.

Az so-e of you already know, we've

Re
then as Part I and Part I,
by this we rmean ths fallout which occurs in the first few

Part I concerns the esrly fa)

days, and Part II, the world wide fallout, which we've be
this worning mostly. Thers was a good reason for this 41

in the

by going
Il

re detail

First of all, it peemed that Part I, the early fallout, ¢
considered a type of weapon effect, and therefore it was
that 1t would have to be kept classifiad in xost of its
Also, we knew that there was & good doal rare data ava
close in fallout, dﬁo to the routine checks that are made
test sitesn,
separately, and what I'sm going to talk about is Part I,

So ws felt that it was a good idea to treat

fallout,

Just to throw this pboblem into focus, let ms mention a f
that I think sre universslly lnown about how the xsterial

Denartment of Energy

[ R I e
1ha _-.ﬁd_«_ HAREER.

brought
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KI'110Gg
{ continued)

down te the ground in the first few hours, First of e
kncw that if sand gets into the cloud under the right ¢ tiong -
wetll specify what these sre later - that it may conbine]with the

radicsctive material and may then bring the radiocactive
down to the ground, due to the fact that sand, at lsast
is large enough tc fall, and from the height of the mms!
the ground smmywhere froas an hour to four hours after sh
Another inpartant mechanism which is universally recogni
way far bringing down radiocactive material, is rain, H
don't have very wmany well documented cases wherse rain ha
radiocactive materisl down to the ground, sc we can't rel

scavenge debris in a good deszl of detail, and Y'11 tell
those in & minute, The saall radiocactive dust particles

negligible, and we can consider that gravity will not
down to the gound in the first few hours, or even days,
lock for other mechanisms to bring those down. I mentiondd rain
as a possidle wzy to bring theze down, 4Also, we must ¢
diffusiony that is, the verticles tranport by motion in the atmosephere,
This 48 also a factor whiich we have had to loock into,

The pupose of ths present study then, wus to understand thess
varicus factors that I described, and, in a scnse, we have| perhaps
lccked at this from a rathoer academio viewpoint, feeling t the




EELLOOg
( continued)

Department o0 7

Limdoal oo -
LT .

Mo

first step was to got a basig understanding of the

processes involved. Te felt that we had to do this def e
could go on to the next and real purpose of the project,|which
was to prediet what one would expect in the way of fall
over & wide rangs of conditions - that is, conditicns of Jburst,
height, yield, and of stmospheric atability and humidity;

Taking up these factors more or lsss in the order in wh they
entar into the developaent of the cloud, the first thing t

ws wanted to look at was the way in which the cloud rosed 7Thare
are soveral reasons for wanting to look into this early iom
&nd describe what happans,

The first thing which hap;ens, of courss, for surface burjte, we
have s nixture of subface material with the radicactive

and we've concentrated to some extent on trying to find o
how close to the ground one can get and atill not have
scsvanging by sand, ¥e have sone pretty good ideas now

also interested in what would happen as the cloud rose,
noticed, as I think everybody has notickd, that there is
interfal circulation in ths clowd, causing & sort of &
toroidal shape of the radicactive material, Te tried to
informstion on this, feeling that the cloud can't be conafered
as a hozceneous sphere, but must be considered as a
where we are talkirg about the radicactive material, ard
gone through innuserable films to scale off dimensiorns of

cloud, and I'Al give you of the results of this, We pave
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also heen interested in where the cloud stabiliszes when

stops moving upward, because the initial distribution in
radicective debris in the atacsphere has an important .
on how it will come back down to the ground, Sore of yoy are
alrcady cware of & tentative conclusion that if it goes high
it will be ziore difficult for it %o be scavenged by rain] Ferhaps
if I ohow this first slide it will demonstrate the pointl 1itlle
more clearly. We have a plot here of height of poeition-H Lo,000
30,000 and 20,000 in feet, versus yield in kilotons - for] instance,
5, 10, 15, 20, I have plotied here some dats points, in fhis case,

all from the ¥Nevada tests, and thoy den't follow any very

eyste-atie patterny thet im, they don't fZ£ fcllow exac
line which I have drawn. Dot T think they give a gocd
the trend, In a few cazes we've also plotted bLottoms,
are still in the process of scaling all photographs to ge§ more
acourste and more points %o plot on these curvee, 7hese dash
lines here I'll mention bscause they refer to a theoret
calculation of where the centers of clouds wculd go for
atzosplherie conditions. The first thing we tried to do
sae how this mean curve, if you will, the colored lirne,
change if we exploeded them undsr corditions wi.ich are
dirferent froa those in Keévada, Fe'!ll discuss this ucre

conditicns and a very high tropopause, And this lowest
where we have wintertine conditions which are extremely sthble,

P T ]
[oR R

-~

29




v

Ve bappened to choose & mran conditicn for cantinaniil polal alr over

Burope. You will potice that therc is about tem thousand of 4if-

ference in thess tuo caces and L0 scme extent we can say that this eorres-
ponds to the changs in tha height of the tropopause, this does act
as & very Luportant 104, but actually ‘n this case it never|dfd reach the

bombs, on sazying that tropopause 1s the height at which {t
I mentioned carlier that one of the reasons we wore with this

questicn of heighis wvas because wa felt that it was mo

what part of the cloud could be scavengsd by rain. These bjues dash lines .

represent the haight to vhich the rain §a rain-bearing clowdas nsmlly
gues -- the mximm haight to vhich it gxea in suzmsr, and fhe m.uesiion

is obrious, I think, if you accept owr data, that if we gotla bead of more

than sbout 5 KT under Hevada conditicns, that all of the de¥ris will go

above the mximm height of the rain in rain-bearing cluuds] and tharefore

we weuldn™t expect it to be rainsd out initially. w'un:]tonu for
1ttoccnehackdwnbyp-auotheruechaniubeforeu' be rained.
The pext thing vhich we vanted to take into account was the|transport of

the Gsbris, beth horizontally and vertically, sfter the clogd stabilized.

EETYS

Ty
.

Tha gross transport is due to the wind and I think metesrolqgists can umally

provide good Infamsation on where the cloud will go for the|first few hours,

based on upper air winis. ¥s can also tell how it will go _thgm
because we have a tty good backlcg

" saextranomdxor of data on upper air nds. Another

effect is, of course, the shear in tha atmosphere. This {sfa 1ittle dig
Mardsr to get at, bezause it is not vsually observed « Ons has

25
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(continued)
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tended, elongated, and 4iluted. mo?».gooon.o
g&n&"«cs&g? ggaﬁuﬁsoﬁ

very important in the adsence of precipitation or sand scaviiging,
a very important mechanism for bringing it dack dovn to the Pround.
have tried to -.ouﬂ.-uam diffusion in terms of diffusion coeffic

ansvers which we caa sus. ggo@uﬁ«&c&’vﬁ-
information on s »woeuﬁoaonﬁ-op«ﬁﬁﬂ ulﬂ»

have & B&E&Eﬂlﬁagggn% v
thing that has come out of this ‘E&ugiﬁ. .,..,?

.ﬁglw«.-u? Ve 5»&&«&8%?&8 ._ .‘ggﬁ
Sﬁslonnv-gﬁnﬁ:sggﬁug pare
slides from Colonel Lulejien's data. uﬁﬁagsl». us.s..n!
We have not applied any fancy analysis to thls dYecause we f
data was tllustrative of the kind of thing we get in Nevada) and ve vould
like to go into this in more detall eventually to show bow jt might be




WEXLER1

XELLOGG: (11)

LULEJIAN:

affected by surface conditions. For exampls, supposing it
over a ¢ity or over an agricultursl country or scmething
the time being let's Just look st this and leern viat le

it. This is ground serc here, and these lines vhich are , are lines
dqmmuut:yonmmmmehmmw. tter of
several hours after, or even a dny I gusess, after the shot poscurred. This
is for TRBLER/SEAPPER No. 5. We'll Just look at it to ehow the
typimptumvitchm%aawpmm, then a seooniary
Vtmmtutmdinmm. This is past the Lincoln + Unfortumtsly
I don ¢t have & scale ¢of miles here, but it s on the order ten to twonty
nieafrmemmdm,cndu:w'uemmuitI anything very
wrong about this. What's that? Seventy-five miles, I should bave
had the scale of miles on here. These arrovs thet are § here corres-

pond to the hypothetical trajectory which s 100 microm cls would take
it 1s -wmwhmmrmrommﬂam;
uueorrupmamtostomm.'nocqmmac
of a 100 micron partiole from about 20,000 feet. I menti _
nnuumumtumwxmq‘w. Bext ofide,

(tirst, question about the other mximm), Tz -

mmw-m“msm,upmml, 1y from
ancther secticn of thebloud, snother wind struoture, Do yo went to comment
Jon that one? "

Dr. Vexler, that other maximn is that one percest that we }tuph;nby
B8tokes law, and {t alvays sccurred that way; it night de vm, it aight

27



KBLLOGG$

TELLERS

KELLOOGS *

LULRJIAN:

TELLER:

LIBBY:

KB110GG1

Depapta--o

Moo

X

e the fact that ve shot the basbs in the early morning
strong inversion, but that cne percent of the total, mo

Could yvu give the welue of the radiocsctivity on the highes
that secondary maximm as compared to the first in ground

thare vas a

ticm,.

eontour of
1

Yes., The lifetime dosags of ten roentgens., ItnpSrmLuhm.

Down hers it's aame.
What is it at ground szerot
Down here it's not marked.

Actually sir, right at ground zero it was really high, 2,
a very smll area, very, vory close. HEcwever, hare {s

ansver yor question. Around ground sero, if you will take
porcentaje of the bowd that was dspositfed -- 1t wvas &

wmumtmmaumwuuzj.
1t)s & mmll amount around growd serc. Fall [or totalt
b deposited on the ground -- the percentage would be 1$.

but it vas
that will
vhole
tely 1§,
In other words
vity of the
Although it’'s

& vory high rate, i%'s such & small ares that the total curikes are very

amll. 2”0“0

Do you happen to know the height of the tower? Andvhntmthcy_ieut

300 £'t. tower, yield 11.8 KT.

I deduce from these mumbers that 2/3 of the basb didn’'t ccmd down.

I'4 1ike to go into more detail latar since ve don'€ have vepy much time

T mrey
. Vi d

8



KELLOOGS this morning, o let's go to the next slide, which shows cases
(continuod) - .
TUOLM/SEAPPER George shot, sbot maber 7, 13.8 KT (call 1} 14), end
again a 300 £3. tower. This is drava to the same scale as othar coe,
80 I wuld judge this is 50 miles or so. And the center inthis case is

acre intense -- it's 20, and the next cne 1is 10, the naxt 1} 3, 2, ste.

mmmwm:mummm saximm,
ond that s the point I wvanted to mmke, this prioary point , the
secondary maximm corresponlding roughly to the time it for sand %o
fall back dova out of the mushromm or upper part of the s The next .
nmtili

WEXLR3 What wvas the totel falloutt

I ~JIAN: That wvas 75, and incidentally, if you bave & minute ....

In this case we havwe very low shear, 50 the maximm was greqter, however
for some resscn only T§ came down.

TRLLER: Is 7$ of 25 mare usual....

LULESIAN: 7$ 1s usual vader usual metecrological ecditicns.

LOBGS goﬁruimw. ‘

Lule)lans If 1%'s & 10 KT, 300 ft. tower, 905 usually stays up.

KKELLOOOT Now the next slide: This is TUMBLER/SNAPPER tower shot murthr 8.

Tourteen KT, 300 fi. tower. Again the secondary maximgas you went to
tell the fraction brought downt

I U That was 55.

‘ Departmasy ~=":.,‘,.,‘_,, : '
KELLOGGt H:S&'.w#-w‘mxﬂo The center bare correspcnds in this case t0 5 roentgsns
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lifetinme 4ose.

The next elide. This is an attempt to explain somothing
Colonel Lulejiah’s data 4o terms of the fraction which is
finction of the height of durst and yield, As & mtter of
presented to us as & functica of a ratio, the ratio deing

eams out of
u'n
it ws
over yleld

to'.holbpam,mdthtnmtobemmismym fact that
st & swface Durst vhen this ratio was serc, hiight vas ve gt a very
large fraction. There is differing opiniom dotween scme of pecpla vho

shot that
as to Just
how much 414 ccme dovn in ths first few hours, but it seems [o have Ydeen
very large, perhaps between 70O and 100% is 8 representative Pigure, although
I must talk adout this tomorzrow with Dr. Cadle. As we g larger values
otthumuovow”romvensmg,mthm«:lmwu
ws that zaro scawenging occurred when the firedbell was caly|just e little -

studied the JANGIE surface shot, which is the only Newada ¢
Yo canl point to. There seaas to Le some differnce of

bit above the growd, and vhen wll the pictures shoved the going vp
mmmnwmtmummm o be explained
defore we vent into it any further, and so this is a tentatife explamatios,...

mummmuxm'tmnmwmmms. Tw
muslroon goes uwp, the dust column is alvays forssed, but it
mm‘ommmn'tmtwmtmm. ’
mmummm,wmyms@co s Where w
have dust going upghnd mixing with the hot fircball vhen it's|still in an
early stags, and then I think In this case we would expect {f without going
into any mme detail than just saying that the dust and the ten apd
cass of &

does not shov

vaporized radicactive material were together. Then wo have
lov air burst, wvhich fs & difficult one to explain, beem.u
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scavenging by Qust, and as & tantative explaneticn I think v

can invoke

the fact that we Dave very strong internal cirvulation seff wp immediately,
unmmmmnmm«m think,nﬂtho
MMcmmuma#{#ummmmme
firedall in this vay, and the alr gets in irst. The redic
almoet immediately spreads itself out into the doughnut
and later the dust vhich contimms to pour imto the
arcund the Soughnut, and pover reaches the radioactive eard, which 1s now
here and here, and this, os I say, is a tentative explama
felt that wo veren®t happy about cbservations until we hed [som
this occurs. HNcw if we can have the lights..,.

Ve're going to move ca o vhat we've dong adout eadt, and ralinoud
is a more difficult thing 40 talk adbout, Becsuse as I've min
have any well documented cases of raluout, vhere we can m

that these vers the conditins, thercfore out hypothesis sqif§ 1
outeraatuthm-wbo. !hhsnnmataoiarm o o rainout

umm;muucmnmwslma . stive particles.
We appreocched this by looking at the langmuir theory for cqllections by &

3/




m) drop of small particles, taking into sccount the fact that particles
vere provadbly solid and had s higher density tdas that of waber, and
wum@um&twm&myuﬁ.nﬁm by rain
for particles of greater than sbout 2 microns, The vexry perticles
simply flow around the falling drope; they follow the s lines around
the drop and never come in contact with the raindrop. This pas been predicted
by Langmair's thoory and wwe felt that there was smething lete in
msmm,-mmmuuamwmui:wtm
414 bring down radicactive materisl, even saversl days after]the explosicm,
radioactive material must therefore bave boen very smll, further vhea
m’;mstmnuoruwmmmuw'u-ppu:’[aumm-:
Tinely divided particles, I won't go into the detslls dere, nnd/g!cn |
wvants to comment on this,...

- BELL; I don't vant us tods respoasidle for saying that this msteri}l is in finely

divided particles, not that 1% is or is mot, but we Just donft Xnow, Deceuse
ve are sanitary engineers, and we suspect that it perheps is but ve don't

vant €0 be hald responsidle.
| KELLOGG: Awq'mlnltmmm
WEXLERS You mean you suapect it's smller than 2 micronst Is that viat your
susploiom 1s% ‘ 3
BELLs Sir, xm;m’tmttow.
WEXLER} ¥ell, X mean you're suspicicus about somsthing, what Ls it ypu're suspicious

aboutf

De!’jg\r,* Soat oL r e

His-
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1'11 say thet my suspicion 1s that 1t's smaller than 2 micrins.

"hat was the evidence? .

xmmu-mwwu,ummtwhhuu

talk adout a great desl more.

Lat me taks two mizutes. The main in Massachusetts is redt

vhea swdjectad to the normal water purificstion processes,
is removed to only 508. Now this normal purificatics proce

of sluminum hydroxide. Xs this correct?

That {s correct, Yyes sir.

And this mkes & flock vhich is filtered out, snd 1tis &
eaiicnm. This thing removes coloring matter, the
makes the water colored, Ii's & good water filtretica
scue form of redicactivity vhich resists this,

ive, and
redionctivity
is precipitatiom

wter purifi.

 acid, vhich
+ There's

You sowd as um'nm-p&m#&‘itmhmmi@

Yell, mmummm_mmmm
co-precipitated with alminm hydroxide, and then you look &

product yield curves and you say what are thoee redivactivi
samething of & puzsle. chathemnctt.k_um
mwwmx«'mws.mm. I anno

but it certanly does indicuta that thare 1s scmething vhich
investigated about the phyaical form of radioactlivity vhich
Hsosachusetts rainstorme,

~ Histes: -
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Nov Bill, we might mention that MIT has Yeen intarested in

processes, and using Onk Ridge isotopos in soluticm bas
sansbrooess, mammsﬁ«mw‘m.

Actually, this was & swtoment by the Barvard growp.

e sene chemical
908 by the

I vish to apologise adout that and I would like to 4o more of an eladorate
study cn that, ammmm,um'xumv:[:me,ux

would 1like to verify it. I suspect it's true, Rt I'm pot

yet,

These pecple bhave studied several of the sctual precipitatiogs; not slvays

by precipitation. X think, the public welfare pecpls at Oak
dcns some work om this -~ I'1l have to dig that out of the 1

Ridge have also
brary. '

1 believe I have the correct suspicion that & muclear reactod produced

mterisl over a long period, vhich therefore empbasisss the |
elements, vhereas the bosb haa instantansous production, and
empahsizes the ahxrt-lived elements, and therefors you get &
different scrt of dlstridution. '

long-1ived
therefore
ccmpletely
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Is it not also possible that raindrops could pick up v
snall particles if ons or both are electrically charged
static elsctricity? Doesthat come into this?

That is somothing that we certainly looked st, I was
to say that we went on, having decided that at least the
theary would not account for the saall particles, and we
thgt one should certainly investigate all the possibilit
tringing dovn the mnall perticles —— we lsave open for
mopent whether they ars ssall or not, The evidence seems| to be
that there are - for an air burst - lgrehtun:uﬂl

where there is no contact with the sand,

Isn't it true the raindrops somstimes are eleoctrically chiarged?

-

That's right. Gtan Oreenfield looked into this in a

dsal
X0 to
L0 - or so = primary charges on a cloud droplst in a cumulte
type cloud, 80 in a normal type cloud there is a charge. | IV
occurred to us that there might also be a charge om
particlss -~ Gus to the fact $hat they are emitting elec

of detail,and cbgervations in a normal cuxulus cloud

those that are beta enitters, Well, wa didn't get very

have ra-icactivity we have a very large production of
well above the normal background which occurs froa ¢
and nalurel racicactivity in the «ir, Therefore, the drcplets




KELLOG:

(continued)

are very quickly discharred and would fluctuate repidly from

== =

unit sinus to unit plus and back to neutral again becsuse]af

collecting small fons in the air, and the samo would be ¢,

ue in

general of the small radiocactive particles, They slso

be neutralized rapidly by the large atmospherie ion contept, so
i1t sppears that we could not invoke any electrical chargep as

the ecause of cosgulation, However, if we Just went back
nore or less classical mechanical model and looksd at

Brownian in motion would do, where we had certain conocent

of cloud droplets and a certain concentration of radi.omtt.

naterials of sub-micron size, it turns out that Prownisn

could be quite effective in bringing the radicactive ma
of less than about .01 microns to the cloud droplets...
quite effective in the courss of an hour, ¥hen we go 1 7]
larger partiéle, that is between .01 micron and adout 1
then Rromnian motion becomes quite unirmportent and tho

turbulent motion wounld bring these particleo togcthnr. I

Fation

tion

sl
t s,

hope

you will stop me, Stan,itluyammthatudﬂfum_

from your findings., The turbulent motion can account for

slow collection by the eloud droplets of the radicactive

material, btut it is much elower, This slide is Just a

of the calculstion in which, %o demonstrate ths factora

ved,

gsore specific sssunptions have been zade about the conditjons,

but it could be calculated for other conditions and gi
the pame results,
that is diazeter of radiocactive perticles - starting bhe

Mnnartoasnt AfF .»’:mqr—r-\’

7

nunt.ially

This is a logarit mic scale of partieclp diameter -

with a
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hundredth of a micron, 10th of & mioron - 1 misron, The
ordinate is fraction scavenged out of the eloud, in which
rain cloud and the radicactive material have been togethey for
one hour, Brownien motion and turbulent effects have opejated
for one howr o bring the particles into the cloud
At the end of one hour, rain starts and s xmoderate rain o
2.5 millineters per hour occurs for ane hour, Now, the
ing through the cloud - as Langruir predicts - will
the cloud droplets quite effectively, the cloud droplets ng
in the crder of 20 or 80, So in this region, off the gcale,
we would Lave something that might correspond to the scar
of the cloud droplets themselves, Now, this large value
correspands to the scavenging aof the radioactive partie
directly by the cloud {alling raindrops. ¥e have large
collection efficienciss for tho hréo radiocactive particlps - as
I mentioned, Over hesre at this end of the curve for very|amall
particles ws have a large fraction of the small parti taken

into the clouwd droplets, snd so when the rein occurs it shavengss

to find any pood mechanism for bringing the radioactive mpteria}
down in rain - unleas we imacins that the cloud droplets the

or more, In this cawe thers might be time for sozs of
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verification of whether this analysis is right would be
find out what the particle size in the rain was, and at
we are looking around - in the ahsence of any information of
particle sige that is brought dowm by rain - and nerely

to say what one would axpe et to happen - and ‘his is mr:

guess at the morent,

will there by piven any consideration to another possid
mechanisn for bringing doen radioactivity -~ say froa the -
Just by entrainment cf thd air 4in the rain,

%e havent't ccnsidered this - although it will be !anliedLr.n

what I am roing to say about what could happen in s ¢ type
of shower, I don't think I have answered your question, Ppr,
¥exler, but perhaps we cap talk about this this aftern

I mean any grect volume of water coming down < tske a o

bath - or Niagara ralls, 83 an extreze exanple - brings
terrific quantity of air, You ses, this just by shower
blowing away., The question then iss In aa ordinary r
how much air is actually transported down without any re
Langmuir's collection efficiency just by simple en
‘thc air in the falling water,

Fell, if we can talk about sozethirng that we do recognt
definite downdraft, that is the ¢seotral rain core of a
stora with its assccianthd downdreft, I think maybe I can janswer

part of your question,

k1
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GRIOAS: Could I ask a layman'’s question - Is thers any experimen
ovidence that indicates whether radloactivity is incorporgted
when the H,0 is in the water phase bs, the ice phase,

| XELLOGs Bo information on that at all, Sorryl Does anyone have gny
ideas on that?
EISENDUD) There is a case where hailstones fell in Washirgton, The

were hailstones about 2 1/2 inches in diaster, and were mirkedly
radicactive, The activity was not concentrated on the cejter of
the hzilstone, It was so diffused throughout the mass of ja
hailstone that we could not get a radic-autograph - despife the
fact that we had a thousand or two thousand dpa throughou].th.
mass of the stone Lo radio-autogrsph,

KELLOGs ®ouldn't this inply, then, that the radicactive material
probsbly initially in a 1iquid form, sinoe that is the
hailstones are formed - by liquid gathering on & core.

LULEJIANS I am not sure oa one point on Dr, Fexlar's Question - go dack
to sand again, In the sand, we have core or less consl its
100 microns, more or lsss. We have a lot of evidence me
at lLos Alamos -~ from Dr. Schulte's unit, They were with ad
they had jet impactors, and they found the majority of
particles - in mumbers - were in the 1 micron range, and this
oame down in two hours from 40,000 feet, This must be to
entrainment in the fashicn you are talking adout, and it ot

D",?:J Ca T T ey
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you might get more sntraimment in rain, But we do have me

possibly follow anything that Langauirs'! saying about the
raindrop = and probably then, since the sand fallout

413 not as concentrated as rainfall as far as mass is cone

evidence that 1 micron particles that shouid come down in pix
months come down in two hours,

I am glad that you mentioned that, becsuse that recalled spx
to me that I had coxpletely forgottem abouts ¥hen Jou hav
thunderstorm come along you get temperature drops in a ve
time, temperatures below that of the prevailing wet bulb/
showing that the drop in temperature is not something due
evaporation of the rain into the air there, The temperatu]

cooled by evaporation. This has been a subject of some stidy soms
years ago by the people in the Burssu, and I think that
their conclusions were that just on the basis of an odse
temperature drop and the prevailing distribution of tie 2 '
temparature - that such air had to cozs down froa haights &
20,000 to 30,000 feet within the course of a single

Fould these have coce from ths centrsl part of the thundergtorm
or would they be cutsids of the thunderstorm?

They would be ocutside the thunderstorm, That is, they use
radiosondgs - prevailing bafors the thuniersiorm situstion,
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~ on how we set the weapon off and not on ths atmospherie

the only way they could match the temperature minimm
st the ground was by air that must have dbeen brought ¢ from
those heights and then cocled by evaporation,

I want to get this clear - this i3 ocutside the thundersdn system,

YesP, it is outside the thunderstorm. I will have to

referencs up - this was written in a paper sometine 4in
by somweons in the Rydrometeorological Section of the
I forgot about it until Lulejian mantioned it. I think
air eatrainmont probably is s fact that shonld bdbe 1oohed

I am sure it does, Oddly encugh, this leads directly to
point, ¥e have been wanting to take up several specific
that = ght occur, That is, there are so many variables
problea of how debris gots back down to the ground that
that it was better to fix our ideas by considering some
explicit and definite cases. The first case we ean d
Quickly - that is where we have a surface burst, ¥e bha
discussed this s little bit, and we can say that it 4

It 1s deternined mars by the sonditicn of ths ground of the
ataosphere,

However, let's consider a case where we have an air buratr Eow,
I am making the asmmption tacitly when I talk about an alr burst
that here we have small particles that cannot come to the|ground

Y/




KELLOGs
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by gravity, and we leave open whether they happen to ha
:nnximdontitynatlo, a tenth, & hundredth of &
Let's say they are too tmall to coms down by gravity,
thoy cculd be scavenged by precipitation, Supposing now
consider the kind of prucipitation which can reach the
into the atmosphere, and as kr. Fexler wentioned, thunde
are the obviocus things that cone to a metecrologistts
he thinks about a precipitation systes which reaches
the stmosphere ~ causos large vertical transports of watep and
of air, So, the first thing that we wanted to talk about] them,
was what would happen Af we had a thundersiorn reaching into
the radicactive laysr, The first slide hers shows this |n the
form of a sketch, Mldirtybrovnunppuadtonpmrm.
layer of radicactivity batween 30,000 and 40,000 feet,
corresponds to about the height where it would be for a w
of batween 20 and 30 kilotone, Now, this is above the us
bearing level, The usual rain-bearing level is around 20
But mm thunderstora it can go up perhaps a little
Some of the radar pictures taken around Boston in the s
show colums of water - partly water - at least they give
radar echo, which go wp Ither than 20,000 feet, and pe
to 30,000 feet, I tried to visualise what wculd happen the
course of the development of a thunderstcrm, ‘fhia iz the

raine
feet,

stags, and this 1s the next stage, when it is called a
cunulus, and you will notice that mxy arrows ars drawn basefl on
the report of the thunderstorm project, These arrows gh

e /—~ ~
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great rain density, Ve have nothing but vp-draft and in
center and in-drafts on the side, and then, ¢t the top ~
be ths caze to have cantinuity of motion - we have wp

a fully developed thunderstora in which are drown in grepen
column of rain in the center, and now I have indicated

part in this systea, that the raciocactive materisl must
pushed up and out at ths top and cannot be expected t: b
control part of the thunderstorm, However, I have acino
ahead of tire Wexler's contention that there would de a d

through the tropopause, and perhaps a possibility of s
for subsequent storms, Possibly if the downdraft is

thunderstora, the mixing would be very considerable, ¥e
to look into it to sse if $t could not account for it ccegng all

of the way dowmn,
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The next case we thought ouftht to be considered to satis
preople who might says "¥hat would happen if we had a th
immediately - not an hour or two latoer, as suggested bef

ocourring right at ths time cof the explosion?® I tried
visualize what would happsn here if we were to consider

'y the
rstora
e — but

e
that the

bonb went off on a thundery afterncon, in which we have
unstable conditions,
be in agresment with everybody here who has studied

1 may now be saying somathing whic

Let's say tentatively that we could have a condition
small displacement vertically in the stem could set off
storm st this point,

onvectively
nay not
storns,
only a
thunder-

I should say here, how, that this ]s definitely

in the stea that the thunderstorm would start, becauce tje time

sequence for the development of s thunderstora is in the

one-half heur to more than an hour, whercas, this mahrot'cloul

goes Sooming on wp and reaches its ceiling at about five
ninutes, Kow, 1f this thunderstorn were to develop haro
have essentially the same story that we had bsfore, the
difference now being that the debris might be
wpper part of the thunderstors system itsslf, Sinoe th

above the minus 209 isotherm, nwu]doxpeotthuiobc
but ice particles and, as I understand the pictore which
gathered froa radar etudies and flights through thunde

do not expect this msterigl to fall down to the ground,
the ice particles in the upper part of the thunderstom
alowly,
we do not get rainocut of radiocactive material by the tk

2o then we osn say that in these two caces of

jorder of

six
we would

in the
is well

been

%




KELLOOs itself, but the thunderstora can merely result in verti
(continued)
nixing of the material,

I think that ths next case that we will talk adout will

demonstrate another thing which is implied in the faot

we say & thunderstora can]t resuld in bringing the debr
in the first few hours we would not have any very ssrio
from the rainout, Now I am not going to amplify on that
yat, because I think that will coms ont in the next case
we try to show what m ght happen undsr a more orderly sy
things, where w2 have the cloud traveling through the
diffusing in an orderly way and in such a way that it
down into the rain-bearing level, and then subsequantly
scavenged by rain, Y would like to turn this cass over

Incidentally, before he takes over, let me say that this the
case that was discussed in an earlier RAND report, which  lot of
you bave reed, It was alpo discussed in a recant AFIVP qtudy of

coatamination by raincut,
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It 1s possible for the circulation around s thunderstora
to bs a complete cycle? It occurs to me that both cases
of the late thunderstors and the sarly thunderstora would
perait the rain to bring down t.ho'pu-ucha, not on the
first way up, but after thsy had come dowmn and then

carried up again.

Lat ze mention again a thing that could occur on sube-
sequent thunderstoras. One thunderstorm lasts about an
hour, and I wouldn't expect the cycls to be complets in
an hour, but on an afternoon when thunderstoras may per-
sist over an area for many hours the first thundsrstora
would stir, the next thunderstorm would stir even more,
until finally we could, 1 think, have the debris going
back up into a later thunderstorm. 1 think that is a ver)y
difficult thing to say anything quantitative about 1%,
except that there is this possidbiliyy

%3

Bow do you reconcile your findings with Dr. Elsenbud's
findinss about how much does come out in rainstoras?

Let me have Dr. Rapp answer that.

¥ay I ask how many and how comacn are thunderstorzs that
§o above 30,000 feet. Is this one in a hundred or it is

guite a comson thing,.?

ergy’

Cloa
v
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K&8L10G2s Well, I don't know what the statistics are for the tops pf
the thunderstorms. W¥e have been looking at the top of t[.
rain in the thunderstorms and it hardly ever goes above
25,000 fuf., but the eloud tops go up to the tropopauss,|
and thers seea %0 e cases even reportsd whsn they have
penatrated the tropopanss, although I as not sure how
accurate the information is. I wouldn't have expected -Ty

thunderstors to go above the tropopausse.

COONS1 Many of the results of the thunderstora project showed
radar returns waich went off the top of the mesasuring radar
at over L0,000 feat, and these returns supposedly represint
precipitation in & solid fcrm snow, giving the radar ro-
turns above 40,000 feet.

KrLLCGIs That would change the height scale on ths diagrsa soas,

tut I think that the general conclusions would be the 9
that the radicactive material would be pushed out the :I
first.

LONGt I aa & little unclcar as to what the next variation s

going to be. Is it going to tako up the sort of extreme
obvious question of what happens if you set off a domb
& good hard rainstora?

RAPP3 I rada't planned on ‘aking that up. I was going to talk
about wmhat would happen at socze much later time.
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Isn't this a very odvious one in this catsgory?

%ell, you can say the saze thing adout it that I said,
about the thunderstora occurring. That is, that the boal
goes up very quickly and passes out of the norsal rain Y
bsaring level, and that we have to invoke scme scavenging
agency which gets up to ths level of the mushrooa, Now,
for a low yield case - this will be ukoﬁ up by Ur. Rapp

it stalls while still in the rain bearing level and is avpile-

able for scavenging by rain.

Cne would also think that a combination of & ground shod
in a hard rainstors would bts very horrifying.

That I think would result in the highest contanination thrt

one could imagine - a low yield surface shot in a rain.
Then we have all the scavenging processss working in owr

favor,

There has besn a lack of observation of actual rein-ond

close in. Ons of the great guessing :azes has been to :]-

ure out systems whereby you could rajin material domm.
first such systea that I know of was devised by Colonsl
Holzman in which he assuzed the cloud to be a cylinder
was distorted by shear. The cylinder extending froa the

ground to about 20,000 fset., This was dictated zore Dy 1-+

ch




RAPPy availability of weteorological Adata than by any actual cen-

{continuad)
sideration of the cloud. This cylinder of cloud was th
assused to be torn by shear, sxpand st soms slow rate an
1005 of all the materials that cam in contact with e ra
area was considered to be deposited on the ground imzedig-
tely. Thisstudy was the only ons to my knowledge in w
mzany bosbs wers considered, Colonel Eolsman was trying
estimate the razards froa a cazpaign of bombs in a sall
area. There are aseveral things with due apology to Colorel
Holzpan; that are wrong with this. ©One, the cylinder otv
atozic debris did not exitend uniformly frow 20,000 feet
down to the ground. 1t is generally higher than this
80 when the RAND study was made, I cau call this the ‘lf:rn]

I Yodel for scuvenging of rain, we took a cylinder and

expanded it assuming that the zaterial was homogeneocusly
distribated through this cylinder. W#e considered the

observed height of the cloud, expanded it horisontally ant
vertically and assumed that all thormt:orhl below the
-15° 1sotherm was brought down to the ground ia the form bt
rain, We didn't take into account the shear of the wind,
80 that was ons thing that was missing. Then the people [roa |
AFSYP worked on the problea and they said well it is si].ﬁi
to consider all the material brought down as soon as it hjts
the rain and they allowed for a finite time of scavenging

Department of Eaorny
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RAPPs | and they made another estimate. However, they stuck to
(continued) '
the expanding cylinder with the homogenecus distribution pnd
thsy did not consider a vertical change of the cylinder.
Cur latest model, Yark il .‘odel, allows for a different
type of expansion of the cloud, Te have considered a clopd
to expand according to a sFickian law of diffusion and we

bave chosed a diffusion constant that is as big as we can

get it without tearing the cloud apart. &g want to try
keep this cloud intact and expanding so we can't allow £
too big a diffusion coefficient, this would tear ths clou
Also, because we don't want to tear the cloud apart, we
bhaven't considered the shear. But this now gives you a
ploture of what our cloud looks like at the end of six
hours. ¥Ue start cut with an elipsoid of hoxmogeneous con-

centration 3 kiloseters thick and 5§ kilozsters in diaze
and we assuze that the center went to & height of 10
moters. 43 the diffusion spread this cloud, the peak co
tration started to fall and these lines here represent sh
- where the concentration has fallen to 1f of the original
centration, 0.1f to 0.01% ot- the original concentrztion.
You must try to imacine that thess shells initislly, when
the cloud is homogeneous, are all together, we are upat 1l
Then as it starts to spread these low cancentrations spre

" out rapidly, then dilution begins to take offect so that

Department of E=~-rry
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RAPFy a vhils after a 1% line has expanded it gete s0 diluted fhat
( continued)

the ceatral concentration falls down and these shells co
tract again. I think this next picture will help you
visuslize it. This top section is the peak concentratiod,
shows how the hottest part of the cloud varies. It is
right in the center of the cloud and it starts out at

aod falls repidly in L hours it &s 10§, This lower n,:I
shows the height of the sphsrical shells that contain a
certain fraction of the 1nitial materials. You will notp
that the 107 line immediately starts to contract dus to
the dilution of the cloud and it disappears in L hours
when 10¥ is precisely at the center of the cloud. The 1§
line continues to expand for about 12 hours and then i%
slowly starts to coatract and thess other ones are still
expanding out here about 2 howrs., This iz the type of
diffusion picture we have used and now lats go back and ook
at t.hla' ons sgain,

VOICEs Row do you compute thin?

RAPPs This comes oul of the Yickian diffusion law., ¥e used a
diffusion coefficient of approximately 108 centizetars le'

second and this is siaply the solution to the equation,

SPERCS I don't believe that it matéhes with ths instrusent tuA- .

ings that were taken in Kavada.
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This is a mass rating rather than a radiocactive ratingt

Yes, this 1s a sass rating, This is just & percentage
of the initial material,

I would 1like to say that we find the dstribution rate 1J
inverse with the time to the first power. That is, the

effactive rate of decay of this thing is 2 minus 2,2 rwI:
e e

there is some scattaring data which would show you th

Is 1% the center?

It is the hottest part. ¥e try to find a placs where
is the least diffusion. For example, an isckinetic stre
line which happens to be running through the center of

cloud. If we can find an isokinetic layer this l.l -hsro ,

we fly, because this is whers we get the most materisl.

That diffusicn rats is for a very yound cloud in the firsp
half an hour isn't it?

Fell, nman,'ysmtedinatomhourandcmuadq
after about S bours,

Bell, let me say that this model 1s set up and is highly
idealized. We believed that the cloud would not be con-
tinuous and expanding like this we are simply trying to

ses what guch a model would bring down in the way of raing

outs.

-~
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Y0IC3s Ars these values in cloue azreeasnt or not?

- PLANKS I don't know how to translate the diffusion rate which
inverse with time with his diffusion coefficient. Perha
he could do this.

RAPPs If I understand Plank correctly what he is saying is tth
in the first two houra the pesak concentration goes down

inversely with tiwze,

PLANKS Tes that is in the first ten hours.

BETHEs This is vhat you would get, it seema to me, if yom had diffusion
in a plane regardless of the diffusion coefficient.

LISBYs Uid you get Dr, Bethe's remark, That it is the aprroxinste
observational would indicste that three dirsnsicaal model]ahculd
perbaps be squeesed dowa more to a two dimensionsl.

EHTTR W e

RAPP3 That's right. ¥sll, we are qniu sure of tlut.' We M;d ‘to hb
the maxizun vertical diffusion. We belisve that the diffgysien
coefficients should be much, much smaller in ths vortical thu
in the horizoatal and thersfore, it would correspond more|closely
to diffasion in the plane than this particuler model, We|tried
to g;t hare a model of diffusion wkich would bring the majimum
amount of radicactive debris doun into the rain-bearing lgvel
in such a way that we could make sons sort of analysis o{ how
much stufl would be rained-out.

Denariment af Srarqy
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« §HEs

RATP:

- aetmant Oy%r@t it on here o that

Is there any experirental evidence on the marmitude of tie

diffusion coefficient?

No, there have beesn some estimates of diffusion coefficidnte

nade from the clouds, Dr, Machta, of ths Weather Bures
done soms work on this, but these diffusion coefficisnts
free atmosphere are extremely rough estimates.

has

the
6

This one, B0,

was chosen because this would give us a seale of motion saller

than the cloud and therefors not tear it wp, but 1t vas

biggest one that would give such a motion. If we go to

larger diffusion coefficient the scale of the motion is ghing

to be big encuch te tear this cloud into little whisps

pieces. Ve didn't want that to happem on this xodel. Htl.lun

gone all the way back to Richardson's collectios eof K val
which he made in 19726, I don't think anybody holds a dri
thoss today. . ¥e want on to this and made a rough integra
of the amount of raterial thst was under the 6.h kilome

at different tiwes, it one hour the gradient is steep (I

L0
£ for
on
lewdl
gure 2)

and you would expeot very little ia there, By stout v
you are jJust beginring to get appreciable amocunts in the
another 1line Lere to make some sort of a calculation. At
6 hours we have made a ¢slculation and assuming 100% eca
over & small area of just about one-half a square mile we
have gotten a dose rate on the ground of adecut 70 mild

per hour. If this diffusion had gone along end we had 1

soavenging. Now let us go back to ¥r, Greenfieldd pic

can look at it., This re

mra Y
B L

nging

sents
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the type of scavenging you would have to deal with, 1
scavenging vould'occur only for particles larger than s
microns, If we were down in this rangs, less than .01,
would get fairly high average efficiency and would bring|this
stuff down, but hers, hetween 0.1 and i, unless we ean
with some riew mechanisan for bringing it down, we vould hive very
1ittle scavenged cut. ¥e went on and ecalculated again f¢r 1?

being diluted, encupgh additional material had been b
inlo this rain-bearing level so that the dspoaition on
was about twice what we got in 2ix hours. The caloolatd

2L hours shows that the deporition began to get scaller,

estimate the harard has been going on for a couple of yegrs now
and I think we are still quite far from a reasonadle
model that ws might like to try to test on what little dfta is
available. 1 think, for one thing, we must take into acqount

scms better law of diffusion., %e ure vhat is ;v;ihblo ow, we
know that this doesn't give us a good picture ef ciffusi
the ataosphere and Mr. Edinger will speax more full en
afterncen. We need scme datter lav for diffusing this ¢
Another point, we need sore more experimentally determingd values
of vhatever constants »ight enter into wtatever di!fnniole

we need. Another goint, ve Lave to be atle to consider

$ oy
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all scales of diffusion and by this I mean we must take

account the shears., Colonel Folsman's paper took shear {nte

account. None of ths mbssquent models have attempted itd coasider
shear. Fo, this must be taken into account and I think
thing wrich cust be takea into account in arder to get a v -
able riodel is the initial conditicne. Ye are sure that
naterial 1s concentrated in a toroid, iu a doughput, not
spherecid or & crlinder, ér any such models and I think
must be conridered in trying to estimate the hazards of

There ig not too much point in raking too many calculati on
these admittedly inadecuate models, ws do it sirmply to sep what
the trend is and to see whetker we are aprroaching what
observations of raincut are available. I certainly wouldh't want

to guess as to what the estixzats of the Lazards voa.ld' be,| say
by Friday afternccn. That is all I have to say.

Listen Dr. Rapp, 18 it possible for us to say that if we
a model, rake that a straight line scavenging curve, ma we
loose anything in view of the fact thatndon'ﬁknovduv on
so wsll? Why not go shead and say 1001 scavenging and noT have
any of this refinement?

Yes, we could do that. ¥e could always have considered 140%

scavenging, but if we were to try to get a more realistiec rnod-l
and if this minisum does actually exist this could make a
tremendous difference.

Er
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Well, that was my q:;ation, does that make a lot of difffrence?

That bfings up whether you knov the activity distributlop within

the particls sise.

If for some reason we ¢o:ld discover scme mechanism that|could

bring down 100r with 100% scavenging or if the 3% twtorpnro

to enter in and rake it only 3r I think this would de of Jconsidcr-

sble interest to the people vho are worried about the hagard on

the ground. Any further questions?

I don't understand several things. First, I doa's undart:
\

how there can be any doudt about the diffusion law., I ¢

ithere vas o:nly one difrusion law,

Well, lets put it this wxy. 4is lorg as you are ulkingrt

mollecular diffusion then there is only one diffusion 1

However, when you start talking about diffusion of matter] by

different scales of motion in the atmosphere which may

anywhere froa ths molecular scale up to thousands of milep, due

to the hr:; scals motions of the cyclonss and anticycl
then you have an entirely different problem of diffusion,

1s intimately tied wp with the size of motions which are I:read—

ing the clouds, We should bs very technical about thie

It

always speak of eddy diffusion so that this point doesa't|bother

peocple, Anything elee?

1f the molecular diffusion vere §rportant it would seem z?
that you can ealculate the diffusion coefficient, '
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Well, the molecular diffusion you could, but this is so
this acceunts for so littls spread §n coxparisos with
caused by the motions of the aimosphere that we conplete
ths nolecular diffusion in comparison. I think the X val
molecular diffusion is 10 te the minus onc, whore here we

ingz of diffusi.n constants of 106, 107 and 1(')3 R

These units are square centimeters per second?
Yes..

Otber gquestions?

zall -

novement

neglect
Llue for

are talk-

I have another question, Dr. Liboy. For the study by AFRJWF we

talked with Frofessor Libby and his proposal, which was
an assumption to part of our paper and used for calcula
was that these small particles which form in the first
stages of the fSreball itself are incased in small water
lets, That is, one of the reasons that you ses¢ the ol
is dus to the moisture that is collected condensing teo
droplet size. Jec has made an estimate of the calcula
that and given us the asisze 15 to 20 microns whrish, if he
correct in his assumptions, would cause the scaven;ing
to go wp fairly high 4in short times ac that some of the
ARDC have turned out on the indicator 75 to 905 scaveng
efficiency for heavy rains. That may be ons mochanism

might ansver that type of question.,

We had thought abcut this problem. The only thought we

Denaptrenr® o Tty

Fipato i

1t vas that ve are talking here adout the cloud that goe
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"~ "wi¥iin the drops. It 1s my irpression, I know that at le

above the rain bearing level. Then we have two problemsf one,

it is probably rather dry wp there and it might mot last [for &

long tive and the other oné is that it wonld have to
down.

One theory 48, I am pot a meteorologist and since I an
here I had tetter be carsful ol what I say, there has bee

that there was continuval interchange cycles betweep, if

theory proposed, by whom I am net quite surs right now, ror

assusption 1s correct it is epcased in a small water drop]
is between 15 to 20 microns in sise, it is as it rises p

evaporated but at the sape time a conaentration mass of t
that it would be reintern zncassd in otler vater droplets

that changes the sisze distribution I am not in a position

I certainly don't want to get into any argument about the
As far as I am concerned it is the biggest questicn mark

whole problem, |

I would 1ike to take this opportunity to point ocud, for

ged

ered

¢ that

8 matter
Yhether

to say.

benefit of whatever value it is to thoss ef you who are injerested

in the theorstical approach, that there is a rossidility of a

very sizple eapirical aprroach which comes about because,
least from our observations snd I think from others, the
dust burdszn of the atrosphere is nrj airilar in particle

ise

and spectrum to the particle aisze distribution of this debyis.

Thers is the opportunity of measuring atwosrheric dust b
before and after rainfall and also the particls sise spec
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T "7 oleopleal point of vies

Dr. Eolden must havs doni this, perhaps some of the otheys. Ia
the old days out of curiosity I used to take dust sampleg of air
after rainstores and a 1ot of dust present is almost & tidble
cocpared with what is ordinarily present, particularly i urban
air, There was 20 1itile that it has adways been my irpriessicn
tiat for all rrectical rurroses under certain conditions

scavenging offect is 1007,

But ymi don't know if it is the saxe air that you are dcl&u
with, ‘

F¥o, that is right. It is prodadbly more.co-rlicated than khh.

Johnson cof Nki, I think he is working up at Livermore now] 44
some work on measuring rain end testing its rediocactivity|shd
he noticed that with the onzet of rais he got alrost a teyrifie
increase in ths background and then it Pell off sharply. |fa

inplied that thas it was 100L effective in scavenging, of »
this doeszn't say wuch about what was left in the air dut was

under the i-pression that it was very effective scavenging.

Well, if yon locked at this steep racdiant on the curve would
note that scavenging will rapidly remove all the large stoff and
the small stuff would get down such more slowly. N

iut, to centinus og dacobud's theme, there are many, u:vJ
documented cases of rainfall, ruddy rainfall and brown an{’
aprearing with a whols lost of rarticle sizes all tha vay Eown
to very small amcunts, and glvaes one, At‘leut firom the mejear~
t it ~ust be a very effective
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scavenging arent no matter what you say about the particle
distribution.

T hope ttat the i-pression has not beexn Ziven that this Jart I
is purely theoretical. Un Thursday smorming ve will have [the
presortation of experirents that zre to be proposed to efneh up

on some of these points. :4d yo: have a remark, Dr, Holden?

I Just vanted to mention that the effect that Merril Eisgnbud
described is also noticed with radar and fluron decay prefucts
in the atmosphere. If you measurs thess products before

after a rain-storm you find that the scaverging efrect 1o very

corplets.,
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Denarte..

e think that {¢ would be a good idea since thare was se

such interest in the subject in the Part I report that

organize an additional seainar this afternoom on
size distridbution. We will hold that in the Fuclsar ine
confaorence rooa on the second floor and invite anyone te
attend who wishes, who is assigned to any of ths other 1s,
¥e'll also move the seminar on scavenging traosport, and
usion into this room for we have a feeling that this will
be the largest of the various seetings. At the end of thy
bour ¥r. Turner will give ua directions as to where these
other mesting rooms are. In the next forty minutes I
shall try to tell you what we intend to recounmend on ths
worldwide problem. 4s I indicated earlisr this is prisarjly
an outline of experiments to be done. The prodlem is -ho?
will people start dying as & result of an atomic war, and
we focus our attentioa on the radioactivity. It fan't thdt
we haven't psid soms attentica to other physical effects
but that we ars rather convinced that the radicactivity i4q .
the most likely to bte the most serious. ¥e organised the
projsct on the assumption that biology is so iapossidly
difficult thats we do best to segregate blology and to pay
sttention to those things we ocan do soxething about on 8
short range and so we asked the Division of Biology and
Yedicine to tell us what the most iazportant and most dan;J'-

oys fisslon products wers, or the most dangerous radio-

éa



LIR3Ys active products given by the ct.onic‘bt-nb. | lc sxpected &
(cont tnued) :
1ist of some length ranking the most important on dowm,
but the 1list was quite short and consisted of one isotopp,
and tais is Su'ounu”. Sow I've given a sligntly in-
correct impression; there're are interest in other uotlp;l,
but the interest in ar’® » 48 1 undarstand it, far ex

that interest in any other isotope., With some Justifics:

ticn we can say that our problea is reduced te the study
of 5r70. 'Now this is ia many respects a fortunate develdp-
mant, for 5r70 15 a besutiful thing as far as seasuremsn
is concerned. 1% would be very difffcult to divise an
isotope sasier to dstect in low quantities than sr?9,
This is the resalt of the faot that it has an yttriua
daughter, the Sr'0 dacay is a fora of yttriua 90, this 1T
a 20 year half-life, The yttrium decays with s 61 howr
half-1ife and exits a 2 aillion wolt beta ray. This betsy
ray 1s sbout 1/2 willion volt. This is the cheaistry of
the tri-valence elemsnts. This, of courss, is an alke-
line earth so the chemical separation of ytiriua and
strontius is quite a sizpls matter in principle. Kow
sess immedistely that processes utiligzed ecould consist o
two things. You can use the gcparltioa of strontiua Yy
4itself as an elenent separated froa tha sampls and place

it in the counter in equilibtriua with its yttrium daughtep,
its yttrius danghter being an equilibriva in a few days.

[ U S S
Lena-rs Y
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LIBBYs in that case you get not only this beta ray, but that be

( continued)
ray. Two for each disintegration. That's one way of &o
it, the other procedurs is to not bother to separate the
stroative at sll, dut just to take the yitriua dawghter
of the sample, I sort of parsonnally favor the second, {
being a 1little bit more easy. However, which ever way
you do it, it is possidle to take a ton of saample and cont
sider detecting the strontium in 1% with something like
S0% efficiency, because of this daughter relationship.
For exsaple, we can take the yield of the material froa
a 20 kiloton boad, 20 kiloton bosd equals 1 kilograa of
fisaionable material, mm about four moles. The
strontiuva cozes in about at SX fission yield, 0 we have
about L over 20 and about .2 or 1/5 moles of strontiums’O.
That is about 1023 £r90 atous yield, If we get a uniform
distridution of a 20 kiloton bomb over the earth's surf
we thersfors get about 20,000 st70 atoas per square centi-
sster toi- a 20 kiloton boad, Fow the 20 year life means
ws have tohnnlS-illiouSr”aton-um that you
have one disintegration psr minute. Ais the average
11fetine of Sr¥0 is 1§ -illion ainutes. Pe will have
fras this 20,000 over 15 million as the disintegratlons
per ainute per square centizetsr. Since we can detect a
zinizua something like 1 dps without working too hard, I

zean ons disintegration per alnute, it means that we're

e
‘
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productis were distributed uniforsly over the earth's

"had a ~reat many boabs since then, one notices for exacp

‘
:

going to have to take perhaps & factor ef 1,000, we nsed
1,000 square centizeters of area, s> if w take a 1,000. .
square centimeters then we get an order of ons disinte-
gration per minute. This can be seasured. We conclude
that in theory, at lsast, if there's nothing wrong with
this reasoning that the Alamagordo boab, if the fission

surface, is detectable now anyplace on the sarth's surfa
by taking the fallout on an arsea so. Of course, we've

though, that the raiicactivity hasn't gone a 20 year 1lif
tines mecans its all around, or eassntially all of it is
still here froa all the bogbs that have ever been shot.
This 1s an intaresting point for the reason that, refer- |

ring to our earlisr discussion, we have the oomht& y I

between the strontiunm sssay and the particular banhl‘
utilised would be very poor probably. WFith the nuabsr of
btonbs that have bLeen shot we perhaps can rexove that .
problea. It looks, 1a theory, to be quite practical,
now ths procedure would de something like this, take your
process of your sanple of soil or of ssamater or of
vegotabls matter, human material, anieal asttsr, calcine
it or extract the alkaline earth froa it. The sppro-
priate chemical procedures, trusting that the strontiua
will follow this, have been to lst it stand for a time
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( continued)

rubidiva 90 which is two or thres minutes, I['ve forgottea

for the 61 bour daughter to grow in, separate this out with

the sinismum of cheaical impurity. As you first purify yqur
sa=ple for the tri-valence elements which would follow tHis,
toen lst it aet'!oramkand then add a tiny bit of cagrier
amd purify azain, There seczs t0 be no reason shy you
can't handle a ton of sample in this munner. So I perso
ally believe that though no one to dats Bas ever mnm]-
Sr70 ( fen't this an extraordinary situation, this most

dangerous of all the lesotopes, for some queer reason, ha
never been measured - it just hasn't been Jdons) it will nbt
be at all difficult to measure the Si¥0 that 1s due to t
atonlc bombs any place in the world, ¥ell, I say not atd
all difficult, you must get the sazples and you must procpss
thes, but it is not a cajor operation. <the ﬁ.rpt COCLN-
sion is that the worldwide contacination dus to atcaie -
weapons «11]l be concerned prizarily with the Sr” distri-
bution and 0 the RAXD-JABRIEL proposes that the world be
assayed for Sr°0, that this thing be done., It seems thad

there's no way of guessing what will happen. Just consi
the various doubtful points. Ke¢ know, at the present tizq,
something about, at least Mr, iissnbud tells us, the distji-
bution of ordirary fission products. sr70 1s not an ordi-
nary {ission, it has a krypton precursor. It's borne in fnis
fashions This i{s a 33 second half-1life and then it goes t
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whichj) 3 minutes I think it is. Then finally 1t gets b

During the period of a minute here, or four or five ainufes
here, but particularly this minute here, the fireball
have cooled down to the point whers sost of the phe
which decide the particle site distritution of the falle
are over., Yow you have the picture which is rather fr1
ening in sose respects, that this most dangerous fission
product is now lsisurely deposited on the outside of all
of the dust particles it touches in a nice soluble avail-
able fora so that it will desolve in water. This would h;
one thing that distinguishes it from the other fission
products and =ages the precent data - I 'wouldn't say von#-
less ~ but one certainly zust check to see whether there
isn't an enorzous fractionation of 8r70 as coapared to mﬁ
ordinary fission product. ¥Nr. Spence was telling me thad
this was true in the case of SrP?, which bas a simtlar
pracnrior history, though that krypten 1s a longer life

thing.

Is the chain that you bave put on the board quantitative,
in othar words does all strontium come froa krypton?

As far as we know this is so.

i'd 1liks to say that we've analyszid some of the UREINHO

fallout radiocheaically and there was far less strontius

&7
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in the saaples then would be indicated by a normal
distribution curve.

So this is another argusunt for the assay. ¥e really doj't
know agything about it. Now it asy bte that in the bigge
bosbs the fireball stays hot long enough so that there's
soae hoys of incorporating this stuff in a sort of an

insoluable coating. [ think one would say there was uoﬁ
evidance in ordinary fission products that the stuff 1is
incerporated in aluainum oxide or silica or something el

taat is there when the vapor is formed in the sarly stag¥
of the fireball and as the thing cools this condsnses

and you have molten droplets which entrain and dissolve
the fission product. This is a mechaniss, this makes yo{
sort of rubies, vhere the thing is protected chemically
from the action of waters. This would make the stromt!

less available to the diosphars and would be a happy thing,
but it does seem that in low yield bombs that the stront
1s jJust about as availadle as it could possibly be. Now
maybe the ideas won't fit, but this is ancthar point and
another reason for it, 5o we have atundant reasons for

doing worldwide assay on 8190 .

30

Is the Sr”~ content of the atsosphzrs known?

3190 does not occur in nature except insofar as its prothjiﬂ

by the ssall axounts of radloactivity,
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Anr» assay?

There's never been an assay of sr0 of any sort.

We have started S0 deternination on a largs usortuni
of fallout materials. I have no data now. The stron~
tiva's been separated and we're waiting for the ytirim
to grow in. The only 90 that ws have is on those
bones that I told you about.

¥hat 1is the &'90 yield froam therzonuclear weapons?

¥ell T don't know exactly, it's probably high. 5% in
ordinary fission. There is, of course, & question of
the type of weapon yield, but I think in all these things
we certainly get a lot of it., KNow tomorrow we'll have s
a0re thorough go around on this subject, and I hope that
ones of the medical doctors will spaak to us a few minutes
about the reasons for stroatium being such an important
isotope, We'rs not particularly compstent in this fleld,
baut I think we're all curious.

Would this be the right ise as - while you say that
strontium is the nain 1sotope — to ask whether soxething
like plutonium, an alpha eaitter, aight similarly be

important as a bons seeker?
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€ell I think these things were next on the 1list as being
dangerous., iHow much lower I don't know,

About 10+%,

10-3 would correspond to the relative lifetimes., The
ensrgy in plutonium is much greater and xy gensral ia-
pression was that an alpha-active substance is more
dangerous than a deta-active acting substance in a
greater proportion and correspond Just to the energy;
the energy concentration means that its aore dangerous.
I's surprised that the ratio is only 1073,

1078 includes the half-1ife, energr and all the other

Tactors,

Then, it prodably them includss a greater collsctive
sbsorption of strontiom by bone. Because, 1f it were
only the half-1ife and snergy I would expect the ratie
to be less.

Talking about the uptake of calcium that has fallen out,
Fe're not talking about inhalation now, Thers is a very
large factor of diffentistion both in the uptake in-
strontius by plant snd from the upltake of strontiua
frea the plant, by the digestive systsa., Of course, you
have an additional factor there at least of the order of
1,900 to 10,000,
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As compared to wstrontium.
L (T HS

The strontiua is more easily taken up?

Ctrontiua 13 like calcium and caleiuva is the major elsasit
in the body and strontiua is like calciuva ucaﬁt probad
less solubls so if it gets into ths bone chemically I
suppose there's more chaice of it staying there thaa
czlcina and so 1like radius we expect that strontium 'ou].J
stay in the bones. Now we sort of guess at this point

about the distribution. We don't know snythinz but we'
still got to get 1t, because otbcmﬁ we don't kanow wha
sazples to take, The uln\mtonst of the GABRISI. 1., °
course, in human lives. It is quite clsar that the bio-
sphere is the most important saxple reala, that ig it is
atesolutely necsssary to sample living zaterial, food atn.frl
for exarple for husan beins, 7irst of all, of courss,
husan beings themselves. Then there are foodstuffs and
the soll which sapplies the food and the ataosphere axd
oceans. 411 thase things are to bs tested. In the pru:[:
ignorant state howsver, it is very difticult to estizate
how many sasples will be needed, how difficult the seasurg-

ments will be, because the difficulty, of courss, will be

7(
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direct function of the assay, that is the adbundance,

%s proposs that the experimental problaa be divided inte
two stages. ¥That we call a pilot assay and then later a
full scale au'ay. 4nd so, at the aocn:nt, we're msore con-
cerned with setting up the pilot assay program. 4 set of
sasples asy be 3, 4 or S dosen maybe as many as a 100,
wissly selacted in the various realms, that is human
naterial in the biosphore, meat, that is whether you can
use pigs as a substitute for human beings, foodstuflfs
which ars liksly to contain caléiu;, such as ailk and
vegetablesy various kinds of vegetables contain calcium.
Using the caleium content as a guide to the likelihood of
finding strontiumj strontium data are quite poor. Them
to test the oceans, test the atasosphers, test thi solls.
Fe do enough in the first uf. of 100 samples to gct a

notion as to what the facts of 1ife are,

It's pcrfectly obvious that there's the widest type of
fluctustion to de expectsd in certain of these. Te
would, I think, expect to find that the sea niéht be the
best mixed of all the realas. 2o seawater is & good placd
to begin to get a gensral notion, ¥e have acms mcasure~
ments on seawater, in procress alre¢ady. The ataosphere
will be next best probabvly. Thers are very curious

questions here that we heard about sarlisr this morning.

Lo
\
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Probha of sampling in the atmospheras is a very di.fﬂcu#
ons., I[f we find that there is worldwide disssaination
of fission products and particularly strontius, it s

to se that 1t 1s extrezely likely that this material is
transported above the weather laysr in what you call the
stratosphere. S50 ws have to saiple it. ¥e have to te

how much is up thors or ws have to prove that it is wp

there. Te have various ways of saspling this, I think t3e

simplest thing is to take sowe rainwater sazples froa

various parts of the earth's surface several aonths afte;
any bozd has desn shot., It seenas very likely and reasont
adbls to as that a.y f{lasion products of strontimm that
get below 30,000 feet where your rain is scavenging the

air all the tisme will Lave been washed cut rathaer quiclg
If you can go to Southera Chile next Thanksgiving and -
8 bucket of rain and find strontiva coming out of the
heavens, 1 think it's very good evidence tat you have
stroantium in tha highest layers of the stratosphere and
stratospheric transport. Eut, regardless of what the

inplications are, if you find strontiua couing out in
rain six months after any bosb is shot this is an impo
fact in itself. So thare's no doudbt that we need to co
rain saaples and to measure them. e need the ocean saz
because this is the next best medius, How shall we meas
the ocean, what shall we do atout it?! Tell, strontium is

3



LIBSY, like calciua. Calciua metabolisa in the ssa leads direchly

( continued)
to the deposition of calcinm., Strontina will =ove along
in this place. So we should look, I taink, { You correc
me Yr, Kulp 17 I maks mistakes in this) but it wonld se
to =8 that the type of ocean samplss we reed are the
followingt Ze need the top and the rottom, the freshly
fallen sedimonts, to see whether strontium is in the seaf
shells that are just formed. e need the dlssolved
aaterials in water itsslf, we neod perhaps articunlate
satter which is not yet settled and I should think these

three thingsare the important things to acasure,

P iERy Fall don't you need perbaps the seawater and maybe
especially for fresh water fish bonel', Oor. Libhy?

LI3BY, Oh yes, of course - I was sort of putting that into the
bilosphere. This is absolutely necessary, fow ukinc the
biosphere and taking the sea as a principal residence of

. 1iving satarial we, of course, are greatly interested ia
the strontiua content of 1life in the sea -~ most of which
of course is plankton. Flankton that can bs saapled; 1t
howsver will perhaps be essier and cleverer %o let the
eat the plankton and then measure the fish, so you get
imrediately to the problea of measuring firhss and on g
izmediately to the problem of the lifetize of the fishes

.. T measure, 1 think I learned a little froa ¥r. RanllT




LIBEYs that some fishes live much longer than othsrs and you
don't want fish that are too old; he soexnd to think
that a tuna fish was v;ry good and then you Just take u%
bones from a tuna fish, So it would seea that you could
saspls the biosphere of the ocean pretty easily. You
take these bonss and calcine thea and pro-ess thsm and
measure the yttrium &n them. Its perfectly simple.

VOIC:s Ehen you say the ocean is tie b;st mixed mediua, do you
mean lateral mixing or vertical n.ixing?

LIRBYs %¥ell, 1 think I mean principally lateral sixing and
vertical mixing teo perhaps a depth of a thousand meters,
thru the 1ife sons anyhow. Certainly it isn't perfectly
aixed in the full depth, bat it is aixed in as far u.
light exists in the sea to any appreciabls extent down
sbout 200 or 300 meters. It is mixed, in other words,
predict that the strontium content of sea water will not
vary widely froa spot to spot, this, however, it would boH
wise to test it,

Fhat do you think ir, Kulp about this? lLow maoy samples
would you estimate ought to be takem, say of the Atlaitie

Ocean in this pilot assay?

KULPs 1 would think I would take about 10,

- bomm mpmd A e
Copartirant 28 ey
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~ and effort required for a resl assay that has real valid

R
the lowest concentrations, we must do this and it won't

You would take that many.

Actually your shells are such good integrators, the oysters

and clams that you can get at the fish markets probably

contalin & groat deal,

I think there is no doubt that the ocean and the bio-
sphore in the ses and the ocsanic lifs can be messured

rather easily and rather directly.

~Is thers going to be ons of your goals in the pilot study

to account for ths total strontiuva?

A1l that's wanted in this first thing is an idea of how

mach strontiua there is and how much {t fluxuates and
that you can figure out how many sazples you are going
havs %0 measurs and estizats the cost and budget and ¢

Is there a lead to make it easy for yourself at the lu.:I
va

by colleeting some ground dbiosphere saaples in the ¥e
region where it is presuaably a good deal higher than he

Zell yes, surs. That i3, I think one of the things we w
want to do is to take advantage of the hicher concentrat!

el

11

near the teat sits, but 1 don't think we want tc bypass §he

_problea of working out the met:hods of measuring it even ;:
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very difficult and aftesr all aren't we really concerned l:bout

whether the negros in South Africa are radlioactive? I

that is a principal point in OABRIEL, We know that the

ink

- local problea is ons that you have to watch, a questionjof

Ject. So w» mustn't slip in just because it is convenl

to just stay at hoas on this., Incidentelly, that would
nake our jobluch ecasier 1f iln could just stay at honme,

but I don't think it answers the problem. KNow on the

world wide is a valid, important aspect of the GABRIsL ]:o-

]

atzospheric sampling other than the rainfall device, I

say that we could take advantage of alrplanas and filtexs

and just test out the sazples for strontium. This I th
ought t0 be done and 1 think some of this ought teo be

even in the pilot progras 80 if sawplss are being takea
anyhow and could be tested for Sr° it would be & very

help-ful thing, and as far as I imow they haven't been ]:ab-

ed in the past. Kow coming to the human prodbles -~ a di

cult tasle of figuring out how to get human bodiss. its

qQuite clear I think trat one needs young humans, that ig

childrea who have spent mest of thelr lives during the

atoaie period, In that cur bones have been largely deveg-

loped as I understand it, and you docters corract ms, ir
pre-atozic tizmes, so I think we need young bodies, I

;'l_,t.her belisve we need essentially whols bodiss because
tha saount of material. It may turn out that ite quite
sasier to detect, we shouldn't highly rsjoice over this.

ts.hope 1ts very difficult,

the

[f
bis
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LIEEY earlier, but part of the question 1s a lack of informa adoud
 Zegal and religions eustoms and the diffisulties we have
getting sround these, One beillent thought, I don't whether
we transaitted to you,Dr, Bugher, < gomeone had the no of
using miscarriages as something that night <= the type of material
which might avoid the religlous and legal diffSoultics ajd might
be fairly gensrally availabls, and which would be young foongh to
give us a valid -BB% . A M

IR, BUGHRY How about an amputation) is 4t sufficlientt &

LIBBYs Fell, I don't know whether there 1s enough in 18, It will depend
on the assay as to whother a leg Done is enough, , :

Su.CH0Ms Children's bones don'$ get amputated, In good bospitals|they pud
everything back 1a the child vhen they get done and thay|only ame
putate them 1n cases whore a child has & disease an theq you den's
know shether the saaple is real cr not, "

BUGHR; 02f band, 4% would seem 0 me Just sbout as important toldo adults
xs children, n.wlelzinrg.illhﬁw;
question whether adults 40 or do not take 1% wpy

LYEBYs Yes, T think we ndotbtedly want toj but in the pilet ssday T think
perhaps we can farego answering that qusstion, :ousm.»n .
~ would seem to me that if we can show that the cycle is ted and

N ;,Z.,»vnoo.niw»n«ovﬁbug You see, if 1t is in

e ;, 46 mast, bave been in the Rother.

1st Day #7
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Ageain, 1f the question is, 'does 1t get into bones of living

manmelg, {$ would sees on a pilot study you wouldn'd bejat all
mmMmlulmothrwmm,th-

¥ell, you take a pig «

xm'tmwmm.umt-wms-u
muum»ﬂdqumm,mh, oould be
saswered = whether you oould nse animals, i

for strontiom, Now the question is, peopls who drink
this get fixed, tiwﬁaohmwmn

Muommlnwmmquumh .
mmmmm oguhavom,

man;niimh_. The question of how many ssaples of
e going L3 sant 1a arder to ses what the oomtent of shiw
a Qiffioult ons that T would say in the absimos of any oft
we've got to take two ar thres of each of these kinds of
and msasure and select then froam virious perts of the cognt:

I beliove statisticlans can help a great deal in the congignmen
dthluspludtoodtutoindicatothomu v-
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computation of tho‘runlt- e getl,

LIBEY$ Te have one with us and I hope in the dissuvssions this
that perhaps some of these statistical points can de
out becanse you sre quite rightj perhaps one of the most
things we want to Xnow firom this pilst pwogram i how saxples
you are going to have to measure to get any reliadle !
aﬂ&hmt&tm‘umht&omﬂumd
king%gﬁwnmuwutimdmmtm.

CADIES Yeos, we've Sust gone thru the procedure,

LIBEY} Now there will be various outeomes of the pllot program, Itw
| be that strontium comes down right near the aite, ¢
worldwide, or 1t may be thet 18 hes practisally wnifors
distritation, maocon‘.'dbchogmdruﬂu. Kow |
ﬂutimtmwwud,otm,mmunﬁb
mm&mdmmtdug u&hﬂnm
nunm-huumwomuuﬂ
mmummwudmam
which should ecatridute to our knowledge and predistion of the
danige it can do, Bnt,u;ro@ms,tmldwm‘u
either of these extrems results appesred cn the pdlot pre
we would still went to msasure several hundred and perhspsl sevaral
thousands = I g not sure = but certainly several )}
samples in order to aoccomplish an assay of the world wh

be of sufficlent validity to high officials pipeing

ted
the

Denartment of Enargy’
Histarian’s Jifiga 7

pommm e oy




Dn"arfm r‘t ok

''''''''

¢ T,

gy

in it in doceiding whether its atomie war is bLesrsble firom this
angls, Thare are several hunired ar seversl thovsand, amfl it's
& siseable rogram and the guestion of bow 18 1s going tq be dens is
po mince ons, m@mwmmmn Wiy level

are fairly well developed and 4o not offer any real d oulty,
Bowever, the knowledge is not widely disseminated so thotle is @
problea of instruotions, It 1s a question of whether it [would de

‘betwdouprouticalrmjﬂspdntom mivu'- ¥ ;

i

dtydmitnth«thnlgmmm,ﬂm

one, Imouthutmarthowuunm

this marning sight be less serious 4 you hed & &

that 1s, if gone wniversity ar sooe private ecompany went Jout snd
d14 this even though you might be supporting 8, §t nighf canse
you less emdarrassment, Now we have in xind o madipy of [ansvers
to these questions as %o how it can be done partieulariy|ia the
Pilot stege = vhere we think of the arder of seversl dostes of
samplesjand T think there 18 no doubh thet thet oan b dfne 00

that the results can be cbtained for thase pllet smples] Them .

when these are cbtained, the question of the magnitale of the
offart will be more ahgwersble and be possible to eons! |
varfous ocotractors asd typos of errangsents that oould be male,
Now lodk, this is not only just a matter of Gelriel, soond
%0 ne that the cr’° distribution in the warld mey be a thing of
real fundamental interest in various fields such as hydrplogy,

perhapes certainly in occeanography, I believe perhaps epe

£f



Denartmant of Traray
Histerianms 30
AR

if 1% coculd be kept out so that peopls eonld discuss rath
freely, these general fundamantal spplications of the dath, Bow

P meas,

L

mtnmumychﬁla. Te mean %o measure the wor) ,ssqr

and important ons, X don't think anybody can gusss sbout|this, It's
got to be measured and only in this way will a real answe toth
worldvide Gabriel sver be cbtained, This is the sart of frend of *
thought that we have had here this suzmer asd I think
a great deal of documentationg mofthhvﬂ_lﬁo o8t
lwh‘.fm.dnnhammmm;bmtmwm:ﬁ
natters,

Y

L
'



LIEBYs

HILL:

_Then the fallout material sticks to the gum paper, they

Yo want to go over the details of the worldwide GAERIEL,
Fe are most anxious that there be free and sasy discuss
hesitate to interrupt and ask questions, The first of

measured the resl isotope, nm.u.wumm

produota, because of 1ts krypton precursar, ¥e'll see
oan do, '

xmu«msmupuorqunammags.
really not es all-inclusive as that, even mﬁuh;
ve know sdout the vhole rroject, m.M!hn

hawboennkingoaﬂatallm. Lctml!;!h‘n&l’ -

the two series of tests, the TBLER-SEAFPER Lest at the
test site, and the Ivy test st Eniwetok,

From these we can draw, I think, some very broad range of

ofrhkhmmdh&”thtuhnatpu&ntfrm

been shot and perhaps ged some rough idees about how far
we are parhaps from the danger point, ¥Wr, Fisenbud's
consists of sending peopls gum-~ paper which is put out

up and sent in and ashed and measured on a beta ray
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. L «
vt e
T T
T ;
’
.

2[.5:.-858558&#&?55& .

would be so small that the constitution of the gamms from
the fallout to these eounts would be negligible, Fith i

nind « well I should say cne or two things about the way b ._-ao

was treated, The sasples were taken oncserery 24 hours o thea
when measuwrenents wess n-m.zﬂaonloﬂﬂ.nv&-ioo;.,
dats, 80 that they coald bs added using the § 1% law of b
the fission products, qwggnu»nliwcwﬁuoow.-w
First, the TUKBLIR-SNAYFIR resulis in the top ﬁ of the

The measuresents reage from a maximm of 14,000 counts pe
335&80589?«&3«%«# w&ugst
_ g?#ﬂ»ui!nwg?oo-&?gg

.-Eocwodwﬂmo? u»i@a&egfiu~,.
distribution of the stations was by 8o peans unifotm
.ggu?«»oavﬂ.ﬁuwﬂooa»uﬁoa.m..?g
stations by state and sverage them, In some sases there e
stations in a state and in othar caser ome ar twe, In thbe
I tack tho values around the boundary nesrest the bound

£y



KEXLERS

HILL3

%o that for Just & fow moments, On that basis the averafe,

- and sveraged thos®in, m.opﬁo»«!a&coou-ﬂbd-nﬁlvﬂ

whiech these values were placed that thers ware goneral
that s, from the test site ocutward, therse was a genaral|trend of
falling 6ff of the activity and this ssemed & more falr fay to tread
it,

ould this measure any estivity brought down by raint

g»anno&agwﬁsﬂwawugggggubwﬂa.
that's the efficlancy of collection, I plan to discuss fhis later,
Since Xerril is here I hope he will bdreak in at any time|if I say .

. anything that does injustice to what goes ca, o Lf you Jave mye

thing t0 edd, In facd I think perhaps when I an a1t -
to ask you %o sart of Wring us up to dste on what bas
these reparts were published if you don't mind, m-ﬁ%; ._.o nowl....

oooaavuuw_ow.u»ovﬁgg»wo-g. uhna.c.u

tably a falrly good valus, #r-«oﬁg:u. .BE.

ggﬂmaggbogioﬁﬂog n.o-.sl&- aon

over the U3, &8 of q-alﬂwn. 1953,
These are ﬂoﬁ-»oae

Yes, Tow the total value for the United Statos takes & |ittls analy=
sis, The ectual aguoco-woewggosﬁuﬂ.oﬁgv‘

.......




LIEYs

HILLs

Libd:-s

Bt‘n ﬂr’t’” nnt

square mile, multiplying by a fev nillion miles, square
18 6,610™2 megaciurics, Eowever, Col, Lulejien bas
that from the measurements olose in to ths teat site in

latively littls fallout around the test sitsp dut for
four shots, Did4/Ad quite large percentages of the
putwmlﬂbemmwrwbytbocmdawlor
end taking his figures whers he gave a range ef valnes f
timate of the parcaatage of that prticular bosd which
im:'nzoomuoreh.muu,x:mto&un valus

sotivity
activity

nore, you ses, that was acoou~ted for in the total £ outside
the 200 mile range radins, On this tasis taking the

totho:myl,l?ﬂ.thhmtcr:wmmtu aboud
Bﬁ.crmnf%ctthwﬁ-cmwtmtnmr
nrtn. _That 1s Just on the nifed Ctates, Kow the wor
sitoation in the TIMBLIA=SHAPFIR = _

m'.m,uhatpwmmnotthmofﬂ»ioruh&m&td
States? '

It%s 3/200,

ibout 65, v-ryma-uun.. |

5é



Yes, but you'll ses that this is,.,th.ss you're making anl inference
whieh s mjustifisd, when you lock st the worldwide dath Zfa
afraid, You didn't accont for all of it by & long vy, |the

 worldvide regiment, there wers caly 16 stations astivated
thess caly 6 mate measuromssts all during the period, w
from April 15t to past the middle of Jme, The other nin
activated mtil about the tine of the 4th shot, and they Hep
for the period after that, The maximus fallout cbserved wWas in
Seotland, about 610 disintegrations per ninuts per square ook,
agatln extrapolated to January 1, 1957) ainimom 1s some quebtion =
one station in this nine which didn't reparh for the whole serles,
reparted nothing, The lowest valus from those stations weh 6 and,
naking & correction for the fraction of material vhich had|bess
put up n the Jast § explostons, one has to up thess valusp to.,
hu, so that,,, uo-u.w.eul.og’ﬂ. £<1/2 gives yoh some
14ca, The s thing was dons,eees these vers averaged in,l,.vith
the gverage of these nine stations, by incressing prope
the smomt of stuff that went fn, Now on that basis, the forlde
wids, well I should say further, these stations di4 not ec
anywhers near the whole surface of the earth, even asg spa

. you ssn imagine in mmber, »ogofwoﬁﬂ.&ovo:
roughly on the eastern boundary of the United States, exter}

veriation wes from 60° north to 352 south latitode, This gpoou
for about 40,000,000 square miles, that 1s the total of &

Department of Energy
Higtorizw’s £z
Sl
| |

—

F YRR




LIEEYs

HILLy

-itates plus this, That's about a £fifth of the earth's

mmmmmmmusumugm valos
rwmmmumm.zm om-tuperaqm o and
the total was ch, say, roughly 10°F megacmies, How this| sccomte
for about 5% of the total sotivity put up, or in other
wmmmmumummaﬂvmn’

for in this 40,000,000 squars mils or a fifth of the of the

~ earth,  From hare on, as far as swomariszing TRBLR-SERPFIR, it'd'

& matier of playing eround with nmbers a 1itile bity :me-
frankly constructive, Kay I eraze thist

unmhnmmtmmhtmm ichan
oollapsed three of the weeee

What 1 414 wes the following, to got scms idea of this In

mﬁtyrulbmtdfw;!rpmnhpaf&n
aotivity pub vp worldwide, I sssmmed first cme could tht
resaining area and divide by ths quantity of sctivity
accomted for here, and you owe wark beckwerds and find
Mdmﬂmmﬂdhnhdtohanmamh_m
for the rest af the world to ascomrt for the total sstd:
oomes out to be, I think, a completely unbellevable

“tatesy 1t is about half of that and it 1s £ or 5 times t for
the averaze for the area outside the United States,
this ares, being just he U,3, as far as




LIEBYs

HILLs

Sr~VILLEs

~sanripeant of Energy :
B - o
e - \

world is oonserned, and in the northera hemisphers primarily, the
prevailing winds are largely firos west o sast, so that wordd
be the srea which would get, one would expect, the next

great circles owing to the meridian, po that it's comp
belisvabls that cne would have found that much for the a

d&o.ﬂg?ﬂnwo-qngg?g?nﬂ neglected,

and the polar reglons, would be something 1ike 20
per minute/per square foot from the rest of the warld,
this value, oguggégwﬂrﬂ.fé Feos

sorry, only about 13 ar'so percent of the activity = 188,.).¢s

How if you take the, just take a gusss, say well, suppose
vere 508 effislent, You still come wp for the.necessary
up the books, of 350 for the rest of the world,

glilﬁﬁ!ng%ﬁi You were |
G-ogn.qn.&aggof.&.!ﬁaﬁ ot fall
out,

I don't think ans can safely draw that conclusion fres
Cos can say that elther of the arder of B0f of this stuff sta
in poriocds longer that the period of measurement, or the
of the collection of ths paper are the arder of 10 to 208 ~p~s

Qgggpunﬁnﬂfgan&u:awo&ai*?

/
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8 . ILLE;
(Continued)

EILL:

BISENBUD:

EISERBUDt

EISENBUD:

fallout and that isn't in the picture st all here.

Vell, hov ebout that Merrill, I gest the impression that
feel that in rainout you really collect on

~

I think wve have good evidence for that.

There certainly vould be a question though as to wbether
y II“_

efficiency of collection would de the sane during
during dry fallout. '

Vell, youknovinwrmlhrmpoﬂ,lthinkitnﬂth.
original BUSTER.JANGLE report.

Yes, I remezber that. : ,H.

In?aqumfoottrsywcolhcudnhnwhm 4

SHlE Y G AREAR FE e 1t a)

wvaghed into it, Vcamathvhohoqhandco\mtdi.

mumbhnaﬂmqwumtemdm Inc ‘
collections vere mads by Dr. Vexler's group, But, st the
wmmm‘mmmmpmmaam

the fact that vhen the tray was dry, of course, dust

blov off and, although the instructions vers to lvays Xfe

- ) =3
~7 Demartment of oy

Historion's T/ B . :
ARG ! 1

-

S
PN

q0



LIBBY;

LIBBYs

half inch of vater in the tray, in some pleces this
done, mmnxtymummMum
mmmmg\mﬂmmwnh,m
yielded higher collsctions, even vhen it rained, This -
couldn't sccount for, Vater vas being spilled in the
of transfer, ‘meumthimvehwanoconﬁ'ol'mr

100 different pecple, all using their ovn techaiques iaf
transferring from trays to Jjars, '

Could we have a little description of this mmd yaper

Gumed paper uses the sams adhesive vhich is on the
Kleen ladel, vhich you can stick on ladoratory glas
pull right off. It has very nice properties, It

1tsadhssimum:d&ramoftmcuhmacﬁi

vhen vet, Owr interpretation of the fact that we get af

highly efficient ecllection vhen it rains, is that the’
wtmmmwa\mwamdmfnom:t
letting the vater run off, Nov, ve 40 knov that 50% of
is ruming off, Of courss, our interpretition of that

and

- LY —

3 ";;‘"-.:r"?é T - 2. r‘: e P
ex,

"W

s that

this 50% is in solution, It is mads up of solids in

" of very fins particles, But the percentage that runs

fairly unifora - & lower limit about 30%, upper limit
804,

Then you would not necessarily dissgree with Mr, Long's
statoment, Mr. Long suggasted the missing 80f would be
vhich you didn't catch cn gumned paper.

Departegrs ~p =

M o
Hioiario .. 4
LRSS N :
no i

fores
f is

v




EISERBUD:

HIT.L;

LULEJIANS
EISENBUDs
~ LULEJIAN:

EISEIBUD:

- -
This gats & 1littles tricky oov, dossn't it Merrill! Thay is eny
given sazpling station, the fraction of the fallout 4
depends on precipitation and vill vary froa ctnucnhh
80 the actual 'cénectton efficiency for that ststica

tbe vhole period might bde quite different for the
stations,

S, n s

Immﬂnfmm“mu“mh‘bﬂ,
you get beyond 200 miles moot of vhat falls out 4s
down by precipitation, In a& station vhere it rains oa
aversge, fallout would de about ten times as high as
fallout in the case of a station vhore it 4idn't raia,

Tten, yw would say the collection efficiency for a fcal

beR oens . . That st{11 would leave
1f you use 50% for the efficiency, vith a comiderubh
unaccoumted for, Ihaven'tmhduoutmthstm.m‘
1t must be cn the crder of 70 to 80%, =

PYEE A
i

'& .

Do wve take any ocean sazples here!
o

You dcn't have the fallout on the surface of the vater, fhent

I understand that in the TUMBLER-SHAPPER aralysis, mj«.w-
polations, on ths basis of data from fifteen staticns

vhich only Qix operation, continiously, we were saxpling] cnly

*
g momartmont of Enaray

E S N
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(Contimed
LULEJIANS

HILL:

BETHE)

six square feet, one square foot per station.ssees

mmwmmtmaumm,mmn_ '
sazples you have, clearly is minimal to the analysis of [the...

P <. - . [ . . Tl
. < DRI - - LT

One of the striking things sbout these data in the U.8, [is the
uniformity of the wey in vhich data casn be related to dfstance

from the test site,

Canyouthenmlatothhtotherestoftlavqud, 1.4
question, VWhy are you worried vhen you can't?

Ml,lthinktheremvminvhichthucuhmljd. I. -
doa't think we ought to take the full group. I doubt if thig
ocm.tommrtooditfemtmmt.»\

nanccruinlymdifferentmorgomgma.‘
Ithinkonahastosaytc'bofatr, thatufu‘uﬁn

situation is concerned, TUMBLER-GNAFTER, {t's only the

‘ﬁ“ [‘!*' g P e

" indicstion. It looks es though maybe even ia this N fo 3 7 ﬁ
out of the eight shots were tover shots, you still have il i
not accounted for quite a bit of the activity put wp = -

the time period of measurepent,

The question of the ocesa vas raised. The ares of the I
Atlantis Ocean, I would imagine, wculd bave an: sctivity
rediate betwveen the U.8. and Europe end, therefcre, ve
Vas this taken ints account?

This, essentially, vas vhat vas token into account, partlcuhrly

area in wid:ting the values,
[ARIEETR N
) o »‘.' “"'1‘]




HILL:

LIEBY)

LIBBY:

E THBUD:

.mmmmmmusmumt

e

Well, it seems to me that though this would be more profi: ly
mnmmlmmmmmw_dal
dong

scavenging, I would 1fke to hear your snswer to this
& belleve sot

I think 12 you vait, Dr, Libby, until the Ivy it vill become
q‘“‘t‘mm...... ‘

o, I wvant these TUMBLER.SHAFPERS,
I see,

These low levels,

mtmmhﬂthlil&thil'hthtnnq“m stions
are reised after the fact, mw“a‘””m-

I'11 show you vhat the besic prodlem ise Idm'tm
w-thobcahhtogatuv\mltoitamt. e

plot as & function of time, takln‘obnrnﬁnumq p the

mmuvmmmnmnm,nm
before the test serias » nndthuhn'tmuvm, w'l

fluctuation ebove and below gero reflection of the :
of backgrond counting, Then, all of & sudden the sctivity wes
epiked up to & very high value, vhich might be 10% or
tines as high as 10T, Then 1t would drop very rapidly oh the
fonmmmm:tmmmmmwm"g,;_~

-
e

o rtanant ot

Treray
.
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(s gl

EISENBUD;

ol

vhils, but the integration of this curve that we would

wvould be such that for all practical purposes all of
activity would fall cut in one or two days vhen the

vas passing over this ares, then ve vent to picX it wp ha .

the second tire around, the contributicn into this
mmtwwmit. In the ladaratory w had
probles of counting 300 to 600 sarples & day. Ve dec
arbitrarily on the basis of our experience vith this
thing that we would neglect counts of less than ebout

disintegrations per mimute per square foot. Remsuber noy the

things that wvers contributing to the totals for the test

period

vere counts of the order of thousands to millions, Bovrbu

mmrmt,mpcbtmmmtmtq}wmw
a contimwous drip - the cnly vay I can describe it =
vent on until the beginning of the UPSHOT-XNOTHOLD
and nov we're picking 1t wp again as UPSHOT-KOTEOLE
Ve find egain thet Ivy s back in the picture, This ¢
12 the arder of cnly a fev counts per day, § of 10,

Is that extrepolated, or actual!

Actual, Remenber now that this is six months after the flact,

after the detonation, 80 we're dealing vwith long lived
fsotopes. This s only a few days after the detonation,
3or b or 5 d per m per day ve reccrd at the end of the
represent a very significant fallout, end since this

not perceptidly diminishing we expect it ¢to go om for a

epart o
Hoooo

Theee

is

7s



EISENBUDS
(Centinued)

VOICE:

EISENBUD:

LIBBY:

LIBBY;

LIEBY:

LIBEYS

tima, vcwmmmmuttmmmm
than'cmthorntofbxashotaccduwmt'cpm
1t, mmummm.gamm. Yor Ivy there

phshckbﬁatwmmmmmmm,n

definite evidence of atzospheris storege and agia in h gty
do
that

find drift from the early test seriss vhich we ignored aj
tine, |

thmmmwmw

Well, the instrumental beckground in our laborstories

the crder of 6 counts per minute. The actual deckgroundjof the
fallout papers prior to IVy vas probably one count a mingte, I

xean there- is an indication that thore vas & see
lecgnimm
50 oo

Tou get scme stuff from redon, do youl

several days after collectiomn, -
I soe,

sl e 1 e e T

!mmmn@mrwtormmmmtudm '

the residus - thhhthmymwmt,hthhm

Bapar Ty




A\_ANBUDs

SCOVILLEs

HILLs

EISEHBUD:

LIEBYs

Departmen’r Pf i3t ““T"J

H,‘i‘

. 20 mdnutes,

Yes,

mm.mammm,mm

It'-nntﬂnhttertmtm,nhmanqm
vhich gives, well, 455, Ve count to 640 count nov,
usdd’to count to 20 mimutes, but ve didn't get 640

Merrill, hov do you calculate your total beta m fron .
your disintegretions per minmute per squars foot. That
lead to considerabls error,

Ha didn't 4o this, I 414,

Vell this 1s a good point, because ve are counting in
umuumhmmamh.umm
W scal thess sazmples into polyvimyl strips ca tipes, a:

And your vindow?

The windov 1s negliyible, u'-otthoorderorl.’:rml
or 1.7, Bo we are getting socce sbscrption of soft

mum&mmmtbhydrm“ymw.TR
there is a longer life involved, These are softer,

¥hat wo bad hoped was that our accounting methods vhich ve
systens vhich ware selected on the basis of expediency

[ 4

-




LIEBY:

Derartrant of Ensray

of the large nucber of samples involved could be re
in terms of more absoluts methods which other pecple

used for exscple ‘ .
Yes, I think there is & good possibility of that, You dffi T
h&p@odm‘bobookn,tbenmmnmylgomm,by
standardising, this would dbe very helpful 4if you could i
falrly soom, it isn't a very dbig jod, amd write down as
function of energy what your counting efficiency would bej and
then convert back to betacuries per square rdle as a resut o
of this, That would give us & mubder vhich might differ
sppreciably and might be more valushlas,

= -, &S s ~:.§r:§1;‘§::1

£




Bosly vas thet it cculd sccount for 1% of the sctivity put wp
from the vorldwide sampling and here vhile & mober of
still leave acnething to be desired as faxr es covering
of the wrld, you still have a much larger oumber and
much more videly distridutad, In this case the aress
used in determining the average fra these 49 statious pl
U.8. stations were a 111 »illion square ailes, say
million for the wcrld, This is an indication that
there vers large quantities of material that stayed in
upper atncsphers for & pericd lomger than the 61 days
Marrill says he is now finding. Clesrly, if you ccpare
tvo, even if you essums that this sort of thing is

i the real efficiency of the gum papers, you still have 0% ¢r e

\ of the Ivy which 1s uneccounted for,

LIBBY) Do you agros with thess nuzbers, Mr, Spence?

SPEXCE) I neitber agres now disagree, I an interested,

LIBBY: It dcesu’t shock yout mu,mtum-aoum%m
you?

SPENCE: ImeormWQ%Mtupwm.

EISEXBUDS ¥ay I asX hov much of these percentages were arrived at, vas

agreed that the questicn of efficiency was invclved and youf think
1t is about 50%, Doas that require that you multiply tde 816

by 2t

i

1 s f X
f 1]
pemant of Eropm .
Donariment A ‘._‘.Wru




YOICE:

A _Ls

Actually taking them st face value the efficiency turns ot to

be about 11§,

the defficiency is 50% and then it ccmes about 355 in the

VWell no, I an going at it the other way. Vhat bappens is
that 4f you sssume that half of the fallout is within 200

of TUMBLIR-ENAPPER U.8. vhich I don't think is a Dad estimpte

of the fallout,

But, according to the fallout within 200 miles that X -
mile

sted, there was caly about 5% of the total withia 200

I vas told that fev if any of the collection stations for Jvy

at the test site wore in ths line of fallout.

vel}, »n:a§E§%§§L~

uﬁg,‘ts.»»«ggﬁn%ﬁo&igi
out all over the ncrtheast and northvest Pacifis pretty

Yes, it 414 spread cut, dut the point 1s that is there very

soms secondary fallout mstter, such as you cbeerved from
Esvada, as Colonel lulejisn has measured, you would mniss
completely in Ivy becauss this would be in s large sectioa
ccean,

Certainly one must taks this into account. A very informatiive

sggrgngoggonagngﬁ

ngﬁuggngpﬁogg%ggq.uiﬂa
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BETHE:

HILL:
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EISENBUDs
VOICE:

RILL:

LIEBYs

EPERCE:

R - ‘,rv‘(!\l
AR RS ¥
e
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#t11) only have adout one station for every b millien
niles, and this means that you never can be sure of this

umn‘-thttm.m'temmmhm\mauttﬁty

cmmmmmmmmwmm
There must have been a very stron maximm observed, vasn't
there!?
Yes. I think that it is worth menticming. This 330,000 wis

the total for Iwvoc Jims over the 61 days, extrapolated frem
Jamuary 1, 1953 and actually most of this is accounted for

bythawmtonmdsy,xthmumm,vhmtucqmt

vas over 2,600,000 cr that order,

Was 4t raining oa that day?

Yes, it was.

It rains every day in that part of the world, I guess,
hv:mu&dmmelmmmnlvyatm!

I have no information on 4t.

That is vy I wvas asking you, Dr, Spence, about this,

%ell, I bhave a very difficult tims relating the elcse-in

fallout quantitatively to this dats., Howevey,

1t night be poasidle.
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BCOVILLE:

ADANSS

CADLES

Pt ot

I think that, vhils there vas fallout, thet even oa the
in the Atoll, you were adls to go fn fairly scca 0

that 1t wasn't an extreme problam. Is that rightt

'lm.nacmmmts. The fallont was quite iable,

I suspect it 13 a mach bigger faction than vhat you are
ing about here. Cerrtairly mers thea 1§ of the totsl.
would dominate all these other matters,

Ths station lsyout was not directly in the line of the
It vas pretty much upward, rather than dowowerd as I .

Well, ths stations at Tvy vere layed cut vithia the A

Wt@fﬁhﬁpﬁhﬂt&ﬂmwmm»
they got crossvind fallout vhich sxvunted, as I remesber, ithia
a fev hocrs aftar the evant o periags 8 to 10 » per bour but
to distances \p o 10 miles or 0. |

I would 11Xs o get bold of this data and fnclnde 88 4f &
possible, Eowever, again 1% might be fairly aisleeding,
suspect that is 1s & much diggar fraction of the total
of fallout than vhet shows up here, mn,mhmtoio
11ttle careful there, The earth is & 158 of square niles
you, depending oo how much area you consider and what
you considsr a repressatative part. You ses, in the case

" the Bevalda test for the four tower shots you would say, thils is

8 lot of activity coming dowm in this srea vithin, nv,e?

l p




JLL3
(Contimad)

SOCVILLE:

SCOVILLE:

HILLs

YOICEs

ADAMS:
YOICE:

ADAME)

Donartmant af Ensragy

miles of the test site. Actually, the intense part of {t

a34%¢ cover this whole aree by any means. Thare Vas & s
under the dovavind direction of the projectica of the
o8 the basis of Colonsl Lulejian's values, this only
for wore than the total fallout in the U. 8., it is true,
sti1l d1dn't account for a large fractioa of the total

muwzummmmmnmww::fmuu
b

vhlchk almost nothing landed close in, end the Ivy ebot,
e, ves & surfece shot,

On the other hand 2t went swfully high,

18

That is true. mmmmmmmmoga

not too badly from JANGLE,
Did you astually got contours from this?

Yes, the data is very poor, vhich everyone vill admit, dut

they

aTe 3ot layoff by orders of magnitude mmtmmurcah

fyom JANGLE,

Have you tried to snalyse to £ind cut what percest of the fativityt

I don't kuow vhether JRIL has or not.

Have you analysed the cootours at Ivyt

You moan the integrated fallout?! No, I 414n'% work oa
particular project se I doa't knww, T Just repest these
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wontimwed)

LIBBY:

EPEUCE?

HILYL:

Departs -t =" ©

from mencry from resding the report. I might ssy though

the Qifference « I wonder if anybody here has cbeerved

fact that at the surface shots the larger amcunt of the sqtivity
becomes i{ncorporsted in large pieces vhich fallout more 111y

and closer in than the tower or in alrmarst #0 that ot you
night expect a much larger percentage of {sllout,

Yes, that is wvhat I wvas hinting at « that 1f all that corml
want wp .

Vell, I@n’thﬁ&athtmucww&@-@ .
I an sure that it wvag larger pertaps thaa fallout and
mmegm,mxm'tmnnmuum -
vell suppose you took & figure 1ike 103 or even 20§, it ish't
golag to change your eonclueions any, 4s 1t? I don't be
that it wos way high 1ixe 50%,

Furthermcre, you have Riserbud's evidence thas it is stild
eoming dowm « it met e up there, & lod of i,

sncther interesting thing sbout thet, You teke & U.S. -
mect ovar 8 tvo week period, vhich wve are locking at a%
precent time, and find thet the fallout during thst tvo
pericd, extrepolated now to 1 Jamuary 1958, will vary frcm|ssy
10 4 per m per squmre foot to say perheps 100. It ccens t4 be
quiulwmm&mmmdth‘mg
may bo atiributadls to rainfall at these collection staticgs.

« It
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EISEHBUDs

EILLy

GRIGGBS

EISENBUD:

GRIGGS:

RILL:

Departmont =7 o
Hirioe oo 0

Do you think that if you were to teake this data you wvers goatting
nov, and you got before at UPSHOT-KNOTHOLE, and scrt of £}t %

in betwoen, by guess, and extrapolated back to Jamuary 1,|2953,
vould this be & dangerous thing to dot It Jrobebly wouls)
wouldntt it?

I would make one statement cu tha dasis of vhat I have

from the data so far., That is 1f more than 1% can de '
for in the period W61, I guess this is up through }NeSO
thing vhich vas the start of UPSHOT-XKNOTHOLE,

I would eppreciste 1tumcmldutmmyorthhut7thﬂ
I cen analyzs.

Vell, we are rushing to put 1% together as fast as we cand

I 4oa't quite understand this, mmmwwthtrp
Teel during the tirme detveen 60 and 90 days than fgel n
firet 60 dayw? ‘

Bo,mtumtxmammnmmim %o
the fattial fallout which occurred cn the first pass
world, which I think tock 18 days. sotbtmof
30 days against some M5 Just doesn't seom right. Y would
they are the ssme order of magaitude.

You ave no Indicaticn of & fellout or rats of falloutl

It would be very intoresting to try to kesep track of this,
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BETHE}

HI1L:

ngpartment of 2007

Vite ".(.:..,— "

becsuse if ve cnoe get scme idos of how long a period of §ine
this took to come down, or & reascnadle fraction of that
this vould be isportant from a biological basard poiat of
If 1t stays up there several years it certainly means \ there
is a stronger tendsncy to get more uaiform fallout over
werld, Algo i{ts decaying sans end £f it should happen to
etay up, even & reascuable fraction of 18, for & balf
well thez you woild really get a desunition and & hazard,
mnfwmmhmxvh-twm.wu
The time cf first fzllcout chserved {a the U, 5. ocowrred
in loc Angsles sad $t cccurred about aix days after the
The station receiving it last in the U. S. vas Atlmnts,
and that uas scme 23 days after the shot. The stulf vas
diffusing, by thig tine fairly slowly. Furthemcre, the spaticns
\p 1n Main, the extrerme corner of the U. 8, got it eurlier] thaa
414 Atlanta, Georgis. IV st of gone over wp there and shrt

cteithuewveddmnwnmlctcmeuh@tcxh
the scurtbern pert of the U, 8 |

his eculdn’t heve been tha seccnd wey aroundt

Bow shout that?

%o, I thizk that St 1s two cloud, Coe went esst sad ooe
m,wzmmmmmtwmcwmnms_
mllec@omtormwmthtitmopﬁkdwat -
and Vexs Island, I beliove, end possibly the vest coast of|tbe
U. 5. The bulk of it headed east and I think probedly hit
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(Continued)

RILL:

SCOVILLE:

LIBBY:

SCOVILLE:

HILLs

Vo 1o
Denar: :

. cloud 1s there or note

Yairs rirst Lecause it sticks out a little bis,

It §s interesting ia that comnection, that the minlmm ¢
cbserved in the U. 8, fram Ivy vas k20 and this cecuwrred
at Los Angeles and San Francisco, The maximm valus was
Port Worth, Texos, I would think that this would bear o
yowr statenent thal they wure different clouds represent
one of smaller fragments,

Bas any attempt bLeen mads to correlsate the ralnfall vhieh
at the collscting stations with the sverage ralnfall 4n

areas.

In tha roports I bave, Eiberbud's report ou Ivy, there areonly

a fev stations, I guess it wes the TBLER-SNAPPER, you
Tev stotions bar graphs plotted vith the preci;itstion :
Mattheu!mldn’tmtorm%t&nma
corrclation. Sces days vhen 1t rains you wowld get & peak

other days you would got reln and no peak, I think that 1 el

dspenis on vhother the rais occurs when the intense part

Cr the level frcm vhich the rain fells.

Thore has Deen no stiempt t0 study thist

Bot as far as I en concerned, I don't know vhether Merrill
done much of this or not,
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BELL:

HILLs

Bills

HILLs

RETHEs

w2

and which contributes?

Dr. Westen's group is doing this and 1s going to write ih Part II

of the report.

The biggest fallout was in the last two Nevads tests andlalse
that big one in the Pacific. Rained and water sanxples tiken
throughout Fassachusetts came froa the Able-"ix bdlast of|this
year and the thing I would like to ask - what appears tojne te
clouds
cams over and in eastern Massachusetts fros sbout 10 stafions,

pe 8 fair exanyle of rain in east Massachusetis when the

We got a variation in the activity of the rain of.sbout tines.
You can't put too much basis on a station in ons small

Well, there is some indication of that in Fisenbud's rep
For sxample, thers were two stations in Los ingeles, and [ think
that one of them was at the airport and one somevhere elsp, The
low value given thers is L0, the other one was in the
hood of 1,000 or 1,100 as T rsamesber it, You do get sharp
variaticons in s»all distances, this is for sure. I don'd]koow

whether any attespts have been made, in this case there Jvub];
vas po raine The probability that thers vas rdn getting| this

was pretty small, To you know about this?
I don't know.

It might be accounted for dy differences in rainfall. m#] are

very sharp out in this area, for exarmrle,

If there are such big fluctuations couldn't it be that yj have

nigssed one place where there is ons hundred times the intdnsity

/0%
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HILLs

EISENBID:

HILL:

i

This is always the possibility that you can'$ avoid tely.

You have got to consider it as & possibility. I think i} is
rather unlikely., The great difference between the Ivy % and

the Tumbler-Snapper shot, using ths same methods for collection

and so on, and ths fact that most of the conditions of vy
shot, the fact that the cloud went so high and se on, wogld tend
to produce this longer duration of the material, The fagt thad
¥r., cisenbud is stil]l getting it, indicates that this ably
isn't in the wrong ball park, but you nsver can be ccaplitely
sure that you haven't missed the hot gpot,

Eiserbud's present findings, of course, show that there gre a

lot of activities, still up, whether that is higher than|90f or
107 they don't tell you.

And I don't Xnow wvhether you would ever be able to densely

enough to find cut in a practical way. Fow do you feel
that, Kerrill?

Well, if you could Rold wp Castle for about two years

' get the answer, but really I think that the prospects of Kastle

coning on early next spring or late in the vinter. It ig nod

going to be possidle

¥ell, one thing is clearj the largs areas of the ocean
it is rather impractical unless you park a ship out thers] and
let it coast arcund and use it for a fallout station to
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(Continued)

WEXLERS

LIB3Ys

B:LLs

LIBBY:

THEISs

1165Ys

1%y

Derorir

data. Also the polar regions are rather inaccegsabls. llso the
whols area behind the iron curtain which s a very large|fracticn,
even of the total of ths earth's surface is not un.l.h.th te you,

80 you have problems.

Bov about nature's integration of watershed collectien, 14 4
I

in rivers. Wwould there be any runoff of this material,

Well, Mr, Bell has some information and I think Mr, m:J can
rake a remark. Mr., Dell.

(urs 18 very prelicrdoary, dut it looks to us froa this -Six
blast that we tried to get some idea of a runoff coefficihnt thad
we could use in these activities, and we came to the conclusion
that the stuff, as far as we could measure, was not « Vo

only had to worry sbout that which hit omn the water. Tha} was

very preliminary.

Does this make sense to you,¥r. Theis?

I wvant to point cut that the esstern Nassachusettls area i§ aa’
mainvhuhmoronndbohummmmmﬁo
parts of the country and so that the lack of erosion ef
fallout materisl of the soil, which might carry the fallods,
night be correlated, but that I don't know.

You are saying that muddy rivers might have atu;f i{n thea Aocauu
it has gone along with the mud, '

I think so.
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HILLs

TH.I2s

CRIGCSt

THEISs

GHIGGSs

YOICEs

CRIGGE:

THEISS

P L

It seens highly probable.

This would make it interesting to look at the Lake Mead pituation,

wouldn't it?

Or some of the samples taken 1n-tho Orand Canyon s1lt tdons.

Aren't there two factors in this probleaj one, that of
and transport of material and second, the time lag be

errosion
rainfall

and appesrance in a stream down below. In Massachusetts|isn's

the second factor also important?

I don't quite undarstand the second point.

As I understand it, in glaciers we expect water to fall, it is
stored and later appears down water with a tims lag of lﬁxv months,

Yes, that would be a possibility. Much of thn jlraur qud be

s

evaporated,

It is not necessary, for your criterion, that the ukrltn:“
physically eroded, Like in a place where you have rapid _

with or without erosion you might get more concentrationd

I think that 1s so and I think that ths nature of this
would be very irportant. If it is foniec in form it will
bs absorbed. If it is sorme of this fine ultra-small

matter, 1t might go into the ground water and be carried,

rial _
ably
culate
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: LIB3Y: ¥Ye are pretty well convinced mow, ¥r. Theis, that cur mosd

» Pt Well, a solar action would probably be at least as npm—+nz,u
not more Lrportant, than the tire dslay on that,

THRISY I think 1t 1s very important and also ths ion cxehnngt@%nekr-
istics.

RILL Well, a lot would depend t0o on uhether the stuff vas soljable
or not.

LIB:Ys Vell, from what Nr. Theis has been saying about the ion ejchange

| property to average soil it can bs solusbls and still go qub on
the s0il. Cf course, alkalis and things like that but Sf it ia
sny polyvalent ion from vhat you say it would just go out#un the
soil, apparently.

HiLLs Would this be likely to be in the very surface layers thay are
fmpartant sgricolturally or would it have to be-spread prepty
d.ﬁpl’o

THEIS) Well, if it is dissvlved I thinki}#X would be in the surface|laysre

and that has been the indication of most waste products
reactors, but if we have sore of this nev form of matter
of these little corrundum beads I think it will go down dofpor
in the soil.

dangercus isotope 1s not going te be in ths fora of a ruby,

The ordinary fission products may be bul nat thiy stuff. s
stuff 1s likely to be soluble so it will probably be in

. gurtm so1l, fres vhat you say. It locks as though we haw %o
tamant 0 nerg

TR

/el




(Continued)

HILLs

MITCHELLs

\nqn')r!f‘-‘\"'gf‘? 0‘ ‘E!‘.EF“;]\!

U

sarmple so‘ls. This is chemically a very difficult pmblf-.
Take a barrel of dirt and treat it.

I have Just a few more remarks, Time is getting stort naybe
I had better put them cn. On the basis of this 1t is

to askt are there any lusor;o here as far as a present egtimate
of the worldwids hazard? If you go on the sssu=ption
Strontium 90 is the dangercus character, it is of inter
calculate the total amount which has been produced in all
bozbs that have been shot. Actually, 7 did sdjust for thh
that have been shot in the U.S. This gives approximately
kilograns of Strontimm 90 that has been produced since

g ke

Almagordo Shot. If you calculate the concentrations per quare
rile you get, say, &0 to 50 micrograms per square mile. |
looking at the results hers ca the worth Ivy you see
the ratio here can be rather large from the maximum, esay, tctﬁo
average wvhich is slmost 100, Also, you will have areas
will have almost none as is indicated by some of the g.n-
out observed. So¢ that this could be a wide range locallyd:
Fowaver, Dr, Mitchell has mads an estinate and be vill
sbout this later, I Sust put it eut for coxparism that 1
micrograxs of Strontium per square mile gotten into the bipsphere
and into man and uncder equilidbrium conditions over a 20 ye
period wo:ld be shout tolerance level on ths basis of -
was it, sbout 6x107> microcuriss fixed in the skeleton?

Kicrograms, in other wfds.
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RILL:

LIBIY

BRILLt

LISNYs

JISZNHIDs

L I

CEy

That s right, so that it doesn't looky on the basis of this,as
though we need to worry for the -cn_cnt, but there are large
ranges of uncertainty., I can't belp feeling, in spite of|what

Las been said about the effects of errosion and wea » that
there are a Lot of factors in nature vhich will tend to rit this

stuff vhere it is not dangerous as if it were put down fornly
and jJust left there. At the bottom of the oceans and prolably
even to soms extent in ths upper atmosphere,

I can't believe it wo:1d atay up there so long as to doc-ﬁ.

¥ell, we don't know.

Hell, rerhaps ws have lsarned one lesson from this look & the
data availabls at the present snd that s that there is sthff ia
the atmosphere and it does stay thers for quite a \(lﬂll vorld-
wide dissemination is extremely likely. This is not a ming

conclusions,

Oh, another thing that is involved in this is the effect
fractionation which I think it would be very interesting yos
could, in your samples, get some indicatien of the fractinn $f the
total sctivity thers that is due to Strontium $0 as a funcjion

of n-. aftsr the sbot or distance awsy from the shot,

Lo you still have those saxples, 'r. Eisenbud?
¥e have only a few of thea., T7hey are being processed.

Oh, excellent,
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LIBLYs

ZLTHES

HILLs

LTHE

HiLis

lbyou have anything to say on those yet?

Vell, I called yestarday when that question eme up and [they still

don't have the mumbers. I hope to have them by umm-H

Well, that will de very interesting.

In the Ivy outside 0.,3. you wrots two rows of numbers, -ﬁut do

they refer to?

Ch, well the situation thers is that there was some 86 71

I did was take the stations nearest, say the ones down

Nion
squars ailes in wich ther: were no stations at all in wvhat

ow

and

the eg:ator and above latitude 6L, and average all those
maybe this is a good representative value for the rest
world, I don't think that it is but this is ons thiag
can do. In any event 1t is prodbadly hMgh, I would say,
all the indications are that the valpe of the fallout, as
to the north and south latitudes, falls off rapidly and
frastion of this is in the polar regions, of course, and
cularly the region delowv ths equator which alse indicates
certainly when you get avay from the longitude of Eniwe
southern stations are much smaller in average. It still
for less than 10%.

he
t you
cause
80
large
bartie
that
the

aounts

Can you tell us once more how the megacuries are normalis

time?

Yes, what you do there is tare the expression out of the
iffects Handbook which gives you the number of deta curie

apons
per KT,
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L1831
" BETHE:

HILL:

DETHE:

HILL»

EISENBUD:

WzXLER:s

EIS:NBID:

It 18 13,7 xegacuries per XT tizes T to the winus 1.2, i the

relationship.
inaudible
And »0 this is really normalised at one day.

Well, what I did was to extrapolate to this Jmary; 1953]date

the sxre as the sarples were.

These puxbers are thes cosfficients,

They are normalized to the nusbers given in the ¥eapons Zffects
Handbock for one day.

loss anyons bave any data on the rate at which voleanie 1osions
are eliminated from the upper atmosphere. It seems to me \ 3
there is a possibility of getting that data from sclar eot%m

observations.

At Krakatoa there was one solar obssrvatery taking

France. It took the dust st Krakatoa which is 6% south
three months to effect the raiiaticn values st Yount Pelief,
Frangs and the values stayed below the normal for about
years. That, of course, would mean consideradle quantitieg eof
dust, enough to interfere with radiation and it still migh
have been quantities for many years aftervard which woald got

show up by such crude uunrwentl;

Is the data good enough so that we could rlot a curve whicH would |
indicate the rate at which tha dust has bLaeen eliminated?
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GRIOGSs

WEILER,

GRIGCSs

WEXLER:

HILL:s

WEXLER:

That would be very hard to do frce Juct ore point etatidn.

1 thought that thers was an observatory in the Sahara afl the time

of Erakatoa.

Ko, that was Xatmai, the Smithsonian station in Katmai, j512,

That wes effected by Fatmal.

well, this shoved peaks as the thing went arcund the worgd

several tines.

It nay have, 1 don't know. As a matter of fact Mount Pelier shows

the saxe thing. It wasn't a uniform deprsssion, there ale ups

and downs. The average was adout 10X decrease in normal
period of thres years.

¥Would 1t be detectable for pericds wmore than three years

Not by such crude li-asnrmnta as pointing a tadbe at the
With one of the speciral measurements, probably yes.

for s
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?

Ve tll spesk now about the ssmpling problea, It has mexny

aspeots, 80 we'll have three ¢r four speaksrs, The firs{

of these is Dr. Mitchell, wbot1l speak on Sr7°,

I just thought I would give ycu & fev brisf remarks
the relaticnship of Sr'° and caleius-strontiua metabo
in lumans as ve have put it togethsr for pxposes cf
project, 8r'° is the eritical elsment imvolved in the
tern hazard, primarily because of its bone seeking pro
Since we know that bone is cne of the least active of
structures of the humsn body so far as dymemic equilibrl
is ccnocsrned, we're able to state that these elements
are bons sesking tend to get into the bone and stay
If we follow calciuva or inert strontiua or also radim
have figures which emable us to indicate that after an
uptake of the elsment that the msterial becomes
and that after it Lecomes mineralised, its rate cf
froa the body is quite slow, Watever radicactive ma
is present vill exert its effects cver a long biological
half-life, I think for mcst of cur consideraticns here

have essentially oonsidered stromtiva 90 as being dcpod.Il
in bons and staying there, C(alcium is a very impcrtant

element in the bedy, and 99 percent of 1t gets inte the tpne,

The cther 1 percent which is concerned with nervous re-
acticns, and varicus membrane reacticms, ete,, ve can neglect
for purposes of this project, In order to relate the

3
H
o
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(contimed )

LIBBY;

MITCHELL:

 —

strontinm problea to the Sr'0, in other werds the fnert
mmm&mumomm“nt,bthm“#d
the 8270 ocntamination, we have yun up sgainst the fact Fhat

not very much is known about strontium metadolism, ItI .

Fresumably Just a trace elemsnt without any metadollc
and has not been studied, Eo vhat I have trisd to do iste
take scae of the known values vith regard to calciua and|with
regard to the analyses on inert strontium and give scxe
otthoqmntﬁnﬁnupoctavithroa&dtothcdnpodﬁ»r“
of radicactive strontiusm,

One of our figures, uaing the standard man as having 7,
grans of bone vith 1,000 grams of caloiuw 1s an
ons to remender, During the process of growth of the
vidual that would be about the figure you wculd get,
this oaleiua in this age during the growth years 20
and this deing 1,000 grams caleium, Sco that a groving person
would accumilate caloium, starting at birth with about
grans of caleiun, amd going up to 1,000 grams of caleiua
the time he reaches 20 yvars,

What psroentage of the total caleium he ate is that 1,0«#
cans? '

That would vary vith the diet, Fe's accumilsted it .;:rm
10C milligraas a day, on the average, The bady will to
keoep caleiua in equilitrivm, mtu,;fmtahinu
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MITCHELLs exoess ancunt of calciua more will be excreted,
(contimed )

LIBBYs Somtuxrmlalcimeomutdtbtoodwm-&
you happen to kncyv that? |

MITCHELL: Ko, but about .45 grans wuld be the minimal intake to kepp
a perscn (adult ) {n calciuw eguilibrina,

LIBHY: 8o it about 20 percent as a minimmn efficiency,

MITCHELL: Yos, the tulk of calcium is excreted in the foces, This
Vill vary considerably with age, For instance a groving poy
in this part of the curve All need about 1 1/2 graus as|a
minisug intake to keep his growth rate geing, That is \ :
recomaended intoks and that has a margia of safety that
mitriticn people put in, The bulk of the calciua gets
areted in the feces if you have & high calofum dist. If yow =
ptonalcwculcimdhtdmtotbopointvhenapql
deal of the calciua is absorbed, then the tulk of the ex=|
cretion in negative calcima btalance vill be in the urine,|

LIRBY: Its still about 80 percent excreted even in the negative
balance, That is, you said 450 is a minizal and you teke|ia
100, Is that right?

MITCHELLs Hon.fcrthcuwphhtmmymhﬁaporwntaﬂngh
no calcium at all, a certain amcunt of caloiua will be axy
creted and that we'll attezpt to reach s ainiml figure apd

Departmer™ " 7
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MITCEELL
(contimed )

 in the American anvironment, 7That is, these sre aralyses

T don't know vhat that figure is, but you would oertainly|inter-
fere vith the grovth of the person and growth of the bden
Bt &t lsast you cen say that 100 milligrans per day, ¢ajth o
avarage, will get the person up to his 1000 grams ia 20 -
and the actual rates vary, I have these curves if axyer
vants t¢ lock at thea, incilentslly. Starting for
at the age of one year, the person is scoumulating calcivm st
the rate of 150 milligrans and that goes down to the age |
4 % 5 = to vhers he nseds 50 milligrams of caloiua per d
1aid dcun to maintain a normal grovih rate. During the afic
lescent ysars it goes up as high as 250 allligraams of ¢
8¢ if you are interested in any spot checking or any

SRPEEL R

1n 20 yesrs (the growth pericd), The reason I have used
figure 1s that our amalyses show that apprcximately 700 «
7/10 of a gran, 700 milligrans, is the amount of stre
whioch is fcund cn enalyses of human bene, so that ia the
absence of any further data wve Just assumed that strontiw
is being l1aid down in the sane relative proporticn to ¢
and so using the calciua curve yvu can then meke an es 7
as to the amcunt of strontiua which the body is depositir

/& /



MITCEELL
(contimed )

MITCHELLs

that ocms from bones of pecple who died in 1914, vho
served as cadavers, and tien varicus pecple who disd in JN9
at varicus ages, wre analyzed, and the figures sre all
the same order of magnitude, appreximately an aversge of
porcent of strontium, so that sbatever variaticns thare
in the strontium intake and the diet, as opposed to the gecple
vho died in 1914, who vere all adults which would indios
a distary reglme 1in the 1850's eto., ete., and the curre
pecples who died in 1949, ocovering gverything from foetus
up to adults, dut thare vas no really significant dify
in the ancunt of strontium found in the bones of those pacple.

The data actually stema from some work that vas done at
UCIA YWy a worksr by the nane of Hodges, and it is quite fn=
terosting that this thing was of such & zwmll cxdar of
magnitude, and the total range was rather sxall, that (s
leaving cut one umisual sase of hydrcoephalic infeant, tb]
rangs wvas 017 to ,0R9,

Is this percent of body veight?
Bo, this 15 the percent cf strontiua in bDens ash,
Mthtm-mu.orrormm

Ko, .C17

Rt 07 ga

-
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MITCHELLs

Ch, that vill ecms cut to 7/10 of & gram per 1000 grams
bone, we rounded it off at .(2 percent, Yocu see, in
grans of bone we Just roughly said appraximately 50
of that was bone ash and that vas the vay we got the .
In other words, .C2 percent of 7000 graas of bons,
that approximetely balf of it is bone ash would give us
@ans par thousand, Actually, the study analyred parie
bons, vertelra, rib and femur, The values ars all quite
close together, so that the metabolism of inert stre
1n the body there is pretty unifora distritution of the
material, In the laying down of oalolum and also stro
in the bones, there is a good deal of dynamie equilihy =4
and a good deal of veriatica in the parts of the bone in
tarns of growth, In other words, the medical pscpls will
knov thatthe primary depositicn of calodus will ocour for
mmnmnmammwmm—mcﬁw
or in the metaphysis, so that as the long bons grows, the
tulk of the grovth is ab cne very merrov partion at the
ends of the bone, Then there will tend to be some bone
1214 down right under the pericsteal and endozteal

in crder to mks the bone grow wider, se that there
are mechanisss for rather evenly distributing this ma
Ithahonabwn,tormm,thatuyonhum
marked thing 1ike a red dye at a certain tine of bone »
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VOICEs

LInsY,

MITCHELLs

that that material will deposit and remin fixed in the
but 4ts relative looaticn 1a the bone will change, Ia o
words, as more bone 1s 1ald dewa this material vill tend
be put in toward the center because the bone 1s growing
sc 1f ycu were to fix radicactive strontium, for
at a particular point in the bone, the bons may grow
it, and . this aight be located in one portion of the
\hereas 4 the person vere subjected to & steady state
radicactive material going into the ixdy cover a pericd e
yoars, it would appear to be pretly uniforaly distributed,

Dr. Mitchell, are you waking a point that if & younger
person incorporated it within his bone that is mcre

damging?

Weuld you repeat the questica please? SRR RS

Be asked, hitm‘uwhammm
being oa the inside its eloser to the blocd forming

No, I vasn't particularly {aplying that, although I thin} 44
1s mcre dangercus in a young person bocause the insult tq’.
& young person is going to stay thsre more thean inan o
perscn, In other vords, there 1s going to be noTe of &
twmvorintbeclderperscn\&mg_otlthnamamma.'
material than in the ycunger person, It is the younger
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MITCEELL

. (oontimed )

person that depcsits and nineralises a greater amcunt of

and 1ess of it is going to be available for exchangs whidh

takes place, In other words, you can lock at it in this

l!.ﬁw?ggohgﬂi»uéfnfﬁ

ancunt that oomes cut in any dymanmic equilibrium vhich
axist, say for instance, in the demands of pregrancy,
woman vill mobilise calcfum, Well, shs will mobilise
last part that wes deposited not the first part, or not

it

an equal part so that if that woman, for instance, has
active material whiech vas deposited years ago, that is

the part that 1s oing 0 Ve mcbilised in order to
material for the fetal development and also 1t won't be
part vhich will go into the milk, Nov, there are animl

§.§-§,g. Rather large amounts of redlop

aotive strontiua vhich vere put in and the smcunt vhieh
appears in the milk and the smcunt wvhich appears in the
fotus Telates very much to st vhat tims the mother was g
the dose, not the amount shs has to have. But the time
vhich it wvas in, S0 that if the material is really
S3ed and a ecnsiderable period of time passes, even
Egusggoun&»gﬁ?lg
1% vill not be passed in any great quantity to the fetus

?&.gé..éagpgggﬂ

put in say 10 days before she starts te laotate a large

of

=



.

of that vill appear ia the milk so that the mobilizadle

caloimm, and presumbly other radicective bome seeking
eolements are the ones vhich are more recently laid dowm,

MITCHELL
(oontimaq )

LIBBY: nhlmhnhuiduvhichwuterhnmﬁqr
my not be so bad, thhmtohhducrhp-invn\%
to avcid legal and religicus difficulty, Are you saying
that this material would reflect the diet of the mother
pretty faithfully,

MITCHELLs To scme extent, yes, Nov vhem you deal vith miscarriages
wnmhhm«mﬁymiuhhﬁdmh#'
foetas, KNov there is practioslly no ealcium laid dowm in|the
fotes the £irst 4 months and then the fetel curve goes
thing like this (see chart), With this being { menths, a
this being 9 mouths, and this being sayl 28 grans of cale
1 the fetes, and adout &0 percent of that is in the last R
months,

LIBBY: lbttmurrucnmmdc'lnnnths.m'tw
MITCHELLs Well, I wouldatt knov the figures oa that,
LIBBYs Do you know that,Dr, Bigher? Dces agyons know that? (eh+tc)'

MITCHELL: Actually, that is ona weight to weight basis, Ifyouuml#
got human ailk from wed murses, you would be better cff,

YCICEs You would?




MITCEELLs

LIBBYL

MITCHELLs

VOICEs
MITCHELLs

COIMAR s

COLR:

Noam—-t

" carriage material you have to realisze that it has deen

Yes, becauce the calcium domands of the fetus are 28

vhare in & lactating pericd you get 80 grans of calelum
going into the milk,

Well, that's very helpful,

ibn,mxdon'tkmv\mothartbolmtothmuut

1s greatar than the size of the fetus of not tut I imagise

it would be smaller,
How are you golng to do that on & worldvide basis?

You'll have to ask the anthropologist that,

There are a oouple of points about that -~ in your mis~

bi

dicated that the acoumlation of strontium would represe
only that which was there & short tize dafore so that
would really be making & sampling over maybe 8 2 or J xo
paricd,

Vell, that's very good, the adult structure being a
that is tuild up over 20 years, the pre-stcuis periecd,
not interested in that, ve wvant something that is atcale
response, that does apply to recent times,

This would be alright, but your locking at a J months
but 1t dspens cn vhether yowr envircmasat has a

re
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CCLMAR s
(continued )

LIBBY?

MITCHELL:

Ding-e

& few months then it drops down, you might =niss the high

upomornﬁi. &mpoumhvoahighcpmonw

axposure entirely,
(&, of ecurse, Oh. M.

Ons sssumpticn a lot of pecple have been meking and that
that at the peak of fallout, that time is important te
it aight nct be, in cthar vords, ve don't know how long
takes for that material to travel thru the cycls befcre
finally gets intc the human, That apparently is still
unkncvn, Ia fact, it ccnceivable that &t night be
up in certain places and not be getting to the humen at
until it reaches a certain threshhold end then it might
over in scmething 1ike fortiliser cr somsthing like that,
Those are just part of the unknowns that exist in this
Mainly, one other thing that we did vas to take the
that the average Anerican man going through life will eo~| -
cumilate this 7/10 of a grem of strontium, Ve tried $s
calculate vhat the ratic of redicastive strontiua to
strontiug weuld have to be to lring a person to the to
lavel cover the course of his lifetims of grcwth, Ue tock
the tolerance lovel as being one microcurie or 6221070
micrograns which is given by the Intarmtional Comission |
on Radiclogical Protection, and we assuzed the average

depesiticn of 1/10 of a milligram and that works out to
faotﬁntmwulduodnlmndrdnﬂlionumuthv

=
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MITCHELL
(contimed )

BACHER s
MITCHELL;

LIBRYs

MITCHELL:

VCICEs

Damaate

o:mmmug”,mmmmmcrmm %o

bring that person to tolerance in 20 years, Now, that
enablas you te meglect all the unknowns with regard to

of excretion and sacunts of retention amd things 1ike ir

You aceept the figure of gradual accumlation of 7/20 of
g,

Would you repsat that figure again, sir?
Paxdon?

This 1s S0 to strontiun, 1 in & huoired aillicn if all

the body stronmtiua has that ocaposition, m.htol-rlnTt.
Is that ocrrect?

Mtwmuuhlmmdmnmm“nm
20 years, !w.utbomn,khtmw,wmhﬂna
1ike that at all times, then by the tims he reaches his
adult pericd, the amcunt of additicmal mmterial Le would
taking in would equal the amcunt he was taking cut, ia

words, the equilibrium there presumbly would not omalo
further aceuaulatics of the radiation, presuming that it
a oonstant amcunt throughout the whole crowth pericd and
into the pericd of adult 1ife, That would be cne way of

lecking at this thing,

What is the bic-half 1ife of strontinm}
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MITCHELLe

KEDRRs

VCICE:

LIBBY:

MITCHELL:

Ty

.

Eo body kncws - at leest I dcn't, That is the Molo
half life, mmmmumwm‘mb:‘j
retention and excretion rates, and there 1s & lot of infod=
maticn on that oowing out ncv with regard to short-tern
effeats with rather large doses and vhether you can say
is the same thing wvhich 13 geing to apply with almite
over & pericd of 20 years, I dca't know, but I would be
olined to say that you camot extrapelate from that kind
data,

Imﬂdthinkthnboncsﬁmmwmuwarnpm

40 or 50 years, This is really just a gusss bassd on
45 eliminaticn,

m&mmm:rsmmu«mo’dm,mcht%-

roughly 30 years,

Taking your figure, Iulmlnhthilnalw ,
per individual as the tolerance, is this correct?

Yes, VNo tock cne othar set of figures vhich might be of
wummphm,mmuwgotm.m—f'
cultural figures vhich indicated that there wers 27,000 ng-
of strontium available per acre of lard, !!w,ifyo‘put
270 micregrans of radicactive strontiun mixed into that, a

person eeting off that type of lani, mothewwrdamt%.
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MITCHELLs
(continued )

LIEBY:

MITCEELL:

ILVE:

MITCHELLs
VOICE:

I0RGs

MITCERLL:

101G

all his dfetary intake frum that, or yeu cculd put it
other vay, that acre weuld ocotritute the tolerance

to the diet, 20 that if all the land that a persca ware qating

off of cecee
27C microcuries per acre?

zmummcr&%nnﬂthonunmingpathwmnh

the same as this lLere,

Is thet the mrevicus figurs on the available strontium per

acre - vas what?
60 pounis per acre and it came cut abcut 27000 grans,

Available strontium (chatter)

That's the question, is that avatilable strontium?
there tends to De, at least I've got very casually the
from an agroncmist that there is very commonly quite a
difference betvesn armlysabls material ard available m
you see if you'lve got ....

Vall, thess figures would apply cnly if the same yatio hejd

in redicsctive material,

Art there 1s no reascn wvhy one wuldn' think it cught to
that is to say 4if you've gct a bicsphore drift techalique |

feeding radfcactive strontium dcwn on the ground, one 441
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1IONGs
(continued )

MITCEELL:

YCICE:

BTV S

have & sizeable factor between the availability of this zadio=
active strontium,

Vell, that would bave to be investizated if you wanted
tals type of stand, In other wirds, the assunption ;l;hnt‘
zede in this stuff is that the thing {s» full of unknowns
tv vhat the path way, particularly the quantatative path
of strcntiun is, and se I get up this mcdel to take inte
things ve éo kxw, which is that we sccumlate 7/10 of
grams of strontium’ over the growth pericd and thea lock &
it as & tracer axperiment and say how much of the same
of blclogically availadle strontium you have to have, for
instance, if Dr. libhy's 18ea about the ruky were ecrrect
then ths whcle thing would just be no dice, se that the

esswption 1s that whatever amount you have times the fasfor
of availability, that these figures would set up an . u
ncdel,

mamnmauougmuucnum-ume.w;i.-
becsuse the soil pecple have done & great deal cf bese
exchangs wcrk, Presumsbly cnly base exchangsable strontl+
1 avallable and this vould greatly reduce the emcunt of
strootiua 90 you need to put cn per gcre, It is very likdly
that 1 part available per hunired is availabls, scmething|
1ike that, The other one hurdred becomss available erm+
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YOICE
(ecntimod )
t

SCIOMON ¢

E)

MITCHELLs
IRIEGER

~ 1OMONs

YCICE:s

YOICE:
VOICEs

LIBBY,;

s
vl

normal process of weathering, but this is a 20 to one
thousand year tims sosle,

Do you kncv the aacunt of culcium in the top 801l The
total axcunt cf calcima? I have a figure of UCO Ml
2illicn, as the available calcium oontent in soil, and
Jou knew the tctal calclua then perhsps you eculd find

frectica of availsble strentium by using the sane figure] tug

I don't ¥mew that,
I dontt koow that either,
The figure 1s 365,000 parts per million,

Cf total calcium, amd 1f one figure of 1,000 parts of
avallahle caleiun par million is trus, then cne part in
365 1s available, A '

In cur laberatery we've done some base exchangs work em
atromtium 90 using ncrzal clay, ncrmel agricultural clay
solls, and ve £ind that up as high as 30 percemt can be
rizod,umvnushh._

DM you sey strontium nitrate scluticns?
B, I mean vhat ., (salt)

It 18 Just a - Just diIute squecus scluticn,
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MITCHELL:

VOICE:

MITCRELL:

EISENBDD s

VOICE:

And that would be made available,

h"‘ﬂm.
mtwuﬂumvperwmm.mcnnmumf

to reduce the factor of availability,

I have , scaw different

solls taken in different parts of the country shows thad
the exchangsable calolua varies over about two orders’of
mgnitude, rhoumtcmhdm-oqxinhnumm
.8 to about 38,

As far as I know this strontius thing is just a gensral
SVTage .

Do you have any ecmasnt M, Thels?

I don't kiov & thing about chexistry,

mmmmmmmxuuhq
uy guy over the head before he sven wuld give me any kind

of & figure, and he just said a thousand seessd reasc
for top scil, dut 4% certainly oould de off inm the order
mgnituds in either directiocn,

Could ve obtain variahle information 1f ve were to doperifdic

amlyses of fertiliser from sewegs disposal plant such as
Mlusukee plant produeing milorganite?

the

/3¢



LIBBY: umwwu&.‘pdulpht

MITCHELLs Well, I think it wuld be a pretiy gocd reflecticn of
the diet,

VOICEs I should think it would integrate rather hrphownr
of the country,

MITCRELL: In cther words, vhat ycu weuld de getting would be an

indirect estimate of the amount that is excreted, and
exoretion is not going to give you too much indicaticn o
the metabelisa of the bedy but 4t will give you a fairly
good indication of the integrated smounts in the diet -
itsels, e
Mmlpﬁhﬁh&omnﬂomtmﬂﬂhhhﬁutﬂ
one other thing that Dr, libby suggested wvhen he was cut
the first time, That wvas the problea of inhalaticn of
altimm oxide, Ncw, though, you seea to think that is
too much of a problem, 1?11 at least menticn it,
cxide would be the rudty type of thing with the strontimm
Mhltcdonimhuon.thyombintyofanr
tenticn in the lung came up, I investigated the literatuje
on that and there is a disease kncwn as Shavers disease,
Dr, Shaver being the crigimal describer, in which material
1s actuslly set and fixed in a scrt of filrotic process 13
the lung, and so that possitility does exist then that |
aluaimm axide was set up but similar tc a silicosis say,
which would then fix the material, Then the strentiua
Dep2rt =" pe aoting as a radioactive scuroe for lung tissue rather

than bone, There is absolutely no quantitative inforuufn-




MiICHELL ““ﬂm.ﬁﬁtlﬂdmmmmu

{contimed )
before the lung vill respond that wmy, The Alusimmm
oration of America, in response to an inquiry of nine,
raised the questicn that maydbe it 1s not alumimm but
its contaninated silican, Apparently there is the poasibllity
thttthtlllnim@ohmtﬂ’ulgont\dthm&w'd
concerned, I don't know, If you do want to accept the £
that alvaimn axids vhen inhaled will be fixed you can
certain caloulaticns as to the ascunt in air which would
a hasard, Taking the original tolsrance level cf 6,2x10 -
sdcrograns, I tock 1/7 of that as the tolerance level,
mefthmtthtthlungmmoom,uoppo+l
to 7000 grams: cf bone, and neglecting any difference in
tissue responss, the amount of air treathed in 24 hours
is 20 nillion oo and over a pericd of 20 years that ccams
out to 1.52101F oa. A tolerance lsvel vould be sccuila
1n the lung 1f the air had & concemtraticn &10 1 miaro-
graas per ee, !hmminthat'snumﬂondmlﬁ%
retenticn,

PIESSEYT Wouldn®} you infer that for the particles to be retained
would have to fall within a narrow range of siszes, liks 2
Sﬂmu-fonndlvthcwpqcph.

MITCHELL:s There are apparently all sorts of ycu aight say arbitrary
mcfhndungthntmlthinkthobiolcgiulm:do+
Juat roughly state that 25 percent of inhaled material is

Cepartrant ~7 7 oy
’




MITCHELL:

MITCHELLs

LIBRY:

MITCHELL:

LIBAY:

Pawrmeto -

retained, Am I right cn that Dz, Westarn? That for thel
mhnhﬂ:thiu-—-;utohtomm.

hmmrmuuunwmumnmmmm.
rdnc.thhmbc.linooithmhdoutontbo
of 100 percent retenticn,

%7 I ask you o saall question, Dr, Mitchell? iy 8r'0p
You mean as the hasard?

Wu!tthohportmmtopﬂ I'4 1like for you and Drl
muhwhpm:hmmsumt«umua.
\byhitmlmrhntthnoﬂ:crm«cunntm
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. NafCHELLs

sl

VCICE)

MITCHELL:

that as far a9 the insult, the smallost possihls thing

w.qwmorummundnumuum‘tm _
ch wo

saallest amounty would b the carcimogesrde effoct of

might Yo concarned with, thathﬂummmmiﬂn

Wt does this termm "insuli® msan?

Well, it msans daxa;e to tissuss ~= daaace of an

ste e are sesking then the threshold, in other vords,[the

point at which we are concermed on the lowest posxible

to the fact, for instance, in the bomd condition that 1t
going to be raicactivity, since dust end climstie change
all that spperently sre several orders of msgnitude sugy
constituting a hasard, An&thonymbosntem -
with the blological effects of radicactivitys Well, ve

instance, that radioactivity can eanse necrosis of tissus, Bad

hmtmmummhmu
Mﬁmﬁumﬁmhmalﬂﬂy

mmummramolﬁm. aﬂu{ 13

tbmuofﬁchuﬁm,wmunmmm

mmmmmu-maMWn ‘

11fetine, you would de killing all of them, say by timors,

mmzﬂht&ﬂa&%mmmmw

dana; e} umtauotﬂm,uloatudznlnemtml.

instance, when you talks the radium sxperience <= now ny
here are pretty general; but of the psopls who had
bons due to radium, the incldence of bone saroomas wes
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tvanty=five parcent, and the incidence of bune ssroma
geoaral population is probably cn the erdsr of ,01f o0
thing 1ike thatl = neybe one ia & thousand, So that you
then not be coucerned primarily with nearcsls of bons bee
by the tine you got that you vere killing so many people
the long term dus to carcinogencsis. BHow vhether genstie
offects wuld ocowr in even maller mounts than X
don't knowe And, I haven's sssn anyons who is willing te
expross en opinion en that, 8o that would be coe 7pe of
possibility, But all opinicn soems te center on ,
effact, and radiation and carcinegencsis will tie in at

um.m,wmzuMaﬁmmtaMme

mmmammwuxmmnﬂ.m
greater the prodabllity of the sarcinoma developing, Bo, R
uurt&mﬁdrﬁmmghnbmmmﬁi
nore potentislly dmaging, say than {n & wouses I tidnk
uummmtmm,mmm.m‘,
mummummumm,
mmwm,mmm-u
mumhmmummm,uw‘m'
with ansvers {hat vers, siy, oa the arder of 100 to 200
grester than they actually found they were able to pub in
huzan being, Part of that relates to the mathematics of
mbd:invottboemmotomtumlmpm
tire, I think ve see 1% ganerally in population with
in carcinoma generally, That, as the populstion stays in




BETIES

MITCHEELLs

ares of life longer, in other words as the life spm
longer the incidence of carcinmma is godng vpe Simply
vhatever stimlii are accumulating over the yesrs have &
geatar posiod of tixe in which 0 sote 50 thal txis
us inte the realm of the carcinogenic effect of radiation] s
being & critical thing, Now with regxrd teo strontim a»
orposed to others, it relates to the fact that thw me

stays fixed, and 1f the blological half 1ife in-we very
(tbe turnover of iscloplc csrbon is relatively short) X
think {1%s sessured in days on a biclogical experineat ~f 1%
Just goes oute) Whereas we are measuring this thing in
of the 1lifetine of the individual, so that the smount
cote fixed 1n boos, 1% becones the phyeicsl half 1ife
hotdmu.mum&mﬂauolpwwnb.

-

mmwmmummmm-aMm
ormnq.ummmmmguu

reticactive as cos whlch you alixinate, u!atmeddan e

you that you eliminate the first carbon?

wWall, if you keep increasing ths amount of radicactivity]fyom

wm,mMmthWﬁlprﬁ-

114ty of gotting carcincsas developedy 850 that Vhatever|the
source 13, strontim heppens to be the type of thing, in
othar words wiy 1s radlum 0o irpertent? For that suw rh
that the emoent of radiun you take s is very smell cosg
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MITCHELLs

YOICEs

Panartoso}

.
~l

-u-u,m'mt, the ot pf rediun is probebly
its carcinogenic eflscts than perhips oven the anount of
ioactive potassiwm, And yot radioactive potassium dosmn
constituts, to ny knowledge at loast, 8 carcinopenio
raditz does, In other words you can'd accewmlate encuch
the potassima 4f you roach an equilibrium stage you have
anotter protlam, In othor wards if youlve got an insult

to a certain level, then you would have a certein incre
prodatility of carcinoma occurring froa redioactivity,

8o wong other things the fact that the strontium is cone ,
anmteammbomsmmmmmmoqwhmw N
tw body nakes it worse? | ;

¥all, yes, in otter words the scount then is relatad to 8 4
saaller total mass of tissue, Thattls correcty

Ism't 1% also & funotion of the Zach thad the siventim hep . - .
ptmnq~1t'nkmtrwtmm~idmﬁ o ’ '
how mch carbon 1y produced, but {ts produced in abous 5§ | . - :
in fission yield, 8o that this mesns that it 1s oo of |

m@umm. It's eanily sbsorbed because cMu e

nomally sbecrbed into the bodys 4t steys {n the body for ¥
period wiich 49 long compered to its own half 1ife, And
these three thin:s onbined, it secms to mo to make it m
extrozely dancerous slumeht, Others that may be poteantiall
rore dangerous because of thelr radistion; don'$ conpets with
stronties in these oth:r_ lwahg. |

. \,...i;}’
1

14/
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BUGHERS

Deh?rlm, .

3

There's only cne poszible weakness, in that chain I've

akls to discover, mdmtumtofmma:p
cinoms of the bone 1s from aljha radistions And, is 4%
clear that the sme lethality will be charscteristic of Jeta

rays?.

No, but there's gmwsa radlation ia this stuff, to0s I l#n-

ber reading a very pricily story of a dozen or two dosem
pecpls that had a lot of X-rsdiation for I think for ratifey
surface effocts on their lishe, and they had doses of &
hundred thousand R and twenly years later out of groupe

twenty (these fi wws I aa making up but they are taly

richt) 1 think tiree were still alive, and one or two of
bad had their legs mmputated,

W.MHWMtwmnm |

to show that strontioe 90 s a bone tumor producer par
lence, -

Ckayes Do you acree, I'rs Lawiteen? Mtwwm#gno :

with that statement?

Is the question, *Is ths beta ray as bed??

m,xm's_muxuuc.msmmqmmm#-n

thige ¢ s o ¢

I think the ansmwer to the strontimm thing is that welve

ing 0f == that's an experinentsl point snd there's no que
about that, Ve have not hed the caparable expesriment in
| 30 that the incidence or the jredicticns of incidence of

speske

/Y’



LIBHY:

BUGHER S

Drpmrteer o

malignancies in bone in rian derive partly from the
dssonstraticas of sarcooss of bons produced in rather
doses of strontim, plus the historical experience of
in bones in man, vhich is quits clear, So that there is
an inferencs hers 88 far as the hunan situstion is ©
I think the uncertainty is not the foct of the incitemont| of
sarcoma to bone from strontimm 90 doposition, btut cnly
the magnitude of the probaidlity, the actual ramerical

quantity,.

I wonder, Dr, Dugher, sinoe you are on your fost £f you
taks a fow mimtes to tell us about the Division of Eiol
snd Medicine's overall plans cn Gabriel, You see wo are
trasted out of the Mivision of Blology and Nedleons with
jolnt interest of the Alr Farce, and as I undarstand {t,
have scme other studles in frogress vhich i1l probebly

supplenent this ons, xmztwmdhmmomuuht |

group 1f we had & rough idsa af vhat gort of things you
in nind, 1£ you vant to tell vse

I'21 rake 4% very trief, becsuse 4t doss fit {n with wvhat
besn under discussion here this morninge I belleve 1t
tWwought oud yesterdsy morning after the preliminary
which Dr, Micholas Smith conducted on this problem, it
quite evident that hs had exhausted all of the availadle
tion and nothing to be gained thorefore by continued )
slong those linose We needed qualitative data from which
to works, Conssquently, two years a o the pro.ram shich had

r .
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been sorking dlong some of the hialogical lines which hawe boem
mentioned was scaevtist ro-orientsd to give greater smgh
to same of the specific protlems, I think in just a fow
ainutes I can cive you & generel ides of what is going
novy vith the 1dea of deriving reliable data w:ich Pro
lmhnmammduwsunzommmoaﬂerhdomm
thad I, Libhy mentionsd yeaterday - to give
checks on conclusions which gy e drawn fion somevhat
mmwm.‘mm.umu
thess in dollars, will saownt to about a millics and a
dollars a ysar, which you can use any factor you wish to @ne
vort Lo scientific nan-yoares, They fall into & numdef of
troad categorics, Ope is the performance of the wespon
itaelf, in terns of distridution of fallout over given lud
masses, That program Mr, Risenbud has had in hand md

you are already faxiliar with that, Aueondx!uaé

L1toelf with what i3 the fate of mme of this materisl ss
fallsy or after 4% has fallen, in the cne case to the

and 1in the other case into watew bodles btoth fresh and

he question of the fals in the soil has besa under inves
ticon Ly the group at UCl4, Mre Larson has I think been
um-othnsultlotthat‘,mdwhauhmmﬁu
with the Departacnt of Agriculture in regard to the distripue
tica of sone of this material in soils, and %o a certain
extant of the movenent of mixed fisaion products in soils,

%44
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" which was residual in the fusion materiel of that sites

There are a mmber of additional ressarch projects ia
parts of the country which deal with one or the other of
special phases of the scil rroblem, !b'thtwcrkm
boen done Ly UCLA began with the study of the original
Aanagordo detonation site and conosrned itself not only i th
the plckeup of mixed fission products in plants and
lkeise vith the fate of the appriciable st of plu

ype of study which was developed there is now being
to areas of high contamination around the Levada site wi
techniques which have grown, you migh$ say, out of tils
experience, The present tine finds quite a lot of eghasls
mthmm-mumurozmumnmui

mmmnmmmmmaofauauémdu.a 4
mwmtuumummmpmmumnngnn. S **
muwunnnmmdmmummmm
may be Crowa undsr gresthouse conditions from soll conles
with thls materisl, St stxiler, but definitely dcfers
experinents have besa conducted a$ Delteville in Meryland, th
Department of Agricultwe station, md have revolved arew
offect oa the plckwup of various isotopes, tut particulely

sorts of thing vhich has been ronticned, the relatiocnship
replaceabls calcium of the s0il to the plck-up of stren

S




ol Pattyle high in bound strontium you find that the saovat pidkede

the plant Steelf, The relationship is exponential and .
Now, vith regard to the water situation the s tulles wiich| are
under way are really Jus$ preliainaxy, Youlve heard sane
about the work being done in Massachusetts, that is bedng|suppe
lmeanted Ly a study of the reservoir at Iroy, New York, [n the
Mnthulhtdvshﬁh.otwmadhgnbauemdm#od
(not adequate, I think) and & mmber of stresms have been
involved in studies over a mmber of years particularly a
Oak iitdss and of course the mrojeot at Hanford has been
much intercsted in the modification of the Columbia River
fauns, We have likewise mnticipated these things at the
Savannah Rivor area and a general surwey of the tiolozical
balance there bas just besn awmpleted to give a lire for
future cocparisonss Now continuing in the water ares, oo
conoerned very much wvith the factor which have beea min
e fact that 0 nuy of the food qycles which are
to nsn have thelr origin in the sca. There sgain we
mwluahmmam‘wm
nay be ploked @ perticulastly exphatically by the plad
mmmunumummmucmw
ency 0 acnceatrate s perhaps nore merked in the stroatiu
caldum coaylex than it s with respoct to any other of
radiocsctive isotopes of al ynificant half-Iife, This is no
linited to the plankton, but one firds the same thing ococu
mﬁﬂmtmdwe,fa;xmlo,mquﬁowu
1teelf, oven thouzh the water itself may not be high ia sijone

tim i tw sodiment in & case of a bottom Lurrowing larvalis

wp ty the rosquito larva is quite Wma{sm
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forms of 1ifs in themselves became the begiming of the

cycls for mall minnows, fish and they in twn booos fow

lager fish, Evestually w find that wve may hsve an

concentration ia the bones of such Lfizhe It 43 trus that|soe

fieh bonss are conmmed as food, liow, the marino life is|a
fascinating prohlem in Lteslf, and we do not feel tuat ond
should restrict his view o agy one 1isobppe but rathar
atlecpt to makes a falrly complete study thst had boed
on in cowmection with the salmon of the Cclunbia River fof &
mbarofmmmﬂﬂnpickq:pofﬁmﬂmmdc‘
isotopos Yy the salnon has been measured, Tiat tles in
studles nade ab Bikind and ot Prdwetok lagocn with re
to the distrivution of fissiom products in the fish in
areasy 7The work at Hanford has Leen assoclatod with that
the Widversity of usshington under e Donzldson and i 1
ma,Iﬁﬂnk,hnmminhm:ﬂnngh
Biologye Thess littls palaon fingerlings have toen

locoo fram the laboratory, huve goae out 0 Mgst Sound
m,ﬁmbmmtmd(%muwbd,ofowﬁ)m‘
Alasks to ¥ Southern Califorrds Peninsula and then Ly hre
nor rotwrning to thelr Mirth jlace wtibh iz the laloratory
and are returning of their om free will and a certaln
tion of those salmon vhich were relosrod as infanls now suim

in through the gate and are svailalle for fu:ther study of|a nice

intezrated procedure, It is, I think also posaibls that wg

Y od
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tioal procedure, It will have informatica of valus for |
various things, In the field of gensral econcern with end
results v have, of course, the contimued interest ia U)s
patieats sous of whom are the survivors of ¥s original
d1al patnters in te ey Jersy factoriss sod saother

composed of thoss who in the thirties vere given actual

mnumchmmtmwhop-mtumudnT'
b 4

thing good for them, It was & misguided mnd entirely,
think porhaps you would ssy unethical type of medical

tice waich was 1imited to & very mall ares of §e cown
but we are indsbted to that snfortunate episcde for scme
extrenely valuatile information et is now developing,
fleulty in all this sres is that the period ef infucticn
the anatcmical results, whether its a tuser of sovers
nsy be rathor longe In the case of the Csochoslovakien
miners; for exmaple, it was an average of 17 yesrs £
the beginning of exposure of the xines befare cancer of

Wmnwhnw Inf:ncmot‘thtfnic_blp'
carbonyl workers in England 4t has been about 13 yesrs, oq

thuihﬁmlpmbenmcmimmt»rtof

thing, muunfmattuttquainuuwd‘ml )

specifis information as ve can and also we would

1ike to make ltmcmattMAmmdcm &

as these also perve to orient the emphasks that wo've
the research progran for the futare so this 1s a feeddack

b
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+ ~f Tyarm
RERRE SRS _"-.:g]

ormmmuchmm.mm,umqm#
regult in more amphatic Wreatment of particular prohlens {n ¥he

fatares
Are there any cuestions?

zmmm;mmmomummmm@#
miners to look out for cancer, Was that misquoted?

It vasn't a misquote but it sounded 1ike one vhen I saw &
later, It's ons of those things that is hard to present
balanced way because Uw situation exists where cne
that there asy be havard, If there mgy be a hazard thsn aptens
tion should te paid t 4t, In the xminds of many pecple
soon es you pay attenticn to scmething it proves that
& hazard, How in the connection with the Colerade mining ’
pmbha,nhmmammmmwsuu’n”m#”
first tioe sn extended industry in the mining of lowegrade|
ores, ﬂu-inummn,m‘formmtpcrtmtﬂ#
ped with the Gpe of machinery and handling equipment tas| -
ardinerily s attsched to larger rock mining operationy
They're dusty, therefore, Ths measurement of radon
tration in thess nines, in may cases, has shovn & concen
ttoumiqhiludlyquiu HMphe It is casparable, in
instances excecds, the recorded radon levels in the Cersan
mines which I mentioned a few minutes sgoe Ue do know
cmrottml\mgwnﬂanoctmcmof&aﬂ:m

u!

150



Denrotinot 0

the Oerman miners many years ago, those who sctually we
ground, However, the mines were not mined for wranimm, ¢
was oaly scmething that got in the way. They were deposi
nickel and cobalt with considerabls amount of arsenie
a host of other things present in small socunts, They we
bighly silicious, The miners all dsveloped silicosis,
were doing dry aining snd the smount of dust uas fantas
The early reports were that a ainor working st his d
ﬁt&mdofhilnhiftemumswomhanmm

the materisl oute B8ilicosis, the, was s vory coamoa picth
and aloag with that, tuderculosis which alvays sccampanie
Played a parte After years of prelimicary pathology
1t would Do sn mderstatement o call an Lnmilt, om
eloped, In that cospilex, how xuch vas dus o redon note
knowse The present thinking favors the emphasis woa
radon or the daughter rroducts of radon as being L:portu

Hencep tho conoern with the Calarsdo aress It's & questibn of
mmmnnm.wh-m If 1% s a hasard, wp ough$
to keep our eye on it and neamhils on tie chance it nay e a

dgxﬂ.ﬂ.mthnurd,suvhatmc#n&ouboutndndnzi

we actually do not have any proof that ths mining opers
will in fact load €0 an inorease in lung cancer, We havel the
further fact that pecpls have lived in Colarado on the p

quite a good many years and it is not noted as sn wes of] lung

cancor at the rresent tire,

$ Taeryy
wileia g
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I vondered if 1% was possidble $0 shov a graphical relstion a
shortening of the life span and the amount of stromtium in Yoldy,

or scmsthing of thig soxt.

This tolersnce figure 1s the one which people are welling to that
there is eithar no damage or 4smege 80 little that it eould e

dstected as significsnt. The faotor which would 1ssd to really serious
injury is & thoussnd or more, in all probability,

1 Well, Rt&nmmmwﬂm,‘k.m(w)m

Yoy I lave Just one gemeral interruption «- I got & pretty g
from Dr. Mitchell of why it looks 1like strontium 19 & dad asfo
a much lass clear picture as to vhy nothing else is a bted
Mmmdwﬁtmnatoﬂc“,mnigbtmim
1wu,:dparhpomofﬂarmdrﬂuub¢u¢uuv‘ vhich are -
produced 1n suffisient quantities to be of interest. The '
vary bad if, on the shart tera basis, peopls were directly «

I mosn, 1f you are nod around 18, It has & balf-life of abq
nnmuu!aﬁemrﬁhwmi;%mh
st muber of atoms as iodine formed as you do of one of
it vould be concentrated in s much smmller organ, the
anﬁmmwmunmwm
You bave perhaps a factor of almost 30 in the other ¢
sensitivity to radiation, and that 13 s very rough figure.
notadly insensitive and the skaletom is usually comsidered mp:
than normal tissue. S0 that I taink we can mark the {odine I very resdily,

. P o
Pamna~b ooy 5T i
¥ LIRS
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(centinued)

LIBBYs

SOLLMCNS

Derart 0

because most of it gels awvay defore man is 4irectly exposed

ite e

qaestion of plutonium came up yesterday, and there are o of fastors .

vhich vere discussed apd I am not swre that they need to de
One of the principal coes is that it is not taken W by the !
systams — either plant or animl — to & degree that is
sbout equal toxicity with strontium in the human boly. The
1s trus of the rere earths. They are not taken wp by the
mm,nm“mmmwmau s factor

otu‘bantlt)‘, except poesibly iodine.

Xr. Solomon will talk t0 us on the sempling problem. I

I vould 1ike to divide viat I am going to say Into two parts{ The first
represeuts scme of the conclusions that our growp that met )
afternoon arrived at in respect to ansvers and questiocus of n_m
%o samgle. The soccnd represents scae grizsly statistics I dolled
the last couple of woeks about the availadbility of kmmn
thing that ve a1l ccncluded vhen ve talked about the problew
mtht.nmmaurytohnumumct'
prograa. Ve were 80 much in the area vhere ve did not Xnov Now many cownts
to expect that it was going to be quite famportamt to modify seapling

progren 1n the Light of experiences, so that as soon as you got your sangles
you would bave to begin to count tham and be yrepared to all the wy
along the line. Then, ve thought perhaps it would be dest tq try to get

& starting place 10 see vhat we really wnated t0 &9, ard ve this ia

terms of two questions, vhich we agree represented vhat W o ‘xmu

[
Pigv %

vd
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Departe ~

1ike to write this on the Yoard. The first one was what we ¢
pre=-pilot quary and this was Risenduld's samples. 7o ses if the
skemictus 8% 1 thems and hov much. As Eiserbud said,

an gurs that ve wvould all agree that wve wvant to 4o the same thin
samples also. You don't have any dones, bave yout

....uumw.mmmmnm
heavy fallout, wasn't it? What would be more importent would be domes
from ecms other placs. ... (discussion adout mutopey ¢

day «- thay were pegative -~ dut don’t throv tham asmy, they
muueomnmnumintmmm).

tion per aimate per kilo, o cue or ten. Them, the secced Ufing wes vhay - -
we called ths pilot query, ’ ;’.‘
(Explapatica cn Dlackboard -- how much stroutium 90 exists if soils, weters,

1ivestock, foolstutfs, and humn bodies within aress of kaow] felloet.)
I8 secmnd t5 us thet we would be very well advised to tade A

Elserdud's fallout studlies in the hope of finding scme kinds jof corree
lations between fallout, and between any cue of these sets o
I think, although it 1s2't spelled out here, ve sre all avard that the
Inman body represents the hazard vhichw would 1ike most to ¢
mum,mmz;ummmm,mn

/5¢




" hoped to et from local

mumummumunmuua:a - um
uuhﬁmmmmamm x thnu
mnmuummmmmuuuu

xmmmmummeemmm o] be expecteds

Northern Ttak, or Sowthwest Idaho would be one.
um,mammm«m,nanu nnnhl
mwmu.w&umnm«m mm.
Then, going down strean, v thought of New Eaglend, possibly posica i
view of Bell's stuiles and the fact tmt there are & Lot of Mpepitals -
there from vhich 1t is casy o gt modical ssmples. Then,
Nere ve didn't specify & place, but you should spocify a plach vhare you
bave good comtects, since Gouth Amsricans are notoricusly lad in )
easvering letters and things like that, Thes, England, and fmlly, Japen.
Those fouw — you ses Nortbern Ttah, Kansas, New Baglend sod fagland are
roughly dovn stream 1a the fallout ares. 80 1if there weve ax m-ue-
betwoen fallout in thess things, we might dave enough po

mnmmmmm

tu,xmmhuham,tnnmmm ihm :

that fell there during the wer, Ve talksd then & 1ittls bit fhovs the
samples and we 4ida’t ecme to very much ia the way of conelusions. Ve

thought we would have $o taks scme water ssmples, &rinking we ,nﬁh"-

towns where there vere resarvolr and purification systems, vamm
saxgles before end after the purification to see hov much vas| taken oute
We thought of soil smples and we decided thoso would also bej necesssry
and we marely spoke of having them to & dapth of 6 inches, apcks of
Livestock and ve vented t0 bave their banas of yong santmle fich ve
thon either bones| of older
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~ Amsrict.

saimls or possibly bome meal, I rather favor bone meal myself, because

if ve could find a eorrelation between béns meal, which is

commarce and the amownt vhich 18 ¢aken up in dones of young
ve might be able to chiain smeples from all gver the eerth by
scme bone meal, From Russis you might get & reascoalbe 1des |
this as to vhat the smount of stromtiwm is.

Comdan't you got also rye, vhest and caviar?

article of

, e
MM¢
f”‘m

mum-amunmmummwam

mnmmto...o

Do you have any frismds in South America?! I have one in Child I bave deen

memxym:lﬁm ,

Ve bave & student at Columdia University, ammamum

anwﬂﬂmmnmmmipqtdm

‘“7

xmmmhmmuﬁqumwm

probably stake out the world pretty well,

Anmmanmunhd‘w

ru,nmmmsm«mmumsmo'mu—m

eollapeed.

How what I would 1{ke to 40 defre I go u to the irformtion p

naen wmibjecs, I gather from some of the RAND pecple that the

mtwhnmwmmmemaamm&qhw :

T T Ay
. 1
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mnmum&umrwummuummahmh

Wam«m«mmuum

T vould 1iks t3 soy that instesd of the seupling panel umm

Bost scperately and discuss those questions Solomon has relsof, and them

if thay Mavs tims to Join thom later ...

Isn)t there somaone vho wants to say that this &s all wrong?

possible utility of the u-pmmm-apmmm.mx,

cane up &3 an sltamets o supplescnt t0 you pre-pilot theary

™mis wn't

availadlg -- this wvas fnformation we didn's hawe, Ne says that he has -

ssxples and oayorwe is guits welcome $20 wvants t9 use them.

I think certainly anything we caa g% in the e-pilot quony

- TLtle s L7
Sl
r\-" :
' m s Mg hgp-«-.a—.( .\ P
A

w,mam'-mnupnmm.menmmm

ﬂdamunmm-nhmmmmmhmu
et ve would 1ike to 40 jrobebly is to hit Sait lake.
importaut to piek & place shere there 1s o good medtical
wenb 0 get Jumen mamples. If you cam 4o that, it is
wmnﬁmammnmmmum

It s

g

do'eol"

vhon you
mt e
becsuse there

sre lots of universities there, but we picked & town or
there is & wiversity vith a msdical mhool, then the vhole
gotting luman sxixples is vastly simplified, I wnderstand

ty vhare
huuut-
1 &
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LIEBY:

——t

very cocperative veterimarisa in Vtah. You know him, I presuhe. Yes. .

Would you ecllect rainfall semplest

wmmmucwnmnmmmm.mtm

We want to pick places that are pretty well covered by 's sampling

B az:f:}';i-f-;
msmucdmmam ' ' “"

P
o e‘-h} R FEI R

progres, $0 ve have scms mosns of relating this to vhat he £ umm.

nilmmnmmirotmuxm«mmm:[‘,.»

of the dottom,

%o, i

It is 3y undarstanding that at a puber of thess reservolirs, ey gl
the tamperature cycle during the year, there is sctually sa wftwn {a the . .
stuff om the bottom in mixing which might, if 1t vere & sarsRimoubdy |
I8 might be interesting to eample sedinents as vell.as the v SR 10t
mxmummﬁunmuqmnhﬁuu foltare, Yom -+ i

m*tmmmmmmmam,oooww ROgTE ceiuoo,ooc
mummmm,muwmww 3 |

zmmmmumnmmwmu
mnmwwmammummmmm .!nw
m,nﬁt&nmmmgmum\utm'nm t.h. Scmsbow
or other miybe we can get scs of these ensvers. Negbe you, Mf. Elsetod,
can maks your sample measurcaents, end I am doing scoe work Meu

Derar'wnter Tram the coean, and maybe you esn make some moAsurennts Ve il ot

AEN
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& half & domen answers which will serve in this pre-pilot wiiich
Vill give an 18ea of vhet you heve on hand — ¥hat the problde 1s.

1 taink, If X may {nterjoct scasthing, the dollar sign sems ko look ay
wy & 1ittle bi2, that the prodlem is first to gt clearly mm
the best Jlan 18 — the best Flan 19 cos vhich 1s also the oop to determing
the xintmm sost to schisve the thing which has to De &me...} vms 1t costs
than. ..

I don's think amybody hore knows -~ W@ can gusssS...

Azother thing T waud to talk about 15 — X &1a & 1ittls vark frying to
£1nd out hov svailadle husn mterial would be Just looking efound i
tha Bostca aves. Mmmmmxmmm#mm;
board. Ome {8 that 98 parcent of the calcuin 1n the dody 1s in the skeletcm
mwmm1wummm
wmmumuwumww uwu. '
Mm’tmmmﬁ.uum,hm. Itha \
good Flace t0 Jock. Now, mmmmmw u,n |
locks a8 1€ s the Boston €1ty Boepital 70u can gt 100 te oot por
dxy, spd a tooth weighs 1/A of & gram. So,mennhopoeo
Detwemn 50 and 100 grems warth of teeth overy day. This is
ncboly wents 1%, Yom can 40 something 1ike the sene sort of thin
Forsythe Demtel Infirmnry vhich specializes in children, and b you might
very easily be able to get & difference Detween the testh of child
ond the teoth o man, I would hope, myssll, that we oould fim some very
good sorvelaticn betvoen teeth and skelatons, because if ve cip £ind the
correlation then ve vill have mo trocdle st all in getting st
alsost szpdere. There ought to be & perfectly easy meaas of |y
“"--»mmnmm bushels of testh from tims to




But the 4ifficulty is that the twmover in the toeth 1s very hlow,
especially in an adult. I would only be & good nmber of ysals from now
Mnmbummmaﬁwhthom“m
tolerance. +os |

tinme,

¥What adout childrent
m.mthMt,mmmthhmm.

I don't Imov caleimm, dut phosphate goes into the testh st a
remarkable rate, it is & more metabolis tissue than you thirkd

Ve have analyzed toeth after the administration of both cals
strontim end cospared them with bane... certainly the
If you got. & tooth that is Jhwt forming, then you get a nice

Actually, children's bones are much the hardest to get, and
very well ba that would be useless. sec,ﬂmnexmzjr
ment, but if testh bectms casy t0 hendle, and if you can ged
quantities even if you hve a tenth of the up-taks, you stild
Bow, I lmve got scms more statistics -- Mossachugetts is &
Amybody, that is snything, vhich is born after the 25th vesk
be buried -- and it ¢osts you $25.00 to have it buried, and
necessary by law, Itlecomes relstively difficult to do this.
same figures on the Boston XY Lying-In Hospital. It has
births every year. Only 75 still births, vhich is quite 1M8
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LIBBYS

LIBBY:

B ..S \‘ t J.;
*t-ﬂoﬂ

529 miscarrisges pricr to the 20th week. No¥, you &re get
point vhere done focumtion is not very great, 50 1t decomes

mummmwemmmnunmcumma 6,000
births that come to sutopay every yesar., The smoumt of bone you
oan get from these is essentially negligible, really, I 1"

vould be 1.3 grems of caletun & yoar. 7This s Just pot worthworrying

about. 50 I thizk that hanlsos as the ides is, 1tmmi'§§l$\nlm
mmmmmmmmmm hospitals,
it would be very hard ¢to get enough material,

We have & legal paper from & lavw £im in Vashington on this Be
mmwmmmtnmnuuunmw:t.
mmmwummmammmmcphm
The state of Washington soems to be sbout the moet Lideral,

And acoarding to whet you said, you ere msmwnﬂ»ws

The statutes rdquire & death certificate for stilldirtha that age
Eowever, the lavs governing the disposal of that doly are thel sams as the
lave governing the disposal of adult bodles, and cns can get pod '
through will of the parent. This hns to be aa instance the parent
wants to dedicate.

xtmzmmmummm-nwuauwm?, Whas do

/6/




;;;;;

,.‘

you think about alrosd = nuwmmuumﬁ

numam/nr'wu. The bone is 80 swall and 14 has to be
essantially clean from rest of fetal mterial - I would suspePt that they
are provadly cut, snd also 1f we oouldn't get them in this sovptry, vhere
ve get cur best correlstions, ve wouldn't know quite vhat ve doing.
Witk children you can 40 a little detter, fout I lsarned 0 iy gread
pleasure and surprise that you dm't get any bams fregmnts odt of
chiléren's oparations, Goodsurmputmmm&m mn
cootirme the growth. A% the Children's Noepital thers are 3 mu

Mummwm Mhnm - atm
mzmmmmm,ummmmmzusrm
per day, If we would estimnte this as 10 grsas par bone we wjuld ged

mybe 29 t0 30 grems of done a day and taking the caleim concqubrs
mu(mmmm)nmm'cmnum N‘l’a _
nmmwmumwmmu re -M

cones t0 2.2 €0 3.3 grems of calcim & €ay, whleh 18 still & rplatively
mml) maber. In sdults 4t turns out thet you can 60 coneilebadly betters
Tou take & figare vhich I 1ifted from s pathologist. In Bostba, this is

at the Peter Van Briggan Hposital, there is coe autpsy per year per
hospital bed, and this gives you s resscachls figure that caxuwny'~
to other Rospitals, except thet 1% twrns out that Moce Doy ate ot the
Briggem than thay 4o other pleces, Over the country parhape Rhe figure
of 1/2 en sutopey per yeer per hospital bed would e quite rqascnebls,
Now, 1f you vark throvgh the pathaloglst st sutopey, you caa lgvt saples
6s largs as vhole rids, which may veigh from 50 to T3 grams, [so from this

/oo




LYHBBY3

KOMAR

ons hospital in Boston coe ought ¢0 be abls to got some vhare b
50 and 100 grams of Bcue every day. The next question that ydu need is
e that is reslly mich more cutbus, Thisg is how much
tBere be in 100 grams of bone in terms of dpm. I played arcw
this on estimating the availadle ealcium content in fields,
their figure of hov many disintegrations there were par
I cams wp vith 2.8 4pa per grem of calefum, this is mal

the total amount of stuff vhich is up there.

This is one thoussnds to the tolerance, according to Dr. Mitche Ee dad
.mamnmémmswa. ~

Do thess check? That is 2.8per gram end a klogran .. &nd isa
thousanith of & microcurie,

Now, this is in the eerth, and the qusstion is what is in Naze you
get cut of the regim of mking & guess of the avatladble m and of

mking the gossses of how mch of the calchm that 1s availadie in the
earth is going £0 Yo syailabkls in mmn. :Mum'
in the literstwre, aong of % very good, axd I 4idn't deally jak
1iterature search, but roughly it locks as though there i3

calciuvm against strontiux 2 to 1 and man will, so I Just tool a figure of
5. What 4o you think, Dr. Komar, hov decent is this? ‘

Our experience has been that 4% would be pretty much the
clotothtsinnn&uhmﬂthabmﬂentmt&n&at_

C e ,-1\1
vy “ts'e’h““-t ~ '
rapatafe v o

] .
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R ¢
PG A I
T e
. .

has been quantitatively the somse as calcium. I think Nerril)
mummwmmwmm

nummormmwwammc
ditmomjh‘mm. ¢ s o4 work snd it sy
Mb‘rmto

There are & series of experimcts vhich shovs thet as you low
mmwmmmﬁmwﬂ:

nﬁtummmmmmmﬁ.m ,

as cosrect.

How much ealcium is there in hairt

Bothing serious

/¢y



oOLOMON g

VOICEs

CCMAR s

YOICR:

el

Flasic — you take all the rest of the body togother
includes hair, and you get only.73%; 20 there can't de
appreciabls in heres I haven't seen a bair analysis, tut fhen
it's gone this far if there were anything largere. -

This represents a twrn~over pretty well, doesn't it¥ is
understand 1t, it should be formed from calciums intske day Ly day.

I wonder {f I might say a word, I think you have to

sre deposited in the bons almost quantitatively reg
turn-cver and regardlsss of growth; and it is just by
exchange process, It ocomes about becauss your bleod is
and your done is so high so the storchonetry of it puts &
stuff into the bone. 50 if you really want to simplify fhin
you csaa talk sbout ths anount that's ingested, then you
that a given percentage will be absorbed snd we have good
figures of that. You can say almost quantitatively that
is going %o go into the bone and Lits going to stay
the amount that circulsates is so small that it is n
the amcunt that circulated is in equilitrium with the hak
soft tissuss and the endoginous exarstion. But this is

I agree.

Vouldn't there be a point though that if the naturel st
vere in higher ccncentration in your dist for a glven




£

h g thnhtncmdhntmnﬁumthmwﬁdh
(continued) = “!f»

CCOMARs

aw""uﬂl’- In the latter case then, ycu can make your calc

«’Mr

%t'-ruht- I think we have to divide the problem
..,&»whuumummnuaam”
dmowowmspuonofth-fctnwmhm
ﬂoﬁurthhthhghgctungutohmﬁnm
%npproohblommtotbmfomed. Thers are almost two ¢

uhimhmbommmhangum mumm_'"
&hﬁmoottbctohlaldmmmbummn
_ ‘!ba'thovuhmmhandommwrkonﬂutor

;’wumummnmmwmotwmﬁm:i
:%heornct.

Mthuwuldwrkoutthatnmgraboumh yisld
‘ Llanofmdmmdatwthotadpn,mimdlcf
____Wor-m And 80 & hundred grams of bons would m
e mzntegrmonp.r-mu, vhich 1syvith your

/ &é



bralON relatively measuralle. So it means, tharefore, that a

liks
(contimed)
& one~to~two day oollection from a medimm sised hospital give
msnwhuhichmbeumbh,nﬂmtmbu&o
that in terms of teeth, negleoting the uptake factor. .
LIEEY; But mn't there s question that even if you can messure i}, it
secas {0 me you need dons ash fiom the whole body. If et
scmebody's rib, doesn't it matter vhose rib it 1s?
80LOMONg Yes, but you can get, I guess, bone ash from the whels ()
tut that would decome terribly diffioult to do. Vhat one| would
bave to 4o, would be to get a correlation... |
LIBEY ¢ Cm'tmgetpmiuﬁmpoophmmaahatodhn#gd
thelr ashos?
SO010M0N; Yesy I would think se, We've thought of crematorium tob#.u e .'-'.-" e
| as & popaibiiity — don'trobwu,gottbopmluioa.'
BILLs m,dm‘tmtanwurllchmm' . :
thatwrkhphgmdthchim&ﬁdhchutcm'” P
radiin program uhere they ure the whole body bone ash? |
Couldn't that material be availsble?
BUGHER 3 There are two places for that sort of thing..
SOLOMCH3 ¥hat ons would want to do weuld be to establish a rela

between whole body ash and then ribs, becanse ribs are
very easy to get, andmmgetribsrmalotéfp
you have scme idea what this would mean,

- | ~..aetannt of Energy ' B
T |
ARCHIWES
| /61




bwHER

SOLOMON,

MITCHELLs

LIBRY,

MARSEAIL:

-

mm&ﬁ;nvnmtmzormmm'mr-
[ -

that are old pecples, &0, 70 years of sge. It's mot qui
good as you would like, o

I think scmebody menticned buman milk, ¥hat do you thirk
that ideal

Vell, milk is perfoctly 0.K. Thare's quite trnaombhrmut .

of caleim in mnilk,

I might just add one thing hers. Two people Ly the
Spires and Burke at the University of leeds m veing
sshes, and they've mentionsd the fact that the thing
limitations on thelr investigations.

LMMMM

EET T AR

Now the statisticsl upoctlofnwuumobdmdj
twportant. Mr, Marshall, mu.ucunormmmrf,
whmmarwummmmmnum

gmnnties, because unti) this quectln ot 'u!at u h
ve're after has deen answered more precisely than it
has bDeen answered,; and before any gussses kave deenn made
the wnderlying fluctuaticns in the things vhich we are
sample; not much can be done. Formmuph,htujm
\#\atmuhntlxmhit\mhm'ujmmm ,
mﬂaﬁmmunmmunwum“ﬂnt
mean level of the strontimm wes, a great deal s going
Tnergy

W Soann Cifice

Anﬁhh“:s 7

of
atary

-on
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—_ASHALLY mmm‘mmthamlmbmoMoAM
(contizmed) and ons of the functiocns of a real pilot progrea would t
find eut precisely this, Any sampling design has to prod
really two things, Om,muﬁlluofmqmnuv:w |
after and also an astimte of ita tntrinle varlability, |8
it tuns out if this thing is very peeked,the way to go
this preblem is to pick s few points initially at rendomy and
then saxple arouné it in Mg olusters. This would mean
you take many samples near tiils point, if the thing i» v¢
If 1t %s quite muocoth, then one spreads his samples o}
that this gives you the optimal estimate for a fixed amow
of money, Hhmzt'nmunqthomthlilfm
wuw,mm.omxoMnmmw
Bothntmmau:m;oiuhhnbhn&ﬁ Coe
tomwmmtor;mtmtigumg'v&mgt@

pmaoratmtx-uwmuqmum'
aapling problem. unniuntunguid.-.umum
ammnm:nwm,xmmtmwgm
getting a correlation betveen scmething caloulated from
data, for partloular areas. What I would have in mind &
fact thet the food distritution in this country is so wilesy
that one would try to take weighted aversge of say a oixg

mluhbmnnosaivmducuwwchwrwﬁ;u‘ﬂs

.; ; .}l.i“‘;,,:‘
DTN R . /69




milk supply and water smyply area. The country-wide av
on some aversge welighting is very heavily in the mtdwesy for
tke food procducing arees. Then, we should txy to
a specific area a potential exposurs to this risk and
rchtothhhthommtthstoncfaundinpcoplu'.
taking account of their sges, I think that in viev of
faot that it is probably going tc cost us a falr smount
money to get the smples, they ought % be designed very|oare-
mx;.uunn.gooamamgmgywmqpuurﬁ
the analysis. We can't assume ahead of time that we are|going
to get very good ansvers, but at least we ought to have {a
nind that we should produce an answer that might allow
nnmmcumnuauu-ormmumu‘
of the work that vill go into the transport and so cny
us 1f & certain mmber of boubs of specified yleld ere s
off youghly 1n these locations at this tine of the year
W,uzummummm'
Pisaetud's data indfcates thet it falls off fatrly regy
f.0.5 the fallout - frem the alte of the detonation. On
other IR hand, 1if same of the material this morning
that 1f you are looking at soil, this thing is liable to
very pesked, then you are going to have a big prodtlem.
you are looking at human bones which sort of drav in an sperage
over the whole country, one might expect more regularitl
It's hard to say. It's going to depand on whether this

A‘W:-mnﬂkmmnw,he.. the Mg

fASEALLs
(continued)

2 g
«
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RaeSEALLS

(contimied)

LIBHY;

MARSHALLs

LIBBYs

‘MMuummdtde

mmumm;mwmm. :
11ttle caloulaticn, if 46 turns out that say & hundred
or 90 of bone material were encigh te allov you to taks
neasurenent vith & guess of a umdred dollars for the
sis of this partioular sample, cne, I think, could in
country — the caloulation I did for ten oities assming
that one takes soocount of various age groups, start say |th
an age growp of from 0 %o 5y 5 t0 10, 10 to 15, 15 to 20} and
20 and over) perhaps, that one might take thres smples
esach age groyp totaling 300 grams, rundcaly sort the
into X0 grem units, analyse each ons, and get his
This 1s all for cne city, and for the various age growpsy snd
got an 1des of how the faullout in the ares and the
aversges related to the smount of Sy™° in human booes
the functicn of age, from the past eperiences. From
one might be able to try some predioctions, depeniing
varistile ane found 1t and cne needs, I thtsk, in sach ot ¢
umm.nwmmumnwm"
mmmouofgctunzuwuorthmhﬁm
dlets vithin & particular sres. N

ﬁhsm modmm:ﬁpbt
You've oertainly got an encrmous sveraging already in

Yes,

m,mtwmmaouumwnumumm
parsmotar? !mxmulyhanuht..pntvhh orage for.

17/




MARSHALLs

VOICE;

YOICK:

VOICEs

LIERY:

¥ell, I
over time) that is; this week...

Ohy I sesm.

Vhat T would really be interestsd in is the variatica be
hman beings living in the same ares and eating roughly

mmoonmaohum.yutnn;rqc

oel
the

seame diets, mwwmmuummn,mﬁv-mtm.

Can't you get this variability bty using pigs?

!u,mcommunupip—xmmoMeuTh

wvariation in pigs, tut I'a pot s¢ swre about...

!mmmtpmuuumum.mhm'm#«_

all their bodies.

v “. . BN BRSPS

i

xmmhmnmmmmn:rw

city, of age W‘w ﬂ."l.c

amounts that are in btlcod mxy be encugh.
It's a lot of blcod.

Now about hair?

* ;""..:

Keybe they san. Maybs 1t 1su't so difficulte rv-'u:"o F-u i =

Thers are some things you csn gety MMrh_mofﬁLi_

How about fingerneils? and teesth?

Imﬂdwmommmuwmm
n’ﬂnﬁ.ﬂty ly sugh a tremendous amount, Tou

going

- S FA
AN EL A
AR M ey e TR
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h..CHEILs
(contimmed)

LIERY:

SOLOMON:

YOICEs

SOLONOX

- COLMARs

LIBBY;:

 KITCHELL:

it in bones you are w

"Y*t;)-‘ .
have infinitsly more troudbls msesuring it in anything
VWhat is the stuff that makes you get your teeth cleant
that calolum oontaining? Think of all thess things yeu esh =~ 7 = -
got gratis, and then uss your maximm sensitivity, and sed if
msybe you can ssmple pecple without killing them,
Flasma has five hundredths of & percent of the total body
calciun as sgainat 96% in the bones, and almost 1f in the
teeth, Xverything is weighted against you.
Il%tmm&fﬁmhbﬂhmwrﬂC ;
layer of caloium from the bones? L
There {s a possitdlity that scme of the versinates (1)
btring same caloium out. X don't knowe But it hes bean S sade 2F
to tring lead out. Gslctum:imhmbnpropoud _
to tring lead out. | R N S
It'-m,mhuchhmmm "; %&5
- . Lo : o ) vy

umaq, & tolerence lixit of one microcuris..

’ mmmsmuuumuupmgmutmm

of that, so you see it is a possibility, I don't kmov
aversge person would be in terns of tolerance. I supose|very lowe .
Onodom'tknw,h:tthabomootnpmuhoh»
thopciodofmomvﬂlumthn:carryum deu
of anything that might be, say, ia ths hlocdstwesn. 80 o '
piﬁwtmhdwwsmwoxmtam
nmmwmmdzﬂm-ncm“bwo yoars

SIiW LY —'J
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P

m:

LIBHI;

COMAR¢

MITCHELLs

SOLOMON

: aid
How much/they bavs in thea?

mmwmmmmmnmm#pu}
& parsca ook some material in yesterdsy, and none today,|it Just

wouldn't be 1n the Blood) 1t vould be in the bones. It |
dcpoaiua Just about imediately,

Vohnmmh:hhtmdvdm&wmmm

g0y and we'll be giad to meke blocd, hair, bonesy eto.y

mummmummauém

you what..

Ve gave thes abotit & aillicurie, scme five miliicuries,

Could you send me some Dons ash? And also some ash from
parts? Just half a dosen parts. It would be very eesy
make & rough idees . L .- e

I'dh;hdto. m-dnﬁnunm-hotmw
mum.mwmr '

.‘*';‘.<

mmmmhdmumtmuﬂuu L

cowe s 2 ol e e
L S T8 T B4

mu.mmammtofm

A possibility ccmes to mind of & tirescms thing to do. Fiow ~

Dr. Comar's suggestion of the bloods You get so much of
nmnmmumwmmooumm
cne of the techniques of oclleoting hlcod is taking it

t e

dt.

mmm,mmummmww

-
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- LOMCHy
(continued)

LIBEY;
SOLOMON

LIBRY:

’somml ]

LIBEYs

MARSHALL:

LIBRY

the blood from clotting. FEow if this were so, this ica

resin {3 discarded; it Lsn't used axy more, If 4t were s, in

any largs blood progran, ons could get a tremendous otW
resin from wbhich you would cnly have to dilute, which gmm!

do quite eastly M“%dd:'tkmvmnghahentthchlod

Ancther possibility is vhat is thrown avay in the gamme ilin,

Doesn't all that blood come from adults? Thatumldho*vgood.

Host of it, I suppose, does.

On the other hand {t ocontains the lost caloimm, and that]s the

stuff that would have the strontium in it.

With an sfult, bones are argued agzinst bocsuse bones ary

buat the calcimm in the blood s still in the hlcod, and {s

still cireulating, and so that's not & valid objectioms This

would require getting in touch with the Red Cross and 1

scme of the dstails of their blood collectidh. You oen §

dated dank hlocd too.

You think bone meal 1s scmething we ocught to play with
statistical point of view? Take the Chiosge stock
m- |

Velly here again I think it's a question of —~ vhat is the

question you are trying to answert

9 and ve find this to bs something or other,

Vell, mpooow-umthobononulmmﬁuj::i
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woBYs
(continued)

MARSHALL)s

MARSHALLs

SOLGMCN s

uunmwmwwmmmwmm,#m,

or something?

I don't think so, unless this place that the pig came
scne special significance for you. If, for mum.; he
from the outakirts of a city in vhich you wers also
sanplas, this might bes rslated to other things that you
about this oity.

Ve have various kinds of samples vhich have a lot of &
already in them. Ve have this milorgenite thing, we

bone meal thing, snd we have the fertiliser made from fish

tones, and there are ssveral others of this class which
mind immedistely.

I think the situaticn is that since they are very inexp
got and probably not too bad to analyss, they are scmeth

had

cther
out

this

to

ive to

ing one

would do, but do they answer the question: mthmaﬁoﬁs
amount of strontim in smerican cattle? Dmtrc-oct#um

you oould find cut about..

of fiing. Fone meal we oculd get.. and I think probebdly
and stuff,

SQdeMwmpmhmmmw...F:m

bone,

Actuelly, maybe fertiliser asnufacturers ought to be

I don't knov all the ocomponents of fertiliser, tut scme pf them

comg, very vide parts of the world. A lot of them, I aa
calcimm,
| S |

R
2

inte.

s Vill

Fos

Lo
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s BT Any cos else bave a question for Mr. Narshalll a.m-dr
leave the sampling program; I'd like to mention a subj
Colonel Eolsman is oonnected with, Several weeks ago we
oonsidering this stratospheric storage, and conoluded
we did this morning, that it probahly exists; that there
probably a lot of radicastivity in the high layers of
staoephere, and the question is bow to prove this. It
cbriocus {rom remsrks this morning that rainstorms and
vegaries of weather make the assay of rains a rather
way of estahlishing it quantitatively., 8o we wonder bow

get the radicactivity cut of the air., Ve asked Colonel Fplsman
to maks soms measwrenents oa jet airoraft vhich are
out of Kirtland, and I'd like to give him a couple of
W tell us about that. Ibovthuodaumvﬁpoar,
there 1s some radicactivity ca these airplanes, snd as I
mwu,wqmmuw.mmmtwﬁ
knev of? '

requested just a yes-and-no answer as to whether any o
Jets were picking up any radicsotivity. So we ran a "quicke

‘nnd-dirt:'_mtonthh. There wvere about fiftesn alr o
Vs made sure that the airaraft wers nct theae which nighg bave

BOLZMAN; That's right, Dr. libly. About a month or so ege, Dr. lj;y
| 4

K'Y




W ZMAN,
(oontinued)

LIBEYs

¥ TMAN

w N h o
‘ B
..... o -

3 e ey
’ .}?ri;? o

participated in anp atoalo tests, and simply took swipes
the alr socops and ren Just & check on these things, I
forgotten the details, tut about half of them showed
sbout twice that of background, indicating at lesst that
vere getting something., These experiments were designed
to give us an answer as %0 vhether wva got scmething or
get anything, and certainly that can't be used quantita
Ve would have to design an axperiment that would be more
meaningful, because we are not sure vbere these airoraft

or how high they wers flown. Thhotuff-.lzhthtnm
a

scounflated over many months. 7The fact that we just

ty

Just

svipe, it might have been a light swipe or & longer swip
1t did indicate that they picked up scmsthing, and Af

dosign an experiment properly,; I sm sure that at
st least for our siraraft, we ooculd do something that

coutribute. Colcnel Rocks is my boss herey and I'n sure|he
muqnummwawmmmum Ve

MMMWM..JW

Gmhm,wnummtbqamlmtbm,m.

got into jets over Korea or some other place, ths

nﬂ\httnotmvuwdlphmduthmdh,mdtt t

&nutmcwamw@u,nmx'nmw
get data,

You have radiation menitors at most of these beses, don'*.yoﬂ '

!”’ ve do,

- ‘r\_'nﬂij
3
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HOOKS 3

LIBBYs

HOOKS s

LIBHEI:s

*
‘ - e
R . X
L4
c.d

Would thay have thea in Koreat Colonel Hooks, wﬂdm#mmmﬂ

I don't knovw for certain. I assuse note

Yes.

I have a notion we may get scme definite proof of the :
of high lying radicsctivity just by watching oparational
craft in this simple mamer. Yow, of course, putting on
f11%er or anything 1ike this 13 bound %o be scme trouble) but
1 1t s a3 simple as messuring radfcactivity ca the o
Mofudmthnjd,lmaqhmmm '
Now of course it would be rough, tut at least it may De
gotting. I just wonder whether 1t ln’t vorth trying.
1aa't eatirely wrasy. Thers 1s o thermal pradisat in th
mt-,andﬁhiat&nghupolmwdupmﬂnx
particulate matter. The yleld, otm,\mddh

lovy but thare 1e probably & 1ot of stuff in the large- .

ummmwmmmtm' ‘
Another 1ine of attack is to dayelop a sampling progrem for the
high altitudes, and I think this would have to be dons of ¢
longer range basis. I think 1% 1s quite importent to
the higher layers before the CASTLE seriesy if we possil
If anyons has any idea of & simple wvay of using opera
airplanes to get evidence of radicactivity in the stratopp
well, above 30,000 ft., it would be quite valuable,
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vdm.
YOICEs

CADIXs

KELLOGG 3

Are any rockets being fired st ¥hite Sendst

!hq&n'tlwqamylnng._

I don's think that eould oompars with sampling from the :#u.

1n the stratosphere Ly a method vhich vowld imwlve sendty
balloons. The sdvantags of balloons s that they can g
at present, higher than axy cperational airoraft that we b
xmumsmmmwnrmmmm

to have balloons in order to ssaple the stratosphere at {bes
lerels. In fact, 1f we can consider the transport azything
1iks horisontal, then ve vould expect to see the debris o
donc-th«munuﬁ,ooonwmmmu” o}
niddle 1atitudes, In trying to imagine vhat bellocs smepling
would lock 11ke, we have bean inquiring about sce me
doing 1t similarly — cu a basis similar to our present
scnde netvorks. In the history of tpper ataospbers research —
I can't remeaber back, tut I can read sbout the great
the early radicsondes — it was §l considered quits a tafld
to do it. JNov we have upvards of 30 stations in the U.S
making two scundings a day on a routine btesis for a
nomizal cost. Ve inquired about the cost of senting wla.
yhcoofeomuﬂtyqdpmtmhoonldamt. "
inserted into cne of the channels of the ordinary rediofes

-3
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ELLOGG
(continued)

taking advantage of the telemetering already existing
big stations all over the world, Nessuring ths oo try
would be ons way of doing it. The other obvious vay be
to measure the radioactivity. That is, Yy some methed |
Geiger oounters properly criented so as Yo eliminate oc
radiation as much as possible. vahat!baubemabir-
to gather,; it is cut of the field of the second, thit is] the
direct Geiger counters, a little bit out of the fiald ome.
specialty = but it would appear to be rather hard to doe.| I -
involves quite a lot of instmmentetion. We bave looked
into the question of measwring the conductivity in the
upper atmosphers, and it appears that this cculd be done
ﬁ&rlymhheqlﬂ.ptat,mnda;uppmmt
geing to be a very large change in the oconductivity
we have changes in the radiocactivity. This will ocme
%M,Wa,ﬁmagﬁ.ieatmﬁc‘umﬂ
about the atmospheric icn ocontent in a redicactive elowd,]

vt
[P B
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KELLOGOs

LIBZT1

KELLOGCs

KELLOCGs

sm.zm H

.
"‘

13ks to have us all think a little more adout.
Vell, fine VWill, but how many ysars will this take?

Soms equipment was duilt for Sandstone so ve would hawve Dask-
ground in this instrusentation but I don't have the de of §¢.

It certainly could pot be organized befors Castls, could ht?

I wouldn't consider that it couldn't be. 1 think that,
you sse the telemetering is an important part of it,
already available. If we can devise the output of our

place vhere I got my information from. They estimate
Ferhaps ¥r. “mith of HRL wouldn't like to be gquoted too
on this, but he thought it could be made for about FE0O
equipsent.

What load will it carry?

Ch, this is the gear exclusive of the balleons.

ore Libby, that many of us here are thinking in terms of

material hanging uwp in the stratosphers for long, long poﬁ
of tize. Although I have bYeen getting more and more sway |from

This wes dons at Sandstone very successfully, I get the 1.011::‘,
ods

petecrology I think that this is a very wrong concept beo
air froa stratospheric levels can come down wmany, meny ¢

/ &t



v ZMAN:
(Continued)

WEXLER:

LIBSYs

WEXLI R

L1871

WEXLER:

L1B5Ys

VOICEs

HOLZMAs

of feet in the ordinary weather situations. For example,

that might be at the stratosphers today, might be dowm ml::u
L ]

15,000 feet in say 24 hours. Would this be a reasonabl
Harry?

Sure, I'd even go further and say it would be dowa to the
wnder oertain conditions.

air

Then you would say that the mean life of stratospheric aiy is

two days or of that order?

No, this is only under rathsr exceptionally favorabls cond

itions,

¥ell, 1f ycu take am average what would be the lenglh of {ime

vefore it carxe down to sea level?

VWell, you take an average between two days and six months] nq'bc.

o & Yyoar,
But 1% would be in the order of weeks or months?

The exceptional cass would be buh__thnderlteru?

-

Fo, I am thinking really of isonthropic flow down slope.
see air doesn't flow horigontally, it flows down, and if
have an wnusual weather situation with high pressurs, low
and so forth derending upon the complexity of the weather
can coms down from stratospherio levels as Harry said, e
to the ground, and this is availadle for precipitation
following or the subsequent days. So the atmosphere is

ressure
air

/B



Buul¥ANS purging itself even at very, very high levels and for rosson
(Contimed)
I thought that some of ths data that, well in one of our pther
prograzs might be carefully analysed and so give us s lot]ef
information as to how much the atmosphere is purging itself of
this debris.

LIBBYs Do you iragine that it right be at great heights? That d- radio-
activity might be at great heights?

HOLZKARN: Well, I got the feeling from your remarks and otherc that|this
thing might hover at stratosphsrie levels ....

YCICTs Im't your point coming to say that your guess would be t the -
a shot, —

radioactivity, sssuning a period two or three months af
that the radicactivity would be pretty well distributed?

HCLIMARN3 That 1s right, It is pretty well distriduted bBat it is

being purged and that data even at lower levels can de yned to
give you a pretty good indication as to what is going on
That s what I was getting at se that thers might be suf
data around with careful study that could give us soms

that we are seeking hers.

VOICEs: If this wers trus then it would ssem that :isendud‘'s data
shov this, becanse let us assune that there iz a six monthl half-
1ife then he ought to have a six mcnth olopo?on his £
he doean't have that.

s
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EISENBIDs

WEXLIR:

LETHE:

EISEXBUDs

WEIL Rs

EISENBID:

\

WEYL Rt

Eisenbuds

WEILERS:

LIBEYs

Well, we don't know, we haven't had the time,

I think that this depends upon whether the stuff is gett!

to the stratosphere. Fost of his stuff is delow the raigout layer.

I think that it is the oprosite. Narely, that apparently

is no odbvious decay yet from lvy,

ng wp

there

yoar period,

48 an gverage over the three years.
Oh, I thought that it started as 10%.

Ko, you take 100£ as normals.
to 100%.

You are talking about dust content,

Well, I would 1ike to go back to this Erakatos. Maybe wq conld
squeese something ocut of that. Now there was a ten fold [demanu-
tion in solar constant.

[+ 4

¥o, tan fold because there was a ten percent increass the
10 one percent difference and it took them three years got
mf-,mz peak down to 1f vhere they could no longer de

the change so that is really the tem fold over a three

Vell, thooulytbiulaiidmthttthcumalﬂ!dm

I4 went down to 90f and thin back

/&5



[V

! SNBUD:

WEXLER:

i 4]
WEXL:Rs

GRICOSs

WEYLER:

GRIGGSs

E~;‘ '\’,'\:S G'che

ARCHIVES

m

Yes, this is referable to the nass of dust.

It depends on the sises. But about this stratospherie

1 agree with everything that Ben says about the lower
of the stratosphere which you might say is isotropiecally
with the trcposphere. When you get up ahove into the strjtosphers,
then the direct exchange between it and the lower atmosp
becames much more difficult to do because thers are no &
surfaces that really penetrate up. They Am ‘-ostly hord
up thers, So, to get things way high up they are likely
there except by a very slow process of diffusion or f.
Very slow, but none of this very rapid quasi bhorizontal 1
scale of exchange that Ben wvas talking about.

How high?

iwulduythat if you get uwp to 100,000 feet.

Hy recollection is that in the case of Krakatos is that
cbserved brilliant sunsets im the Sahara desert and other places
and they parsisted for a matter of months and posaibly a pear,
These things were such as to indicate the presence of dusy as
scattering at a very high altitude well above the tropo »0.

That is right. That is how they estinated the height to \Aueh

the stuff went. At least 100,000 fest.

There was persistence of this dust in ths high stratospherp a
long time,

+ of Energy

B P
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i LERs

GHIGOASs

WEILER?:

LIBZYs

WEXLERS

L]

up 100,000 feet and it shows that in the stratospbare

ataotphcro, t.hat h the pommnt gases ars cxtrmly un

AT -”}"“’:S
Rl il =

Yes, and it gradually settled down. Thsy are able to delect that

by eptical effects, gradual decrease in height of tha maln body

of dust.

Is this oocnsistent with your piotur_d

Yes, I think so because that went well up sbove the low
of the stratosphers vhere it was effectively sealed off
isotropis exchange for lower atriosphers. This is also
by some moisture measurements that have Deen made, The

phars is extremely well stratified vertically. That is,
are layers meist or rather moist air and dry sir. This
extremely lov rate of mixing. Onr the other hand, all ¢
nonta that htv. boell made Mlcah t.ha'. tha coupouuon

It sort of gives ynu an idea of the tiaze scale of mixing
is somouhere inhstween probably days or wesks whters mois
precipitation, evaporation and things like that can
tified and the time required to do uniform mixing. In
connection, are the samples obtained by rockets too small

analysed?

T don't know, Ve don't know vhat the content is .

They get ssxples down to the order of a courle hundred co] I guess,

g
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LMOR s

LYIB=T

SOLOMON®

EILLs

O

 This discussion seens to me to indicate that the piloet

- z
P T

9
. b

NI

ATLg "“b

which we have up there is only part of the question and

other pilot query which we had was what is the distridbution of

radioactivity for Strontium 90 in the vorld todqf I
they are two quite dirhront problm. To deteraine as |
hasard requires one set of measurementa, whereas to dete
its distribution in the world which is integrated into
hazard requires a different set of measurements. You
need to make any stratospheric measurements to determine
human hasard Vn long as you had fallout.

dn'd

I think, on the contrary, that you prodably would, In or;cr te

back wp finding the radicastive Fegroes in Scuth Africa.

find a radicactive person in feuth Afrieca and say hov in
quo)ntookntriporndbcheauuukmcmmdsm
you bezin to investigate and find that the rain 1s radio
with Strontim.

Yoa

world.

’,“'

~

Put tho falleut tahs sccount of a great deal of this, l#:othu'

vords, one is mraueul and the other i» -cicm.

There is anotber ixportant thing. If you analyse, say ia
pilet study, over a period of months you find that a
amount of staff 1s biological material. You are still

your

with the problem of what is going to hapren in the future

until you srrive at something about distridution in the 1jtho-

hydrosphere
sphere and/as well; I don't see how you are going to e
with any competence,

l

Energy

POL
)

olate
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S5 MORs

LIB;Y:

oy r e il

. B J_f
M -~
;

I am not going to argus against it. It soens to ms sctually a
much more fascinating problem than finding vbat the human|hasard
is. It 43 just that if one §s trying to put thase into jm
this is the set of words which don't exiet in t.ho u-pu

and I think t!ut thay belong thm.

program

I think that we all agree thers, but there may still be sqizo vhe

stil]l vonder why we study Stroatium on a worldwide basis.| I hope

our presentation in the last two days bolind to answer t
question. It would seem that you might well say take the cans
as being the fair example, but our problems of worldwide
ticn are cbviocusly so sericus and so important that I thi
thing leas than a worldwide assay or an assay that doesn'!
scme samples spread all over the world will be unsstisfac

:uppo-inz that it will not ge with thenm, thattbeuhtb g
fr:cumucaandunhantodouunv. Oh, the th
thing is thclmuf-unummttbodxiupmsna
carry 1% all over the world, urtdaly ia tho atmosphere
very prodably in the ecaan mrcnh. at least as far as th suro
face layers are concerned., Se, I doa't think isclationima ‘
any proper roil in thie, Ve have got to take a bread poiny of
view. Return to the original Gabﬁd question, it wasn't
you killed Americanst it is whethar you kill peopls, and I
that we rmst assay the world, not our cwan backyard, Ars
any pecple here who objest to this er want to discass it.

/89



. +aNbUDs

LIBBY:

LONGs

LISBY:

" cheaic¢al yields so it hasn

Our own backyard is, after all, 3,000 miles in ons dimengdion.

Isn't that a fair sample of tbe world?

Yo, I doubt it bessuse the world is so mush dbigger than

we don't have much of it you know. They have great
the precipitation oocurs in these equatorial regions, 1
that there are abundant arguments for it. I think that
true that we would certainly taks more samples in this
than in any other continent.

that because it i3 more convenient that this assay would

¥e mustn't slip into the

I don'd balieve it wil),

question for this confersnce though. That is, if you

in the leagus of the pre-pilot and pnotbwrln _u se
mtumtlmmmbuldsnﬁ'»mdcmfw

... I wonder somevhat though whether tris is a terridbly l-p:-]-m > _‘,w

rations

Well, I will answer that in the following way; it 4s aqu‘auon‘

of whather you will operate at all or not,
to whether you are interested in Gabriel as such.

It is a quest
Nobody
interested in analysing a fev isolated bons sampless SJust

lon s
is
for the

fun of it. PFeopls will do this because they are intere
the Cadriel project, so if you don't keep ths gensral

of it in mind you are not even going to get the pilot act|

any reasor to do 1t. It isn't useful to Spence in gettin|

d ia
se

. That is why Strontimm 90 has never becn assayed. Nobody fas had

radlio-

e
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. LIBBYs

I was !.:proésod by what Hr. Solomon sajd, nemely that the saxpling
thing, by its nature, had to be a daveloping thing and 1%] Just

seseng t0 me that worldwide uptc{ could very reasonadbly

pas

mmnmthttbunlm-ntﬂncvuphmﬁwlm

assay., That is my anewer.

T would like to suggest that we break off for lunch in tvI
three minutes. let me Just tell you wvhat I think we can

a detsction. Of course all of this has to be worked out
proven. SHut the doWlo levels, of course this means
you are going to work hardest on these. The lover limit,
say, 1nnbwtldpuandtMntob;cmtaLned;nwmun
sazpls up to 100 pounds. How what is one dpm - that is
»illicuth of human tollerance. The person who i3 just be
to feel the effects of Strontium; i\ is contained in one

of calcdum in his body., In other words, there is sbsolutdly

difficulty in detarmining Strontinm in haman bodies 1if it
any whers nesr tolerancs, Now whe knows what it 1is now?
don'd evea know wvhat e¢slculations can be madej I can't
guess., Ia m. willing to guess what it might be now? ‘
you say that it 1s a thousandth of lmuran teleraace at the
time then cne gras of calsium is the minizum you will be

for this saaple. Jow, ths present smaount of 3Strontiua in

ss

world, The present assay; vell, we say & 20 kiloten bomd

1 gram of Strontius per KT roughly. With s S7 fiesion yield we

kave this many Strontium 90 atons produced froa kilcton

and
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SY
(Continued)

kDepartme*t of Erergy

divide this by the area of the sarth this number comes oht

20,000 Stroatium $0 atoms per square centimeter. If we we
we shol off say 1,000 bozbs this would be per kiloton \aﬁ

you get £0,000,000 Strontiwm 90's per lqum'cenungur' at
the nemeat. It happens that 15,000,000 give you 1 dpa thet

present assay $s 1 dpm per square centimster. That is
know from the rough overall yield figures. That is how

there i3, in other words the limited datectability is e te
one sQuare centimeter for wniform distribution at the ' 1
The luman tolerance is equal to s million squars cesntimethrs,
That 42 the ingsstion of the Etrontium in an ares of a ion

much, you are up te human tolerance at the rresent time.
don't know that any other remarks at the present time
particularly pertinent. BNow, naturally these ars the
‘t.h:lngs to 40 and it will be easier to <o Richardson's,
be done I am quite certain.,

Historia=’s ntiga
ARCHYZ3
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~~1L0GGs Aftar the discussion of yesterday afterncon, in which

«f

&

KRAXISHs We would liks this wmorning to discuss drlefly the results of

the separate mesting. If we can't tell what we do » WO
shonld Ary to outline what we doa't know--which I is

quite a bit, ¥e would 1dke to conclude the morning sedsion, -
after the coffee break, with a discuasion of the GABR
probles, glving sous of the results of the old GAFRIEN" and
glving sons of the tentative conclusions ef the class uﬁca
policy mesting of yesterday which turned sventually inth &
technical GABRIXL discussion.

11l Kellogg would like to talk to yom now, c?nthouq#du
progran involved ia Part I. -

over the possibilities, needs, and sdvisadility of
experizent where we could follow the debris in the a
what I have to say now may be reslly thought of as a
the fastors, and I shall try to state some of the dis
mtwmmmmmm.:a
bmﬂtottbouvhoudn'thuru. Because I think a
interesting fastors did cons up.

LA n’? L

I'11 take first, our original sttitude toward this, In fleoking
at the local fallout ploture--by this we mean the £
out, in the first few Says—we found that ene of the
ficult parassters to talk about, much less %o get ayy
Laates on, was the vertical transport of debris., Harly Wexler

™ - .
MR L ol ah i L - verng
BN DEonETHy
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( continued)

BT \.,L..«. ;Wn .

mntioned that this vertical transport dedris is sart
dead horse——] think trat was the tera he used-—and X
inclined to agree; a lot of people blame their
the difficulty ef handling vertical transport ia the
phere. Undoubtedly, there will never De & reslly prec
way of dealing with thig because it's such a variable

will be only fer rather specific cases.

In arder to £ind out more sbout this business of the
of the debris in the atacephere after Ahs first few dayh,
seened to us only logieal to at least think about some
an experiment which would permit us to track it, and we|wanted
nod cnly to consider the work that had besa done before S
able «t&tvaiagfgeﬂtwf&gL#tﬂt !
dizensions, -&,ggfoouugg-g’av&% L
to 8o 1f there vasn't & posaibility of doing 1% a Uttle M%
more slaborately, R:r.—i&:&iﬁzir- -
need far 1%, ?ﬂiﬂu'ggg »au!-non.pop-o
airerafs to follow the radioactive clowd. I might mentien, Just
briefly, that you can cnly follow the radicactive sloud|visually

for about sn hour or tws at the most. It becomes imposfitle te
triangulate wry well on ths cloud froa the ground, afteg adoud

an howrj and even from the air it Decomes rather hard t¢ follow

1% after a fow hours. One has to resort to methods guqubuu
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KELIN0Gs other sampling, in which one exposes filter papers for
(continued)

times and known parts of space, and finds the numder off ecunts

per ainute, Or ons uses some other devige, such as
and, of course, direct measureasnt of radistion in the pir,

the path of the ¢lsud on reguler sehadules, and so
%ﬂ.gegov.ggongagsgogos.ﬂ
Howwver, in the cases that I have happensd to have

alroraft never went up to the beight at which the inittll debris
was distributed, They must have been flying through fallous -

part of the cloud and not getting inte the original mms
would de possible, with aircraft, te get up into the
from the Nevada shot, |

¥e talked about the Marshall Island shot, and considere alpe

ﬂ.n?oeinﬁ.!u I think, u"-:u& obvious that we

538?‘?%&9&?3-2 Bl :

augqﬁpﬁggo%gg thers i»
ment that 1t did penstrate into the stratoephere, The | -

stratosphare starts at around 55,000 in the Darshall .,
so this is adove any practicel ceiling for test al o

The other alternativs, then, is to consider balloons,
balloons can get up very high, There is snother reason .
%,

thinking that balloons might be & practical way of
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{ continued)

_-W

and that 1s because of the way they cut through the
uummmmtom,xmwm
the stmosphere is shaped, and the way a cloud moving
atacsphere is shaped. This 1is a slids prepared by J
and those of you who were here the first afternoon s

the way

riho
Fdinger,
the slide.

It shows a sketch——and this is a fanciful sketeh, but [t is

based on the way ons would expect the atacsphers to
showing the cloud at the end of, rowghly, one day, and
two cases: one a rather unrealistic case in which
shear and in which the ¢loud simply spresds through to
of gross turbulence and fire-scale turbulence together
Jin pointed out (we won't g0 through the arguments age:
would not expect Lt to be homogensously distriduted; %

taking
is »o

the actioa

be pulled apart and would present wisps and hot spots
and patterns, Then the argusent went on to indicats ¢

" sctuslly we almat invarisbly would have shears, axd o

eloud, insteed ef being in a pancaks secticn of tis &

- A

would actually be spresd out in s loag belS, The 1cne
bere are ccnservative for one day they sotually is
mstuﬁlxm,homluprthmw:,uﬂml} om
o scale, m-hmmhngcdodraiu‘otcnehs ud ad
the end of ons day; as I said, these horisontal are
conservative, This shows it, as one would expect it td de,
sxtrexely flat, Now, in the case of low diffus there

was soms arguvent yesterday to indicate that the dif.

Pamm: bl 0 o m
N . Tt T

P
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FLLOGGs would usually be rathar small in the
(continued)

ritbon cloud no wider than my stick, On a day when U
strong convective activity stirring, the layer
cloud might go down to the ground by the end of the
it would be a little bit thicker,

I think this ehows one things that is, if we made a b
traverse through it, we would get a long slize this > whareas
8 few traveraes through it vertically would intersect

eould be dons oithar way, Cne can visualise slicing t
this way, with the line corresponding to sa aireraft
or slicing through it this way with a balloon—but I
show this slide in order to show that one would not haye to have -
.mammmubmumumtmm

of the cloud, R

LIBBYs thmmmm> | 1

EFLLO0Gs Mhm.thavwmﬁmswbhwfo th‘
| elond 1n thres dizensions from the time of burst.:
LIBBYs Are these balloons staked out, or o they go aleng utJnf
KELLOGC | Po, these are sounling balloons in the sense of a |

being mede from the ground upward, exaetly as the louldl

which are sent uwp twice & day all over the world now, Nu

S - B T




JELLOGCS
(continued)

density of the radicactivity in the air was, I think,
tionable to us at first; we ware reassured, however,
finding that MRL had already bullt equipment whioh
counters and which cost would be in the order of £200
instrument, exclusive, of course, ¢f the balloons, I$

turns out now, that Fets Kyckoff tells us that the Alr|Ferce

is algo in the preliminary stage of developing a s
squipments using, however, instead of counters, the

ment of conductivity. 4 few flights have bLeen made
show that the instrument is practical and, presumsbly:
T «a quoting you right--it could be dons Detween £100
£200 per instrument, or something im that regiom, &f e
wanted o produoe a lot of thess, |

The radicsonds Detwork already provides ahuomhor%‘ |

telemstering stations. It also provides crews for
ballocns. 7This is an attractive ides, pucﬁully,
it means one does not have to set up the balloon-laun
netwark—it's already there; one would merely tie ea

The quastion of how long we can track the olowd using

conductivity measurensnts ceow up yesterday, and hons
uz was quick enough to make the cslculations in our
however, 1 figured frox whatl was said yuhrdv,

ently the rate of creation of ions by cauil rays ia the

Tnerty
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KELLSOG)
(continued)

BETHEs

AOLZER®

LLOGQ:

WYCKOFF(?)s

KELLOGO

ia which we are interssted, inth-viomzyotﬂnhv%c»g
is about ons ion palr par cubic centimster par ssoond, | Is this

right—to m.mughtunurmnuuu»m:lmt I

worked backward, using the recombination coefficlent

the

ousber of atzoapheric lons, and caze to the conolusion phat it

would be adout one per cubls contineter per second froajccsale

rajs at arcund 20 kiloavters,...Yhat's that?
That sounds rather low,
Low?

Tos, I think it is low, W1,

Well, the nuzber mtmmmm‘atmab#rh

icos per guble centimeter.

B T

The mobility is very high up there, you know,

Tall, just taking the musder of ion palrs—this musber wis

mumé—-mditonmthumm‘foram
cosfficient of ataospharic lons, then one oouelﬁu thad
1,000 iom pairs per cubic contizeter and this rate of r
t1ea would be equilibriun for one Son palr produced per
sentimeter por sescond.

liom

oabing~

I think that we could raise this by a facter of 10 eas
Is 1t & factor of more than 10?7 ¥ell anyway, the number
ion pairs forned by atomic cloud 20 KT, and roughly the

SRS Sy

Tl e RN
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KFLLOGOS
(continusd)

YOICRs

EELLOGGs

which I bave indicatsd there, taking into account decaly woald
be in the order of 400,000 ion pairs per cubic centimsber per
second in one day, |

That tizs elexant? R e

One day having expeaded so thad the volums, this is
in the cloud, has expanded dus to this kind ef diffus

the end of two days, three days, four dsys, it will of

when 1t would get down to the level of cosuie rays, I
would be sowething in the order of a webk before 1t
down in the center of such a cloud to anywhere
coszic-ray lon produstion. This is one thing which had|te be
estizated first. T dou't thisk i3is estimats is Qnm-j

cuutom,mudouuautumtmoonldmm ’

vary attractive one, because I thluk it is hrpl.yl

conjecture now as to how vertissl diffusion does t&o
the stratosphers. T agree with N, Yerlor fn ixazining &
would be very slow, Vertical diffusisn in the wppor
the stratosphere certainly voul&.bo very ulot.t_

Re have some evidance, though, that suggests that we
diffugion in ths lowar part of the stratosphere, which
stable, 1s rather high., This 1z based on obnmtiona_

’ Ezjergy

BRvEN]
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XTLLOA2s
(continged)

TEXILER:

KELLOOO:

WEXLER:

EELLOGTs

cleuds which have Deea the a
which shew, in r-‘ot, that as one goes from ths relat!
wstadle troposphers where we have the dscresss of e
with Leight, inte the stratosphere where we havae
thersal regions, tte swoke pﬁftl 'hich gozatac
13 the troposphers, grew even faster in tbo lower atra

puffs aver Followan Air Force Rase in the sumesr of 154§, Thls

thtat when you got into tha stadble layer the diffusien
slowar. Now, what takes place still farihar on up 19 7
matter of conjecturs and, ss I say, I wotld be inclined
Wmmrahdnm:uskwauthhw
But I really don't think that ws can sgy that definits

F111 these mwMta...do they actually dateraine a §hree-

dinensional shape af the puff before and alter?

There were thiree photolhecdolites, and 4t was possidle 4

deterzine the shaps. 2n effcrt was rede to peparate &

of stesr.

eoffech

¥as thers any indication of non-isotropical...l mean, wap thm

any elongation of an axis In certain directions?

Yes, but this almost zlwxyw {in & horisontad .

Row é5 you know that aost of this wss not dus to issntrople

0/
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(contimed)

KELLOSOs

VOICRB:

“OICKs

| §:20%aee
E. PLE3SETS

VOICEs

VOICZs

KZLLOO

motions rather thaan t Tasion?

The horisontal dongltuuminsusodtoboduhlhb, aal

30 it wag only the spread at right angles to the shear

considered, When I drew this, I was hply!.ng that vu'p

elininated the sffects of shear fros the data, ’

thqtm

The 5ignal Corps has been trying to measure width by

ting

npamhtraﬂofrmmehu,mmbmmmm becauss

the diffusion rate 1is s0o great that they don't even
to photagrsph 1it,

This is ths horizontal?

Now this is jJust disaipation of the vapor trail itself,
smoke trail,
I've heard this too.

-

It Just breaks spart.

Do you think this in the region belew 100,000 feet; orﬁ.-ihﬁ -

up in ths wery high region abovs the ozone layer?

T don't think 1t went up that high, Thirty-five miles.

a chance

Then thesid de gotting into a reglom of steep lapes n'# lﬁh.

T've bad to caapress it dDecause of the sise of the

Thie 1s the 35 miles hare, and then we get s decreass

ture with haight, and we have very good evidance for a

AL
“
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«€lL70lCs
{ccntinued)

-mn; tarbulences wp lhere,

Tua purpose of nentfoning it was simply te pet ideas Lo
poople a3 to whether 1t wos practical or mot, So far,
tho only real objoction which has besn ralsed Ls hat the

m:uwuc»im

dwithtarmnmmcloud. n’npd.nth,
con't bave dinct eriderce for diffusion nuo in uu
yet, and we could get evidence if we could get b
the cloud and track it for sven a few days, as is

ihlt e

risht he sone othar'ray of doing 1% more econoxically, peoav

thomaefampmhorkdbmm'somdhphu

aircraft, m:hnnldhsntobojetainfntt,wht
heights, :hiahlthinkvould'becmuymlt. ma --

the information back and are not mking an ct\upi h

wiat the xaterial is like,

It is, 1n prinotple, perfectly possible to resover § Pl
balloons; Mh.hmdmpnuwtr@‘;é”
Feights as zuch as & ton have besn carried by Gensral ¥
polystiylons balloons up to 80,000 feet, We'd like %0 g

higher. ¥s could, presumebly, if you want to cut éown oh the
weight to 2 few hundred pounds; we could get up to a 100J000 feed
with thess bigz balloans, Therefore it does suggest that|if we

wanted to f£ind out what sort of szatarial is in the stira

one could slso use balloons in this case, First of all,

Dehﬂr‘
[-.’

nonf of Ener a9y
27’8 Gffiga

hhnul ,_S

getting
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SILLOGS E%Eﬁﬁﬁ%ggg

: '
(continued)
I think would be rather difficult, but perhaps not
because it is possible to predict where the belloom o If

aoﬁn!n-ﬂogn%ouw»&ggg »
sany times, have been recovered., It involves tratking TeCOVET.
ing the equipment off the ground by a land party,

I want to throw the discussion apen, now, N.?.ooﬂp
poople, soms of thax nodding, and soms of them shaking

I understood you, you werse going to hand the Osiger ter on
the belloon, Eow many days ean you follow 1% before it|gets
too dilute or weak? - B I

YELLOGGs I haven't msasured the corrssponding caloulatises for A.
eoumnters, but I would imagine that if one had an anti-cdir
arrangexend to eliminate cosaie rays, ouol»,nrovoovﬂo y nse

oognoganggg%«»aw&.
because in this case one has a possidility of
- cosmi¢ ray counts from the radicsctive oSBo-A LN

¥
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WICKOFP,

EISENBUDs

KELLOOC:

KRAXISHS

KELLOGOs

They mesasured the SANDSTONE clouds over Washingtom, whing
Osiger sounters and balloons. 1

What 1s ihe percentage of recovery of these balloons?| -

They had a project called MOBY DICK im the Air Forcs, the
original HOBY DICK gear wers rathsr sxpensive and wanted
uwwnh&,utquttﬁ.oomwlu it. O0ud
of all the ones which they know came down in this , thay
recovered every ons, Yvery ons was sent back, either piy their
sending out a ssarch party or just being mailed Lack song
faraor, Ithinkthhmnhd'ofm&bm( thay
know some of thea went down in the coesn, but the they
know landed ia the country—~thay gol every one back,

That wss the alr sampling schieved? Eow was tboeon‘lﬁ“ ‘_»-.u;; -1
zade uwp? |

mmamuumu, Muwmmtmuw._f,

The question was, 'zudonmpabmmuwuuhnl, .

balloon?® Smdmnwtimwimnmhm“
then sbout the smsll particles in the alr being tke

problem—what iz the real distridution of particls .
the small range? It was suggested that one could use

mnhagi.muin:thhtocolhcttbnonrycuun

Departmanrt of Energy
Hizt- "5 Office
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| KTLLOOS s
(contimed)

CADLE:s

XELLOOGs

CADLE:s

EISERBUD;s

The third alternative, which is, I think, obvious, urﬁntm

sould paap wp & tank with alr and eollect the whole

& way that you oould find oub anything about them, I
Presumably, be keeping to ths sides of the tenk after
then domm,

I'd 1ike te point out that the thermal preeipitator is]ealled

the thermal diffusion device, and I think the fastesd
saspling that has been achieved to dats is something

30 cc's per xinute, So ii's terrifically lows or, in ¢ther

words, it's only really effective for very high conosn

for particles, I don's think 1% will be useful for whft you

have in m.,

Supposing one imagined a gcashnt-lml bauoen
the altituds of the cloud and running ome of hese
several hours, '

“‘“-_y- T

ter

m.s-mmam«'-wmmnmw't

got very mueh,

Yell, they would be better off using the powsr 3
authority to run an electrostatic molpityt;g ) 4
vould'bomchnoroecononledtohmﬂo Filtratlen
antnlu, bomuotpanrnquinmnulnmtoat
tarough any kiad of filter.

Danorhmant of Tharay

o ter

Hivloe e g
.
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<ELLOOGs

EISE¥BUDs

RBOLZMAN S

KELLOOGs

~

upj in this case you will aveoid any possibility of si
your own cloud of already sampled air. 30 you would
1ittle faster device for a moving balloon,

Muhmn-phdulrthrouhu.hmm.‘m
with about ten pounds of equipment st a cost of
around £200, v

here. You're not really trying to follow this elomd,
youj you're trying to find out how much activity 1a there

and what is the rate at whieh it falls ocut—isn'$ thatrtho e SR

real problem hare?

I tried to; 1f I'd been writing, 1'd have made & new

sescond was, *The possibility of using balloons to bring back
ssaples®. I consider this as really two sxperiments,
Uy first interest would be the first that T nentioned; |that is,

using soxe nethod for iracking the density ot dabris, gegardless
of waat it is made of,

207



=CLZIMANS

KELLOOO:

CO2K3s

past~—by msteorological winds, l'ho latter prodien-—i2
£4nd out how such is reslly up thars afier & lomg pu
time and the rate at which it is being scavenged—it
z¢ i3 the roeal problem,

0f course your wind analysis doesn't tell you amything
density; 4t merely says that a part of the cloud 1s ¢
here, 1f it was 31l there would now be hers, and what did

trajectory analysis to demonstirate that, ¥hat we don't fkno
1is how it moves in the vertical when it is follewing thq
trajectory, and it was suggested that we do havs & very feosp
cut of the surface now, to show the density in a long tmp
dizensions at the surface, ¥e really don't now what p
fellowed by the delris in getting to the surface., We oaf
work backwards, using & columnation ef trmctori;l and
sbout diffusion. It\'as generally a rather poorly contr
experinents we cen only use our winds plus an observaticg of
oue plane, in this case the surfacs. I would like to
obessrvations in 3}-dimensions.

This observation in another layer of the atevsphere
indeed a 4ifficultl ons when you consider you are using & pOn:
and having the difficulty of having them whare we want thems

byw)
Lo
-

J0Y



CO0ES) Comparing that to the data that were on the board yes

(continued)
showing the figures of maximunm and ainimus for fallout
cnﬁngwa«_iptpcr, 1tmtou11kotboimpm
even with the mumber of atations—40, U stations—it
from thousands down to tens. You Lave the saxs
atnosphsre, row, dut yeu're only going to be able te
many ballocnsy you're only geing to be abls to do iV £
instance through any one level, for a short perlod of tize at

ons lavel. It aeers like we're biting off s tremsndous|pregran
of balloon sanpling which might nover give you an nnn:#'ot
great -ign_iﬂoam.

KELLOAO: 48 I mderstood, the resson for these big peaks 1a
tionutthnmundmdmhthceonjmﬁonofﬁu- ‘
the proper kind of rain stors, which resulted in the vemy Mgh . .| . ... .
concentratica at the gromnd, I would expect that there o |
be ehanges in the atacaphers, & Jin pointed out there wpuld noh |
be homogeneous adxing, o N

Pamaston- *af Sworgy

“fra

ERAVied

F09




P

As Jia pointed out yesterday, there would be discontimui
in the fres air bocsuse of the wy turbtulence aots, that
the finite size of the eddys involved, But I wouldn't
to have the big differences vhich are dus to the Yig

in rain, Vhen locking at the Thunderstora Projeot
shere they have the very fine network of rain gauges, To-
nember the extreme grsdiants of rainfall in the rether |
area that occurred there.

These are the eastern Massachusetts results scmeons -voxoig
the other day - showed & terrific variabllity of radicactivily :
in & small areas, eastern Massachusetts - | X

On the ground.

gyoﬁun&oﬁu«.iﬁo& nu.-._b-pou
stand) now that indfcated s terrific fine structure of thd
distribution ng&bﬁ%faﬂaﬂ«gﬂl
11lustrated in the first slide we havs shown. Eﬁo
I'n at & loss at you wderstand, Vill, is how you oan vit the
gfgniggi.gg?_n}&bg v
-gggnr-gﬂrn;oh?%g .
also frem vhat you'd cxpect of Jim Edinger's argment, 3¢
therefore, Rﬁag.wnﬁgngugguag
be content vith getting scms crude spproximation as to, (Y
vhether most of the activity is within layers likely to

i \«
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\ _~LER3
(continued)

KELLOGGs

WEXLER g

KELLOGG

WEXLER:

ﬂtn@dhnhﬂnhnhmﬂdom,nmmww ,
layars. Now would this information be of wlue to you?

Yes, I think 1% would be, because although ené would motfhnov = °
the fine structure, I think that we could perhsps get anfided
sbout the fine structure by just cme aircraft flight as
which — looking over the aircraft flights to get an id
vhether thers wvas fine structure or not. I was

this more or less orderly rise to a peak at scme region
fall cn the other side ss they pass through the reglon.

Mmthonthqmndy-oothmthrnlfm-‘.nt:
I understand, by the sampling technique, taken over some

& long time peried.

g &

But it shovs, though, that the size of the cloud, udipg
the wings of the eloud, is large enough to be picked wp of
it moves through a network of the density of our present
sonde petwork. And ve wild bave to forego the fine s
—-u&th‘oth-rpohtlwocuuc_m‘m'xhns'
that the fine structure cn the grownd ia rainout is
Just & reflacticn of the discontimiities ia the rainfally|rather
than the discontinuities in the air to begin vithe -

But ¥1ll, that is mot borne cut by these Massachusetts
vhich are, as I understand, sll reduced to the ssas smounf of
rain, over a small area in & situation supposedly u rain,:

Denartrment of Energy
Histnrzn's Gffige
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&//




Y ICE: -

BELLs

VOICE;s

BELL:

P ICRs

WEXLIR s

Hre. Belll

Our tecinique was, nincoumauﬂ:npoormjm..

financislly, !uen-lmnt\dﬂxthnd-n
t\mmhcutoflhntnhlandpmm-h-m
above jugsj and in scae cases the jugs would run over,
acme oases they wouldn't. But these counts I'm glving s
counts per minute per liter of rain,

Vhat wers the variations?

It wvas sixty-five samples «—— of about ten ssmples — sixfy~

five tinmes,
Vhat was the range of the rainfall variations?

VWell, that's kind of tough, becaunse I didn't try to
the quantity of rain, Itookthatfrﬁtthe.nﬁh;.at'
veather hureau and other people arocund thersj because s

changes the reading.

a oub

in

mdmhnditmm't:mtpmm:u&meonnhf
out and expect to gt any quantitative results. xm'c....--";__
know about that. xmm.mumﬁmwwm‘f

You vant to put it into a place vhere trees and other
wvon't drift into it. You're fortunately located in Mas
chusetts. You have a very excellent weather radar at M

- there which could give you scme indiceticn as to ths

-

-~

3
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o /7%



—ALERs of the precipitation echoes in the horisontal
Jou oould see vhether that {s & more or less wmifora p:
tlon. That recalls scmething in my mind I hesrd about !
haven Leboratory also this spring. They made Neas
r-amumy:nnm,marortuummoruu
there was nothing, and then at the end of the storm it
matter of high counts. And there they figued that It
Just a confunction, that the radicactive aloud came into|the
place uith rain to then bring 1t down. Itm.umrM
thing — rather sharp mountains there — uhich again indlcates
tbcvwﬁnclmthat\nﬂdmhbl:bcmsd]naﬂ'
Yy ourjpresent coarse network of radioscnde staticns,

I 0GGs Supposing you bad a layer; Barry, of radicactive mats
1ike the kind of layer that we ses when a smoke plume

out cn a stable day and spreads in a big flat ™

u&.hmdmton?mjocttomd—aummm
this, Dick Coons — as I recell sesing the results - I hah
m.a.tmumt—uau;,m:mmnunm’
plotures that have been published, there seens to be & &
variation ia the height of the rain rises in & given
a rather small - arnwhcamhavomemlmm And -
ons cumilus might reach wp into this layer and snother exfuilus

might note

WEXLER: mt'nﬂvluqlthmmnu:enoouldgotmtmtl~
measureaents @ to vhethar your radicactivity wes vithin

Toonrieent of Energy
Viniiran's Qffice
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WEILER:

KELLOGG:

mdymnhnnunlt,miwndhmumm
tion, But I don's think you're ever really going to get] to vee
mm,awwphmdﬁo‘owh
fine struoture, I think that's just beyond our present
N , A -

If you bad suwh & picture, you still wouldn't de atle % |epply
1t, because then reelly what you need would be fine
structare of rain, which, well maybe it exists fyom
rain networks, tut '

Well, radar could give that to you. Then I dom't kuow
you'd do with it if you did have it, even then, Vhat,
would you do with 4t? Maybe I'm putting words ia your

mmmnmwuuwwmw
—Mswﬂnt&hﬁmﬂ—bmﬁnﬂt
be the vertioal motions? !u,hutthauthtm
au,hovdom-—%'oﬂumoeh_mmﬁ
uuumummormmumﬁtuh
mdﬁumnluptdm“twm

I don't mean to tply that 1t wuld be an sasy asalysis, bt 4%
would be & very difficult one — exseedingly ocaplioa *‘_':R‘o’...}r
do know wkich directions the winds went. If we have a ref
sonde Detucrk, we knov vhere the debris wes initially
obmlmm#tthowwsiu. Vct;u.t'putthqu

Dei?ar'?‘:s:?*t*, of Energy
- Hiztarian's Dffice

[nb"i' YES
/4




\ _L0GGs
(continued)

WEX1IR¢

XELLOGG:

Ko lOGGs

80L0MON s
KELIOGGS
SOLOMCN

KELLLGGS

- -:,_’&‘h»?

and the other fastor 1s how fast does this thing mixd
the cne that we don’t know about; and it seens to me thap we
could use cur methods of thres-dimensicnal plotting which
metecrologists are socustomed to using to £ind out hov
spreads. S

But you speak about mixing, Will, Would you be able to
tinguish between fallout and a turbulent diffusion of

Vell, for an air larst there is virtually no fallout, as
&s I ean make cut. That i3y there are nons - no A
large enough to really socount for sny gravity fall, ‘

Then it would be a gasecus problem. B . =

Essentially gasecus. v.m-zo-:.mwuemmf'
20 mtorons hes very small £l velocity. xeumdonf"
particls videh, 1t has been suggested; is probably eloss b
mpnkdthombcdmiwm,thnmwmhﬂ

nunm,mu.utwotm. o Ja. S

. r .
M ¥ I
1

Domgctawr-hrwhonhw!rmnumw '
From the redicactive cloud?
Yesn.

Only vory initially vhen 1t's highly ionized, s far as X [know
they can't after it stops rising. - R :

>




wallER g

KELLOGGs

B V). +7]

KELLOGGs

- E e
R4

. : : vy

- o

Well, as I see this problem; Will, you neasure a ;
distritution of stuff at the ground and you'd 1ike %o how
1t got there. You know vhere it started; you kioy the dlstritus
tion is the United States, and you'd 1tke to £111 in the|inter-
vening mechanisa that trought it down. And you ssy this|is aa
air bursty so we don't have to worTy about fallout. Wha thn
are the mechanisms that you can invoke? You would like
fnvoke turtulent diffusica of vhich aduittedly ve Inow
little. There is scme dlsagresment as to the intensity

tably, differing by orders of magnitudse,

I'dlmwwthtw'dpuuwlnbmoumwmﬁ
the stratosphere vhich we could obtain from trecking the
olounds in the Mershell Islands.

Could I get clarification en that?! I don't quite ses
particularly vish to kuov this in the stratosphere for &
resscn = it doesn't seem to De terridly consequential to
local fallout problem and, for the wrld wvide fallouty
umhum”cnw.wn,mlm‘h.Mbh'o
dlstrituted extremely broadly and thare's good evidence
1% ocmes dowm very slowly. I can see vhare '
this night de interesting, tut I don't quite understand
1t fits into the Sr° problem. |

Un lam, Vell, as I said earlier, I'-mtqmuhn.dofglv;n‘
nmwmhﬂalmmmuﬁﬂmmuw?bﬁ

&/4



(contimed)

WEXL¥Rs

A CoF Energy
. k.
LN

‘ - stratosphere or whether wo could oconsider it as trapped

ever, I think thers is prectical justiffcaticn for
fast the materisl will diffuse in the stratosphere
we are ocnsidering «— a lot of the argment yesterdsy
mwmmmmmmmm“mm;um

o |

This wuld be a direct measurement of vhether this was
How for the looal fallout, I agres, we're not so
wvith it because it is the lower diffusion that we're
in for the local problem.

I haven't finished my statement yet. Usll, I mean, if Ijwere
given such a problem the first thing I'd look for, and 1§ is
ucirhr-t,!'dlookforanim:lpmdmu
mmawmuﬁum,m
there versy; I'd be exceedingly pussled, because this is
supposed o be particulate matter trought down. And the:
sayy vell, this shows that this Lenguair collection
doas ot apply to this prohlen. I'tmmmw,
duoould&huuéoa“ﬂum'lnmjwﬂu _
high counts and high ratnfall?® And then I vould look
this air entraimeent tusiness, that is, air getting
in the rain, I don't knov of any other mechaniss that
do thaty that isy ss far as frontal precipitation 1s

concemed. As far as comveotive thunderstors precipita
1s concerned, it might be this terrific turnover along

lines that we discussed yestardey, Buti%#pp;m&ly

(&)
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e LER g place from the faot that temperstures at the ground drop| dovam
(contimet) well belov the levels they're suyposed to drop down 5f the air
stays the same and if the air wes occled by evaporation
+ falling rain, Welly but suppose, on the other hand, you did
mtptau&mﬁmoortb'ﬂlhmuththm. 38y
Thent that would eliminate the rain as a possible
fastor and you'd have to look for other mechanisms net ofs
nected vith rain, Well, them I would invoke, first of

large nass movenants ofakvcuun:mhcntroplg oi.
You may not have to go through a detalled isentropis an )
you may just maks use of general metecrologioal ocnsidergtions

of descending alr commected with anticyclones and things |like
that. In that vay I'd try to interpose possitle mechanijms,
depending upon Bov the data in eech particulsr case peeny to
egres both meteorologleally and redivestively, Te aid 4 the . ... ..
interpretation and to aid in putting forth reascoable |

enims, I thoroughly agres; Uill, that $t's Just as iape
ummmmnmm. g
\n'rommuu mwmmm m

I den's think that they'll ever give the fine detail thaf is

covered by the werila the tiree dimensional ploture of aloud.® -
xmnanmbomammofurmmu p us

deolds uhethar 1t was poseible for this cloud - radicactiive
M-tohnbmangbthﬂnrﬂnmormt,@ )

1ike that, I don't think it will throw any 11ght quantithtively

that V11 fnprove our Wnderstanding of vertical ¢ -

bo/}'4




Wl s
(oontimued)

WEXLER s

WEILERS

KRAMISH]

Naybe it will be & residus sort of a thing that we can
to aothing elsey but diffusion, but scmebov I feel that
tatively 4t will not tmprove our knovledge of twrbulent
xnunorm_mtmumnmmnumu;
sphere it's probably very much lower than the otber p.
that are spoken about with isentropic moticns, and in anjunstable
atmosphere amch lower than penstrative convestive
such s thunderstomms. '

You wuld say then, hviuotthomrtoftm.ngthath[‘zn-
tud's doing and Machta s doing - and also ocollect more

Yes, and I go along with Will's yeccmmendation except I
think I'd dignify %t tyhe word experiment; just say, yepy Sust

in the form of horiscatal traverse Yy aireraft — make vert
travarses by suy mesns mm-'umﬂ-orbnoon--gd'
they become availables o

This is for elouds - utmmmm ﬁttcr
ooca.oo-ooﬁh hmtmmﬂl;formunom hfh‘
m,mmrmlmmvhlch.g

Bo. This 19 the uhole prodlen, 'rhnt'l the rdhnt ve'rp
discussing.

Otven a radicactive eloud pleced in the stratosphere, "
ever schieve a uniform distritution, and if soy how L

pomericant of Energy
e L - :"-'_.‘ ﬂff:sa

R

RS ]
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KELLOGOG s

WEXLYR 3

LIBBYs

WEXLF¥Rs

Is this relative to the present problem! If this
cloud s within the strutosphere, is it a close~im pro
it's gast?

u,‘mumpmmumwm#@

IR has to do vith wbether you would want to get wp M*ﬂﬁ

& belloon or not and measurs 1%,

net at the surface of the United States would give yvu
indlcations as to whether 1t's possible fur that stra
mummumm.zmmum
vould be a useful bit of information - Umcmpoﬁu

Ldentify that information vith wimt he collects vith tha

porumhrtcat.

—

e
- AL

Well look, Rmpuxwthomw,
wmmmmmmmm,m'
pmmmmwmwucuﬁvnw

Bot necesserily.

that

+ s
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VEXLER 3

LIBBYs

HOLZMAN,

I don't know much about metecrologyy of course, tut ur o
vill

unmtumunmwmmwi
have rained ocut all this stuff that's dowvn Delow in the

vesther layers, Lqﬁmohomtmhthnm

dense. ¢ ¢ ¢ o ostorags ypstairs.
VWhy do you think you've rained out sverything dowum below®
Vell, that vill have been six months since...

But ryain is a pretty spotty thing.

on,mmmmm;tmrummmhmm‘t

longer than six months? I was assuaing 1% wuld de sho
to wash cut all the dust, ‘ '

Ask the advice of the metaorologist — xmy fealing is tha
hwm L M“ . hh IR TR 34

cowpletely weshed cut in six months, Viat do you think,|Bes

)
> . 7

Voll, I feel as spprebensive s you are. I don't think Jou

W
E2RN

can state for sure.'

Vell, let's put it ancther way., Fov can we tell? It
semm 10 me that there's a weshing out time for »
metter in the lover lsyers. Nov ve don't knov what it
maybe; tut this would be a thing vhich would certainly

»

be over & yesr, would it? It would e shorter, perhaps,|than

the time for stuff way wpstairs %o ccme down and diffuse]

T




—«BHY g theough into the ves layers, If that's true; it Lz
(contimed) - | Ve, ' e
hm.m‘p,ummummue um,
you're going to oontime over years to ses redicactivity ocme -

out in & more or less wniform fashion all over the

VEXLER; ¥ow let me ask this; Dr. Lidly., Is it possidle for thejatuft
moit'ahmdqodtdatbnmmdtoxﬂ‘mtw#oﬂn
atmosphere again?

LIBAY; I should think note

YOICX; Why not?

LIBRY; Bow could 1t | o

ICRs Attached to winddlown dust, or scaething.
LIERT Ohy tut £5n't that very winor as compared $0 — I mean,

chmooraumdmtwmhmpickdwmput _
mmummmmxm

VEXLER xm'tm.nmmnum-m,umm,. o
certain srees in the uurl.dq A e r

PLESSETs Itunknd.omhnktothqmumotth.o
ummmmt'-wmmmamm
nediate, I-M.lmumluﬂngatmhwm—
thatmclomuxmmwoumtarbfm

less? cnmmn;mx;u.um-hmmv ,
wstairs and vhat's interaediate? N R

T . . rT

oy




WEXLFR3

LIREY:

WEILERS

GRIGGS s

YOICRs

XELIOGG:

Vall, probebly not, but the real question ccafroatisg
vhether ve're going to have redicectivity reining out
the next tventy years even if we don'$ shoot bomde. Isn|d .
this the rel quectial

o

And you're mlmuorthmmunﬂofld%. _
storage and that the atmosphere can almost drsve.e

It diffuses almost molecularviaey I mesn, very slovlyj

e e
IR RS -

suall diffusion oocefflocient ocmes down and then gets into] the

veather sone and gets rained ocut.

Velly; I wish we oonld think of cne thing at & tiwe, X

mehlﬂuebn—hmmumd&.+

that's & separate mechanimm, and what nct. lovl.fuo'n

>y~|- -4;4

aﬂ.mnmw

going into the world wide, m th-. hum. th-t'o
" another probtlem. ilvdnn'hn H

xm-zmmmmmmmmmn

respect. :nmmmmxnm'f
traverses. vt ’

,o

rhat'n)ca-lnﬁcotm tut ve'll yreturn %o 14

Yes) T think the polxt 1s, are we talking about locel or
talking vorld wids! Actuslly, vhat I intended to talk
avapo-dtornqmttommmm-t

bo,undthcaypnuumottbraﬂ.htobothmm,x

is rather evident,. - L te e u{,f

A

R . AT -
AL RN e ety o e
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GRYOGS 3

VOICEs

YOICE:

WEXLER$

Tneldentally, 1% may be pertinent to point cut thay
tasiness of the dispersal of dust might beocme quite
A% loast the air polluticn doys, those that are ocns
such messurements as rate of dust fall i the eity and
mam,mmu-squummd!;& »
vhat they are measuring may, that they may be measuring
sene thing several tines, In other words, the dust
they measure 1t in & spot, and 1t is redispersed Iy &
storn and comes down agalin, and they've messured
more dust fall than is ectually prodused in the eiv,

Idon'thovw.htltmuuumdymtaaﬁi | o
petkhmﬂ‘mgﬁwmtt'lmaoa;-..,‘*, : =

Oh, m,mmummummm;m’

e T

‘t'l m M e e *%‘,; e «m e g

qv P"“

. nﬂtf’?i#? mﬁaﬂm

wmnmucmunmummm .
mmmmummvmmmu
mmumumm‘m

out of the drip cut from the stratospheris mm.
- ?',Z" :'7' -
Oh, nol LT

Well lock, mmm-mmmmzwwﬁkm
douny I mean suppose sone of the stuff was ompletely... | oot

mzzmmmm;mmmmswﬁ#an -

" f,:","f:;‘j

]

a2y




VOICEs

YOICEs

that 1t m In the vaves..

plckad wp essentially everything that ws, and would
end all that,.

vm.:mtoru. Wotnhmnﬂm

That three quarters of it.

Bow then, you have inland lakes and rivers, and green shiubeyy,

I just don’t think very much of it could get back, even 1f...

Vall, oould 1t get back £0 salt particles?

I think {t's a one vay street.

-~

Vall, I'n vy dlad that you've elintzated one pcu&hln+ S0

your mwuma..

LY
P
S -

. - -‘_;
. - B oy B A
mt'.m R
WL T . g ,._; S
vav ‘*-ﬁ -‘

>, W’ﬂ‘ﬂ‘ .n
),

‘b

You yourself htn m ﬂu poutmiv tht over . ]

ormuammmm.ummm,u )
mmmmmmu,ammm'
Wiy 80 ve nesd & Bg progran ocaslsting of saples Cfrom n
places to find out if this is true? I should think that
mwm-mwuumm _
ma-w-nnmanammuummm. :

: - e e
lp”. Mv_ ‘-.!

o «,\';,;, SIRLUTL At s

val, mmmummmu-, zt'-u--mvffs .
hmmutha-'ow-w-phtbohw '
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| ~ICEs
~ (contimed)

VOICEs
YOICR;

VICIOYYs

VOICE;s

VOICEs

WICKOFT:

' Domnrbeeaey of Energy -
{7 s g
CoTEs

right 2cov..and starting later ony in the next bg shots
aye pcheduled vould semm sisple smough, Nov Pete Wyckofif has
mm.mrmumunmumam Mt
mmmmwmmm nmh
mmupmpom He didn's find anything last 'm-
1s the degimning,..

But you need to know the leaksge rate.

Oby sure, maybe you have to 4o 1t tuo o= tires timese
Rov high oould yom gol

MW, und:vohmmwhdghh\-ﬁn.

&vnmmwmmwmuwwm#d
nctlviw ﬂntmvwldmtnw.

St i S,

!q. Mmamum&ohuﬂmdﬂhbmnﬁ
uumﬁmmnmuhm

R A h;a'-'

m'nmwmwu.w

!ﬂo__ )

Velly 4t seems to sheck pretiy well with what ve vould
from cosmio ray values — any deviation 1t wes within the:
instrmment erver, so if thers was anything vy there fycm
and thare undoubtedly 1s, 1t ves much smaller than the

Y .. 3
R L KRR SRS

==/



|
%1
W1CE; Vouldn't it have been mmaller in any case? Ilnn,vht#mt
of instrument did you use? :
VYCEOFTs Conductivity meters.
LIREY Don't have any ¢becking for the senaitivity.
WICKOFTs It's quite m&tivo. He were able to chase mm#n
aloud for instance, for thres days, and got very positd
traces of the outline of it, and other pecpls have it
mch longey.
VICKOPYs Ta afroraft, And this wes frou the fallout anly, oot tth 3
oloud {tself, .
LIBEY; And that might have beew a thoussnd square xiles bg st that time? -
VICKOF?s @, yes. ﬂou.wthomdq,mmhmqmmv%ﬁm
ummu.ummm R B
LIBBYs ' wm,mmmmumm..qmm,w

mmmmmtmmmm.mwmh
mquuoruunu,quu.muu,
mwwmmmummm
w,wcmwlmupuwmaw

WICKOFTs Imﬁmﬂmwﬂﬁhwhunnbhtoﬁndhmhhl%rl
our level of detections N P

ey




.35 ). i

KELLOGG

EISENBWD,;

BACHYR3

LIBHY:

BACHER 3

KELLOGO s

BACHER

- LIBEY:

EILL:

KELLOGG

ol

D14 I understand Dr. Kellogg to say yesterdsy that it

require dps per for something like a
oo of air?

Yes. There would be cne disintegration per 30 oa to o
comuic ray beckground,

That's an exsesdingly high ocncentrstion,

I should think that it is pretty big.

nmr-luapmnwmmuamuuﬁ
1t's about 200

It's 1,000’!:: of cosuic ray background.

Which {s 1,000%%

U TP R T - e
RS ol > £ I S E T R 'y

The Mike clond,

S0 1t cculdn't be checked, Lt it's ctm“horhuta-%ﬁm o

munuommoo“orm:q.

Vhat you need is a smple; & large volume of air for

seothe most practical thing I can see is rain sampling on § globmd

besis, in pericds vhen they haven's shot bombs for a long
80 we ought to get tusy and start ssmpling all over the ‘
moTe or less right swvay, wntil the CASTLE series starts,

Well, I think, there ars two things I'd 1ike %o bring in
The first is to go back & 1ittls o the sessicm of hov long

ok}



~£LI00G
(continued)

WEXLERy

EELIOGQ s

YOICR;
KELI00G s
VOICEs
XELIOGGs (1)
KELIOGG s

LULEFIAN; (1)

s
P

redicactivity stay in the sir. I have here an XRL

scus of you have already seen published in the
jearch, The NRL pecpls made studies on the

MM“MMMM”MM"&..

Mmbmmdmmmu’“m

meking certain asmmptions about the rate at vhich they
produced, that ths "mean life of each substance due to
radicestive 1oss,® that is dus to scme sort of
removal process, "was about tem days.® I think that
the question of how long radicastivity, cnce it got into
lower layers, would last. _

Bov lowl
w.u,Moummummnmmm
on decay produsts vhich wre prodused troughout the ata
Don't these things ocae from the growd?

This 18 not a aloud, thene nrgnm; Mn.:.
m'zmurmamwma,;omm_ o
Yos. |

Radon from the seil and it's decay products.

‘wmmmrnd&npmmumwu&n-%

1ike that? -

)
11
L )
L =3
<2
-

<9
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LILEJTANS Vell, I talked to the man who wrote thaty and he ws
the fast that this might be used for the world wide pro
4% might bo the came wey vwith Thomas and Bally here — I

he wanted to get cut of that..pecple were uaing this for
world wide problem; 30 I don't know whether we can say

yours = because I belleve with Dr, Wexler and Colonel
vhether there is any uniform uashing cut in the whole &
and certainly that radon is not going to answer it.

LIBHY3 Colonsl Lulejian, do you think it possitle that if we find|raia
' in Chile next Thanksgiving that is redfcective that this
staff that bas been below 30,000 feet all of the time?

S _-’~i—‘_ - . L e
ey 'v'f!.:kigi{: A R R

LULEITAX; The anewer to that is ve aotually don't Jnowy so sy say
50 to o thing ltke that] Certainly 14 s mot based oo ta
report of Tadar coaing from the growd whish ve have Locked]
curselves, Ve find that 1t sems to be a fumciicn of the
inversicn how much Jack of build vp thers is in this

BOLZMAN; I don't know why you thirk that this is an escleris resson
storage laysr wp theve. You might think of that as Deing
fornly distrituted and then as ocaing down slouly. I think
is the evidence of your getting scme radicestive washout one.
ame. Bov whethar At 1s stored up there orjwbaty
xmtmxth.m-sotmvndum. '

30




BIlLLs

a " - .

Vhat we are debsting is whether it fs worth taking
of rain and vhat wve can learn from it. Bow ve have se
evidence yestarday that thare 1s to be scme fission
we cen't accomnt for, Now maybe this is just poor
or sampling, but there seems to be soue evidence that apout half
of this stuff is nissing,

The same toohniques vers used for Tunblar/Snapper as Ivy,

and there is a Mg discrepancy. If there is stuff mis it is
presumbly in the air. Ths most likely place would to be
high lsvels, it seems to me, Colonal. Of oourse, I the
veather washes cut of the bottom 30,000 feet a lot dettdr than
1t does the rest of it.

L

. e : .
Tt pd Euaray

g

A/



BOLZMAN:

LIBBY:

EISBNBUD:

WEXLER:

YOICR:

LIBEY:

EIBEXBUD:

high hnl ltoup. For exampls, it is possidle for me
prmnnmmbhnchui-. They caa bring stuff
thnnwlm,mdnrpmeinmmmnn
svnk.' mtuntthruumntbrorwm

rologists to

to Chile, in

rein vithia

vel storage. -

I think that it vould be interesting to notice that 1t gxk- & beckground

iaformation of the dlstridution.

I think that we ought to meke msasurements anybow though;

they are easy

to make, You have & statioa in Scuth America, dodt you, §r. Eisenbud?

Yes.

E

lshthomumnuandtbcnmmfmthnmmt'thnwwm
can exjlain this particular raiafall, vhetber be bas to f1gvolve high level -

artp or unusual trensport across the squator.

m't\ieuthiu be dous to make these fallout measuremen

%

e
Pl

T =
IR N 1 S A

| more useful im .

umorntmnlnlctmlmtmw“qmuhlnum

Maonutoptm lauotbvthnumtiﬂwh
rainfall istensity--ov has this beem done? . .. -

B ";:\nr"

It bas Yeen doow,

and rainfall,

That bas been done at Upshot-Knothole. What they ua{;m
stations around the country to go out vhea precipitation
collect rain at 20 minute intervals for the duration of

related tc Ty

umm;mmmntwunwmmtmﬁ

three
s and’
precipitation.

cf Tosray

o3




YOICE:

WEXLEBR:

YOICE:

LIBBY:

GRIGGS:

HOLZMAN:

-X lunhoyotntnmtunetmwotumomnﬁi’dndduriﬂ

Those data should be very interesting. e

Ons thing that seens o me vould be very {mportaat {s bov efficient 1s
your method of eollsction, The amount of stuff vhich is pghcumlqoq_?g
Just took 50 out of the bat snd this is sometbing that ybu must be able to
control quite accurately. We would have to see vhat tha o:ﬂcicnc: is and

thea ve would be able to at least get rid of cos unce

I think that 1t i{s very important to distinguish betwveen ptuff that is
brought dova by rain and stuff that {s not drought down
absolutely certain that you have those tvo catagories,

AndthuumﬂmdmnMnmm'thnaMoannTﬂm&,
radicective clouds floating arcund during periods bdetveen|tests. s ‘ R ’

to get sous 1dea of the stuff being upstairs.

Tuere 1s an atrplans thet vill £1y searly to 60,000 feet. |- o Sy

Vell, umm«mt-dhnnowh--mmlo
wvoa't hcl;btcm you don't knov vhat height thst ltutf

That's right. It is so dilute that you have to take quite]s largs volume
to get anything, and it is 30 014 that you have to take te a lot.

I don't vant to be used as an argument against Will's p

[-]
think that, say, aballionuuununtmmuuu
the thing is distributed with altitude and maybe sose 1y progrsa

the activity might be vorthvhile. My remarks vers mainly




KELLOQG:

agsinst doing this from an understanding of turbulence and things of this

sort. WVhat I am interested in finding out is what the digtrivution of

this stuff {s vith sltitude and hov long it stays there. [fou might bde

tbhuhnm-iniulmofuu:auﬂvzty
might give you this. Distribute thuno:mth-urthor
this sort. You cculd get a balloon program, oOn a very
would give you scms £dsa dut the focus of the prodles

the stmosphere would de.

ts vhich

thing of
scale vhich

be to deternine
hov much s up there and what {ts distridutica is and what]its loss from

Du!mrnaﬂmto-nnautthwrmntw,uittu.hgx

think vhat Earry mesat, that ve won't be adle to use this
funcy analysis of diffusion rates but it will de some atre
vhere ths material goes which we 40 not at present have?

.

ADd 1£ you ean Just throw addftfonal lfght as to vhether
Mormmp&ouudmmuyunihor)y
corain 1s extresely important because 1 mnuim
nmmumm:‘mmnmnum
that you have to throv 1ight on both of those mechaateas.

T lasbasted those things yesterday and thewfore I Rave disa
I just 4ou't belisve s number can really cxpnnrth_e'cqph'

tttorl-li

evidence om

‘Imu. you gentlemen hasard a guess as to the utfuton cdcf%tcun_u!
i - ) o . )

 lowved nylclf °
1ty of this

vhole problem. Cosmprising a vhole range of scmething that
cigarette smoke to thunisrstorm. They all enter into this

ffeocts
» iness

but I 4o think that ve have plenty of evidence, {ndirect evidence, that

Energy

itfice

i B~

-

i 2w



KELLOGG:

KRAMISH?

the atmosphere is capadle of maintaining stratiffcatioa for Icu )
periods of tins as shown by molsture vhich argues thcumul.

then st other times 1t 1s capsble of going through overturnings.
Iither vertically, by means of eonvecticn, o? slant-vise,| by nnuvot' S

adiabatic processes.

I think that we all agres with you on that it is very &4ifftiecult and runs
through a big rangs of variatiom.

Ve vill forego the individual reports of the comittee
interest of getting a discussion of Gsbriel started. As
alresdy know, the econclusions of the old Gadriel report
vould require of the order of $ x 10> or arouna 10°

bring the world up to & "mean htm'dnnl of 8r°°, ‘n

that it has been ironed out, and X would like to ask Dr.
short talk om that. -

Nost of us were rather perturbed at the vide latitude of

of them. One of the questions wvhich ve discussed (this prticuhrly
Lauritsen, Bacher, and ayself) is the question of the tolarhnce dose and
htmaoumrmmuemduthalpunn,m had several
mmumtymmmntmannmmmam vas the -

folloving. There is an accepted tolerance figure for gamsalrays for vhoh

Denartment of Energy -
Histerian’s Office *
ARCHIVES -
. .
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BETHR:

and 1f you have uaifora distridutioa, I suppose you get adout the
right nusder, except for one thing, mael;y, that your is prodbadly
not the most sensitive organ vhich you have ia your dody the tolerance

enenia first. If you assume the same tolersnce dose of 5P mr per daj, thea
this figure ought to de 10 microcuries oraﬁmmgmtmm-j

D1dn’t you have to0 take the bone volume ia this calsulatipa?

Ia this calculation ve assune the ususl 7 kilograme of and ve said
that the fogizatfon, the nuader of ions falling, 1s in priportioa to the
mass, vhich ia very pearly correct. g

I mst poist out that oue figure has been used b g0 from fhst you vould ord
for aven distribution compared to vhat you would actually|gst from the
perticulate distribution {n bone and this is a value of Ta other
words, mtiom-aoodvalum1t£-mbc§twh co\n"vmu

say that the 8%° would be deposited mot fa all the booe Yus in about
1/10th of the bone of the body.

T suppose that this depends egain upon the age of the Sual, The
vay e vanted to proceed, I think, is very close £o vhat ydu have nov beea

o iment of Energy

shoriat's (Ffice

RaCHIVT
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B AR

SOLOMON:

-

LIBBY3

LIBBY:
BETHR:

LIBBY:

“ sk

saying. lsuly,@nlnrymiwddmmhmo to a certain
hulofl:’ommumtmofhnmuougi tion. In an
sdult, I suppose, you would get c-pomm'mxy-cm' m,'mut
mmmmm;ua”ume.u:ntmau 1 would alse
exist in that part of your bone vhich is recently deposithd, and therefore
mvoumhanwutﬂumhnlof&sopruleim get a damaging
radfcestivity,

xmnmzmmmmmmu-m cnintimt#aﬂurcm
ot spots of ealofum &S in the done that are as much as five times the

mean deposition., I haven't read the peper, and this is some gossip
I bave heard so I think that it may very vell bde quite an

distridution.

!ou, mhnnbmtvomnoavou etergy l.ounw yornquvu,‘i )

centimster for fast particles. Nov the Lnit of the beta fpectrus
2,000,000 volts) ve assuse tbat the average ! vas soo uum msoo -
nmuummusmmuhnmmslmu o
aqun euth-mmp. -

T4
£

Probably & 1ittle more dense thsn water.
Yes, 90 you may get 2 millmeters.

80 any structure finer than that {s of no consequence.

Denartment of Bhergy
Bl Gifea

S
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SOLOMON:

COMAR:
BETHE:

COMAR:

BOLOMOK:

&

n . :‘,_1 W
I baven't seen 1t dut I woulld consildsr that these are depbsitions in

aress larger thas 2 milometers.

What 43 the scale?

These are rather gross structures, oa the order of 0.1
There ave definitely large spots that you see vith your eges.

Anyvay, isn't it trus that if you have a constant lml. oﬂl sctivity,
constant through your lifetime, all this m-n'i mtter?

This is very true, and if you are talking adout that, thnHmtm

even aistridution. :?
I think that ve can assuxe safely that radicactive atoas deposite :
the same vay as ponredicective atoms becauss tha bvody ce wvouldnlt

I have assumed that strontima is daposited the sams vay as
thers 1s 50 differentiation, If you are talking sbout .
vith time through a 1ifetiss or evea level constast thr
%o depostt, let us say 2 aflineters of bone meterial, then
matter vhat the details are, o

!uule-tcmuﬂuqﬂathmh:th.ornrw:mk#

I just doa't knov enough adout anatomy to knov what the trafecular
approach to the hematophylie system involves. Does this go|dowa elose

0 whers the red cells are =mais or not! Because if 18 goes |[dovn olose
to vhers the red cells are asde, then you have got the prod of inducive

leukenia. I don't know but it ought to be taken into .

e Deongvieant off Energy
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BUGHER: xm,m.utuimtmwmumumu 4 because
munlnm:hmmambuamm“byc’t“ r of
radiologists and the National Committee for Badiation Projection and
derived at the sccepted tolerance figure for ir”, vhich §s lnicrocuru}

vhich comes not from the %00 milliroentgens per wvesk dut the relationship

of the radius ssmple, and that has deen nconﬂ_.rud by cofference vwith
various groups from Britain, for exampls, and from Casada hnd has dees
further adopted by the International Comissicn so that oge could, T
think, accept that as the standard to vhich ve are

BETHE: Vell, XI'a sorry I can't agres vitl you on tvo ascounts. say thnt_':).
alerocuris is the acceptable dose of radtual! I thought zm.m:l
yesterday that there wvas a factor five in effectiveness pe} energy.

BusHERS There wvere two utgmhrdn, actually, and they are not entl 1y ecasistent
by about & factor of five. The 300 illircentgens per vesY refers more a,,..
to & gamma ray type of situatioa, ) | |

nﬂia xmtmmmmtmamumtht:w'

SOLOON: mmxt:oc'mm:uummht?miuumru«rm s
along the gamms oy track.

ERNIR: mmu'mtmmmnmmmw.

SOLOMOX: Ho, but a factor of five or 10 for alphs rays as opposed tojbeta rays,

end this 1s Just because of the increase mtuzonxuuaiﬁammwx.
This also is trus for deta rays.

Denart~a~t & Energy
s Ofica
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_ beta topies, you come to five mierocuries--vhich certain

Vell, it strikes m¢ as a somevhat low figure,

In setuality the tolerance value calculated by the twvo
1 thiak somes out very elose if you put in the faetor of
the group has done. In other words, it comes out alaost

Vhen you take 1 mierocurie of radfiuz and if you then

1dentical.

into account

thods, Dr. Bugher,
10, vhich {s vha$ “

the ratio of energy of radium as eompared vith .tmtiuﬁ vhieh {3 adbout -

10, and {n sddition the factor five for effectiveness of

the accuracy of these numbers.

{sotopie versus
ly agrees vwithia

I au just pointing cut that there has been an mumzofn qrouut

on this case on the tolerance figurg and that {s the one
vorked and 1t is the only one vhich exists, and the gene
that of lﬂemurio body bturden for Br”.

oa vhieh n-~

Well, I think that 1% mekes a difference vbether you are
Mthcutnﬂgolu;gﬁom.dﬂtﬁthsbmtcmd
altogether, As 1% goes into the adult 1% caly goes
the Sone, and you have to teks a tenth of your figure
dova ¢ cme microcurie. If 1t is formed right from the
mn 16 attributed to all the bone, and you voulda't
factor of ten. It seems to me that it is 1n agreeaest.

With this I agree entirely.

s T-ﬁ&“."‘-*!r

-al.ucuptné‘ u
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b
There u mthr factor, Dr. Comar, if you assuns t.ht i

hoghniu the accepted value of spproximately three-
is dased primarily on oceupational exposure, honver,

tnumtioul Committee on Internal Dou bas not bm

of ons-tenth of that, so it seens more appropriate that

make a coaparison and use a velus of one-tenth of the .3 'mmkfor

the case of unifora deposition and use the valus of 1 micjocurie vhere
you are making the comparison directly with radfus, Iw#ulmto

point out also tbat the emmparison #ith radiua is not made

indicates here but 1s made experimentally on small saimaly, 1% is t.m,

¥hat does the eoupu-lm say?

in the vay he

The ompcrlmm that one microcurie ct ltmti.u ig~-
t!n ctfnts of ctroatm and udiu--m the u-. u m

oftntoouv:uvtt.y. Mmthcxpcrinnulnnl
annizals as best as ve can interpret them. 7

_ Vell, 1f tais 1s s0, this, I think, eontradicts everyt

heard hrou, asmely, that concentrated ionization is ve
efmtivo t.haa dilus fonization. It contradicts, for ins
statement vhieh 1s usually made adout neutrons being mush
than gamxa rays, and so I zust say I Just don't unde
be. '

ni-u R

effective

bov this could

¥ay I esk 1if you have taken the enargy of the ytirjua dsughter into ‘u:eoutt

Hiet

heﬁar?vﬁ:“t of Energy
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CLAUS:

BETHE:

The accepted perntssible body burden of 1 microcurie pre

Only the ythiuz. That is esmntially just the ythium, W
2,000,000 volts maximus beta ray energy wvhich, unde
ythius mmiber and that is about §00 kilovolts sversge ¢
is 9oo,.\§m I certainly von't argug-abofis 50%.

-~

Doesn’t a good deal depend hers on vhat you vaat to use

safety factor of ten, so {f ve are attexpting to keep

we stick to the 1 misrocurie figure?! If you have some
mind, thea prodadly ten is more realistise than 1. =

W

¥Well, I vanted to get a figure vhich could be compared td other figures,
Mehmcmmm&whrtm;fmnvnchuuﬁmﬁorhu

by arbitrary agreemsnt.

4
*. JETE T T T

Vell, there prodadbly i{s a safety factor of ten in the ¢ hundred nr
pcrnok,'coo, isa't there? m:udnmndtobo ufi. ‘

)
,
R PN
e oy
DAY a7 SR

Mmﬂdnprmkumhm,yutuﬂus uou-tontlr,i-i
aicrograa of redium, mchouﬁsmcoupuum-tm hvlwvonh

io these internal emitters to go along the one-tenth mi radiun
staniard rather than the gamema mumbders, .

|

Nov as far ss s nomniforas distributien 15 concerned, X you will
bde all right as socn as you talk about a level of stromt
ealciua vhich fs being absorbed rather thas sbout total

strontius, and I think {t {s important to try to elimina

relative to
of
the e-poundd
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BOLOMON:

KRIEGER:

fastors of safety or wnoertaiaty wvhich you briag in bty first caleulating .
ted bofon," o

ons thing and then anotbher and forgetting what you have

and that 1s vhy I would like to calculats a unifora distjidution and thea .-

ask vhat 1s the ratio of this to total calefum, end thisfratto to totel =~ -

calcium should be all right sven if wve have a nonunifora

But {f you ¢onsider the ratio of strontium to calcium
sets of figures that are available I think. One s that

ltrib:tion.r
are three
Fomar finds

that animals take up strontius at the sazs rate that

take up

calciun, This is one set of figures. Secondly, there iga set of
figures {a the ltterature about & couple of other investikators ta .

vhich 1t looks as if animals take up calofzum tvice as
taXs up strontium. In other words, there u_. tvo-to-one

factor. Thirdly, there s the date the Krieger bas whichlvased upon

Just tha dfstribution of the normal strontium to caletum
as it nov exists, there is & factor of 100 between the so
Ia vhiech &irection?

801l has a higher ratio of stroutius to ealefus,

What ratio do you get for sofl?

141y as they
competition

The typical Eastern Anerican soil 1s the ratlo of about 3§ strontiua atoms

to a 1,000 calcimm atoans. In the results of investigato
ratio for adults, that is from 5 years up to 72 years, is
+7 45 oa the weight basis ratber than atoaie.

at UCLA, the
t ‘o’o The

D’-‘.’"Q"’f”"‘_ﬁf cf Energy

PO Y-S
B PN L




KRIEGER:

KRYBGER:

KRANIEH:

KRIEGER:

KRIEGER:

" This'is 33 atoms thes per thousand?

v masy axeletons ¢4 he bevet .

Yes, - /

Could I hsn_ & fev more of those figures?

Yor natural wvater the figure is sdout 33. For sea vater {t is adout 1ll.

Ths aversgs for the earth's crust is about 5. The averay

that is the legumes, vegotadbles, grasses, trees, and dus s is adbout ,. ’

Could you also give the data you have on & different eult

Sons Japaness figures are rather incoaplete. Asari tes
assgys oa 11, vhat he ecalled proto-historie, specinens.
592 to 2,118 parts per million of stroatium. Using the

ratio twns out to be .7 to .25. Xe also reported a
present day bone, a tibis, snd the result there is 2.2
there 15 doctded discrepanay. "

thvu._.tnln utmxr.  Eleven for that range froms .7 to

Isn't t_htu reason to guestion those high numders for the
vaters? They all came from that one very early mvntuat

- R

2 Tot 2D
for phntl,
'
growpt -
found frof

o”. E : .
11s naturel
d1dn's they?

Within a relatively recent publication of the Departaent
they st1ll refer to the results of Robinson in 1917 es the

Sit '—,’ﬂ"

Agriculture

est 80 far.
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DEHAVER

-~

Odum got the value for sea water arcund 10 — which I &#Lnthrlﬁo?'}

He reports the figure of 9,23

Didn?t you have Knollts figures?

Lnoll gives two values, 8 and 9, for surfass and mbm+o waters,

What I was getting at, knoll aleo ran some rooks ——
feldspars and things like that? m,alioloiiilrock

t he? ~o
our and

cw,muummwmmumumuu.*uum

toumichmtothhorod_:tlourvhichxthinkum
scale.

Intbﬁpdghborbodotznwvbahbtnttlom

That was Encllfe data and I think the theory was rather

done, 80 that is all the data we have on the sofil, but X
Mﬂhaquomuuk;fmuouimhdi;

Ithwmtmnmnmthhm&dnm
&hutgadnumdwrauummmm‘hﬂw
vnlnuotthmtlo

mm'ummnmmmwmo:mu.%u.

You see the water value there, so maybe the scil repre
nearly the water valus, and the desper rocks note

Thers is some evidencs of that exchange to the sea.

0re

it f mnm’l

1~2 on the

9N
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WESTERN

I would 1ike to post some conflisting data. I don't
source of it, I mean the ultimate source, Odum, from t
of Florida, in 1951 published in ®"Science® some work: thit hs had
done for a Dostorts thesis, 1 believe, in whish he gave

depending on the dissolved strontium - 2.2 parts per
atcas psr thousand -~ in silt 3.4 and voloanic organs 2 Sedi~
mentation from the ocsan had & value ranging from 1.9
écpcndin; upon whether it was sandstone, shale, linss
ot8., blus mud, ets.

Ilthiapmhthcthmd,wisnnmowm‘m‘em&utéut

It is a ratio of strontium to calcium in atoms per cne o Which
I believe is consistent with the other, and he quotes

scae 50 fossils of ocsan 1ife from the sarly paleosois th receat times,

fosails using a spectrograph and checked thoss very clo
independent standards and methods.

There are no soil analyses as Krieger says. I talked to Robinsom .
Mumornm.indtbosooumnyuatwho

- Departpont of Energy
Hiztqric: 'y n1fsa
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SOLOMNON

KRAMI SH

and 1917, as far as they know, are the most recent ones
nade, and I suppose as good as any.

1 talked to Dry Fleisher at the Geological Survey some
was very skeptical about the wet chesical strontius

Xy evidence I Just put tut in self defense is based en

that have bemn

ago and he

1y upon the

up~take body anfasl of 5079 — as compared with say calqium AS, ant

also the endogencus, 0 we feel very definitely that
quanditively in almost the same way. Of course if you
different fracstiocus in the svil, although you thirk

are treated
have
strontium

would ecour in ths same chexical state as calciup, but a-o’d.gkt -

posaibly be a {ractionation th‘oro,' but certainly after 1
animal we feel that there is no fracticnation.

Perhaps we ought to proceed with the calculations, Azl
have an $dea of what the wicertainties are ws can disc
ssparately.

The next section — how much avallable calcium thars &s

. gets to the

48 we

these

s0ll, X

mm:mowm.ummuulm thousand

- §8 that correct?

Ed

This estimate wvas gotten by calling up a man whoa I have mot
at the Walthan Field Station - and saying - 1f you had td make a

guess, what guess would you mske, and so it is not terri
The old Gabriel used that,

Can?t ws do better than that?

goods

Denafimant ot £apray
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) () varies tremendously from place to placs. Hhat.I 'anMh‘ after

is what appeared to me to be the most valid,

Available calciwm may be squal to the calcium that goss|into grass.

~ This {5 available caloium fn tilled sofl and sofl that

cultivation. It is just like Jerry Hill trying to take
data, the nusmber of places at which you have made the
is the muall part of the earth?s surface.

This varies tremendously with your location.
Yeos, dut we have it figured for average plants, Just n+
average — but realiss what you are doing.

Is this going to affest the number of boxbs linearly?

!“, d"

s m’rmm.w synonomous with exchangesble?

Of occurse, you are leading up to snother question and
whether the deposited strontium is wnifornly mized with ¢
available calolung whieh X think would be a blg question
This oomes on the surface and the plants you are feeding
dmhpathmtoﬁhlw,mmldn'tptm I
stuff is pretty well fixed on the top 2 or 3 inches,

Wouldn't rain sweep it down?

o, I think the finding is that calcium and strontium are
szmutmmwum-mmmmun
Xr. Larson has some data on that. '

Dpe

[R5 SRR

under
senbudtls

TS

roots
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KRAMISH

»D2e¢ MITCHELL

We have observed the activity from the Alamegorde bombs|over a

pericd of § years and cannot find any pevetration than 2 1/2
‘to 3 inches ~= this is eonfirmed by ths plutoniva oaly,
That 1is the gross fission produst activity vs, the activity.

water ia a colum that was 6 inches in dlameter and 2 ¢
After the 80 inches of lsaching we wers net able to
activity penetrating the 301l any desper than 1/2 inech,

The plants that the human will ingest will come from vated areas
will they not? Thers will have been considerable
due to plowing and other human operations. So wa pro
different situation here vhere plants can get the s

This 1s the important area too, ‘a

/

u.mmmmmwﬂ,mxmﬂmm:mw

" subjeot of which I know nothing? Lets Just take the of people
and m1tply 18 by this figure here to get out how mich ftroutium you

want to innoculate each person, Won't jhat give you at Jeast the
xintwom number of boubs? |

That would hardly oame cut to be a little less than L.
That's somsthing I didn?t know before,

mngnuho_tlgrusr”\dnmmpnphhﬂuin

pernisaible dose, |
’ Departrpert nf Energy
Histgrias's Ofice
- ARCANES




ha(LER

DR, MITCHELL

30LOMON

¥ell, youlve got a lower limit now. Aromtqin‘u#tnum
pLi 8% 3

h,lamtmugnmwmt,mxutniﬁqug«c
reasanable mmber, N

wWhy donft you try to get an upper limit first?

Idon'tknaubvhgﬁmw'lﬂt,howwu,m!p%vﬂim
with waat I did and maybe you can then criticise it, '

Iontooktotdmuntd&”tb&tmmdusdutu
assumed that 99.99 per eant of it was wnavailadle, it stinl
bring the total population of the world to 7 1/2 per cent] of the :

Jou cane out with last night? MMJWM‘
the bozbs you dropped so far « M?W

71/2mecu\otitoaudmwdmhdouo

We tried to avold Sust that sort of things And instead
wanted to assums was that the strontium which has beema od 18
distriduted over a 6 inch lgyer. Fow this may be a wrong .

7.5 inch 1s the standard top soil and there's zxm‘ 1, [ soil
per acre and this works cut to 220 grams of uiciunpor
orcmplmd‘

Denartment of Edergy
Histarian's afifa
ALCHNTS
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MITCHELL

220 grems, m:umw’mun.

Yesf that?s right.

Then we have used essentially the saxe mumbers and with|these
12 thatte

nunbers what I get is that 4 mg/sq, mils — I'a not
ths nusber you want. 4 milligrans of ar’opcrmro
give you ia equilibrium of 1 microcurie in the bonss of

pereon,
That?s 4n 20 years growth?

In equilidbrium

mxmmmwmumttomummw#t Are

they ocaparable figures?

!ounhhighor E%a sorry to say, m-hmdma-ﬁj-rw,;

Lo S LIRS g

mile, I think, is what you said,

rha.t'nrum.
mmnxmuwummnm Iolhml

W,thmfonthhhklo'aotmwMotcd

First of all you are cosdng to a falacious conclusion in

will

P

adult

eium,

~

ogmamnwmmxum.‘ora-”.mzfsﬂr’-

of reasoning. You are going to finally state that the afount of

strontium deposited is related to the smount of calcium,

is only true up to the point of sertain optimal calcium $ntakes

and beyond that it doesntt hold. In other words if you
with a calcium deficient feed him both cal

out

and

thad

W
i

-
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MITCHELL

 MJ™"HELL

sl

muupugotnem‘smofmumdmd nov as
MWWMummom-mun sit wp to
a point of optimal caloium intake. Bayond that point addition
of more calcium doss not eause a further redustion in tie
deposition of strontium,

Mht..hinnininu? 20£ of the strontium?

I couldn?t give you a quantitative figure, exsept the

behavring sxactly the same as caloium. Thers is a diff
you get to a cartaln point in which the body has its
calcium being deposited any additional calcimm you give 3h, first of -
811 will be taken cut by exoretion methods and the 4
point may have ansther typs of mechazisa of deposition
quantitative relsticnshdp is concerned and it would be atfthet point,
for instance, where the addition of more strontium might npﬂu

mmntudam“meddmmlﬂn'h

I afraid I aldn’t understand, I do not understand
talxing about the ratio of depositicn to intaks, or whe
talking about the ratio of strontium to caleium,

Jou are
you are

In other words if you run a ssries of experimants with v .

“ Dennrimt pE Energy
| tie T Tfice
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- MITCHELL

of calcium intske starting with a low calcium intake

& standard

ssomt of strontium as you increase the calofum intake [and this has

been done with raficactive strontium)e The strontium
Jou resch a cextain point of calefum intake then this
off, then the addition of further calcium does not eut
dspoaition of strontium,

8 down until
levels
the

I think this is & singls dose experimant which doesn't dnter inte
this type of calculation, in other words this is sort of] an isotope

nass effect and that's our old ploture of a single dose
i3 already formed,

the bone

3

Roﬂ,lwﬂdhmgsht!mmmthhkthou#mmgn

apply in a growing animal,

M'hnymnuof-tmumh-owmlm#tom _ ?

caloium,

m‘mmmf.h

Tids 1s & single dose, You could do the same thing with
nmmmmummuamw-symm
ths szne results; that is an isctope mass effect,

I think this 1s a second order correction. I think that
sach unfirm ground, I think this kind of a variation is
than other things tha® we are considering,

This 48 a theory related to what wo discussod befors and
on which ve couldn?t agree befors, namaly if you fed

L it iAok

8
Shoe.

45
bahl.r g%

are om

ss {mportamd

nt.hopom
tium and
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SOLONOH

e Sone

calelum 4n a certaln ratlo hi?fcp&dtd in the sans jatic or in a
different ratio? Now I have assumed that it 15 deposited in the same
ratlo, as it is sald thare is soxme evidence which was prpsented before

that strootium is deposited in a scaller ratic than is What I am
doing therefore now 1s to make perhaps a slightly pes stic assump~
tion, but one which agrees with Mr, Coxarts findings, that 1s

that they are deposited in the ssme ratio in which they fed,

Kell I thin that statement is incorrect nows To my mindjitls
nwm,mztmdqmummwum#mum
ars using. |

comes out Lo an order of magnitude whars the correction
goods The differeice detwemm thede two puzbers is a f
dossn?t ascount for that.

umdmmithmmmbonuhm
I!‘nrthuoqthdlnmmmmﬂntwotnﬂ, down 6 inches,
wkich is 15 cublec centiueters, which I call 30 grams of
that caleinm in this is 30 miligrans available calolwm
tharafore strontiua %o the extant of $x1071% tines .03
1,500 graus of mtiua”por 33, cmtimeter and
as 1.5 xiligrans per 9q. kilometer or & miligrass per
4f the arsa of the earth is 500 square kilomsters and the
permlt over the entire earth 600 idlograas of Sr'C» One kilogram of Sr'0

| —— 0 2sY
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'mummmmmmu

o

is produced in cne megaton of fissicn and therefore
with 800 megatons. Now that is not & large number, thay s about 100
tines wvhat we have had, '

Ys 1t necessary to teke the comt of the matural stroatika which s
availadble here in the s0il here in thase calculations orinot?

It is only necessary to the extent that the uptaks of cntium and
calcium may be different. If we believe say take scne
from this colum, Then it would seem that the stromtiu
ratio in the sofl is about 10 times higher than in the I
which contradicts Mr, Comar?s experiment, and if that
you could tolerate 10 times as much 3+,

There §s certainly emough physiological data te indicate
strontice end salofum are handled differectly in the bused body or
in tbe snizel boady and that 1s the fact that at the poinfof
mneralisation, in otiwr words the uptake say be stmilar,
m.m,mm».mmuoa.mm

bt 4f you
det and

rlchuenhd; he will develop rickets, the point there }
the animal will abeord the strontiua and vill put 3% into
part of the bons but he will not mdnerslise it. Thereis aldifference.
Whetber the differsnce 1s cut of 1ine completely, I doa't Moo
least it does suggest that thers oould be a point &n thse
of strontium on a completely adequate diet where this type f

wonft hold, .
‘ ‘ Denartrgnt of Tuarny
O LREFRE AN




I think that's reflected very well in this table here. thttmtiu
caleinm ratio s only about from a Senth o & hundred of|the calclua
strontium ratio in various parts of the earth's surfecs, | From that

 you should be able to throw in other fastors scmevhere Wee

lmintoymmw:,ndthﬁhpﬁ.mﬁhs of & 1ob
of tons,

Exsept for Dre. Comar's experiment,

patibls at all, E'a only saying that ot tracer levels of
the naterial is handled in the same way, Ils true you % replase_
aldmﬂthttmtlm. wmmu&rﬁu

n&lmammmww&ﬂum&w' 18,1“
mamhm,htmmtmwmhm "
mumumnumwwc:mzmm-um .

u'nmtdnhmuhnnomn.huedvm«ut utho
mdlcftnthmmdhmludu ¥hat I still Ma‘r
ndoﬂ&mbdmumhdmummmlw bemn

sxperimentally accepted,

Of course cne of thess is in equilibrium concentration and the other
1s going up to equilibrium. Thess are realiy quite diff
mants, mmhmtthln;twwghttohtdgn_hto

oY His -:z“?zzzﬂ’.: “?’fsce
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is that in the adults at lsast only adoud 255 of the
is axchangeadle.

But T thought that all of the assuptions wileh we make should
be that the part which is exchangeable 1s in plases vhic] are oloss
to tissue which can develop caricer. Imftt that right? the outside
of the bone, and tharefore, only the lsvel matters and the actual
amonunt.

I followed the same line of reasoning that Dr, Beths did
I 414 1t with strontium instead of with oalsoiua and ons of ths ressons
that I did 1t,besides the anss I've menticned so far, is '
um—thtthh?/lﬂot@pabthctotﬂ.mtd
the skeleton. A growing psrson deposits an aversge of 10¢ aldrograms
of strontium & day and 1ts pretty easy to calsulate that o s gotiing
far 1n axcess of that in kis diet, oo that thare is some dalegtive -
sachenism in the way in which this staff is being deposi

Far in excess with respect to the exsess to the excess ea)

Ko cne knowr the mﬁmm those two,’ -' SR - 4 ‘ ‘

Tes, but tell me Lsaft the only musber {n which ve are {
or the only two nuxbers — these two mumbers, atults and ,M—
over s0il may de? wonihootharmolmddéfmﬂu cus
before as discredited becguse it i3 an 0ld measurement. I
uhoum'th.t’-:ig!n.butccrtdnlymnwmh
very much lower mmbers. ‘ : R
Be"n*” "Jf ?nér@y
Histerion'f Ctfice
'Hn!CF!*ES
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-2 SH

It might be water as well as soild,

Even if you take silt compared with the
10, Is that in your nuzbers thers already?

lothin&_unotinxvmmbm. I assume that the saxw rafio of
etrontiun and ealciua exists in the human done as in the
I further assume that in the scil there is ene part to &
of available calciwum, Both of these numbars may be off,

The things we're recommending will throw a rsasonadle
1ight on this becausa out of our pllot prograa assuming it is done
one will measurs the acid radicastivity, thea plant :
the radicactivity in Iizan bones. Awng other things, we
fing to measire, 4f 1t can be dooe, the strontivm eonten
eddnmtmtdnmmmu;t«mmhm
_out of the rangs of fanay into the range of facts B

mammumwmmuuw;mun

numwmmmmmm-mwmu"

values?

Fov about asasure sewage?

¥eo suggested feces becauss there is scme question sewage

containg all kinds of stuff which has gone into the

not of human erigin,

:«,IMuummnnumsmwMWaw

iy
. Demx* SOERRI RN
R
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SCLLMON)

KR IEGER s

SCICMOR

KRIEGER$

KULPs

 abstracts, We're getting coples of thess pepers Ly Asari

.anhunlvmuomhy

=

xmmmmmnuxmmmwn
M'ammmdmwh. The caloive
m«mumwhmmwm,

There's & tenfold difference, One guy would bave a
and the other wouldn™,

But vhat throve soms reliability ca proto-historie
the cne modarn~day sample that he quotes, ¥e has a
1860 parts per xillicn in this relatively modern saaple
strootiom, vhersas the UCIA figures are 160 parts per
rorthotmlluphlcdm&rthoudﬂtmho The
factor 1s almost ten percestage cf caloium oontert, I ha
seexn the crigimal paper, These axs figures takea from

the Berkeley Litrary. These results vere published ia
mamwmmvdmmu.u

#r:

Mhmdthophnawnmuddphm+
Mhohtdmﬁhluu'tmththm‘th
figare may not be six tines higher than in Jpan, -

IS my be interesting to check the strontium calefu ratie
rice, The Mganese diet is jrobably high in rice and very
in protein,

I thirk there are good physical chealoal resson for be

‘ TJeE rtrr ent of Energy
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XulPs
(contimed )

C. IAIRITSEN:

cluuu g-?ﬂuﬂgfﬂ;ﬁogﬂ L P
I!#E.F?ﬂgvrspaii.ca&l.
=§&E¢S§I§E§Er§ '
vhat you get in the bones, the reasca gg«c‘ AR
tioular sites cn these slay partleles are ideal for the fonte
radius of caleium and, therefors, as far as base exc)

conoerned, you would expect an eurichaent in faver of cafte

%o the crder of 1 to 3 toward the poiut 3. 5ince we havh.
direct experimental sonfirmation that it is taken ints the -
bone as it ia fa this scurce, it sesms to me that's the |
mizber vo should underline,

Cf course ths scil is total strontium against total cald
and your figures sre exchangsadle, -

Yes, H.-B«»lnfnkirlﬂg »-
bard experimest, Enpﬂ&ﬁoﬁﬁ?»nmm- n.
tine, gﬁ-%i«-ntﬂﬂg m

eloser 1o polnt 3 thas 1t vould to tires, . ?,,_

Hnn#»o%g«v-o«oagooc-opoog ‘
gnﬂeggcﬁgﬁﬁg -
on a3 arable area on & Eﬁ%nﬁ-guﬂ

«Sgszﬁrsgggnggg~
«aigggﬁogaﬁoﬁnﬁ?ﬁf

. . : , M.M. i . -
y T
—..‘ .. F.n»h.,;r,..w..)n:.\.‘”
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C. IAIRITSEN:  stromtium vhen you cultivate a plece of land, These fighres
(oontimued )
ney be very much too low,
HILLs ° mmewm,xmnmmtmmqf,mp%-
fertiliser is, tut they might not be contaminated,
IATRITSEN: Bat you need to replace osrtain things that you take oud
of the soil,
HILL: If you're replacing though strontium with uncontaminated
strontiua, this is {n your fawvcr,
IATRITSEN; That 1s quite true, 1f you do that, but vhat if the fertfe ;
User coses _ ; , --
(L,J.: I don't kncw, I Just raise this questioa,
LAURTISEN} Most organie fertiliser, and that certeinly would be s
other parta of the werld, and you wuld ccllsct the stxe
from the ares vhers you raise the focd, This would evea be
true cf seaweed and fish bonss, )
HOL2AN; Mtouthatthhmtofmthﬂththntwﬁnﬁﬁ
rangs problem. Supposs all the future bouds sre surface |
ursts ¢ nesx—-swrface bursts and thea in the fallows$, ab

least the major porticn of it ccmes down, say withia l,
square niles, You bave a tremsndous diluticn factor vhen
start talking about dividing by the 50,000,000 sq =l of
earth, It seeus tc me that all these factoers, ing

Lo

Depart~e}t of Energy
Historigvs Office

ARTHIVES

262




BOLZIAN:

MITCHELL:

BCLZMANg

SCICMOM:

'mmimwmimuhsvwmimhsdh

Yocal arss, It seexs $o me that problew cught 4o be &
protiy mich = even for air tursts, mhnmmh:
hliﬂoudghtgoimnrfmmudm'ipt '
scavenging looally.

Concentration falls off with radius, !ou“oould ouurh+'
changes in goncentrations that would be several order of
—mihmdmmm»moftboth&hctmthty%‘
sre taking into acoount, '

oo include scurces froa cther arees, hv&wmﬁ.%
fact thet the stuff falls out in an area docesn't necsssarily
mle 1% a bdological hazard, Immmthtw

focd sources in fyrom other areas, : "”

g ]

xu,muur.m.nwu.mmmnuuiu
the Eurcpean area, and so forth, the plains of Germany
cthaphuo,itmhuonm-nmetthhouc
that you mention that could &o this, you have a factar of
50,000 t4mes that you can take care of, It's a 1ot ‘of
lccse factcrs I'm worried about. There is a peoblen, '
ahulplntorﬁw,fcrammip.mnm
sem to be very vell pointed, |

Cne milligren per aq mi is vhat you nsed, nnt'lnotovﬁ '

to be hard to depoais,

Earnr




ERAMISH:

COMiR s

MITCHELLs

KRAMISK s

MITCHELL:

LIBBY:
XBLICCGs
YCICE:

I1CHG:

What sre these mmbers?

Is the {clarance dose fcr say cattls the seame as humus
ocrrected on a wveight bacsie?

Hoécn'thnowwauoueftbohlmmden I
Just wondering ~ I'nonhwﬂxhthntI'nmm

pathology on the falrly lov levels, not nsar the %o .

I've seen this a year after administraticn, Of course,
mey get werse becxuse you'd expect to see effects st low
levels if you can hold it & longer timme,

Economically, most cattle are killed not mich cver 2 0 3
yoars, so we don't have to werry.

Worrying alvut food suppliss probably.

!ou'dmo‘bnbl;kﬂlthaninhlouhfm tbnyhﬂt&n

to develop sarooma, don't you think sof - v ofm oo

These are varicus Gatriel figures (studies),

A=boabs, Hominal A-bosde,

Kloholas Emith and Dr, Claus - and vhat I just calsulated
mL.wum.mxm.mmumuua
hovtogomwuhthd

May I interject cne question = Am I right = just as a

trying to get & feel for this = Au I right that your figure

’ Dero 1
[EENEE [

[N B
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10/ would go wp frea 800 or 8,000 if ens applied this 3.
(ccntimaed ) .
!"tbo
BTER: . If one would, yes. ,
70 1 | Mmmmmuummswmu‘ﬁ
reascnable factor tc put in, is that ocrrect?
IAURTTSENs Yos, also that there ares cther factorginthooppodu
4 directions,
800 negatons — ;
IUIZJTANs Dr, Bethe, thuv'lcqmstiouhvddutow,v#
| used 1 _, cmies to get that 800 megatons,
EETEE) This 15 one ¢ curles and I want to say a word about that il
thls nimte, In the case of radius we were t0ld Yty Dr. ,
Bigher yesterday afterncon that one teath microourie
is econsidered the tolarance dcee and that pecpls bave PO
from 8 nicroouries and cne person is alive with 40 micro T
curies, So that scmething 1ike 200 (1) times the sccepted
tolerance dose might be the 50 percent lethal dcse,
BUGHER 3 Vo didn't menticn the lethal dcse,
EETHE You didn't, tut you mentionsd the minimm and the meximom, |-
you menticned that cns porscr tad diod et 80 tines the
Denartoe o nl Topay
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BTHE
(oontimed )

EISENBDD

MITCHELLs

mammm“mmnﬂntmu.#.

One ease of bone tumor, as I recall, wvas 8 micrograme of
redium body taxden,

Cns case was 1.7 micrograns,

Mhtbnhoctthtemwinw-awylw

tarden and 15 still alive,

bmmmum:arxuandmwm-mmu*

it for 40 years,

Mmmﬂwt&tmunlmhmamdoudmoﬁ
oocasion [xoduce sericus effect,

Right,

tock 10 microcuries as the tolerance dose of strontium,
unifermally distrituted, thea that would mean that 200
Mumndnmmmm&thhM‘
ncdnd’hod-.

I would 1ike tc raise cne cther question with regard to
redium figwre, 7hat is the populaticn risk in the study
dmmi;umam«zmmnpepupﬁzoo

uight very well miss say 1 psrcent of the 2 billion vho
a mch lover tolerance than thess figures suggest, In ¢

‘ . -Dsnartﬁveu P
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| Lonund)

MITCHELLs

EETHE:

LIBBRY:

YOICE:
LIBBY:

CIAUS: -

vords, the statistisians will tell you how much of &
you would need to catch these cther pecpls, and they
jresent ia a population at risk of the sise of 2 bMillion
very ccusideradble mmber, 80 we don't know, I mean that'
oonplately unknowva figure in terms of the very smll
of redium cases that are under study,

The mmber of radium cases is scmething 1like 200,

I would say about 200, will you agree to that Dr, Ccmar,
Quite am! ..,

S0 yor oculd say then that the figurs vwhich I caloulated
alght indicate the point at wvhich yeu get trouble is 1

osnh of the cases, An that would b the definition of

offoct,

Is anything being dcne sbout the Japansse pecple? Did

ot ary strontimn into thea? '

Troa vist?

!mtbm. VHas there any fallout?

'mn(nmm)mu-rmmsw-mm;mﬁ

.f.

Ee bas bones of an individual of Nagasaki, but thers's a
questicn as to vhethar the 2r7° oame directly cr sub~
sequently bty exchange of soil containing fissionable

‘ e
RSN URE I LI 7 'r_’u‘:'}
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[
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vcicza

mterial, Hov long after the boad di4 he dis ~ 24 heursy

There are two sets of samples. The first growp of
disd of leukemis, although they were not subjected to
bombing, Momhhtchcmomdty.w
Japaness military, vithin 2 or 3 dxys after the bombing,
thet greup & maber of individuals in ths last twe yesrs|
doveloped lsukenia, It was thought that possibly these
pecple were subjected to residual redistica, W wvere
sanples of their bomes, We d1d find scas traces cf
radiaticn in this material, I¢ was in the crder, as I
it, cf around a dpa per grem total aativity, These
will bave to Do locked at again, Ihese mmy be very
signifioant saxples. MMMMMM
MW,M!.MMM These !

viduals vho vere about 1,000 to 12,000 from the blast, whre

bedly burned and dfed in about 20 %o 24 hours, They
wmummmmummmv%
These bodiss were extied about a yeer ago and mterial

mhu.mmmmmunmmx;
‘"

distwtegraticns per mimite per gran of strontiwe 90,
vary pansling, Vetve sent for soil sanplss fyom these

graves, It's very possibls that there wmm falle

ocut hare,

Dr. Comar t0ld me this mcrning that 1f they ingested thy
8:7° 1n vater you oculd expect o large fraction of what

vho

In
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‘YOICEs

Nt ¢

SOI0M M

they ingasted to be deposited 1n the bone 1a 30 nimtes]
thdhrhd, ”hm%m“ﬂqgﬂn
they would bave te Sngest to shov at this tiws, It 1s
conosivabdle, I's very pussling btut theres was defint
strontium 90, W Tan & large smber of ocontrel bones

they vers negative,

msmudrﬂmhouthnloulfamwmquhrnl& '

There vas oncigh residual aml rediation srcwd Xagasaki
acooumt for total body dose for arcurd 3 roentgene, I

Xnow vhether these pecple were in that part of the city
the residual radiation was high or nct, These data vere
based ca surveys ty Stafford Warrea and Shield Wnrrea 30
days after the blass, '

o R

LT S vl T O A

It would be very fnteresting to examine the scil 1a thad

graveyurd,
x«wmwmmmmw
uuwn. nmtmm-”uth.nu.

M*‘mmumumonthootbuhm&hlum&’

Nov 80 they differ from this?

Dr, Claus assuned 2,000 microouriss body hwrden as the

lethal dose, Although he assuned a mich larger figures
bare than I have assusd for sericus effect, largsr Yy &
fntwotze.bmcutvitha—nwmct'

Perartmer

- s N . ~m s
Historicnls O7iiz2
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ETHE
(contimed )

YOICE:

LIBBY:

Hiz

l‘

Yhis &8 cbtained by different assumpticns, mu-pfuu -

of thd sort that Dr. Mitchell menticned befers, thea you

mmmm-:mmhm+n

gots into the body, It seem {0 me that it is much mcre

resscoable to talk about levels (1) that is that

90 1s a oertain percentags of the caleium which you have
you, And I think that by talking adcut levels rather
talking about percentages of the scil getting inte the
you will arrive at a more reliabls figure, No matier vhe
or not you take iato acoount the ocllection facter of 10
mmuonamm:gnm.mmm«‘:mwc
a moe reliabls figure to ge vith 100 nicrecuries,

mum.muz—;ﬁnmmmm

Mwmunhbinhh.nm'twnﬂma

vy, Thay aseawd this is the case,
This tg anmr o o :

!u.mdﬂuponh. hw!ﬁuhmwm
umlz-lﬁwcfmminmktofw an
wmm.muhmmmxowmm
munw,wmuMulnpukt. Yés,

I think there is confusion here about vhat fission yield

Denar tmﬂnt ef Fﬁerq‘! ' ‘

»
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ClaiBy

HILL:

KRAMISHs

LIBBYs

LIBEY:

wve find out? 7Thuls, c¢f course, is very importan conversa

I think it would be very interesting tc take a poll -~ a

Also, 1t wves pointed cut Yy Tellsr a ccupls of years agolat
ond of cur discusaions that whatever appears in these ¢
15 siaply scmething chosen by Nick Salth and have Just )
carried threugh up until the tins Tellsr ealled attentic:

the errors.

muamuzmunudmmwmmﬁa
fissicn yleld, and I think there is a slight other factor
tharomboonthcmboroftiuhumktthtmu+.

mlmocfmorhinvxﬂxinkuthsmmatpunﬁlo
argument fcr the experimsntal program not onl.y Jost assay
but also bioclcgloal, Is there any fesling cn the part of
cne ia the house that we should not shoot any more bombe

secret ballot = just to get an idea of the feeling,
T dentt think that's a gued idea,

Ban's argrment ia very convineing ~ that is = a facter
of 2000, '

It 1a an interesting mrgment, Remagber that the ocean is
groat cesspucl and the nmatural thing 4s for the continents
%0 wvash into the sea and the strontium will be deposited

o'
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in the imestons eveutually and ve don't know bow fast
ocours, sc maybe things sre all right, tut there is a
in vhich radicactivity can be takea cut of the 1ife

and that 1s by putting it at the botton of the coean,

LIBBY
(contimed )

CIATS: There is & point thet I would 1iks to ocall attesticn te
that hasn't been menticned yet as far ss I know, Iﬁﬁl
it very diffioudt to get conocerned about what's going te
mmummnmumcupmumm <
boabs bave to De discharged bafcre we san reash possibly
sericus level, On the other hand, if pover reactors come
into being in any appreciable amcunt we will have very

sizeable amcunts of fissicn products and ¥ cnoe made &

csiculaticn wvhich may or may nct e adbeclutely corrTect «
that i caly 200 dxys, 1f ve were to furnish the pover

qummrormmmsumumoammmunme
udupumnniombhumhlumimohdh
10% nowizabls bozbs, ‘

Y A

LIBEYs 7hat scands to me tco bigh,

Clamss That my act be abdsolutely cocrreet, I went through the
fW;ﬁwM@M'tfﬂwmhlﬁ,M
anypvay scasthing of that cxder., It will not take an swful
hthmatotwmpondbhhnmdintmof
rhmmummmmuwmmm
the sarth's surface,

Departrert of [Energy
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LIBBYs

~ CIAWS:

CIASs

LIBBY;

CIATS

HCIDENS

ClLATB:

VOICEs

fuel?

Yos, tut xy goodness, you certainly wouldntt de thetd,

Nothing has to be dcns, tut they are going to remain oa
mﬁ'anﬂmdﬁqmmtniuuuumﬁ_'tw

awfully long time. And I think the results of studiss of|

this kind will have a great deal to contritute to our ¢
deterainations of what teo do with waste products from
things as cur reactors on a large scals,

Yos, we certainly 4o want to disposs of thea and not lot

them get looss, Dut this, itmton,hmnanﬁly

difficult prodlem,

This is quite & sericus problem, The question of ses dis-
posal 1s ons which has coms to the fore many, many times,

PR

Inundn'tmﬁvmmudxh’uphm-#

1ot it solidify and dro’ it. Doesn't 1t leach eut?

It'ajutmtnruucdhhrpmuu

mmnwmm«mmwwn#
reactors nov?

No, it's in the fission produst, I don'$ think it's re~
leased into the air,

¥hat about chemical processing for reccvering your unspent

‘ r\ﬁr\ﬂi

~rian’s Off ce

mant of Eneray
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RILL:

. Cl1AlSs

BETHE:
KRAMISREs

BEETHEs

XRAMISHs

THEIS

What's done vith the long-lived fmunwdmu-dme
run inte the Columbia River?

No, as of now all the oconcentrated cnes are stored in tanis,

but thay can't keep oa doing that infefinitely, It's an
extremsly expsnsive proposition,

Is the strontiua let cut ixmediately?
That goes off in the solution,

But in that oase vhea Iat the
strontiom out teo,

Tt 18 beJd len't 167

Tt is decayed already, It is not let cut immediately (chatter)

;dthtmnhnhhuhthndhndw
M,M'aﬂnlhdwudhpouotclncht
of strontiune 901

Vell, you kucw sbout the sxperiments at Brockhaven, (chattpr)

fissioa -~ lsach the fissicn preducts off ca Wilamite
and fusing it and changing {ts mineralogle compodition

. renlering it relatively inert, tut this I think, Dr, CIa

suggests deep disposal on land as weli, There is ecoe
about that but I think 1t might be feasible, I thirk, X

dontt knov, the best way of disposing of the material -~ &1y

nines have been suggested,

’ Cepartm }
Histeripn's 017 ¢n
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LIERY; I thick that strontium could be gotten into limestons
be pretty safe, Cf course, the other fissicn products
pot necessarily e held tut the strontium would be held,

CLAS Woll, if you kad your stroztium 90 Lsolated in a bucket
Miththhmltlmwmhmm
1¢,

LIEEY: I vas hinting that since {t s the cne we're most afraid §f -
perhaps we shonld use the 4isposal vhich would take care
the strontiu,

VOICE: You nean put it into 1inewtcne? |

RIS Inserd 1% iato limestons ~ I'1l have to dsfer to the

| chewists as to hov rapidly that process weuld teks place,
tut I8 be a 1ittle Mt afraid fnammch as water mm#\ L
rapidly through limestens,, '

LIBEYSs It xight be well to preciyitate it, pamp it in, o depont
14, but I thick the great tulk of the llmwetcns as p ?
1t against leaching actica i vater, Tho strontivm ia
solable than the oaletvm,
TEITSOMGECEERRR,

1AG Y PP RN IYYINN 633N LAS

VCICE: It would be cheaper than jutting in in the ccean,

ke
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LIBBYs

VOICE:

Clauss
LIRBY;

CUBs

LIBEYs

. 7

CIATS:

LIEBY;

No, it seexs to me the coean s the ideal place. m«#

take {4 ocut and &rop it, (chatier)

At 4t into ooncrete, (ebatter )~ in concrete blocks (or
bulk? )

That's nct practical,

It iantt?

Well, would you cbjest to Just pupdng it down to the coshs

deops in tulk?

Ycu ean't do that - that's mot practical = (chatter)

The comparable price for dropping blocks is many cxders
magaituds wore - drop it and let 1% Ml
tireo niles and let 1% stay there,

The other possildlity is to spread it over appreciadle
of the cooan's purface st mot great depihs, that would
otfmttftut, then the questioa 1s = you have got all
strontion in sea water ~ will it work back oa the land ¢
way or ancther to be a hasard? '

Hon,th.rohmthc@-uioatoouuehwhm'thfo\#t

out here = and that is - if ycu disturd the plankton, de
you 4isturd human lives? Of eowrse, the plankton are
durabls as far as radiation is concerned,

Lae
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CIATS: Froa stodies made so far we don't believe that we would dis-

turb sea 1ife sericusly Ly that amcunt of material if ve den
got good, mﬂbm-mumaum‘mwlr.
ancunt of tine, )

HILLs Ycu don®t have to go very deep befcre you get cut of the drea
vhare there is much life either, do ycu?

LIBBY: No, that's trve,
EILLs It's also awfully slcw mixing,
KXULPs Hov mach would it cost to puap it below say about 300 a?
I don*t understand vhat the great ocst is of making ccncrete
- M.‘
HILLs I8 dspenis on the tulk that you get your fission products |

in, 4t the presont it 1s pretty tig,

YCICE: A concrete tall would eertainly fall,
voICcE: Dcntt you ccixtnphto a strontium separstion process?
- YOICRs No, taks the whole thing and say it is pure strontium,

since strontius is the bed actor,

VOICEs Wll, it is probably sheer bulk,

VCICEs Vell, of ccurse, they bave the sclutions, that's right,
thay have to evaporate them or else thay couldn't put
into concrete, 1

aual (R



BILL

CIAUS;

« RILle

LIBEY:

CIAUS:

&

MCRSE:

YOICE:

That wuld take a lot of calories,

Voll, even a3 of xxv they evaporate down consideradly.

Is there encugh heat to do this in the pile to e u

40 do the evaporating?

I would think hough that the waste is full that might b{ pre-

dicted on the assumption that ths strontica is the thing
be :cst eareful about,

Vell, that's one thing that we'd like to find cut, and I
thirk ve aculd get a lot of good guiding evidence fica a
study of this ki,

_esesess 808 hov sirontiun moves if we 314 put it into the|sea,

mupwwmmmW.

Well, what umwemuuumm#i
into wvithia intericr draimage?

Itmﬂmhbhhmdid&aftcl@ym,wm+
warTying abouts the next geclogical erm,

I mst say that I'n considerably more afraid of an atomie
war than of pover reactcrs ard I think this is ratder nt
from the figures that we have writien down here, amd if
say that a 1000 asgatens weuld give the tolerance level
1f you say that MIXE sade 10 megatons, you need cnly a 100

AN\



; BETHES
(eontimed )
CIAUS:
: ETEEs

BILLs

SCCVILIE:

EETHEs

=

ofmupttomtolmhnl voo
MIXE asgatons werentt all fission preducts,
Well, ncre than half of it vas,

Itve used the figure 2/3.

Inulnuhotcnlylporccubofitmrmdmmtufc

humboenfcnnﬂonthoarth'lmrm.

That &s true, if you can rely cn the fractionaticn that

cn]:lp.rcentmdwn. mnmtummmnamm

sterye.

Vell, Idon'tthlnkthatrombhomnlonzmw
compared with the Lalf-life. It?i stil1l ccring down
aoccrding to Eisentwd, -

A9



RTLLs

KELLOGO

RILLs

KRAMISHe

BETREs

CRINGSs(T)

_hhnhr-indmlmm, that in the estizmates wp

fov hundred miles.

age of fallout, even for sn air burst, within a fow !

.
3
t

ndiénmmrmfdlmirormh, there was this big
uncertqinty sbout the possibility of falling oat -wunk

This assuxption you can't forget,

If this were exploded over land, and this few hundred
is still over land, I'ouldupoc%that & good possibili

uthltmapprooubhrnc&im, say 10%, would f£all out |in

ook area within a few.hundred miles,

On the other hand if it's an air burst 1t wouldn't be bad.

It aight not be dad, as an exsrcise, %o choose the warst
possible conditions and ses what happens to the expected

If we believe Magests theory of particle sise, the part
mwumm.wph@. Xtithlm
almbc&,thandzhtmmumwm .

nﬂn.}

What kind of predistion does this msks on the changs in
particle sise? N '

Itnhsapndicuonthatmpouihlomuumthi‘h .

to the time scale.

Denarfrent of 7
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SCLOMON ()

LIBOYs(?)

SOLOMON.

YOICERs

EISEHEUDs

KRALISH:

Edward made scme statements about it being 6th root of tie yield,

Weoll, we sount on Scoville's memory, at least it seems tq Ve
a 1ittle more than the 6th root and a little less than 3
root. It's presumably, perhaps five times as much far MIKE as
1t 1s for standard bosbs, Isn't that about right? Twen
seconds vorsus three seconds,

Yould it be desiradble for us to suggest a delay in futurd tests
until you can get some better evidence,

We must get busy and work these samples, I think the fesrs and
worries of this group are a wvery strong argument for the
govermment's collecting theu sazples, I don't think there's
Mmueﬁlwunodbyt&h;lvmormtmtlh
formally, but maybe it would, I don's think so.

Certainly the pilot samples would be anough to produce mdst of
the undertainties in my calculationa,

Yell, I don't know, that's pretty hopeful, I'm afraid..
don's know what you're going to find.....we may tn:t
1ike, lock at this skeleton over here®.......My gosh, who
have guessed that result? Full of 8r70 in twentyfour

” ...,..

The skeleton has betwsen 10 and 100 dpm.

Are we ruling mtcmlowmmmumm Ye
eventuslly going to have a continual drip of this atuff the

W\



[kt

!(Q..JSH: ) _atmosphere. I'a wondering if we shouldntt consider this.. -
continued .
%o, I's thinking of a mechanisa that Dr, Kitchsll mentic
retentica in the hinge, what tolerances we can expect of that,
MITCHELLs Ihnnthoufisurn,but,lalaoh:ntohnomtuﬁibh-
sccuxmlation in the sksleton,
Y:ICEs Yes.
CLAUSS Dr. Western has besn making some calculstions on this forjsome
tine, md zaybe he can get 5058..s0e
XRAMISH) Could you make a few resarks, Dr, Western? Z
WESTERNs The inhalation hasard is very difficult to estimats like|al) B

these other things., One has t0 make sany numder of

Ooe of these things which I think would be iaportant would be ¢

the problem posed by Dr. ¥exler esrlier this morning, t &f %

the stuff came down in rain primarily, or whether it corps down i
5.

think you'd have a very good chance of breathing all thh materisd
that we consider being small encugh to be drifting over
leng periods of time, so I should 1like to say in pass
it would be of some importance to determine, in establ
inhalation ha ard, whether it does come down in rain,
whethar 1% comes down in the air,

But if one makes some broad assumptions about what
beharior of the atuff is after it eanters the lung, I
. . Mo

yt
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(continued)

VOICEs

WESTERNs

wimmmmms;,uuuum-bhm
5% what 1% inhales, and I get an inhalaticn haswmd ting
depositica in the skeleton of about the same order of tude
a8 T obtained by making assumptions scmewhat similar to ]
which have Just been discussed from the point of view of
indigestion, I have a faotar of difference of S, I
these assumptions up here assuzs only exchangeadbls caloi
don't they? Isa't that right, dido't you use a figure £
exchangeable caloium up here?

Yeu.

And the figure T had was to correspond more to the total
of caloiwm 80 on that basis the inhalation hasard is
about 1/5 of that indicated hers, We are talking about
type of hasard so that the question of what is tolerance
not enter in. I might indicate also that if cne begins
consider the inhalation hassrd as being relstively
as oos might 1€ he finds & certein mmber of processes
place, preveniing the staff fyom being picked up by
Experisents of Dr. Larsen show that in time there is ea
unexpected cessation of uptaks so that the inhalation
might becons relatively fmportant, Then one also might
consider the hasard due to 5190, It is commonly assuzed

son't have the fastar of safety here/that we have when 1
sbout it coming to the the food

(o) .
HARRoEa Yot ESREIEE, [FNS N PR,
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Wa_ .'m s
{continued)

week exposure would be sbout twice that, 5o that I

have & oompounded factar of low uptake both by plants st by
the body. 3o that on can't fuls out inhalation hasard, | As
lmutmmnmrl'ddnlihuoenm“hlgd
Holmsan's suggestion that we aight well be interested fa .
highly concentrated falleut of rain the use of surface
If one assunes that the materisl.,.that one is using a &
bosbd, and the material falls cut within a period of
four hours, cne may be interested in the denial of the
the land in the future, PBut a rough computation indica
that the primary hasard to a population living in that

thlt'onldbonqnir.dtcgin tolsrence effect which
coopntodwbercmldintboﬁrstdqgiummn‘

mtgmtonmprohctdmmoutbnunrm{
the matarial were uniforuly distributed over am ares th
would bave the nmber of curies of strontium to give this
tolmocffoot,mmthttncmu-ittmm
Msmmmwlm Y

Boumincuthnpcrlodotthrnorrmhmsthn
radistion is sufficlently high at that concertratiom thet] sboud
2000 roentgens would be the external radiation of sa = ,
unprotected individusl in an open ares and during the f

in thet particular case, we probully are not interested —
strontium or in inhalstion hasard, |

Departmant “W Tusray




LioaYs Yes, but Dr, Western, if you do that, dossm't 1t mean thet

psrticular farm produces lethal vegetables fraom then on. 1-'

WESTERN: ¥aybe, Well, the point of the question is prodbadly more
serious for the bomding of & large area, If we are
sbout where the number of bombs becones serious, The

point that I'm making is that if you use surface weapons fover
nfnrilylmoma,n'umtgomumporhapl mach
about shat might happenm in ten, twenty, oar thirty yecrs.

VOICRs ¥hat do you mean?

WESTERN; Well, no, what I'm saying is if you produce the smocunt

would givo you an average concentration of strontiua, would
produce & tolersnce effect, and this, of course, frem ouf
picture would require from ten to twenty years to te in

the bodyy this is only a tolerance effect, If the bones were
1244 down in such & way that the people who lived in tha
were subjected to the fallout beginning within four
the axplosion they would, during Ade first dayy get ‘
1ike two thousand roentgens, if they were unprotected in
mwmﬁmﬁkw-ammm«k So I
saying that s & critical aspect, rather an the long-
stroatim,

- KRAKISH3 ¥ell, I think one factar to consider is the ratic of the jnubder
of people cultivating that ares to the nuzber of yeopls - _
ap.mmwmpmwcrmtmmmmtuhuh
mtuu.mdxnwumgmmmmmcnnunqaunm
ratio is rather high, "

Araeto, Sy z

iy
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N
 PlodSETy wommtu'-mn,xf;muummmumtm‘...
YOICEs In that area, but I'm warrying about the pecpls who livejoff of that area,
PLESSETs lotnMﬂMinmnllhgurduthopﬂnqhnT
KFAMISHs I think it might be.
BEEHE; ucaaoncmhmuru,a;dmmnwyhmtth{m'tnm
RESTERN: well, to snswer your question, Arnold, mo 18y evssecsofoll 4n

the first place, I'm talking enly aboud tolerance conc

of 5070 as compared to extremely high conoentration of
radiation, md sscond, if you are talking about

you have two possibilities in case of warfare,

One is

devote 1t to products which may be less aritical than
produsts, that is, there are & musber of*onibﬂ-iiioi
lblcununprodmmwna,h;mn’rmmk
considering when you have the whals country uniformly
sted, And ancther 1s that if 4% 1s a small ares, in gendral the
products from it, if they're used %o feed a large populafion
will be diluted with products from other uncontaminated gr
80 you get scue factors of safety there, and as I've |
pomudmt,ybuhnoamnbordpmtomkthhmtm

uhaw,mmmdaqum-mu-nemmam

LONOs Kow, thare's one fact that I was curicu' to I*MQ‘ 1 got
the impression that in Mr, Bethe's ealculation, tlu%ho

Darmrtron B Ty
i | I .
[ .
'
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{continued)

LIBPY:

LARS N3

Thet's what you're doing, ism't it, Dr, Larsen?

asgumption is made that all of the strontium 90 which £
the ground is available, One knows that sodls have re
pronounced sxchange characteristics..l.can one guess,..
I wmld take it that this is a rather pessimistis as
and T was ocurious as to how pessinmistis it is, Have
been done in putting strontium 90 into ordinary soil snd
finding out what is available?

Yes, We have been looking at various shots, and the cne

in depth, and about k 8q. feet cach box was 1n this
and we distributed this over the territory of predicted
We cans back with half of what we hed distriduted as ocon
which we could measure by survey ntcrl. I'IJ. hk. one,

and we have grown S crope of radishes canncutinly on
the observed values, for exaspls, 6 Jamuary 15, 1952,
disintegrations per second per gram of plant dry materi
last crop came off in 9/19/52, of radishes, and this
Kow the controls that we had growing on the same ooﬂ_,
without any contamination, read, ia this crop 1,/15/32
it was 1.69 d/s/gran and over hers 9/15/52 we were get
2.




Lisg¥s

LARSEN)

SOLOAMON

LARSEN:

SOLONONs
©“ .&

: LARSENy

VOICEs

LARSER:

Can we have same of the internmediats crops? Say July?

Yos, cbeerve,..this would be L/15/52 reading at 9,2, At

we are reading 1.8, and the fourth crop was harvested,..fhis

is reading about 2,6,

1/1/52

Aren't your controls just the thing we're trying to measyre?

I mean this represents the fallout that hasn't beem
fractionated in any test, ’

The controls supposedly have never received any fallout,
because they were collscted from San Fernando Valley,

Yes, but if the stuffts leaking down sll the tire,

- theret's :
Oh, but Shesés radicactivity firom natursl sources,

Oh, yes, you've got E-i2, For all the potassim in the wprid - '+~ .

you have ,012f that's radiosctive,

This was before MIKK,

You kave rubidium, which 15 natural., You have the
thorim seriess, You've always got th:t to oontend with,
sy time you fertilize, why you're adding radioastivity,
the 1adino clover was added or planted after we firdshed
with the fifth crop, and we %00k five crops of that off,
I have the last bit of data which came off on November
I deg yo:r pardon. Just this last month, And the
flat was 1.86 dps, the controlled 1.6 dpe.

Denartment
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M2, CHELLS

LARSEN:

BETHE:
LARSEN:

RITCHELLs

LARSEN:

Iuthcuuvﬂmlmqofﬁanoﬂnﬁar:mxotw .

harvesting the cropﬂ

Yes, we feel tha} quite significant qumt.itiu appn.rod.
don't have the tisnru with me right now,

The 196 microcuries wers distributed over how?

Your square feet,

Kwdnywmcmntformchlwaopfruﬂnnntt‘: _

to the last one if the radicactivity in the soil is

¥ell, by decay curves and energy curves, the only thing
%o have besn able to pick up here is Strontium 89. It
been a selsciive sbsorptiom, fff apparently, Now we kn
other crop datg thatw.handom'hor‘nhtn tlhno

sgricultaral colid from throvghout Califarnis and New Ne
and contaminated at the rete of 100 disintegraticns per

mmofloﬂ,thnm]ﬁ@mtcaphﬁg I osn

take the soil to the plant and we aise try to cover this

with the animsl feeding, there are 100 disintegrations '

initially per gram, The plan in the leaf materisl which
besn was the wost important, the barley was the lsast
and had 1420 disintegrations per second per grsm of p
material and if this plant wers fed to this snimal ouwr

doss fed, In other words, I got these figures from mo

experinents have netted 250 d per s retained this vouldLof 'y

P i ]
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_ LARSEM;
" (continued)

e
s

oxp&imtndi.d. 1.8% of the Strontium h‘ntdmd
dose of 431,000 d per & fed daily over 17 weeks, Plant
ntmnmmcmmm»uvmhwmﬁoq
ncrmdnlytndin;ofabwtﬂOOdp-go, that 1s plaft
dry msterial, Cesiun is the lsast important, cerium is
negligible, ruthenium uy-bo important because this s a
actor when we talk sbout the chealstry of it may act ss
cation or an anfon. We have studied the fused materisl
trinity on this sort of a thing, experinent, and we have
fused materisl from Shapper 7 and fused material from
and in each case all we can do is to put down nil wptake,
At lsast the instrunentation that we are working i}th

techniques that we have used on our marcymk, as we
it, using those same studies or cosparisons coms up with
valus, Now you may be interested in riut kind of aotivit
imredistely svailable to & plant ca detonstion, On this
series out ehare ve, along with cur fallouk studies, wo

trapped animals, the native rodsnts and shot the jackrabbite

is
is

1=b

that are in the field, 'nhadzoodfcrmﬁﬁthn%m

Upshot 2 went ia the north sasterly directica and was nok
mmmmmmmpdddmowmtho’tm_

mdldurhlnnpnnxonn. In addition we had sampled| -

that area in October *52 mdllcvanbcr...!nm&optabor rsl.

!oumbointomstodinmofthothingnntwndonjl.
L]

On the rabbits d day plus 8, d plus 22, and d plus 32 da
The casium, lung, liver, leg muscle, and fanr.{ 2

rd
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KELLOOS

LARSEN;

VGICEsS

1AKSIENs

Would you define the casiuvm?

That is practically all of ths GI tract i{n the rabdis, | The

blologists object to calling it the GI tracte Now the
figures I an putting on the board are disintténticm
minute, per 100 miligrazs of ash,

{chart should be used here)
Wizt was the initial date?

It was Varch &, I belicve, S5inse we wersa't such good
marksmen in September 51, I couldn't sample lungs,
previous work has all been head shots, If you are
with a larger bomb and mcre activity drops down here
activities sre going % go up, but thay still hold that
general pieture. If you plot the doosy curves off say £
exanplekfthe activity here and of this mph you would

told or menticoned to be a8 about 32 days. I bave sowe
things that, if I may back wp to what we wers talking &

this morning on particls sises, It appuuigovut'nm‘
observing here in the lung, Wowmab]ntodcmoant-

of our air sasplers this time the wml particle iige
on the air path, This was done by a tecimique that we
to adapt to turbidimetric size aslysis on the actusl m N

s § e
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LAXSEN) less than a half a micron at L) miles of the airborne

(continued)
Now this ocourred on a ssmple that was collsoted at

four hours and the sams picture held at six to eight
The soil saxple oollected 2 hours after deSonation in|this
same location had .tho naxime activity in the particlejsise
fraction of 175 to 350 microns, I sort of go along wifh the
idea that if we study intensively what can happea in

: ' ~
first 200 miles after detonation we are going to come with
scst of the answers that can be applied worldwide, if
will, or at least within the U, 8,
% E;:;v—' 3
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ke MIT LA:S0Ns
~ LIBDYa

L.

LARSOR,

~ really, truly fixed with respect to bMologye .

e .
" P
-~ s
»

Thare nay b sme question with respect to the : S ote
Sstice of & partlcls = you hreak 4t dam to thet in %
versus thet which goes oub to 2000 miles, Bud X tnis

can be ironed out between the progrma that Koenbud S

and what the off-gite people have been doing at Rad
and what Los Alamos has been doing and what we haw

dodnge

1f we con find the tine, volre going to ry 1%,

It certainly seeas to B¢ very important, I notice
finding strontiua 895 now strontium 69 has the same
character as strontim $0, Iialoohulh)nﬁoﬂ
that can enly be chemically available, o 1% asy de
selectively abscrbed in your radishes, Hob becears off

cheaistry of the radistes, because its availatle, h e
rest of the fission preducta are held beck physi -
This s vhat we are hoping 10 irca outy I W1l te
interesting hmmwum

ia

u.m-mm«u«mnnmmun
mﬁu,udu,mumwummnd 'rl
not ealy golng with respect to the usual definitton .
dvinuum,butnmumawm
prove whether or not that fixed so~called fraction

" rpnartr-nnt of Energy’
PEESE ERIER Q‘fca
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~ LIBBY:

LARSCNs

LIBOYs

YOICE:
KRAMISBH

WESTEMs

I think your report is extremely inporiant Dy
13, 41f you could poesitly manage to neasure

Tou see, & [rocram like this, Dr. Litby, we call o a
contractors to send us peopls plus military peopls ar
wind up with something like S8 or 60 persconel oud
in the fleld, When we got all through dth the
mmm.mnmmnmmmm
of snalysing sll the dats that has boen collected,

It's possitla you see, I think, to st sce
to measure, I've been hoping that soe of these
cidmpﬂﬂnlvonldtwtunnﬂ.xxumlm-
ummmtorncbcauiw_mldiﬂ;m
wmcamx,watlumtofud.-
low level forr a price, or else have equiyment which
can buy, or give this service so that 1t would te
sibls vithout having to do 1t yourself to get a 1ot

T P2, T A
R SIS B COPR A IR £ g
-oa 3
- )

Dre Western, would you 1ike to have the flocr}

I was making & mental calculation a moment ago vhils |
talking and I was trying to coordinats my data with R
mmmchm.muuhdmup\dthchmbocﬂ A,'g




LIESY,

I got one of xy factors inverted; let ms make a

MM&&WNWM&IMM.TII‘
have said that a valus for extarnal doss of material
falling out in the concentration which Dr, bethe
sbout first as being s tolerabls dose which I think
Bllomroc\n'iuporoq. niey I'm neing one d
square nile here as being essentially equivalent to
The extérnal dose as the materisl falls out within h
is the integrated dose over s long psriod of tire is
20 r (not 2000 r) and of which half (of which 3/10
the first &y and 10 r in the first weesk, One ouris
square mile would correspond to this aocerding to
culation which I had mede jreviously and have en
I got one of my fractichs inverted in making my men
If you want t0 go W %o what be considars as perhaps
dangerous there, you would have to multiply these
ivmiow;m:tmmpttmuph\ﬂum |

Consider this pofats In France whether you fight ¢
and you use bombs against the Russisns, you win the
bat then, xre the farms ruined? In other words, I
say 2,000 r; total doso, would be samsthing 1ike &
cal use vhere the bamd comes pumping into the ground
oplodss low over the troopse rogotthntundotoln-: )

! .
q:l’.‘ N :G‘f

. L LT e
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WESTE: M¢

COL. LULEJIAN:

the reality of the sitmation in measurirg, this 1is &

tamination of the ground (100 tivss this 2000 r) thed would
that farm de rulned?

I think this is Col, Holsman's point and {t's a very
interesting pointe

Well, it dspends on the interpretation of the data
Ire Hothe had on the board, If he puis in a factor
hundred, then we would say that ths large areas of
sort, we would worsy about thep,they might get resuliss
if they axre very small arezs, we night be able
then for scwething,

Sir, in that respect you might be interested in this
Mnmmtw@ofﬁnmm“dm
covered 2500 sqe mi. and we think that from theose
lations it daposited 2 curies of strontium 90 per
»ils, which wvould make it somathing 1iks 2 or 3
and the dose rates informally caloulated would b ssf
indicated here (soxsthing 1ike €0 » infinity dose)

actusl cansy At the maximm thers was nothing over
roentgens infinity dose, Eere is a sitvation where
falls out snd you do got perhaps S roentgens 1f you
outside the vicinity and yot you do have 2 curies of [strate
tlmmpof.q.d. ﬂow,emuyoubavomwgih‘ion

there and you do put population in, is it possible tat you
might just stir up dust by walking around and inhalefa

'Dep rtment of Energy
H!e*ir%m’s Office
T CmeniTg

AQ¢



PLESSETS

LULEJIAN:

PLESSETs

CRIDGSS

LULEJIANS

. LULEJIAN

Mm‘otm»mtitd@th.hmmdhn,,”

¥e would 11l to more or less disdand in this case
Col, Holsman's point of view and actually ask the
ference that in the absence of injection and in the
sence of depositing a lot of strontimm 90 yer sgusre
locally in a tactical situation, 1s there any hasardl

How ia thls 2 curies per square mile observed?

It was M&Mfmnmumdmtvubﬂw

sited in the dosert,

In other words you were assuaing thst the nomal gro
fisslon [oducts « « « Woll, then shouldn't tbo_
reduction factor or smething 1ike it be & part of 8
curies por square mile?

I want to find out what this is , . &

It should be 60 ¥ iafinity doss as calculated ky Dr,
Wssternt's point of view, ' h

But you've got a new questions Iven though there is #o

vegetation, u 1% sti1)l dangerous?

mﬂuabuneiotmguuonint‘n t:zominnzatmjenw

mimlthonhhuu-dunm,inw-cmzc:r‘jtot

strontiuvm 90 per square mileg but tomorrow, if we

[
[ RN
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LIBBY:

LULEJIAN:

LIBBY:

 LULEJIANS

LIBEYs

- BUCHERs

wvar and we do actually shoot a 1ot of bombe (posad
miltiple drops ca coe city) this aight ze wp, say,
a factar of 10, and yet no vegetation; is there a
problen? mmlcmltmtbouumm
hasard; we don't eat the dirt; you might dyeathe it,

e o« o how the Japansse study strontium? °

No sir, that's a different rroblem, I don's see hovﬁu

mnnmmuwmwmmo:ma
drop « « o I don't quite understand that, It could
bosn o o » It doesn’t coe with owr experience in
donestic zone, X can't understand 3 roentgon life
dose, And incidentally, this is & tower drop and in
mﬁeo,oteown,mmldnhm!wriuot

tium 90 par square ile; ‘there will be other Lactersy|

however, You wouldn'4 cover 2500 square wilesy yvu
mljhlycmmommm-udnbc_u
area,

¥hen you walk saround an test ireuuptben, domv#r

nasks?
I donts,

Do they ever measure those masks for activiﬁ?t.

Thonmbmmrunginmuthntmdusi@'mdh{a
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LIBSYs

BUGHIRs

HOLDER:

07" QUINN,

| BUGHFRs

falrly bighemirient Fadicactivity often have the filtkre
shecked, and they might be quite high,

Ilthqudanmm

I think that Cele Quinn and his crowd had quite & lot|of
thoss filters in conpection with the operatien,

Sae of the MIDL persomwel, after the undergroumnd
went into the test ares to recover sauples and they
respirators ssusd to test personnel and when the Iy
pirators ware removed you could sce about 20 r ¥ per
hy no=tril preding,

The materisl weuld get into the nostrils shea you'tre
werring thoss respirators = not through the filter
but cones into them by lseidng sround the nowe '
certaln facial contours,

Concerning this strontimy ummummxﬂu. L
would 1% be 1n your body? Would 46 be metsbolised 1€ §¢
were soluble? ' 1

I think that whatsver it 1s wo sctuslly Tetsin, 1% is
eshaled in the next breath cyeles. It is, for all ts,
solutle material, xnmmumuum#u
that vas & point that Dr, Conar Wroucht outs that te
irhale strontim {n that finely divided state is goinglte

Coprimant of Fnargy
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SCOVILLEs

BUOHER s
SCOVILIRs

BUGHIRs

SCOVILIE,

LULEJIANS

. LULEJIAN:

=

be actually a bone problem ncnsthaless,

nm;mmm-mswqmm-mw,
to the radiation where the total dose was something like

m:.mmwmmmarw@

mapprowhlmatolerm«dwolnsibmm:jo

the fuct that such tremendous gquantitiss of dust
found,

Those wers the shoop you sre thinking about,

Yes, that's right,

The larger particles would tend to be pulled out in e

nasal passages,

SH1L they hed Large sacmmte of dust 1n the luney e .

was no activity,

xmm.mmmmmmmmmf |

wuummsmmmamqmm

nhp'-u of «mmnm to gt m tal ﬁ‘“.* R

m;wm.mwnmotdunl

WL, I ssmums that you mix this uniforsdy and that
7ou kickad 4t wp you nixad 1t up in, say, sdbeut a
centinster down, This seaacd like asort of ¢ o o

In other words, the only way to get the strontiwm dowm
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NN
™,

would be to eat the vegzetabls o minsral, You'd
est 10 klograns of dust, mt'nthtqmuonxm te

asXk, mdmm'wnnmodthnudnnutnyod
perohlem, x-cuhtomumnaumnm

Look,memdoituthmdnphmnbuu
mthnwm'amnhhuhutwmd;

absolutely inportant comwents defores the confeorence
| [

reaks wp?

I was out s morning vhils Dre Dethe was talking
that the ratio of talersnce to sariocus effecls as p
the board was difforent Yy a factor of 100, Yeste

were talking mboud & fectar of 1000 for this same fat
I weald Just 1ike to ask how this besis ¢ ¢'s Ve cal

-/
lethal ynter&q.

BACHERs
KRAMISH

GRIOG8s

BETHE)
mmotlo. Iﬂd.nkc-.-duttbtmtlctot a
muwr-umammuuumm nd
different effect of teta rays and dpha reys, that 14
xy contentien that for strontium uniformly distributed

boos you should reslly comsider 10 microcuries as the
tolerance dcoe in order to be anﬁommi '
Dangrtment of E_rje!‘gv
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ORI3GSs

BETHE:

BUGHERS

KRAMISH

1n ordar to be conaistent with a 110 of a mierocarid for®
redive or with 300 xiligrens per week of gamza ‘
mumwmmunommwmuwm-/ '
anow dose of radimn and the soriss does of radiuws gawe the ™
factor 100, |

hxmdaummhuudﬁulwxmnlukl%u
the basis for the 10007 -

whare 1/10 was mmw,'uumaomhoo |
lethal dove,

Is there going to te clinlcal ovidance :orm-.cm:'?’?" i

ID 50 dooo in stromtiua? L e e et

Jl&ov-r

I hope notl zm-mquamuhmns

ummmamuuamumup'"
mmmnbsmumvwmm o
mzunmummmnmun.

I want to thank all of you on behalf of the RAND Co
and 1tz various contractors for coming to the confe
amy.fmzuymidom;lv&nknderiwdlwd .
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